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capping In-situ capping refers to the placement of subaqueous covering or cap of clean material over

contaminated sediment that remains in place Caps are generally constructed of clean sediment sand or

gravel but can also include geotextiles liners or the addition of material such as organic carbon to

attenuate the flux of contaminants into the overlying water Depending on the contaminants and sediment

conditions present cap is generally designed to reduce risk through the following primaiy fractions

physical isolation of the contaminated sediment sufficient to reduce
exposure due to direct contact and to

reduce the ability of burrowing organisms to move contaminants to the cap surfhce stabilization of

contammated sediment and erosion protection of sediment and cap sufficient to reduce
resuspension and

transport of contaminants into the water column and chemical isolationofcontaniinated sediment

sufficient to reduce exposure from dissolved contaminants that may be transported into the water column

In addition Chapter discusses the potential advantages and limitations of m-situ capping One

advantage of in-situ capping is that it can quickly reduce exposure to contaminants Also compared to

sediment removal it normally requires both less infrastructure in terms of material handling dewatering
and disposal and is typically less disruptive to people in local communities Compared to MNR the

potential for erosion and transport of contaminants is typically much lower However contaminated

sediment is still left in place in the aquatic enviroiunent where contaminants could be exposed or

dispersed if the cap is significantly disturbed or if contaminants move through the cap in significant

amounts Another potential limitation to in-situ capping may be that in some situations prefeived habitat

may not be provided by the suthcial
cap materials which may be needed for erosion control

Chapter Dredging and Excavation describes dredging technologies conducted underwater
and excavation technologies typically conducted afterivater is diverted or drained The chapter

describes some of the key components involved in sediment dredging or excavation remedy and

describes site conditions that may be important when evaluating the feasibility and effectiveness of these

remedies dredging or excavation alternative should include an evaluation of all phases of the project

including removal staging dewatering water treatment sediment transport and sediment treatment

reuse or disposal Transport and disposal options for contaminated sediment axe sometimes complex and

controversial and should be investigated and discussed with stakeholders early in the project In some

cases specialized methods of operation or equipment may be needed to minimize resuspension of

sediment and transport of contaminants Project managers shouldmake realistic site-specific predictions

of residual contamination i.e contamination that remains within or adjacent to the dredged area after

dredging based on pilot studies or data from comparable sites Where residuals are aconcem thin layer

placement/backfllling MNR or capping may also be needed

In addition Chapter discusses potential advantages and limitations of contaminated sedimeat

removal by dredging and excavation One of the principal advantages of dredging and excavation is often

that if they achieve cleanup levelsfor the site theymay result in the least uncertainty regarding frture

environmental exposure to contaminants because the contaminants are removed from the aquatic

ecosystemand disposed in controiieenviromnent. Anotherpotential advantage of removing
contaminated sediment rather than managing it place is that it may leave more flexibility regarding

fixture use ofthe water body Although dredging remedies at sites with bioaccusnulative contaminants

usually includefish consumption advisories for period of time after sedimentrernoval other types of

institutional controls that might be needed to protect cap or layer of natural sedimentation are usàally

notnecessary The principal limitations of sediment removal are that it is usually more complex and

costly than in-situmanagement andthatthe level of uncertainty associated with estimating residual
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contamination can be high at some sites The need for transport storage treatment where applicable

and disposal facilities may lead to increased impacts on communities In some parts of the country

disposal capacity may be limited in existing municipal or hazanious waste landfills and it may be difficult

to site new local disposal facilities Another limitation may include the potential far contaminant losses

duringdredgingthrough resuspension and to a-generally lesser extent through other processes such as

volatilization during excavation transport treatment or disposal Finally similar to in-situ capping

dredging or excavation typically includes at least temporary destruction of the aquatic community and

habitat within the reinediation area

Chapter Remedy Selection Considerations discusses risk management decision making the

NCPs remedy selection framework including-considering sediment remedies and comparing net risk

reduction considering alternatives that include institutional controls and considering no-action

decision Where remedy is necessary the best route to overall risk reduction depends on large number

of site specific considerations some of which may be subject to significant uncertainty Any decision

regardingthe specific choice of remedy for contaminated sediment should be based on careful

consideration of the advantages and limitations of each available approach and balancing of trade-offs

amongalternatives This chapter includes two sununary tables to help with this comparison process one

describes site characteristicsand conditions especially conducive to each of the three potential remedy

approaches for sediment MNR capping and dredging and the other lists examples of key diffarences

between the three potential remedy approaches with respect to the NCPs nine remedy selection criteria

Documenting and communicating how and why remedy dccisions were made are especially important at

complex sites The concept of comparing net risk reduction may assist in the remedy selection process

by providing framework for considering elements of alternatives which may reduce risk and elements

which may allow risk to continue or temporarily increase When considering remedies that include

institutional controls project managers should consider what entities possess the legal anthority

capability and willingness to implement the control

EPAs policy has been and continues to be that there is no presumptive remedy for any

contaminated sediment site regardless of the contaminant or level of risk At many sites but especially at

large sites conibination of sediment cleanup methods may be the most effective way to manage the risk

The remedy selection process for sediment sites should include clear analysis of the uncertainties

involved including uncertainties concerning the predicted effectiveness of various alternatives and the

timeframes for achieving cleanup levels and if possible remedial actionobjectives The uncertainty of

factors very important to the remedy decision should-be quantified so far as this is possible Where it is

not possible to quantify uncertainty sensitivity analysis may be helpful to determine which apparent

differences between alternatives are most likely to be significant

Chapter RemediaL Actioa andLong-Term Monitoring provides recommended approach

to developing an effective monitoring plan at contaminated sediment sites The chapter presents sample

measures of sedimentremedy effectiveness in termsof remedy performance and risk reduction fully

successful sediment remedy typically is one where theselected sediment chemical or biological cleanup

levels have been metand maintained overtime and-where all relevant risks have been reduced to

acceptable levels-based on the anticipated future uses of the water body and the goals and objectives

stated in decision documents The chapter also presents the key steps in designing and conducting

monitoring program at sediment site iniroduces some ofthemonitoring techniques available for

physical chemical and biological measurements and summarizes some of the factors to consider when
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monitoring remedies including MN in-situ capping or dredgingfexcavation monitoring plan

typically can be important for all types of sediment remedies before during and after remedial action

The development of monitoring plans should follow systematic planning process t.hat identifies

monitoring objectives decision criteria endpoints and data collection and interpretation methods

Project managers should ensure that adequate baseline data are available for comparison to monitoring

data after remedial action and that adequate background data are available including any continuing

off-site contaminant contributions Monitoring before during and after sediment remediation generally

will help not only to answer site-specific questions but to contribute to better understanding of remedy

perfonuance at the national level
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Chapter Introduction

10 INTRODUCTION

1.1 PURPOSE

This document provides technical and policy guidance for project managers and management

teams making risk management decisions for contaminated sediment sites It is primarily intended for

federal and state project managers considering remedial response actions or non-time-critical removal

actions under the Comprehensive Environmental Response Compensation and Liability Act CERCLA
more commonly known as Superflxnd Technical aspects of theguidance are also intended to assist

project managers addressing sediment contamination under the Resource Conservation and Recovery Act

RCRA Many aspects of this guidance may also be useflui to other governmental organizations and

potentially responsible parties PRPs that are conducting sediment cleanup under CERCLA RCRA or

other environmental statutes such as the Clean Water Act CWA or the Water Resource Development

Act WRDA This guidance may also be useflil to members of the community and their technical

representatives

This guidance also provides information to the public and to the regulated community on how

EPA intends to exercise its discretion in implementing its regulations at contaminated sediment sites It is

important to understand however that this document does not substitute for statutes EPA administers nor

their implementing regulations nor is it regulation itself Thus this document does not impose legally

binding requirements on EPA states or the regulated community and may not apply to particular

situation based upon the specific circumstances Rather the document suggests approaches that may be

used at particular sites as appropriate given site-specific circumstances EPA made many changes to this

document based on public comment and extemal peer review of draft documents Even though the

document is now final however EPA welcomes public comments on the document at any time and will

consider those comments in any fixture revisions to the document which EPA may make without public

notice

Guidance presented in this document can be applied to contaminated sediment in wide variety

of aquatic environments including rivers streams wetlands ponds lakes reservoirs harbors estuaries

bays intertidal zones and coastal ocean areas Sediment in wastewater lagoons detention/sedimentation

ponds on-site storage/containment cilities or roadside ditches is not addressed This guidance

addresses both in-situ and ex-situ remedies for sediment including monitored natural recovery MNR
in-situ capping and dredging and excavation However because the science and practice of sediment

remediation are rapidly evolving project managers are encouraged to test innovative approaches e.g
including in-situ treatment options that are beyond those discussed here which may also effectively

reduce risk from contaminated sediment

Consideration of materials deposited in floodplains whether called soil or sediment is an

importantfactor in reducing risk in aquatic environments Much of the general approach recommended in

this guidance can be applied to contaminated floodplains although the technical considerations are

written with aquaticsedimentin mind Control of upland soils and otherupland source materials is also

critical to reducing risk in aquc environments but in general existing guidance should be used for

these materials the U.S Environmental Protection Agencys EPAs Soil Screening Guidance

Users Guide U.S EPA 1996a However where floodplain soils may be source of contamination to

surthee water or sediment the thte and transport of contaminants iathesoil should be evaluated

11
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The emphasis of this guidance is on evaluating alternatives e.g the feasibility study stage of the

Superfluid process and remedy selection although the guidance presents some of the key remedial

investigation issues at sediment sites Following this introductory chapter the guidance provides

sedimentspecific issues to consider during remedial investigations see Chapter and feasibility studies

see Chapter followed by chapters concerning the three potenttal remedy approaches for sediment

management see Chapter Monitored Natural Recovery Chapter lnSitu Capping and Chapter

Dredging and Excavation This guidance then presents information on selecting sediment remedies see

Chapter and on monitoring sediment sites see Chapter

1.2 CONTAMINATED SEDIMENT

For the purposes of this guidance contaminated sediment is soil sand organic maUer or other

minerals that accumulate on the bottom of water body and contain toxic or hazardous materials at levels

that may adversely affect human health or the environment U.S EPA 1998a Contaminants adsorbed to

soil or in other forms may wash from land be deposited from air erode from aquatic banks or beds or

form from the underwater breakdown or buildup of minerals U.S EPA l998a Contaminated sediment

may be present in wetlands streams rivers lakes reservoirs harbors along ocean margins or in other

water bodies In this guidance water body generally includes all of these environments Some

contaminants have both anthropogenic or man-made sources and natural sources e.g many metals and

some organic compounds This guidance addresses management of contaminants present above

naturally occurring levels that may cause an unacceptable risk to humans or to ecological receptors

Examples of priniaxy and secondary sources of contaminants in sediment are included in

Highlight 1-1

Chemfoal spills Into water body

Surface runoff or erosion of soil from floodplains and other contaminated sources on land such as waste

dumps chemical storage facilities mines and mine waste piles and agr cultural or urban areas

Air amusione from power plants ncinerators pesticide applications or other sources that may be

transferred to water body through precipitation or direct deposition

Upwelling or seepage of contaminated ground water or non-aqueous phase liquics CNAPL into water

body

Direct disposal from docked and dry-docked ships or release of oontamnants from In-water structures

and over-water structures or ship maintenanoe laoilities

Organic contaminants in sediment typically adsorb to fine sediment parbcles and exist in the pore
water between sediment particles Metals also adsorb so sediment and may cind to surnd.es in the

sediment The relative proportion of contaminants between sediment and pore water depends on the type

of contaminant and the physical and chemical properties of the sediment and water Pore water in

sediment generally is interconnected with both surface water and ground water although the degree of

Drect pipeline or outfall discharges into water body from induetnal facihties waste water treatment

plants storm water discharges or comb ned sewer overflows

1-2
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interconnçption may change from place-to-place and with flQW changes in ground water and surface

water.

Many contaminants persist for years or decades because the contaminant does not degrade or

degrades very slowly in the aquatic environment Contaminants sorbed to sediment normally develop an

equilibrium with the dissolved fraction inthepore water and in the overlying surface water to be taken up

by fish and other aquatic organisms Some bottom-dwelling oiBanisms ingest contaminated sediment

and in shallow water envircnments humans may also come into direct contact with contaminated

sediment Some contaminants such most metals arc hazardous primarily bccausc of direct toxicity

Although some metals do accumulate in biota i.e bioaccumulate generally they do not significantly

increase in concentratioti as they are passed up the friod chain i.e biomagnify Others called persistent

bioaccumulative toxics PBTs polychlorinated biphenyls PCBs pesticides and methyl mercury

are of concern primarily because they may both bioaccumulate and biomagnify Concentrations of PETs

in fish may endanger humans and wildlife that eat fish Women ofchildbearing age young children

people who derive much of their diet from fish and sheLlfish and people with unpaired immune systems

may be especially at risk

In 2004 the EPA released The Updated Report on the Incidence and Severity of Sediment

Contamination in Surface Waters of the United States U.S EPA 2004a Thin report identifies locations

in all regions of the country where sediment contamination could be associated with probable or possible

adverse effects to aquatic life andIor human health In 2004 state and local authorities issued 3221

advisorics limiting fish consumption which covcr 35 percent ofthe nations total lake acreage excluding

the Great Lakes 24 percent of the nations total niver.miles and 1Q11 percent of the Great Lakes and

connecting waters in part due to eediinent contamination U.S EPA.2005a In addition contaminated

sediment can significantly impair the navigational and recreational uses of rivers and harbors in the U.S

Navigational dredging is not currently being performed in many harbors and waterways because of the

concern for impacts of dredging oh water quality liability to those perfomiihg the dredging and disposal

options for the contaminated dredged material Research Council NRC 1997 and 2001..- ---

As o12004 the Stiperfund program had decided to take ami action to address sediment at

approximately 140 sites including federal facilities The remedies for more than 60 sites called Tier

sites are large enough that they are being tracked at theuational level more information view the

Office of Superfiind Romediation and Technology Innovations OSRTIs Contaminated Sediments in

Superfluid Web site at httpf/www.epajov/superflmnd/resources/sediment/sites.htm. These sites include

wick variety of contaminants aspresentedin Highlight 1-2

Many aspects of the cleanup process may be more complex at sediment sites versus sites with soil

or ground water contamination alone Some potentially complicating Sctors for addressing contaminated

sediment sites are listed in Highlight 1-3 Based on thesethctors and other reasons as presented in this

guidance team of experts is frequently needed to advise the project manager see Section 1.4.2

Technical Team Approach
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Conthniflarits DrivinO Risk at Sediment Sites

Highlight 1-2 Major Contaminants at Supetfund Sediment Sites

Sites with Remedies Selected through 2004

40%

40%

22%

30%

22%

.5

20%

1010

2%

010

PCBs Metals P4Hs Pesticides Mercury Other

Higllght Why Sediment Sties Are Unique Challenge

Sediment sites may have large number of sources some of which can be ongoing and difficult to

control

The sediment environment Is u8ually dynamic and understanding the effectef natural forces arid man
made anthropogenic events on 6ediment movement arid stability as well as contaminant transport can

be difficult

Cleanup work In en aquatic environment is frequently difficult from en engineering perspective and may
be more cosUy than other media

Contamination is often diffuse end the sites are often large and diverse e.g mixed use numerous

prcpety Owners

Many sediment sites contain ecologIcally vaIuae resources or legislatively protected species or habitats

For large sites number of communities with differing views and opinions may be affected

There may beslgnlficant Injuries to trustee resources at sediment sites

1-4
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1.3 RISK MANAGEMENT PRINCIPLES AND REMEDIAL APPROACHES

Office of Solid Waste and Emexency Response OSWER Directive 9285.6-08 Principles for

Managing Contaminated Sediment Risks at Hazardous Waste Sites U.S EPA 2002a attached as

Appendix to this document presents eleven risk management principles that hdlp project mahagers

make scientifically sound and nationally consistent risk management decisions atcontaminated sediment

sites Project managers should carefully consider these principles when planning and conducting site

investigations involving the affected parties and selecting and iniplententing response

The eleven risk management principles should he applied within the framework of the EPAs

edsting statutory and regulatory requirements such as thp National Oil and Hazardous Substances

Pollution Contingency Plans NCPs nine remedy selection criteria Title 40 Code of Federal

Regulations 40 CER 300.430e The eleven principles are listed in Highlight 1-4 and are

incorporated throughout.this guidance The project manager should refer to OSWER Directive

9285.6-11 OSRTI Sediment Team and the NKRBRemedy Review Board Coordination at

Large Sediment Sites U.S EPA 2004b to heipensure that the eleven principles are appropriately

considered before making site-specific risk management decisions Copies of both dirccthrcs can be

found on EPAs Superfun.d Web site at http//wcv.epa4ov/supethrnd/resourcetIsedinient/

documents.htxn

Highlight 1-4 Risk Management Principles Recommendedlor Contaminated Sediment Sites

Control sources early

Involve the community early and often

Coordinate with states local govemments Indian tribes and natural resource trustees

Develcp and refine conceptual site màdelthatconsiders sediment stability

Use an iterative approach In risk-based framework

Carefully evaluate the assumptions and unbertainties essociated with site charactethatlcri data and site

models

Select site-specific project-specific and sediment-specific risk management approaches that will achieve

risk-based goals

Ensure that sediment cleanup levels are clearly tied to risk management goals

Maximize the effectiveness of Institutional controls and recognize their limitations

10 Pesign remedies to minimize short-term risks whhie achieving long-term protection

11 Monitor duhng and after sediment rernediation to assess and document remedy effectiveness

Source U.S EPA 2002a see Appendix
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Monitored Natural Recovery

Physical Isolation or other processes

Chem3ca transformatlonlsequestraUon

Bolcgs..a tarsfarat euestrat or

Hybrid Approaches

Thin
iayer placement of sand other mateia

to enhance recovery via natural oepcsibcn

lnstitutrona Controls

Fish consumption advisories

Commercial
fishing

bans

Waterway or land use restrictions e.g no

anchor or no wake zones limitations on

navigational dredging

Dam or other structure maintenance

agreements

insitu Treatment

Reactrve caps

Additives/enhanced blocagradatlon

Dredging

Hydrauhc mechanical or comb naticn/hybnd

dredging and transport to share

Treatment of dredged sediment and/ar

removed water

Disposal of dredged sediment or treatment

residuals in upland landfill confined thsposa

facility or other placement

Backfil of dredged area as ne.eded or

appropriate

Excavabon

Wate dverson dewatenrg

Excavat on cf sed ment and transport to

stag ng or processing

Treatment of excavated sediment

Dsposa1 of excavated sediment or treatment

rca duals In upland iandfi confined disposal

faciity or other placement

Bacitf of excavated area as eeded or

appropriate

iglig ibi

nte smr

insitu Capping

Srngle.layer gnular caps

Multilayer granular caps

Combination granular/geotextrle caps
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1.32 Urban Revitalization end Reuse

Revitalizing urban areas and returning land and water bodies to productive uses have become

increasingly important to The EPAs hazardous waste programs in recent years Sediment sites may
present opportunities to incorporate these concepts into remedy selection remedial design and into other

phases of the risk management process At sediment sites in urban areas project managers should

consider the goals of local governments and other entitiesto revitalize the use of waterfront property

harbors and water bodies This may involve reviewing local land use plans and identifying potential

partncrs such as land owners4 clcctcd officials and local land and water planning and development

agencies It may lead to opportunities to consider remedies that take into account the views of local

stakeholdgrs land owners and land use planners For example it may be possible to locate disposal

structures or rail lines in areas that maximize future reuse Beneficial reuse of dredged material may also

present an opportunity for urban revitalization Project managers are encouraged to make use of

collabotative Web site on beneficial reuse co-sponsored by the US Army Corps of Engineers USACE
Engineer Research and Development Center and EPks Office of Wetlands Oceans Watersheds

available at http//el.erdc.usace.arfriy.mil/dots/udm/budnhtml

1.4 DECiSION-MAKING PROCESS

Decision making at sediment sites can follow somewhatdifferent processes depending on the

legal aathority under which the sediment cleanup is conducted the entity conducting the cleanup and the

scope of the problem While meetingall legal.aii4 regulatory requirements it is the intent of the Agency

to allow project managers the flexibility needed to make the most appropriate recommendation for their

site

1.4.1 DecisIon Process Framework

Remedial actions taken under CERCLA generally follow the Superfund remedial response

ptocess shown in Highlight 1-6 taken from Guide toPreparing Supe rfund Proposed Plans Records of

Decision and Other Remedy Selection Decision Documents U.S EPA l999a also.rcfcrrcd to as thc

ROD Guidance Project managers should refer to the ROD Guidance for descriptions of each stage of

the remedial process Corrective actions under ECRA generally follow the RCRA remedial process laid

out in theMay 1996 Advanced Notice of Proposed Rulemaking 61 Federal Register FR
19447

In the report Risk-Management Strcxte gyforPCB-Contcrminared Sediments NRC 2001 the

NRC recommended the use of the iterative decision-thaking approach adapted from the 97

Presidential/Congressional Commission on Risk Assessment and Risk Management PCCRARM risk

management frameworkHighlight 1-7 EPAproject managers should consider using this approach

-within the context of EPAs existing radial process The NRC approach emphasizes the unique

importance of community involvcmcnt throughout tho decisionmaldng process and the uscfulnoss of

iteration and adaptation if new information becomes available that changes the nature or understanding of

thc problem
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142 Technical Team Approach

At many sediment sites like other complex sites technical team approach frequently wadis best

for effective site management This team may be made up of lead and support regulatory agency

technical personnel and experts from within and outside of the agencies including those representing

responsible parties Typically it is most effective to form this group early in the site investigation process

and maintain it with as much continuIty as possible throughout the decision making and implementation

of the project Ongoing dialogue managed by the project manager among the technical team on all of the

technical issues should help to ensure productive efficient site investigation and evaluation of remedial

alternatives in which the tendency toward an advemarial environment is minimized This approach may

require strong project manager who facilitates the meetings and makes tough and fair decisions at points

of disagreement

Technical teams which include experts representing both government and responsible parties

can be especially effective when the following principles are considered

Use sound high quality science as the basis fr site-epetiuic decsio to

jointly identi information needs and project olectives

call upon appropriate expertise

recognize and understand uncertainty and

operate in an atmosphere of respect

Source NRC 2001
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Communicate openly and frequentlyto

foster partnerships with all stakehoiders and listen to all viewpoints

jointly identi areas of disagreement and means to resolve them and

openly discuss site goals and capabilities of available alternatives

Think outside the box to

look for common ground and shared goals

solicit holp of an outside neutral party when needed

experiment with change in structure when needed and

look for opportunities to make progress

1.4.3 TechnIcal Support

In 2004 EPA established the SuperfUnd Sediment Resource Center SSRC to make expert

technical assistance available to EPA ptoject managers of any Superfiind sediment site The SSRC has

the capability of accessing expertise from the EPAs Office of Research and Development the USACE
as well as private consultants and academic researchers Infonnation on how to access the SSRC is

available through OSRTIs Contaminated Sediments in Superfluid Web site at http//www.eDa.govl

suycrflind/rcsourccs/scdimcnt/ssrc hun

In 2002 EPA establishod the Contaminated Scdimcnts Technical Advisory Group CSTAG to

monitor the
progress of and provide advice regarding number of large complex or controversial

contaminated sediment Supetflmd sites For most sites the grOup meets with the site team several times

throughout the site investigation response selection and action implementation processes Involving

CSTAG at each major phase of project provides additional technical support to the project team and

ensures consIstecy with EPAs national sediment policies General information about CSTAG and site-

specific recommendations and responses are available through OSRTIs Contaminated Sediments in

Superfund Web site at httnJ/www.epaizov/suoerflind/resourcesisedimentlcstaz.htm

1.5 STATE TRIBAL AND TRUSTEE INVOLVEMENT

State cleanup agencies and affected Indian tribes or nations at sediment sites or impacted

downstream areas have an iMportant role as co-regulators and/or affected parties and as sources of

essential information at sediment sites States are the lead agency at some sediment sites or lead the

cleanup of land-based source areas or particular operable units within site States and Indian tribes are

frequently an indispensable source of historic and current information about water body uses fish

consumption patterns ecological habitat other sources of contamination within watçrshºd and other

information usefUl in characterizing the site and selecting anappropriate remedy At some sediment sites

states are also owners of aquatic lands dams or floodplains Where this is the case states have multiple

ro1csat the site At scdinient sites as for all sitcs states and local andtribal govcrnments where

applicable should be involved early and often lathe remedial investigation/feasibility study Rl/FS
Coordination with the state may be cspccially helpfUl in thc 4evclopmcnt of thc coneeptual site model

risk assessment and remediation goals Additional coordination during remedial design/remedial action

phases ii also very important e.g. an opportunity to consult during the engineering design following

remedy selection and on other technical matters related to implementation or monitoring of the remedy

Additional information on coordinating with states and Indian tribes can be found in OSWER Directive
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9375 .3-03P The Plan to Enhance the Role of$tates and Tribes in the Superfund Program US EPA

1998b and OSWER Directive 9375 .3-06P Enhancing State and Tribal Role Dire ctive U.S EPA

2001a

Where there is potential for natural resource injuries and damages associated with sediment

sites coordination between the remedial and trusteeship roles at the federal tribal and state levels is

especially important Several different federal state or tribal natural resource trustees may have an

interest in decisions concerning contaminated sediment sites and should have an opportunity to be

involved throughout the investigation and remedy selection process at sites where they have jurisdiction

and interest The EPA is required to notif natural resource trustees promptly whenever release of

hazardous materials contaminants or pollutants may injure natural resources CERCLA 104 b2
Trustees may include federal natural resource trustee agencies such as the U.S Department of the Interior

DOr National Oceanic and Atmospheric Administration NOAA U.S Department of Agriculture

USDA Forest Service U.S Department of Defense DoD or U.S Department of Energy DOE Stale

agencies and federally recognized tribes may also be natural resource trustees Where NOAA is the

natural resource trustee project managers should contact the Coastal Resource Coordinators CRCs who

are assigned to each EPA region except Regions and where there are no NOAA trust resources

These CRCs are also designated natural resource trustee representatives for marine resources including

migratoiy fish

Interests and data needs of the trustees and the EPA may be similar When trustees are involved

project managers should consult them early in the R1/FS process regarding potential contaminant

migration pathways ecological receptors and characteristics of the water body and watershed Sharing

information early with federal tribal and state trustees rather than bringing them in later in the process

often leads to more efficient data collection and better coordination of protection of human health and the

environment Information on coordinating with trustees is found in EPAs ECO Update The Role of

Natural Resource Trustees in the SuperfitndProcess U.S EPA 1992a in OSWER Directive

9200.4-22A CERCLA Coordination with Natural Resource Trustees U.S EPA 1997a and in OSWER
Directive 9285 7-28P Ecological RtskAssessmenr and RlskManagement Principles for Superjiind Sites

U.S EPA l999b

1.6 COMMUNITY AND OTHER STAKEHOLDER INVOLVEMENT

Communication and outreach with the community and other stakeholders can pose unique

challenges at sediment sites especially at large sites on publicly used water bodies Community
involvement coordinators often have critical role as part of the project team at these sites Sediment

sites that span large areas may present barriers to communicating effectively with different communities

local governments and the private sector along the water body People who live wo and play adjacent

to water bodies that contain contaminated sediment should receive accurate information about the safety

of their activities and be provided opportunities for involvement in the EPAs decision-making process

for sediment cleanup Community members may have wide variety of needs and wishes for current and

future uses of the water body HIghlights 1-8 and 1-9 list some of the common community concerns

about contaminated sediment and risk reduction methods for sediment These lists amecompiled from

information provided by Superfund project managers and by the NRC 2001 Project managers should

be aware of these potential concerns and others specific to their sites
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recovery

Ongoing human and

ecoiogicei exposure

during recovery period

Doubtsabout

effectiveness/apreedlng

of contamination due to

flooding/other

disturbance

Extended loss of

resources and uses

Perception of do

nothlng remedy

Property value/

transferability concerns

with lesvingslgnlfiosnt

contamination In place

LossUreeouroe/haresting

opportunities

Increased
flooding

Disturbance of aquatic habitat

Cap material source Issues

Loss ofboat anchoring access

Doubtaabout effectiveness

due tooap erosion disruption

or contaminant migration

thrcugh cap
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construction
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Disturbanoe of aquatic habitat
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contsiolnatlonurlng dredging

Human health impacts from eating fish/shellfish wading and swimming

Ecological impacts on wildlife and aquatic species

Loss of recreational and subsistence fishing opportunities

Loss of recreational swimming and boating opportunities

Loss of traditional cultural practices by Indian tribes and others

Economic effects of loss of fisheries

Economic effeccn development reduction in property values or property transferability

Economic effects .on tourism

Concern whethet all contamination sources have been identIfied

Increased costs of drInkIng water treatment other effects on drinking water and other water uses

Loss or Inc eased cost of commercial navgatlon

Long tlme4reme for increased truck or rail iraflic Increased truck or rdli traffic
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Existing community involvement and sediment guidance from EPA and the NRC offer some

guidelines for involving the community in meeting these and other concerns as identified in Highiight

1-10

Hgh1ght Community Involvament Gudan1e aild Advice

EPA Office of Solid Waste and Emergency Response on Community Involvement moSt available athttpdexhtm

Contaminated Sediments Impacts and Solutions Video 8nd Presenters Manual US EPA 200.Sb

Early and Meaningful Community Involvement U.S EPA 2001

Suparfund Comm.inity Involvement Toolkft.U$ EPA 2003a

CommunityAdvisory Group Toolkit for EP Staff Ll.s EPA 997b

The Model Plan for Public Participation National Environmental Justice Advisory Council U.S EPA

1996b

Incorporating Citizen Concerns lntd Supe.rfund becislon Making U.S EPA 20P1c

RCRA Community Involvement Guidance available at http/lvwe nov/epaoswerlhazweste/ca/ouidance.htm

see list under Public lnvoivementlCornmunication

RCRA Public Participation Manual

RCRA Expanded Public Participation Rule 60 FR 63417-34

RCRA Corrective Action Workshop Communication Tools

Office of Water on Communication of Fish C.onsurnptipn Risks and Surveys available at

httpIMcePaQovtost/fIsh

Guidance for Conducting Fish and Wildlife Consumption Surveys U.S EPA 998c

National Risk Communication Conference Held in Conjunction witlr the Annual National Forum on

Contaminants in Fish May 6-8 2001 conference proceedings available at

htt//vw epa .oov/watersoienceffish/proceedinps html

Natienal Research Council

Risk-Management Strategy for PCB-Contaminated Sediments Chapter Cornniunity Involvement

NRC 2001

Considerüig existing EPA guidance and advice from the NRC and others the three points below

highlight some of the most critical aspects of community involvement at sedimentsites

Point Involve the Community and Other Stakeholders Early and Often

In addition to the provisions addressing stakchoLdcr involvement in CERCLA 17 and thc NCP
one of EPAs eleven principles for managingrisk of contaminated sediment is to involve the community

early arid often This is an important principle in relation to other stakeholders as well including local
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governments port authorities and PRPs The mission of the Superfluid and RCRA community

involvement programs is to advocateand strengthen early and meaningful community participation

during Superfluid cleanups Planning for community involvement at contaminated sediment sites should

begin as early as the site discovery and site assessment phase and continue thrbughout the entire

Supethind process As noted by the NRC 2001 community involvement will be more effective and

moresatisfactory to the community ifthecommunity isable to participate in or directly contribute to the

decision-making process Passive feedback about decisions already made by others is not what is referred

to as community or stakeholder involvement Early involvement allows necessary input from

communities and other stakeholders and cilitates more comprehensive identification issues and

concerns early in the site management process

Early community involvement enables EPA to learn what stakeholders especially community

members think are important exposure 1pathways of the contamination and of potential response options

Available materials about community involvement in the risk assessment process include Community
Guide to SuperfitndRiskAssessrnent Kliats ItAllabout and HOw Can You Help U.S EPA 1999c

Although the regulators have the responsibility to make the final cleanup decision at CERCLIA and

RCRA sites early and frequent community involvement helps the regulators understand differing views

and allows the regulators to fhctor these views into their decisions

Point Build an Effective Working Relationship with the Community and Other Stakeholders

In addition to the provisions addressing public outreach in CERCLA 117 and the NCP building

partnerships with key community groups the private sector and other interested parties is critical to

implementing successful outreach program Involving communities by fostering and maintaining

relationships can lead to better site decisions and faster cleanups Referring specifically to PCB
contaminated sites but with application to all sediment sites the NRC 2001 report recommended that

community involvement at PCB-contaxninated sediment sites should include representatives of all those

who are potentially at risk due to contamination although special attention should be given to those most

at risk

Participants at EPAs 2001 Forum on Managing Contaminated Sediments at Hazardous Waste

Sites U.S EPA 200 ld offered the following ideas among others for building effective working

relationships with communities and other stakeholders at sediment sites

Create realistic expectations up front for both public involvement and sediment cleanup

Where possible instead of asking for extra meetings ask for time at existing community

meetings

Use store-front on-site offices for public information when possible

Be aware of tribal cultural and historic sites not all of which are registered or are on

tribal land

Minimize jargon when speaking and writing for the public

Use independent thcilitators for public meetings when needed
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Include broad representation of the community

Look for areas where you can ton input from the community and

Encaurage continuity of membership as much as possible

complete list of forum presentation materials is available through EPAs Superfiind Web site at

hftoJ/www.cpagov/supcrfiind/rcsourccs/gcdincntfrncctings.htm

Point Provide th Community with the Resources They Need to Participate Effectively in the

Decision-Makiiw Process

In addition to the provisions addressingpublic outreach in CEECLA 117 and the NCP project

managers should ensure that community members have access to the tools and infonnation they need to

participate throughput the cleAnup process Educational matefials should be accessible bu.lturally

sensitive relevant timely andiranslated when necesgaiy One potential resource is video prepared by

EPAs Superfund office which explains to communities the general remedial options for sediment U.S
EPA 2005b

Contaminated sediment sites often involve difficult technical issues It is especially important to

givc community mcmbcrs opportuni tics to gain thc tochnical knowlcdgc ncccssary to bocomc informed

participants. Project managers should provide technical information to communities in formats that are

acocssible and understandable The EPA has number of resources available to help make large volunies

of complex data more easily understandable. These resourcesare often valuable communication tools not

only with the community but also within the EPA and between cooperating agencies An example

includes the graphics and scenario analysis capabilities of Itegion Fully Integrated Environmental

Location Decision Support FIELDS FIELDS began as an effort to solve contaminated sediment

problems more effectively in andaround the Great Lakes andis applied in other regions as well

Information about FIELDS is available ax hup//wwwepagovtrion5fields

Information about Superflind community services is available through EPAs Superftind Web site

at httv//svww.cpa.govisnpcrfimd/actionlcommunitv/indcx.htm This Wcb sitc providcs information on

community advisory groupsCA.Gs EPAs Technical Assistance Grant TAG program and the

Technical Outreach Services for CofnmunitiesTOSC program The TOSC program uses university

educational and technical resources to help community groups understand the technical issues involving

hazardous waste sites in their communities The Superfluid statute provides for only one per site

At very large sites with diverse community mterests comniunities may choose to form coalition and

apply for grant funding as one entity The coalition would need to function as nonprofit corporation for

the purpose of participating in decisionmakitig at thesite Individual organizations may choose to

appoint representatives toa steering committeethat decides how TAC uid% sbouldbe allocated and

defines the statement of work for thegrant The coalition gmup may hire grant administrator to process

reimbursement requeststo the EPA and to ensure consistentmanagementofthe grant In sonic cases

EPA rogional offlcc award officials may waivc groups $50000 limit if site eharacictistics indicate

additional funds are necessary due to the nature or volume of site-related.information
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Chapter Remedial Investigation Considerations

2.0 REMEDIAL INVESTIGATION CONSIDERATIONS

The main purpose of investigating contaminated sediment as with other media is generally to

determine the nature and extent of contamination to determine if there are unacceptable risks that warrant

response and if so to evaluate potential remedies Investigations may be conducted by number of

different parties under number of different legal authorities Most of this chapter presents general

information of potential use to any investigator However the language and program-specific references

are drawn from the Comprehensive Environmental Response Compensation and Liability Act

CERCLA program and at times from the Resource Conservation and Recovery Act RCRA program

This chapter is not comprehensive guide to site characterization and risk assessment of sediment sites

but it does attempt to summarize many of the most important considerations

Under CERCLA the investigation process is known as remedial investigation RI Under

RCRA the investigation process is known as aCL4 facility investigation The RI
process is

described in the U.S Environmental Protection Agencys EPAs Guidance for Conducting Remedial

investigations and Feasibility Studies under CERCIA U.S EPA l9SSa also referred to asthe RIIFS

Guidance The investigative process in RCRA corrective action is best described in Office of Solid

Waste and Emergency Response OSWER Directive 9902 2A RCRA Corrective Action Plan

EPA 1994a and the May 1996 Advanced Notice of Proposed Rulemaking 61 Federal

Register FR 19447 This chapter supplements these existing guidances by oaring brief sediment-

specific guidance about site characterization risk assessment and other investigation issues unique to

sediment More detailed guidance concerning site characterization is beyond the scope of this document

but may be developed as needed in the future

2.1 SITE CHARACTERIZATION

The site characterization
process for contaminated sediment site should allow the project

manager to accomplish the following general goals at scale and complexity appropriate to the site

Identify and quantify the contaminants present in sediment surthce water biota flood

plain soils and in some cases ground water

Understand the vertical and horizontal distribution of the contaminants within the

sediment and flood plains

Identify the sources of historical contamination and quantify any continuing sources

Understand the geomorphological setting and processes e.g resuspension transport

deposition weathering affecting the stability of sediment

Understand the key chemical and biological processes afibcting the fate transport and

bioavailability of contaminants

Identify the complete or potentially complete human and ecological exposure pathways

for the contaminants
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Identi current and potential future human and ecological risks-posed by the

contaminants

Collect data necessaiy to evaluate the potential effectiveness of natural
recovery in-situ

capping sediment removal and promising innovative technologies and

Provide baseline of data that can be used.to monitor remedy effectiveness in all

appropriate media generally sediment water and biota

The project manager in consultation with technical experts and stakeholders should develop site-

specific investigation goals that are of an appropriate scope and complexity for the site. Systematic

planning dynamic work strategies and where appropriate real-time measurement technologies may be

usefUlat sediment sites Combined these three stmtçgies are known as the Thad approach described on

EPAs Innovative Technologies Web site at hltpf/www.cluin.org/criad although the term triad is the

same this approach should not be cothsed with the approach to ecological nslc as$essment known by the

same name This approach attemptsto summarize the best current practices in site characterization to

collect the correct data improve confidence in results and save cost The triad approach resoumes also

include EPA 200Th Crumbling 2001 and Lesnick and Crumbling 2001

Data collection during the remedial investigation frequehtly has multiple uses including human

health and ecological risk assessment identification of potential early actions and remedy decision

making It is important to consult as many data users as possible e.g risk assessors modelers as well as

quality assurance/quality control QA/QC cxperts early in the scoping process and throughout data

collection

Data should be of type quantity and quality to meet the objectives of the project The EPAs
data quality objcctivc DQO process is onc method to achieve this as describcd below Whcrc othor

agencies eg natural resource trustee agencies state remediation agencies and health departments have

an interest at thc site they should be consulted concerning decisions about DQOs so that collected data

can serve multiple purposes if possible In addition the community and other stakeholders local

governments and potentially responsible parties PRPsJ should be consulted in these decision as

appropriate

1.1 Data Quality Objectives

The EPAs DQO process is intended to help project managers collect dataof the right type

quality and quantity to support site decisions As described in Guidance for the Data Quality Obje cave

Process U.S EPA 2000a seven -steps generally guide the process The initial steps help assure that only

dataimportant to the decisions that need to be made are collected The seven DQO process steps-include ---

the following with an eiapnple provided in the coiftext of risk assessment

State the problem Example Thre is current exposure of humans to site-related

contaminants through eating fish

IdenM thedectsion Example Isthe exposute causing an unacceptable risk
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Define boundaries of study Example For purposes of the human health risk assessment

shouldthe water bodyandthe human population each be considered asawhole or in

subparts

Develop decision rule Example If exposure at the upper 95 percent confidence limit

for fish consumption of the recreational fisher population to the mean contaminant

concentration of any one of the three most popular fish species exceeds cancer risk

range of 1O to 10 or Hazard Index of risk will be considered unacceptable

Svecifv limits on decision errors Example What levels of uncertainty are acceptable for

thisdecision considering both false positive and false negative errors

OptImize the desian for obtaining data Example What is the most resource-effective

fish sampling and analysis design for generating data that will meet the data quality

objectives

Similar hypotheses could be established for evaluating each remedial alternative being considered

for the site and fbr evaluating the effectiveness of the selected alternative The way in which the
process

is followed may vary depending on the decision to be made from thought process to rigorous

statistical analysis Additional guidance provided in EPA Requirements for Quality Assurance Project

Plans U.S EPA 2001 describes how DQQs are incorporated into QAPPs

2.1.2 Types of Data

The types of data the project manager should collect are determined mostly by the following

information needed to

Develop the conceptual site model

Evaluate sediment and contaminant fate and tmnsport

Conduct the human health and ecological risk assessments

Evaluate the effectiveness of source control

Evaluate potential remedies

Document baseline conditions prior to implementation of the remedy and

Design and implement the selected remedy

Highlight 2-1 lists some general types of physical chemical and biological data that project

manager should consider collecting when characterizing sediment site The project manager should

Identify inputs to the decision Examples What are the appropriate fish species receptor

groups and consumption rates to evaluate What existing data are available and what

must be collected What is the toxicity of the contaminants to all receptor groups
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understand the importance of historical changes in some of these characteristics e.g water body

bathymetry or contaminant distributions in surface and subsurface sediment water and Mote It may
also be important to understand how characteristics change seasonally and under various flow and

temperature conditions The relative importance of these types of data variabilities is dependent on the

site It is frequently important to understand the properties affecting the mixing zone or biologically

active zone of sediment Contaminantsin-the biologically active layer ofthesurfacesedimentat site

often drive exposure and reduction of surface sediment concentrations may be necessary to achieve risk

reduction While sediment sites typically demand more types of data for effective characterization than

other types of sites the type and quantity of data required should be geared to the complexity of the site

and the weight of the decision In addition the data acquisition process should not prevent early action to

reduce risk when appropriate

Site characterization should include collection of sufficient baseline data to be used to compare to

monitoring data collected during and following implementation of the remedy in statistically defensible

maimer Additional sampling could be needed during remedial design holever to establish reliable

baseline data for the monitoring program Chapter Remedial Action and Long-Term Monitoring

provides discussion of effective monitoring programs much of which is also useful during the remedial

investigation

At this time polychlorinated biphenyls PCBs are among the most common contaminants of

concern at contaminated sediment sites The term PCB refers to group of 209 diffbrent chemicals

called PCB congeners sharing similar structure Aroclors are commercial mixtores of PCB congeners
and weathering of an Aroclor after release into the environment results in change in its congener

composition National Research Council NRC 2001 EPAs Office of Water Guidance forAssessing
Chemical Contaminant Data for Use in Fish Advisories Volume Fish Sampling and Analysis Third

Edition U.S EPA 2000b notes that individual PCB congeners may be preferentially enhanced in

environmental media and in biota

Characterizing PCB risk on congener-specific basis allows for an accounting of the differences

in physiochemical biochemical and toxicologicalbehavior of the different
congeners in type and

magnitude of effects and therefore in risk calculations Although Aroclor analysis can be useful for

initial assessment of PCB conoenfrations%rrisk assessment purposes NRC recommends that P0 sites

be characterized on the basis of specific PCB congeners and the total mixture of congeners found at each

site NRC 2001 EPA currently provides congener-specific analyses through its Non-Routine Program

under the Contract Laboratory Program CLP but it may in the future be available through its CLP

routine analytical services However to the extent that PCB congener-specific data are determined useful

at site the project manager should not assume this necessarily needs to be done for all samples
collected At times only subset ofsamples or sampling events may need congener analysis Deciding
how best to characterize PCB site is complex issue due in part to issues related to dioxin-like PCBs
the lack of congener-specific toxicological data the need for cornparingpiesent and previously collected

data and the costof congener-specific analyses The decision about what method or methods to use for

P0 analysis should be made on site-specific basis
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Currently metals are also among the most common contaminantsof concern at Superfund

sediment sites Concentrations of bulk total dry weight basis metals in sediment alone are typically not

good measures of metal toxicity However in addition to direct measurement of toxicity EPA has

developed recommended approach for estimating metal toxicity based on the bioavailable metal

fraction which can be measured in pore water and/or predicted based on the relative sediment

concentrations of acid volatile sulfide AVS simultaneously extracted metals SEM and total organic

carbon TOC U.S EPA 2005c Both AVS and TOC are capable of sequestering and immobilizing

range of metals in sediment

21.3 Background Data

Where site contaminants may also have natural or anthropogenic man-made non-site-related

sources it may be important to establish background or reference data for site When-doing so project

managers should consult EPAs Role of Background in the CERCLA Cleanup Program U.S EPA

2002b the EPA ECO Update The Role of Screening-Level RlskAssessments and Refining

Contaminants of Concern in Baseline Ecological RiskAssessments U.S EPA 2001f and Guidance for

Comparing Background and Chemical Concentrations In Soilfor CERCLA Sites U.S EPA 2002c
Although the latter is written specifically for soil many of the concepts may be applicable to contaminant

data for sediment and biota It should be notedthat comprehensive investigation of all-background

substances found in the environment usually will not be necessaiy at CERCLA sites For example radon

background samples would not be normally collected at chemically contaminated site unless radon or

its precursor was part of the CERCLA release

Where applicable project managers should consider continuing atmospheric and other

background contributions to sites to adequately understand contaminant sources and establish realistic

risk reduction goals U.S EPA 2002b For baseline risk assessments EPA recommends an approach

that generally includes the evaluation of the contaminants that exceed protective risk-based screening

concentrations including contaminants that may have natural or anthropogenic sources on and around the

Superfund site under evaluation When site-specific information demonstrates that substance with

elevated concentrations above screening levels originated solely from natural causes i.e is naturally

occuning substance and -not release-related these contaminant nomially does not-need to be carried

through the quantitative analysis However these contaminants should be generally discussed in the risk

characterization summary so that the public is aware of its existence The presence of naturally occurring

substances above screening levels- may indicate potential enviromnental or health risk and that

information should be discussed at least qualitatively in the document If data are- available the

contribution of background to site conditions should be distinguished U.S EPA 2002b This approach

is designed to ensure thorough characterization of risks associated with hazardous substances

pollutants and contaminants at sites U.S EPA 2002b

For risk management purposes understanding whether background concentrations are high

relative to the concentrations of released hazardous substances pollutants and contaminants may help

ask
managers make decisions concerning appropnate remedial actons EPA 2002b Generally

under CERCLk cleanup levels are not set at concentrations below natural or anthropogenic background

levels U.S EPA 1996a 1997c 2000c If risk-based remediation goal is biow background

concentrations the cleanup level for that chemical may be established based on background

concentrations
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In cases where area-wide contamination may pose risks but these risks are not appropriate to

address under CERCLA EPA may be able to help identify other programs or regulatozy authorities that

are able to address the sources of area-wide contamination particularly anthropogenic sources LLS EPA

1996a 1997c 2000c In some cases as part of response to address CERCLA releases of hazardous

substances pollutants and contaminants EPA may also address some of the background contamination

that is present on site-due to area-wide-contamination

2.2 CONCEPTUAL SITE MODELS

conceptual site model CSM generally is representation of the environmental system and the

physical chemical and biological processes that determine the transport of contaminants from sources to

receptors For sediment sites perhaps-even more so than for other types of sites the CSM can be an

important element for evaluating risk and-risk reduction approaches The initial CSMtypically is set of

hypotheses derived- from existing site data and knowledge gained from other sites Natural resource

trustee agencies and other stakeholders may have information about the ecosystem that is important in

developing the-conceptual site model and it is recommended -that they have input at this stage of the site

investigation This initial model can provide the project team with simple understanding of the site

based onavailable data Information gaps may be discovered in development of the CSM- that support

dollection of new data

Essential elements of CSM generally include infonnation about contaminant sources transport

pathways exposure pathways and receptors Summarizing this information in one place usually helps in

testing assumptions and identifying data-gaps and areas of critical uncertainty for additional investigation

The site investigation is in essence group of studies conducted to test the hypotheses forming the

conceptual site model and turning qualitative descriptions into quantitative descriptions The initial

conceptual model should be modified to documentadditional source pathway and contaminant

information that is collected throughout-the site investigation Project managers should also -be aware of

the spatial and temporal dimensions -to the processes depicted in CSM Although these are difficult to

represent in static graphical form it is important to-consider the relevance and role of these dimensions

when using -the CSM and developing hypotheses or inferences from them

good CSM can be valuable tool in evaluating the potential effectiveness of remedial

alternatives As noted in the following section on risk assessment the CSM should capture in one place

the pathways remedial actions are designed to interdict to-reduce exposure
of human and ecological

receptors to contaminants Typical elements of CSM for sediment site are listed in Highlight 2-2

Project managers may find it useful to develop several conceptual site models that highlight

diffrrent aspects of the site At complex sediment sites often three conceptual site models are developed

sources release and media 2humanhealth and 3-ecological receptors For sites with- more than one

contaminant that are-driving the risks especially if they behave differently in the environment e.g PCBs

vs metals it is often useful to develop separate CSM for diffrrent contaminants -or groups of

contaminants Highlight 2-3 Highlight 2-4 and Highlight 2-5 present examples that focus on ecological

and human health threats
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23 RISK ASSESSMENT

Consistent with the National Oil and Hazardous Substances Pollution Contingency Plan NCP
human health risk assessment and an ecological risk assessment should be performed at all contaminated

sediment sites In addition to assessing risks due to contaminated sediment in many cases risks from

soil surface water ground water and air pathways may need to be evaluated as well One of the ouiuts

from the risk assessment should be an understanding of the relative importance or contribution of the

pathways depicted in the conceptual site model to actual risk This understanding is generally key to

malting informed decisions about which remedial alternative to implement at sire

Genernlly the human health risk assessment should consider the cancer risks and ncncancer

health hazards associated with ingestion of fish and other biota inherent to the site eg shellfish ducks

dermal contact with and incidental ingestion of contaminated sediment inhalation of volatilized

contaminants swimming and possible ingestion of river water if it is used as drinking water supply

Separate analyses should also consider risks from exposure to floodplain soils and may include direct

contact ingestion and exposures to homegrown crops beef and dairy products where appropriate The

relevance and importance of each pathway to actual risks will vary with different contaminants or

contaminant classes at site In addition the risk assessment should include an analysis of the risks that

may be introduced due to implementation of remedial alternativee see SectIon 233 Pirks from

Remedial Alternatives As with all remedial investigation RI and feasibilir study FS data collection

efforts the scope of the assessments should be tailored to the complexir of the site and bow much

information is needed to reach and support risk management decision it is important to involve the risk
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assessors early in the process nsure that the information olletad in appropriate for use in the risk

assessment

Screening and baseline risk assessments are designed to evaluate the potenrial threat to human

health and the environmenlin the absence of ay remedial intion Geueral1y they povidc the basis for

determining whether remedial action Is necessary as well as theframework for developing riskbased

remediation goals Riik assessments should also provide information to evaluate risks associated with

implementing various remedial altematnes that ma be considered for the sits Detailed guidance on

perfomung human health risk assessments is provided in number of documents available through

EPA Suptofund Risk Assessment Web site at hieav/oewetiriskssessmcn
rick cuerfund htm The Risk Assessment Guidance for Sperftnd EPA 989 also refermd to as

RAGS provides basic plan for developing human hedith risk assessments pdcific guidance on the

standardized planmng reportmg and review of risk assessments is available at iJL yjiga gQ/dexhma
Detailed gtiidance onpeifonning.ecolopiein risk assessments is pronided in tilogical Risk

Assessment Guidance for Superftind Process for Designing arid Conducting ological Risk Assessment

U5 EPA l997d also referred to as ERAGS In addition OSWER Directive 9285.728P Ecological

RiskAssessment and RiskManagernenr Principles fOr Superfiind Sites US EPA l999b provides risk

managers with several principles to consider when making ecological risk management decisions As

stated lathe Role qfthe Ecological Risk Assessment in the Briseiirie RlslcAssessmenn U.S EPA 1994b
the purpose of the ecological risk assessment is to identifvand characterize the current and potential

throats to the environnient from hazardous substance release cvaiuato The ecological inipcteof

alternative remediat.on strategles and .establish cleanup levels .in the selected remedy that will protect

those natural resources at risk

Although not EPA guidanco toj.cet itiatiagcts may find useful tht Navy guidatiec

Implementation Guide for Assmsrng and ufanaging Contaminated Sedrmcnt at Navy Facilities which

provides inforthation on performing buirian health and ecological risk assessments atcontam.inated

sediment sites Naval Fticilitim.Engineering Commtind..FEC 2OO

2.3i Screening Risk Ass essrn.e at

screening risk assessnienttypically is performed to identI the contaminants of potential coacern

COPCs and the portions of site that may present an unacceptable risk to human hesitant the enuronment

Currently there are no widely accepted sediment screening values for human health risk from either direct contact

with sediment or from eating fish orshel1tish although research is ongoing For fiadplain anti beach soils

humanhealth soil screening leveIsmaybenxsed Widely acceptedscreening valuer doexist for ecological risk

from Oct toxicity although snnilar to the situation for human health risk screening values for risk to ildhfc

and fisk frow bioaeeumulative contaminants hae not et been fully developed Each of these issues is discussed

further belan In cases bere screening levels do exist or may be developed to the future it is very important for

project managers to keep in mind that screening values are not desigeed to be used as defatiltuleanup levalt and

generally should not be used for that purpose In evaluating whether specific screening values are appropriate for

aparLicular site project managersshauld.consider whether thesouxeeofthdaLa usedtodevelopthe.screening

valuesarereleyantto site conditions and understand the methods by whiah the sereening values were derived

Project managers may also.fnd eco1ogicalscreening tolues or human health.screeninglevel eposure

assumptions useful cvaluating .whej detection lcveIs for sediment analytical work are sufficiently low to be

useful for risk assessment
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Chapter RenedialJnvesgatfon Considerations

When evaluating human health risks from direct contact with sediments and from

bloaceumulative contaminants in fish and shellfIsh RAGS U.S EPA 1989 and other risk guidance

discussed above should be followed to identify the COPCs that may present an unacceptable risk hi

general if bioaccuniulative contaminants are found in bioln at levels above site
baeksround they should

not be screened out and should be carried into the baseline risk assessment

When evaluating human health riks from direct contact with floodplain or beach soils OSWER
and several regions have soil screening values that may be useflul Human health soil screening levels

SSLs for residential and industrial properties are available through EPAs Superfiind Web site at

bttp/l.www.epitnovisunerfiind/msources/soil which provide generic approach and exposure

assumptions for evaluation of risks front direot contact with soil

When screening ecological risk to benthic hiota from direct toxicity project managers should

consult EPAs Eco-Updates EcOlar Threshoid U.S EPA l996e and The Role of Screening-Level Risk

Assessment and Refining Contaminants of Concern in Baseline Ecological Risk Assessments U.S EPA

20010 Which describes the process of screening COPCg The EPAs quilibthum-pattitioning sediment

benchmarks are available athttn/fwww.eoa.eovlnheerl/oublications andthe SuperfIind.programs

Ecotox Thresholds ETs are available at http//www.epa.wov/oswer/riskassessmentipdco updt.pdf can

be used as screening values for risk to benihic biota from direct toxicity Other published sediment

guidelines jeg National Oceanic and Almospheric Administration NOAA Screening Quick Reference

Tables SQuiRTs p/ esoonse.restoration.noaa.rrovJcrr/sedirnentispuirtfsguiithnnlj can also be used

as screening values Table 3-1 in the Navy guidance U.S Navy FEC 2003 also prqvides list of

citations for ecological screening values for sediment

When screening ecological risks to terrestrial receptors from contaminated floodplain soils the

OSWER Pirective 9285 55 Cnadance for Developing Ecological Soil Screening Levels

U.S EPA 2003c htp//www.epa.ovosweiiriskasscssment/ecoriskMcossl.htni should be used Eco
SSLs for some receptors have been developed for aluminum antimony arsenic barium beryllium

cadmium chromium cobalt copper dieldrin iron lead manganese nickel pentachlorophenol

selenium trinitrotolucnc TNT and zinc Screening values for dichlorc diphcnyl trichlorcthane DDT
polycyclic aromatic hydrocarbons PAHs silver and vanadium are currently under development

For ecological risk to wildlife or fish from food chain effects widely aOcepted screening values

have not yet been fully developed As for the human health risk assessment if bioaccumulativc

contaminants are found in biota at levels above site background they generally should not be screened

out and should be carried into the baseline risk asscsstncnt for ecological risk as well

2.3.2 Baseline Risk Assessment

At contaminated sediment sites with hioaccumulative contaminants the human health exposure

pathway driving the nsk is usually ingestion of biota most commonly the ingestion of fish by recreational

anglers and sometimes by subsistence anglers However depending on the contaminant and the use of

the site there can also be significant risks from direct contact with the sediment water or floodplain soils

through incidental ingestion and dental contact

Generally the ecological risk asse$steji should consider the risks to invertebrates plants fish

and wildlife from direct
exposure and from food chain expsoures The selection of appropriate site-
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specific assessment endpoints is critical component of the ecological risk assessment Once assessment

endpoints have been selected testable hypotheses and measurement endpoints can be developed to

evaluate the potential threat of the contaminants of potential concern to the assessment endpoints PCBs
for example bioacctunulate in food chains and can diminish reproductive success in upper trophic level

species e.g mink kingflshers exposed to contaminants through their diet Therefore reduced

reproductive success inflsh-eating birds and mammals may be an appropriate assessment endpoint An

appropriate measurement endpoint in this case might be contaminant concentrations in fish or in the

sediment where the concentrations in these media can be related to reproductive effects in the top predator

that eats the fish The sediment concentration range associated with an acceptable level of reproductive

success usually would constitute the remedialion goal

2.3.3 Risks from Remedial Alternatives

Although significant attention has been paid to evaluating baseline risks traditionally less

emphasis has been placed on evaluating risks from remedial alternatives in part because these risks may
be difficult to quanti In 1991 the EPA issued supplement to the RAGS Guidance RlskAssersment

Guidance for Superfund Volume Human Health Evaluation Manua4 Part Risk Evaluation of

Remedial Alternatives U.S EPA 199 Ia Although the 1991 guidance addresses only human health

risks it does note that remedial actions by their nature can alter or destrcy aquatic and terrestrial habitat

and advises that this potential for destruction or alteration of habitat and subsequent consequences be

evaluated and considered during the selection and implementation of remedial alternative

The short-tent and long-term risks to human health and the environment that may be introduced

by implementing each of the remedial alternatives should be estimated and considered in the remedy

selection process Generally the types magnitude and time frames of risk associated with each

alternative is extremely site specific Increases to current risks and the creation of new exposure

pathways and risk should be considered

Implementing MNR remedy should cause no increase in baseline risks and no creation of new

risks although existing risks may change due to disturbance or significant watershed changes

Implementing in-situ capping might result in increased risk of exposure to contaminants released to the

surface water during capping other community impacts e.g accidents noiSe residential or commercial

disruption worker exposure during transport of cap materials and cap placement and disruption of the

benthic community Existing risks of exposure to contaminants may also occur if contaminants are

released through the cap Implementing dredging or excavation might result in increased risk of exposure

to contaminants released during sediment removal transport or disposal other community inipacts e.g
accidents noise residential or commercial disruption worker exposure duringsediment removal and

handling and disruption of the benthic community Risks of
exposure to contaminants in residual

contamination may also occur Each of these risks or potential exposure pathways may exist for different

periods of time some are relatively short-lived while others may exist for longer period of time The

analysis of risk from implementation of various alternatives is important for remedy selection and is

discussed in more detail in the remedy-specific chapters of this guidance and in Chapter Section 7.4

Comparing Net Risk Reduction
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2.4 CLEANUP GOALS

In selecting the most apprvpriate remedy for site usually it is important to develop clearly

defined remedial action objectives RAOs and contaminant-specific remediation goals RGs RAOs are

generally used in developing and comparing alternatives for site and in providing the basis for

developing more specific P.Gs which in turn are used by project managersto select final sediment

cleanup levels based on the other NCP remedy selection criteria RAOs RGs and cleanup levels are

normally dependent on each other and represent three steps along continuum leading from RIIFS

scoping tote selection of remedial action that will be protective of human healthand the environment

meet applicable or relevant and appropriate requirements ARARs and ptovide the best balance among
the remaining NCP criteria Under CERCLA RAOs and cleanup levels generally are final when the

record of decision ROD is signed Where the site is not available for unlimitedaccess and unrestricted

use their protectiveness is reviewed every five years

2.4.1 RemediEl Action Objectives and Remediation Goals

RAOs are intended to provide general description of what the cleanup is expected to

accomplish and help focus the development of the remedial alternatives in the feasibility study RAOs
are typically derived from the conceptual sitemodel Section 2.2 and address the significant exposure

pathways RAOs may vary widely for differentparts of the site based on the exposure pathways and

receptors regardless of whether these parts of the site are managed separately as operable units under

CERCLA For example sediment site may include recreational area used by fishermen and children

as well as wetland that provides critical habitat for fish and wildlife Though both areas way contain

similarly contaminated sediment the different receptors and
exposure pathways may lead project

manager to develop different RAOs and RGs for each area that are protective of the different receptors

The development of RAOs should also include discussion of how they address all the

unacceptablehuman health and ecological risks identified in the risk assessment Examples of RAOs

specific for sediment sites are included in Highlight 2-6 Sediment sites also may need RAOs for other

media e.g soils ground water or surface water When developing RAOs project managers should

evaluate whether the RAO is achievable by remediation the site or if it requires additional actions

outside the control of the project manager For example complete biotarecovery may depend on the

cleanup of sources that are regulated under other authorities The project manager may discuss these

other actions in the ROD and explain how the site remediation is expected to contribute to meeting area-

wide goals outside the scope of the site such as goals related to watershed concerns but RAOs shouLd

reflect objectives that are achievable from the site cleanup

Generally preliminary remediationgoals PROs that are protective ofhuxnanhealth-and the

environment ate developed early in the remedial investigation process based on readily available

screening levels for both human health and ecological risks although project managers should be aware

that currently available screening levels for sediment may be limited see Section 2.3.1
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As more mforrithon is generated durmgthe investigation these PKGs should be replaced with

sitespecifIc RGs by incoorating an improved undnistandingof site conditions eg sitespecific

infomiation on fish ingestion rates and bioaccumulation of contaminants in sediment into biota resource

use other human activitial and other sitespeciflo factors such is the bioavailability oiuontaminants

The human health and eological risk assessors should identi appropriate ROe for each contaminant of

concern in each medium of significance RUe for sediment often address direct contact for humans and

biota to the sediment as well as bioaccumulation through the food chain The concentrations of

bioa cumulative contaminants in flab typically are function of both the sediment and water

concentititions of the crintÆrninant and are to caine extent speciesdependeni The development of the

sediment ROe may involve variety of different approaches that range from the sunple application of

biotacumultion factor from sedithentto fish or more sophisticated food chain modeling The method

used and the level of complexity in the back calculation from fish to sediment should be consistent with

theapproaches used in the .buman health and ecoldgical risk assehsments

ROe should be reprelented as ranga of values within acceptable risk levels so that the project

manager may consider the other NCP criteria when selecting the final cleanup levels For human health

general guidance is available regarding the exnosure equations necessary to develop kG concentrations in

various media for both cancer risks and non cancer health hazards see Section The development of

the human health based RGs should provide range of risk levels l0 10 and lO and anon

cancer Hazard Index of or less depending on the health end points of the specific contaminants of

concern The developmein of the ecologically based RGs should also provide range of risk levels

based on the receptors of concern identified in the ecological risk assessment see Section 23 Human

health and ecological RGs should be developed thinugh iterative discussions between the prcect
minager risk assessor and modeler orrth armrotiriate.mernbers of

2.42 Cleanup Levels

At most .CERCLA sites ROe for human health and ecological receptors are developed into final

cbemicalspecific sediment cleanup levels .by weighing a.nurnber of factots including sitespediflc

uncertainty factors and .the criteria for remedy selection found inthe NCP at Title 40 Codeof Federal

Regulations 40 CFR 300.430 These criteria include.longterxn effectiveness and permanence

Human Health

Reduce to acceptable levels the risks to children and adults from the ucidontal ingestion of and dermal

exposure.to contaminated sEdiment while playIng wadlng.or swlmrning.at the site

Reduce to acceptable levels the risks to adults and children from ingestion of contaminated fish and

shellfish taken frornthe site

Ecological Risk

Reduce to acceptable levels the
toxicity

to benthic aquatic organisms at the site

Reduoe to acceptable levels .the risks to birds and mammals that feed on fish that have been

contaminated fromsedlmentattheslte
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reduction of toxicity mobility and volume through treatment short-term effectiveness implementability

cost and state and community acceptance Chapter 3fr Section 3.2 NCP Remedy Selection Criteria

discusses these criterion in detail R.egions should note however that some states do have chemical

and/or biological standards for contaminated sediment e.g in development by the State of Washington
and others that may be ARARs at sediment sites

Uncertainty factors that may be relevant to consider include among others the reliability of

inputs and outputs of any model used to estimate risks and establish cleanup levels reliability of the

potential approaches to achieve those results and the likelihood of occurrence for the exposure scenarios

being considered Other technical factors include among others limitations of remedial alternatives and

detection and quantification limits of contaminants in environmental media It is especially important to

consider both backgroundlevels of contamination and what has been achieved at similar sites elsewhere

so that achievable cleanup levels are developed All of these factors should be considered when

establishing final cleanup levels that are within the risk ratige

The derivation of ecologically based cleanup levels is complex and interactive process

incoiporating contaminant fate and transport processes toxicological considerations and potential habitat

impacts of the remediation alternatives Before selecting cleanup level the project manager in

consultation with the cological risk assessor should consider at least the following factors U.S EPA
l999b

The magnitude of the observed or expected effects of site releases and the level of

biological organization affected e.g individual local population or community

The likelihood that these effects will occur or continue

The ecological relationship of the affected area to the surrounding habitat

Whether the affected area is highly sensitive or ecologically unique envimnment and

The recovery potential of the affected ecological receptors and expected persistence of

the chemicals of concern under present site conditions

Generally for CERCLA actions the ROD should include chemical-specific cleanup levels as

provided in the NCP at 40 CFR 300.430c2QA The ROD should also indicate theapproach that

will be used to measure attainment of the cleanup levels and how cleanup levels relate to risk reduction

At many sediment sites especially but not exclusively those with bioaccumulative contaminants the

attainment of sediment cleanup levels may not coincide with the attainment of RAOs For example this

may be due to the length of time needed for fish or the benthiccornmunity to recover Where cleanup
levelshave been achieved but progress towards meeting RAOs is not as expected the five-year review

process or where appropriate similar process conductedbefare five years should be used to assess

whetheradditional actions are needed ConsiStent with the NCP 40 CFR 300.430f4ii where

contaminantsremain present above unlimited use and unrestricted exposure levels Superfund sites should

be reviewed no less than every five years after initiation of the selected remedial action Chapter

Remedial Action and Long-Term Monitoring provides additional guidance on the information that

shouldbe collected for this review to be effective As explained further in Chapter the need for long-

term monitoring is not limited to sites where five-year reviews are required Most sites where
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contaminated sediment has been removed also should be monitored for some period to ensure that

cleanup levels and RAOs are met and will continue to be met

2.5 WATERSHED CONSIDERATIONS

unique aspect of contaminated sediment sites is their relationship within the overall watershed

or drainage area in which they are located Within the watershed there often is spectrum of issues that

the project manager may need to consider Foremost among them at many sites is to work with the state

to ensure that fish consumption advisories are in place and well publicized In addition project managers
should understand the role of the contaminated water body in the watershed including the habitat or flood

control functions it may serve the presence of non-site-related contaminant sources in the watershed and

current and reasonably anticipated or desired future uses of the water body and surrounding land

2.5.1 Role of the Contaminated WØter Body

Most water bodies provide important habitat for spawning migration or food production for fish

shellfish birds and other aquatic and land-based animals One significant issue is the protection of

migratory fish These are fish such as salmon shad and herring that migrate as adults from marine

waters up estuaries and rivers to streams and lakes where they spawn The juveniles spend varying

lengths of time in freshwater before migrating to estuarine/marine waters It can be difficult to evaluate

the impact of particular contaminated sediment site on wide-ranging species that may encounter several

sources of contamination along their migratory route This can be an important consideration when

evaluating alternatives and establishing rem ediation goals for site as these fish populations may not

show improvement if any link in their migratory route is missing blocked or toxic For migratory

species it may be more appropriate to measure risk and remedy effectiveness in terms of risk to juveniles

or whatever part of the life cycle is spent at the site

The size topography climate and land use of watershed among other factors may affect

characteristics of water body such as water quality sedimentation rate sediment characteristics

seasonal water flows and current velocities and the potential fbr ice formation For example watersheds

with large wetland areas tend to store flood waters and enabLe ground water recharge thereby protecting

downstream areas from increased flooding whereas an agricultural or urbanized watershed may have

increased erosion and greater flow during storm events Watershed changes can result from natural

events such as wildflres or from human activities such as mad and darn construction/removal

impoundment releases and urbanlsuburban development When considering watershed characteristics it

is generally important to consider both current and future watershed conditions

Some sediment sites am located in watersheds with large number of historical and ongoing

point and non-point sources from many potentially responsible parties Wherethis is thecase it can be

especially important to attain expert assistance to plan site characterization strategies that are well suited

to the completty of the issues and designed to answer specific questions In urban watersheds and others

with large number of ongoing sources it may be beneficial for broader
group of stakeholders to

participate in setting priorities for site characterization and remediation efforts In these areas it can be

especially iinportantto consider background concentrations when developing remedial objectives and to

evaluate the incremental improvement to the environment if an action is taken at specific site in the

watershed Approaching management of site within the watershed context may provide an opportunity
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to better determine the needs and coordinate the sequence and schedule of cleanup activities in the

watershed

2.5.2 Water Body and Land Uses

Water body uses at sediment sites may include commercial navigation commercial fisheries

shellfisheries or aquaculture boating swimming and other forms of recreation other commerciai or

industrial uses recreational or subsistence fishing or shellfishing and other less easily categorized uses

Most water bodies used for commercial navigation such as for shipping channels turning basins and

port areas axe periodically dredged to conform to the minimum depth for the area prescribed by

Congress such dredging is typically performed or permitted by the U.S Army Corps of Engineers

USACE Other commercial or industrial uses of site may include the presence of gravel pits drinking

water use and industrial uses of water including cooling washing or waste water disposal

The NCP preamble 55 FR 8710 states that both cunent and future land uses should be evaluated

in assessing risksposed by contaminants at Superfluid site and discusses how Superflmdremedies

should be protective in light of reasonably anticipated future uses EPA has provided further guidance on

bow to evaluate future land use in the OSWER Directive 9355.7-04 Land Use in the CERCLA Remedy

Selection Process U.S EPA 1995a also referred to as the Land Use Guidance This guidance

encourages early discussions with state and local land use planning authorities and the public regarding

reasonably anticipated future uses of properties associated with National Priorities List Nit site This

coordination should begin during the scoping phase oftheRIJFS and ongoing coordination is

recommended to ensure that any changes in expectations are incorporated into the remedial process

There are additional factors the project manager should include in considering anticipated future

uses for aquatic sites not specifically addressed in the Land Use Guidance For example future use of the

site by ecological receptors may be more important consideration for an aquatic sediment Superfund or

RCRA site as compared to an upland terrestrial site remediated sediment site may attract more

recreational subsistence and cultural uses including fishing swimming and boating Where applicable

the project manager should consider tribal treaty rights to collect fish or other aquatic resources The

project manager should also consider as TBCs or to be considered see Chapter Section 3.3

on ARARs designated uses in the states water quality standards priorities established as result of total

maximum daily loads TMDLs or pollution reduction efforts under various Clean Water Act CWA
programs in projecting future waterway uses In ports and harbors the project manager should consult

master plans developed by port and harbor authorities for projections of future use The USACE should

also be contacted regarding future havigational dredging of federally maintained channels

There may be more parties to consult about anticipated future use at large sediment sites as

opposed to typical upland sites These parties include the community environmental groups natural

resource trustees Indian tribes the local department of health as well as local government port and

harbor authorities and land use planning authorities As with upland sites consultation should start at the

RI/FS soaping phase and continue throughout the life of the project Different stakeholders often have

divergent and conflicting ideas about future use at the site Local residents and environmental groups

may anticipate future habitat restoration and increased recreational and ecological use while local

industrial landowners may project increased shipping and industrial use The NCP preamble 55 FR

8710 states that in the baseline risk assessment more than one future use assumption should be

considered when decision makers wish to understand the implications of different exposure scenarios

2-19



Chapter Remedial In vestigation Considerations

Especially where there is some uncertainty regarding the anticipated foture uses the project manager

should compare the potential risks associated with several use scenarios

The identification of appropriate future use assumptions during the baseline risk assessment and

the feasibility study should allow the project manager to focus on developing protective practicable and

cost-effective remedial alternatives In addition coordination with stakeholders on land and water body

uses leads to opportunities to coordinate Superfluid or RCRA remediation in conjunction with local

development or habitat restoration projects For example at some sites the EPA has worked with port

authorities to combine Superfluid or RCRA remedialdredging with dredging needed for navigation

Others have combined capping needed for Superfluid or RCRA remediation with habitat restoration

allowing PRPs to settle natural resource damage claims in conjunction with the cleanup However as

noted in Chapter Section 1.5 State Tribal and Trustee Involvement whether remediation and

restoration are addressed concurrently is site-specific decision that involves input from number of

different parties

2.6 SOURCE CONTROL

ldentifing and controlling contaminant sources typically is critical to the effectiveness of any

Superfluid sediment cleanup Source control generally is defined for the purposes of this guidance as

those efforts are taken to eliminate or reduce to the extent practicable the release of contaminants from

direct and indirect continuing sources to the water body under investigation At some sediment sites the

original sources of the contamination have already been controlled but subsequent sources such as

contaminated floodplain soils storm water discharges and seeps of ground water or non-aqueous phase

liquids NAPLs may continue to introduce contamination to site At sites with significant sediment

mobility areas of higher contaminant concentration may act as continuing sources for less-contaminated

areas

Some sources especially those outside the boundaries of the Superfund or RCRA site may best

be handled under another authority such as the CWA or state program These types of sites can present

an opportunity for partnering with private industry and other governmental entities to identify and control

sources on watershed basis Water bodies with sources outside the Superflind site can also present

need to balance the desire for watershed-wide solutions with practical considerations affecting subset of

responsible parties It can be difficult to determine the proper party to investigate sources outside the

Superfund site but the site RIJFS must be sufficient to determine the extent of contamination coming onto

the site and its likely effect on any actions at the site critical question often is whether an action in one

part of the watershed is likely to result in significant and lasting risk reduction given the probable

timetable for other actions in the watershed

Source control activities are often broad-rangingin scope Source control may include

application of regulatory mechanisms and remedial technologies to be implemented according to ARARs
including the application of technology-based and water quality-based National Pollutant Discharge

Elimination System NPDES permitting to achieve and maintain sediment cleanup levels Source

control actions may include among others the following

Elimination or treatment of contaminated waste water or ground water discharges e.g
installing additional treatment systems prior to discharge
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Isolation or containment of sources e.g capping of contaminated soil with attendant

engineering controls

Pollutant load reductions of point and nonpoint sources based on TMDL

Implementation of best management practices e.g reducing chemical releases to storm

drain line and

Removal or containment of potentially mobile sediment hot spots

EPAs Contaminated Sediment Management Strategy U.S EPA l998a includes some

discussion of EPAs strategy for abating and controlling sources of sediment contamination Source

control activities may be implemented by state or local governments using combinations of voluntary and

mandatory actions

The identification of continuing sources and anevaluation of their potential to re-contaminate site

sediment are often essential parts of site characterization and the development of an accurate conceptual

site model regardless of source areas within the site When there are multiple sources it is often

important to prioritize sources to determine the relative significance of continuing sources versus on-site

sediment in terms of site risks to determine where to focus resources Where sources are part of the site

project managers should develop source control strategy or approach for the site as early as possible

during site characterization Where sources are outside the site project managers should encourage the

development of source control strategies by other authorities and understand those strategies Generally

source control strategy should include plans for identifying characterizing prioritizing and tracking

source control actions and for evaluating the effectiveness of those actions It is also useful to establish

milestones for source control that can be linked with sediment remedial design and cleanup actions If

sources can be substantially controlled it is nomually very important to reevaluate risk pathways to see if

sediment actions are still needed If sources cannot be substantially controlled it is typically very

important to include these ongoing sources in the evaluation of what sediment actions may or may not be

appropriate and what RAOs are achievable for the site

Generally significant continuing upland sources including ground water NAPL or upgradient

water releases should be controlled to the greatest extent possible before sediment cleanup Once these

sources are controlled project managers should evaluate the effectiveness of the actions and should

refine andadjustlevels of source control as warranted In most cases before anysediment action is

taken project managers should consider the potential for recontamination and factor that potential into the

remedy selection process If site includes source that could result in significant recontamination

source control measures will be likely necessary as part of that response action However where

sediment remediation is likely to yield significant benefits to huinanhealth and/or the environment after

considering the risks caused by an unaddressed or ongoing source itmay be appropriate to conduct an

action for sediment prior to completing all land-based source contml actions

2.7 PHASED APPROACHES ADAPTIVE MANAGEMENT AND EARLY ACTIONS

At some sediment sites phased approach to site characterization remedy selection or remedy

implementation may be the best or only pmctical option Phasing site characterization can be especially

usefiul when risks are high yet some important site-specific ftctors are unknoiun Phasing in remedy
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selection and implementation may be especially useful at sites where contaminant fate and transport

processes are not well understood or the remedy has significant implementation uncertainties Phasing

may also be useful where the effectiveness of source control is in doubt By knowing the effectiveness of

source control prior to implementing sediment cleanups the risk of having to revisit recontaminateci areas

is greatly reduced High remedy costs the lack of available services and/or equipment and uncertainties

about the potential effectiveness or the risks of implementing the preferred sediment management
approach can also lead to decision to phase the cleanup At some sites it may be advantageous to pilot

less invasive or less costly remedial alternatives early enough in the
process that performance could be

tracked If performance does notapproach desired levels then more invasive or more costly approaches

could be pursued

Phasing can also be used at large multi-source multi-PRP sites with primarily historic

contamination where contaminated sediment is still near the sources At these types of sites working
with single responsible party to address sediment with higher contaminant concentrations neara specific

source may be an effective risk reduction measure while the more complex decision making for the rest

of the site is ongoing

Project managers are encouraged to use an adaptive management approach especially at complex

sediment sites to provide additional certainty of information to support decisions In general this means

testing of hypotheses and conclusions and reevaluating site assumptions as new information is gathered

This is an important component of updating the conceptual site model For example an adaptive

management approach might include gathering and evaluating multiple data sets or pilot testing to

determine the effectiveness of various remedial technologies at site The extnt to which adaptation is

cost-effective is of course site-specific decision Resources on adaptive management at sediment sites

include the NRCs report Environmental Cleanup at Navy Facilities NRC 2003 and Connolly and

Logan 2004

Even before the sediment at site is well characterized if risk is obvious it may be very

important to begin to control significant ongoingiand-based sources It also may be appropriate to take

other early or interim actions followed by period of monitoring before deciding on final remedy

Highlight 2-7 provides examples of early actions taken to control sources minimize human exposure
control sediment migration or reduce risk from sediment hot spots at contaminated sediment sites Early

or interim actions are frequently used to prevent human exposure to contaminants or tocontrol sources of

sediment contamination However such actions for sedimentare less frequent Factors for determining

which response components may be suitable for early or interim actions include the time fiBmti needed to

attain specific objectives the relative urgency posed by potential or actual exposure the degree to which

an action may reduce site risks and compatibility with likely long-tenu actions U.S EPA 1992b

An early action taken under Superfund removal authority may be appropriate at sediment site

when for example it is necessary to respond quickly to release or threatened release of hazardous

substance that would present an inunediate threat At contaminated sediment sites removal authority or

state authorities have been used to implement many oftheactions listed in Highlight 2-7 The NCP at 40

CFR 300.415 outhnes criteria for using removal authority as further explained in the EPA guidance and

directives U.S EPA 1993a U.S EPA 1996d U.S EPA 2000d Project managers may also consider

separating the management of source areas from other less concentrated areas by establishing separate

operable units OUs for the site
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28 SEDIMENT AND CONTAMINANT FATE AND TRANSPORT

An important part of the remedial investigation at many sediment sites is an assessment of the

extent of sediment and contarninanvtransport and the effect of that transport on exposure and risk This

usually includes gaining an understanding of the processes and events in the past and predicting future

unnsport and exposure

Actions to prevent releases of contamInants from sources

Excavation or containment of floodplain soils or other source materials in the floodplain

Engineering controls e.g sheet pilings slurry walls grout curtains and extraction to prevent highly

contaminated ground water NAPL or leachate from reaching surface water and sediment

Engineering controls to prevent contamnated runoff from reaching surface water and sediment

Actions to minimize human exposure to contaminants coordinated with other appropriate agencies

Access restrictions

Fish consumption advisories

Use restrict one and advisories for wate bodies

Actions to protect dcwnstreair drinng water supplies

Actions to mm mire further grat on of contaminated sed ment

Boating contro vessel draft or wake restrictions to pm eit propel er wash anchorng restrictions

Excavatirg dredgng capping or otherwise
isolating

contaminated sediment hot spots

Actions taken to reduce risk from highly contaminated sediment hot spots

Capping excavation or dredging of localized areas contaminated sediment that pose very high risk

In most acuatic environments surfuce sediment and any associated contaminants move over time

The more important and more complex issue is whether movement of contammated sediment surface and

subsurfuce or of contaminants alone is occurring or may occur at scales and rates that will significantly

change their current connibution to human health and ecological risk Addressing that issue requires an

understanding of the role of nantra processes that counteract sediment and contaminant movement and

fkte such as natural sedimentation and armoring and contaminant transformations to less toxic or less

bioavailable compounds For this reastei it is important for project managers to use technical experts to

help in the analysis especially where large amounts of resources are at stake

Sediment movement also is complex topic because it ha botb poitiv and ngatrve effects on

risk For example floods equently transport both clean and contaminated sediment which are

subsequently deposited within the water body and on floodplains This may spread contaminatIon
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asolaie through burial other existing contamination and lower concentrations of contaminants through

dilution within the immediate site boundaries

Both natural and manmade io anthropogenic forces may cause sediment and contaminants to

move Highlight 28 lists examples of each

Natural causes of sediment movement Include

Routine currents in rivers streams and herbors

Tides In marine waters and estuaries

Floods generated by rainfall or snowmelt nduced runoff from and surfaces

cc thaw and Ice dam-Induced scour

Seiches oscIllatIon of lake eievaz on caused by susta ned winds especially in the Great Lakes

Storm-generated waves and currents hurricanes Pacific cyclones noreasters

Seismicgenerated waves eg tsunamis

Earthquakes landslides and dam falures

Bioturbation from micro- and nacrotauna

Antriropoganic causes of sodme movement nolude

Navigations d-odng and channel maintenance

Placer
fling as we as sand ard grave mining

intentiona removal or breach ng of hydraulic structves such as dams dikes weira groins and

breakwaters

In-water construct on

Boat propeller wean shipc wakes ship grounding or anchor draggmg

Causes of dissolved contuminant novement without sediment movement include

Flow of grounc water through sediment

Molecular diffusion

Gasasslsted transport

Many contaminated sediment sites are located in areas that are ptimarily deoositional or in areas

where only limited surface layer of sediment is routinely mobilized In these thirly stable areas other

processes may contribute to sediment and contaminant movement and resulting exposure and risk These

include for sediment bioturbation and for dissolved contaminants ground water flow molecular

dision and potentially gasassisted transport Like erosion and deposition these processes continue
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to operate after remedies are in place so an understanding of whether or not they are likely to be

siiificant ongoing contaminant transport pathways at particular site is especially important for

evaluating insitu capping and MNR alternatives

Various empirical and modeling methods exist for evaluating sediment and contaminant

movement and their consequences The models normally rely upon sitespeciflc empirical data for input

parameters Both empincal methods and models have limitations so it is usually important to consider

variety of methods in evaluating site and to compare the results For large or complex sediment sites

project managers should approach an assessment of sediment and contaminant movement from the

following aspects

sitespecific assessment of empirical site characterization data see Section Si

sitspecific assessment of the frequencies arid intensities of eected routine and

extreme events that mobilize sediment see Section 18

sitespecific assessment of ongoing processes that mobilize contaminants in otherwise

stable sediment such as biotirrbabon diffusion and advection see Section iS and

sae-specifc assessment of the expected consequences or results of sediment and

contaminant movement in terms of exposme and risk cost or other consequences see
Section 84

As noted above this assessment wil frequently require the use of models wide varie of

models is available
ranging

from simple models with small numbers of input criteria to complex multi

dimensional models that are data intensive discussion of model uses and selection is presented in

Section 19

Especially for larger sites nes of evidence approach should be used to evaluate the extent of

sediment and contaminant movement and resultant exposure for various areas of the water body Where

multiple lines of evidence point to similar conclusions project managers may have more confidence in

their predictions Where the lines of evidence do not concur project managers should bring their

technical experts together to determine the source of the discrepancies and understand their significance

This approach is described in more detail in Chapter Section 44 Evaluation of Natural Recovery

2Ji Date Collection

An assessment of sediment and contaminant movement begins with the collection of variety of

empirical data ie data derived flvm field or laboratory observation Although literature values may be

available for some pananeters project managers are encouraged to collect sitespecific information for

the most important processes at the site as identified in the conceptual site modal especially where large

resources are at stake in decision making

The vertical and horizontal sediment and contaminant OistnDutions present at site are result of

all of the routine and extreme natural and anthrapogenic processes that contribute to the physical

chemical and biological ataiinutes of water body Site conditions at the tune of investigation generally

reflect combination of influences Project managers should not assume that currant conditions represent
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stable conditions when in fact sediment may be actively responding to recent or current forces and

events Conversely project managers should not assume site or all areas of site are unstable or

contaminants are mobile at scale or rate which significantly impacts risk At many sites the same areas

of contamination persist over many years despite some level of surce sediment and contaminant

redistribution

Processes that are important in terms of exposure and risk on watershed scale may be less

important in smaller more isolated areas of water body Both scales of investigation utay be needed

For example in some situations the large scale rainstonus associated with hurricanes may greatly impact

sediment loading to the water body through erosion of watershed soils but have little effect on stability of

the in-water sediment bed itselfi When considering the potential impacts of disruptive forces on sediment

movement it is important to assess these forces as they relate to the overall watershed and in terms of

current and future site characteristics

Many site characteristics affect sediment movement but primary among them are the flow-

induced shear stress at the bottom of the water body during various conditions and the cohesiveness of

the upper sediment layers In most environments bottom shear stress is controlled by currents waves
and bottom roughness e.g sand ripples biologically formed mounds in fines preliminaxy evaluation

of the significance of sediment movement should include at least site-specific measurements of surface

water flow velocities and discharges water body bathymetry and surface sediment types e.g by use of

surface grab samples

In some cases empincally measured erosion rates are loer than anticipated fron simpe models

due to natural armoring Winnowing suspension and transport of fines from the surface layers of

sediment is one common form of armoring Others are listed in Highlight 2-9 including the effect known

as dynamic annonng which describes the effect caused by suspended sediment or fluff floe or low

density mud layer present in some estuaries and lakes that decreases the expected erosion rate of

underlying sediment

Physical

Winowog of fine aralned matenais leavln larger-grained materias on surface

Compaction of
tine-g

rained sediment

Chemca

Chemical reections and weathering surface sediment

Dynamic

Suspended sediment dampening turbulence during high flow even

Biological

Physical protection and sequestation by rootea aquatic vegetation

Mucous excretions of polycheetes

Eroslon-reslstent fecal pellets or digested sediment
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Sediment properties that affect cohesion and erosion in many sediment environments include

bulk density particle size average and distribution clay mineralogy the presence of methane gas and

the organic content It is not unusual for erosion rates to va by to orders of magnitude spatially at

site depending on currents bathymetsy bioturbation and other factors e.g pore water salinity In

fairly uniform cohesive sediment core erosion rates may drop several orders of magnitude with depth

into the sediment bed but in more variable cores this may not be the case

Biological processes by macro and microorganisms also affect sediment in multiple ways both

to increase erosion e.g gas generation and biotutbation by lowering bulk density and to decrease

erosion e.g aquatic vegetation biochemical reactions which increase shear strength of sediment The

process of sediment mining caused by bioturbation is discussed further in Section 2.8.3

wide variety of empirical methods is available to assess the extent of past sediment and

contaminant movement Highlight 240 lists some key examples Each of these methods has advantages

and limitations and generally none should be used in isolation The help of technical experts is likely to

be needed to determine which methods are most likely to be useful at particular site

282 RoutIne and Extreme Events

Naturally occurring hydrodynamic forces such as those generated by wind waves currents and

tides occur with great predictability and significantly influence sediment characteristics and movement

Hall 1994 While these routine forces beluom cause changes rear are dramaucaiiy visible they may be

the events causing highest shear stress and therefore the most important factors in controlling the

physical structure of given water body In northern climates formation of ice dams and ice scour are

also routine events that may have sigmfscant effects on sediment It is important to note that seasonal

changes in water flow may also affect where erosion and deposition occur Depending on the location of

the site e.g riverine areas coastal/marine area inland water bodies different water body factors will

play important roles in detenninmg sediment movement To determine the frequency of particular

routine forces acting upon sediment project managers should obtain historical records on flows and

stages from nearby gauging stations and on other hydrodynamic forces However project maiiagers

should keep in mind that residential or commercial development in watershed may significantly increase

the impervious area and subsequently increase the frequency and intensity of routine flood events While

the intensity of most routine forces may below their high frequency may cause them to be an important

influence on sediment movement within some water bodies
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Bathyrnetiy evaluates net change in sediment surface elevations

Single polntllocal area devices

Transects/cross-sections with known vertical and horizontal accuracy

Longitudinal nver profiles along the thaiweg La location of deepest depth

Acoustic surveys with known vertical and horizontal accuracy

Comparison to dredging records aerial photos overall geomorphology

Contaminant data from continuous cores surface sediment and water column

Time-senes observations event scale and long-term seasonal annual decade-scale

Comparison of core pattern or changing pattern in surface sediment with
pollutant loading history

Comparison of concentration patterns during and after high energy events

Sediment data ag from continuous cores or surface samples

Patterns of grain-sIze distribution McLaren and Bawlas 1985 MoLaren at aL 1993 Pascoe eta 2002

In-situ or ex-situ erosion measurement devices e.g SEDFLUME Jepsen at at 1997 McNeil at al

1996 PES Tsai and Lick 1986 Sea Carousel Mae ci al 1993 or iverted Flume Ravens and
Gschwend 1999

Sed meat water interface camera

Geocrironology eva uates continuity of sedimentation cia age of sedimort with depth cc cc

7Cs gain stable Pb longerlivec species to evaluate burial rate and age progression with depth

Pb Be 234Th shorter-lived speces to eva ucla depth of mix ng zone

X-ractog-aphy color density analysis

Geomorphological studies

Land and water body geometry and bathymetry physical processes

Human modifications

SedIment-contamInant mass balance studies especially during high energy events

Upstream and tributary Icadings grain size distributions and rating cuives

Tidal cycle sampling In marlne estuaries and coastal seas

Sampling dur ng the rising limb of rain-event generated runoff hydrcgraph frequently greatest erosion

Dissolved contaminant movement

Seepage meters at sediment surface

Gradients near water body
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In contrast some water bodies are significantly affected by short4enn extreme forces that are

much less common In many cases these extreme forces originate by the same mechanisms as

routine forces e.g wind but are significantly stronger than routine conditions and capable of moving
large amounts of sediment Some extreme events however have no routine event counteiparts eg
earthquakes Meteorological events such as hurricanes may move large amounts of sediment in coastal

areas due to storm surges and unusually high tides that cause flooding Flooding may occur from snow
melt and other unusually heavy precipitation events resulting in the mos ement of large amounts of upland
soil and erosion of sediment which are then deposited in other areas of the water body or on floodplains
when the flow slows during the falling limb of the runoff hydrograph Scour of the sediment bed may
also result from the movement of ice and/or naturel or maieenade debris during extreme flood events To
obtain preliminary understanding of extreme event quency at site it is important to examine both
historical records e.g meteorological and flow records and site characterization data eg core data and

bathymetry

Floods are frequently classified by their probability of occununce for example 50year l0Oyear
200year and probable maximum flood Although the term l00year flood suggests time frame itis

in fact probability expression that flood has one percent probability of occurring or being exceeded
in any year Similarly 2O0year flood refers to flood with 05 percent probability of occurring in any
year Probable maximum flood refers to the most extreme flood that could theoretically occur based on
maximum rainfall and maximum runoff in watershed It is not uncommon for multiple low probability

events to happen more frequently than expected especially when the hydrograph record used to

determine these probabilities is not very long or where land use or climate is changing

It is important to consider the intensity of extreme hydrodynamic forces as wel as their

frequency Intensity is measure of the strength power or energy of force The intensity of force will

be significant determinant of its possible impact on the proposed remedy Tropical storms including
hurricanes are often classified according to their inteusity that is the effects at particular place and

time which is function of both the magnitude of and distance from the event Tropical storms such as

hurricanes are commonly classified by intensity using the SarSimpson Scale of Category to Category
Other physical forces and events such as earthquakes maybe classified according to magnitude that

is measure of the strength of the force or the energy released by the event Earthquakes are most

commonly classified in this way eg the Richter scale although they may also be classified by intensity
at certain surface location eg the Modified Mercalli scale

For sites in areas that may be affected by extreme events project managers should assess the

record of occurrence near the site and determine the appropriate category or categories for analysis The

recurrence interval that is considered in project generally relates to the magnitude of the resultant

impacts The choice of design event gives consideration to the impact of the event and the cost of

designing against the event For evaluation of contaminated sediment sites project managers should
evaluate the impacts on sediment and contaminant movement of l00year flood and other events or

forces with similar probability of occurrence ie 001 in year similar probability of occurrence

may be appropriate for analysis of other extreme events such as hurricanes and earthquakes At some
sites it may be appropriate to analyze the effects of events with lower and higher probabilities to

understand the costffectiveness of various design decisioil Rcordcd terisiis of physical

events such as current velocities or wave heights may provide project managers with parameters needed
to calculate or model sediment movement If information from historical records is insufficieni or the

historical record is too short to be useful project managers should consider obtaining technical assistance
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to model range of poteurtal events to estimate effects on sediment movement and transport Section

of this chapter discusses modeling in more detail

Z3 Bioturbation

Iii some depositional environments the most important natural process bringing contaminants to

the sediment surface is bioturbation Broadly speaking bioturbation is the movement of sediment by the

activities of aquatic organisms Although this movement may be in many directions it is the vertical

mixing that is mainly of concern for project managers because it brings contaminants to the bed surfece

where most exposures occur While many discussions of bioturbation are focused on sedimentidwelling

animals such as worms and clams bioturbation may also include the activity of larger organisms such as

fish and aquatic mammals The effects of bioturbation can include the mixing of sediment layers

alteration of chemical forms of contaminants bioaocumulation and transport of contaminants from the

sediment to interstitial/pore water or the water column Many botiom4welling organisms physically

move sediment particles during activities such as locomotion feeding and shelter building These

activities may alter sediment stracture biology and chemistry but the extent andisiagnitude of the

alteration depends on site location sedhnent type and the types of organisms and contaminants present

One fector of concern for understanding exposure is the depth to which significant physical

mixing of sediment takes place sometimes known as the mixing zone The depth of the mixing zone

can be determined by examination of sediment cores especially radioisotope analysis of core sections or

other site characterization data that displays the cumulative results of bioturbation through time but

useful information may also be gained from sediment profile camera and other results it is also useful

to be aware of the typical burrowing depths of aquatic organisms in uncontaminated enviromnents similar

to the site Project managers should kcep in mind howe er that population density has tremendous

effect on whether organisms present at the site may have significant effect on the mixing zone Itis

important to understand the depth of the mixing zone in the various environments at site because where

sediment is not subject to significant erosion and contaminants are not significantly mobilized by ground

water advection contaminants below this zone are unlikely to contribute to current or fixture risk at site

Typically the population of benthic organisms is greatest in the top few centimeters of sediment

In frath waters the decline in population density with depth is such that the mixed layer is commonly five

to 10cm deep NRC 2001 although.it may be deepei especially in marine waters with high populations

of deep burrowing organisms Highlight 241 provides examples of organisms that cause bioturbation

their activity type and the geneini depth of the activity However prqject managers should also consider

the activity type the intensity of the activity and organism population density when determining the

extent bioturbation thould be considered in site evaluation For example the depth and effectiveness of

bioturbation may be very different in highly productive estuary and in heavily used commercial boat

slip

project manager should be aware of at least the following parameters when assessing the depth
of the mixing zone and the potential role bioturbation will play on given sediment bed

Site location Salinity water temperatums aepuis seasonai variationj

Size distribution organic and caroonate content bulk density and
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jR4Jnvçation Considera4oas

Qgsme Organisms either pinsent and/or likely to recnut to and recolonize

the area

This analysis may be done for naturally deposited sediment as well as potential insitu capping
matenal or dredging backfill material Where bioturbadon is likely to be significant process it is

important to evaluate the depth aver which it causes significant mixing using sitespecifIc data and

assistance by technical experts to assess altemave approaches for the site

Midge and Mayfly Burrowingeedag 15 cm Matisoff and Wang 2000

insects Pennak 1978

Burbot fish Burrowrng cm 30cm Bayer et al 1990

Bristewormpolychaete Burrowing cm15 cm Hylleberg 1975

Bamboo worm BurrowngIFeethng cm 20 cm Rhoads 1967

polycheete

Fiddler crab crustacean Burrowng cm 305 cm Warner 1977

Clam bivalve Burrowuig cm 3cm Risk and Moffat 1977

ippjj riruiiinasma in2
Bnstleworm polychaete Burrowng cm 15cm Hyl eberg 1975

Fiddler crab crustacean Burrowing 0cm 305 cm Warner 1977

Clam bivave Burrowing 0cm 3cm Risk and Moffat 1977

284 Predicting the Consequences of Sediment and Contaminant Movement

Depending on its extent movement of sediment or contaminants may or may not have significant

consequences for risk cost or other important factors at specific site number of differing factors

may be important in determining whether expected or predicted movements are acceptable Historical

records or monitoring data for contaminant concentrations in sediment and water during events such as

floods may be valuable in analyzing the increase in exposure and risk Where this information is not

available or has significant uncettain models may also be very useful to help understand and predict

changes This analysis should include increased risk from not on contazrdnant eics the immediate

water body but wherever those contaminants are likely to be deposited Increased cost may include

remedy costs such as cap repair or costs related to contaminant dispersal such.as increased disposal cost

Tubificid worm Burrowing/Feeding

ollgochaete

Matisof Wang and McCall 1999

Pennak 1978
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of downstream navigational dredging There may also be societal or cultural impacts of contaminant

releases the project manager should consider such as lost use of resources

Prect managers -should assess the impacts of contaminant release on potential receptors on

sitespecific basis using infonnatian generated during the baseline human health and ecological risk

assessments \Where natural recovery isbeing evaluated project maiIagers should recognize that- not only
the rate of net sedimentation but also the frequency of erosive episodes can help detemilne the rate of

recovery for surce sediment and biote Where site capping is being evaluated preot managers
should recognize that some amount of erosion and sediment transport may be acceptable and can be

mcosporated into plans for remedial design and cap maintenance Increased nsic to human or ecological

receptors due to contaminant releases during dredging may be related analysis whencortsidening

dredging Comparing the increased risks costs or other consequences of sediment disruption due to

natural causes or the remedy itself also may be an important part ofthe remedy selection-prodess

When evaluating remedy alternatives the significance of potential harm cue to reexposure of

contaminated sediment or contaminated sediment redintobutton is an important consideration Factors to

be considered inciude the nature of the contaminants the nature of the potential receiving environment

and biological receptors and the potential for repair or recovery from the disturbance These factors can

be used to evaluate tiskscosts and/or other effects of different events on existing contaminated sediment

or sediment-remedies

29 MOD EUNG

Models are totil.that.are used at many sediment sites when characterizing site conditidns

assessing risks and/or evaluating remedial altCmdiives complex.cornputed.rnoddl e.g multi

dimensional numerical model may not be needed if there is widespread agreement about the best

remedial strategy based on an adequate understanding of site conditions bowe ar this is not often the

case At some-sites signi-ficant-uncertainties-exist -about sitecharacterizatitin data and the processes that

contribute to relative effecriveness of available remedial alternatives Moods can help fill gaps in

knowledge and allow investigation of relationships and processes at site that are not fully understood

For this reason simple or complex modeling dan play role at most sediment sites

There-is a-wide range ofsisnplerempirical inodels- and more robust computer models that can be

applied to contaminated sediment sites Simple models that aggregate processes or consider only some

portion of problem can-provide significant insights and thould be applied- routinely-at-sediment sites

even complex sites For example simple steadystate mass balance models applied during time period

where there are no disruptive events can be used to determine whether external-contaminant sourdes have

been identified and properly quantified Hydrodynanuc model predictions of currents and associated

bottom shear stresses can provide information about the potential for erosion and the degree of interaction

between backwater and main- channel areas -Even if acomplex fate and-transport model-is tiever

developed simple modeling can be used to develop better uncerstandmg of current and future site

conditions- and-lead to selectioni of the most appropriate remedial -alternative

More complex fate and transport models are -frequently applied--to the--most complex sites These

sites typically have long llistoIy of-data collection have documented-coittamlinant concentrations in

sediniet-anbiota and-often have fish-consumption athdsoriesalready inplace Fateandtransport

models can -be useful tools even though they can be-time consuming and- expensiveto apply at complex
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sediment sites Most of these modeling efforts require large quantities of sitespeciric data and typically

team of experienced modelers is needed Nevertheless these models are belpthl in that-they give when

properly applied more complete understandmg of the transport and thte of contaminants than typically

can be provided by empirical data from field or laboratory alone

Whether and when to use model and what models to use are saespeciflc decisions and

modeling experts should be consulted Modeling of contarmnated seditnent just r-s
with other modeling

should follow systematic planning and implementation process Technical assistance is available to

project managers from EPAs Supethmd Sediment ResGurce Center SSRC where experts from inside

and outside the Agency may be accessed Additional research about contaminated sediment transport and

food web modeling is undeiwav at the Offint of Research and Development ORD e.g. U.S EPAin

preparation and Project managers should monitor the Superfund sediment Web site at

or contact their regions 01W Hazardous Substance

Technical L.iaison for more informatioti

In most cases simple or cornpinx models are expected to complement environmental

measurements and address gaps that exist in empirical information Examples of the uses of models

include the following

Identifying data gaps durmg the initial phases of sue- investigation

Illustrating how contaminant concentratioas vary spatially at site Empirical

information can provide useful benchmarks that can be iut.erpolatud or inoacicu to gui

better understanding of the distribution of contaminants

Predicting contaminant fate and transport over long periods of time decades or

during episodic high-energi events e.g tropical storm or low-frequency flood event

Predicting future contaminant- concentrations in sediment water attd biota to evaluate

relative differences among the proposed remedial altcmativos ranging from monitored

natural recovery to extensive rempval and

Comparing modeled results to observed measurements to show
convergence of

information Both modeling results and empirical data usually will have measure of

uncertainty and modeling can help to examine the uncertainties e.g through sensitivity

analysis and refine estimates which may include indications for whore to sample next

The use oimodels at sediment sites is not limited to the remedy selection phase Most sites that

use models for evaluation of proposed remedies have previously developed mass balance or other type

of model during the development of the baseline risk assessment These models arc often used to

quantify the relationships among eontaminant sources exposure pathways and receptors At these sites

the same moddis often used to predict the response of the system to various cleanup options Where this

is done it is important to corttiriue to test the model predictions monitoring during the remedy

implementation and post-remedy phases to assess whether cluar .s pmgressg as 1.dicted by the

model Where it is not information should be relayed to the niodelingteamn so the model can be modified

or recalibrated and then used develop more accurate futilre predictions
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291 SedimenUContanilnant Transport and Fate Mode Characteristcs

sedimenticontaminant transport and fate model typically is mathemacal or conceptual

representation of the movement of sediment and associated contaminants and the chemical fate of those

contaminants as governed by physical chemical and biological factors in water bodies Currently there

are two basic types of sediment transport models conceptual and mathematical models In addition there

are several different types of mathematical models General types of models are described in Highlight

12 and an example of conceptual site model is presented in Highlight 243

Conceptual ModeL

Identifies the following contaminants of potentia concern sources of the contaminants physica and

biogeochemical pfooesses and Interactions that control the transport and fate of sediment and associated

contaminants exposure pathways and ecological and human receptors

Mathematical Model

set of equations that quantitatively represent the processes and interactions Identified by the conceptua model
that govern the transport and fate of sediment and associated contaminants Matnematical models inc de
analytical regression and numencal models

Analytical Model

An analytical model is one or more equations mpl tied neanzed one-dimensions form of the

advection-diffusion equation for which closed-form solution exists This type of mode may not be appl cab at

most sites due to the complexities associated with the forcing hydrodynamics and spatial and tempora
heterogeneities sediment and contaminant propert eslcharecterist cs

Regression Mode

regressior model is
statistically determ nod equation that re ates dependent variab to one or nore

ndependent variables stage-discharge rating curve is an examp regression model wh oh stage
water level and discharge amount of wate 110w are tie independent and dependent variables respectively

Numerical Modal

In numerical model approximate solution of tre set governiflg dleentn equations Is obtained using

numeical technique Examples of numerical techniques include finite dierenoe and finite element methods
numerical model is used when the processes being modeled are represented by nonlinear eqJations for which

closed-form solutions do not exist
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Typically transport and fate models are inherently limited by our current understanding of the

factors governing these processes and our ability to quan them Le represent mathemahcally their

interactions and effects on the transport and fate of sediment and contaminants Even the most complex

sediment model may be relatively simplistic representation of the movement of sediment through

natural and engineered water bodies It may be simplistic due to the following

Limitations in our undesetanding of natural systems as reflected in the current stateof

thescience

Empiricism inherent in predicting flowinduced sediment transport bank erosion and

nonpoint source loads

Souu Mdifled 5mm SedIment Management Workgmu SMWG
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The reladvely large space and time blocks used fot modeling the water body and

The inabii to realistically simulate geornorphological processes such as river

meandering bank erosion and localized effects e.g due to natural debris or beaver

dams

Nevertheless sedimentlcontaminant transport and fate models generally are useful tools when

properly appliedalthough they are data intensive and require specialized expertise to apply and interpret

the results

29.2 Determining Wl7ether Mathematical Model Is Appropriate

Since mathematical transport and fate models can be time4ntensiveand expensive to apply their

use and intexretation generally require specialized experrise Because of this mathematicaFmodeling is

not incommended for every sediment site In some cases existing empirical data anduew monitoring
data may be sufficient to support decision mathematical modeling study is usually not warranted for

very small i.e localized sites where cleanup may be relatively easy and inexpensive Mathematical

modeling gdnetelly is reconmiended for large or complex sites especially where it is necessary to predict

contaminatit transport and fate over extended periods of time to evaluate relative differences among
possible remedial approaches

Project mahagers should use the following series of questions to help guide the pro.cess for

determining the appropriate use ofsita.spccificmdthematical models

Have the queitions or.hypotheses the model is intended to answer been detirmined

Are historical data andior simple quantitative techniques available to answer .these

questions with thC.delred accuracy

Have the ipatial extent heterogeneity and levels of contamination at the sitebeen

defined

Have all significant ongoing sinirces of contamination been defined

Do sufficient data exist to support the use of mathematical model and ifnot are time

and resources available to collect the required data to achieve the desired level of

confidence in model results and

Are time and resourcesavailableto perform the modeling study itseli

lithe decision us made that some level of mathematscal modeling is appropriate the following

section should assist project managers in deciding whattype of model shouldbe used

293 DetermIning the Appropriate Level of Model

When the decision is made that mathematical model is apptopriateat site project managers
should generally consider three steps in ddtermining what level of modeling to use It is important to

consider all three steps in order In some cases these three steps may be more useful when performed in
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an iterative thshion for example based on additional data analysis or from results obtained during Step

it may become apparent that the conceptual site model CSM should be modifiedniMI
Development of CSM is recommended as the key first step in this process in determining the

level of modeling As described in Section 22 CSM identifies the processes and interactions that

typically control the transport and fate of contaminants including sediment associated contaminants If

this step is not perfonned then the decision of what level of modeling is appropriate may be made with

less than the requisite information that might be needed to make a.scientifically defensible decision

The development of CSM usually requires examination of existing site datato assist in

detenniningthe significant physidal and biageochemical processes and interactions Relatively simple

quantitative expressions of key transport and fate processes using existing site data such anpresentedhy

Reible and Thibodeaux 1999 or Cowen et al 1999 may help in identiing those processes most

significantat the sitebeCumenti Modeled

This step concems determining if the most significant processes and interactions that control the

transport and/or fate of sediment contaminants as identified in the CSM can be simulated with one or

more existing sediment transport and fate models Mathematical models in particular numerical models

that.have been developed can simulate most of the processes controllingthc transport and fate of sediment

and ..coittaminants in water bOdies including wide variety of physical. chemical and biological

processes Highlight 2l4 depicts the interrelationship of some major processes and the type of model

with which .they are associated lf.it is determined that there are existing mOdels capable df simulating at

minimum the most significant ie firstorder processes and interactions then the project manager

should utitigthe apprc.ptiatetecbnical experts identify the types of inodeis.eg analytica1 regreision

numeti.c..havingthis capahilityndeliminate fromfiuther consideration those typesof.models not

having this capability

Depending on the needs at the site models or model components beodules may link many of

these processes presented in Highlight 2l4 into one model .Examples of the prdcdsses that can be

modeledinclude the following

Land and air Physical processes that result in loading of contaminants to water bodies

may include point discharges overland flow ie runoff discharge of ground water

NAPL
seeps and.air deposition

Water column Physical processes that may result in moxament of dissolved or sediment

sorbed contaminants .inolude.transport via the waters ambient floadvection

diffusion and settling of sediment particles containing sorbed contaminants

Seal ment.hed impoitant.physicalproc eses.inChine theino to fj..re.wimr and

dissolved contaminants seepage into and out of the sediment bed and banks and the

niixingofdissolvedand sedimentsorbed contaminants by bioturbation lnaddition both

sorbed and dissolved material may be exchanged between the water column and sediment

bed due to sediment deposition.and resuspension or erosion and
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Water column and sediment bed Physiochemicai processes influencing the inte and

nnsport of contaminants include twophase and thie-pbase cbemicai partitioning as

described below Biogeochemical reaction processes influencing the fate of

contaminants include speciation volatilization anaerobic gas formation hydrolysis

oxidation photolysis biortansforrnation1 and biological uptake

MODELS

WATER

nffLetoo eraeto to

epBed

Source NRC200I

InMighlight 244 and in other modeling discussions generally twophasepaintioning refers to

modelingthe contaminant intwo parts or phases bioavailable dissolved fraction mid generally non
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oioavailable particulate fraction In threepbase partinoning contaminant concentrations are normally

considered in three phases the bioavailable dissolved phase generally nonbioavailable dissolved

organic caibon DOC phase and generally nonbioavÆilable particulate organic carbon phase

If itis determined that there are no existing models capable of simulating at minimum the most

significant ie firstorder processes
and interactions then project managers may need to rely on other

tools or methods for evaluating proposed approaches or develop and test new models or modules

Examples of processes that cannot be dynamically simulated even using stateof4heart sediment

tiansport models may include geomphological processes such as the development of meanders in

streams and rivers bank cutting/erosion nepheloid layer sediment trensport and mud wave phenomena

However there are empirical methods for simulating some of these processes including estimating the

total quantity of sediment induced to water body due to the failure of river/stream bank Likewise

there are empirical tools to estimate the importance of nepheloid layer transport ie relatively high

sediment flux occurring immediately above the sedimentwater inteidece Empirical tools are also being

developed to simulate mud wave transport processes resulting from sediment disturbances such as

dredging and resultant dispersal of contaminated sediment residuals

Select an ro nate Model

If one or more models or types of mathematical models capable of simulating the controlling

transport and fate processes and interactions exist then project managers should use the process descnbed

above to choose the appropriate tpc of modor ie lovel of anuysis lf the decision is mace to apply

numerical model at sediment site selection of the most appropnate contaminated sediment transport and

fate model to use at specific site is one of the critical steps in modeling program During this proocss

familiarity with existing sediment transport models is essential Comprehentive technical reviews of

available models have been conducted by the EPAs ORD National Exposure Research Laboratory see

US EPA in preparation and

294 Model Verification Calibration and Validation

Where numerical models are used verification calibration and validation typically should be

performed to yield scientifically defensible modeling study The project manager should be aware that

the terms verification and validation are frequently used interchangeably in modeling literature

These terms for purposes of this guidance mean

ve cation Evaluating the model theory consistency of the computer code with model

theory and evaluation of the computer code for integrity in the calculations This should be an

ongoing process especially for newer models Model verification should be documented or the

model or model component should be peerreviewed by an independent party alit is new

Model calibration Using sitespecific information from historical period of time to adjust

model parameters in the governing equations eg bottom friction coefficient in hydrodynamic

models to obtain an optimal agreement between LIC1Od d4t ct nd mu4 calculations for

the simulated state variables

Model validation Demonstrating that the calibrated model accurately reproduces Imoum

conditions over different period of time with the physical parameters and fotuing functions
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changed to reflect the conditions during the new simulation period which is thiferent from that

used for calibration The parameters adjusted during the calibration
process should NOT be

adjusted during validation Model simulations during validation should be compared to the

measured data set If an acceptable level of agreement is achieved between the data and model

simulations then the model can be considered validated as an effective tool at least for the range

of conditions defined by the calibration and validation data sets If an acceptable level of

agreement is not achieved then further analysis should be cairied out to detemune possible

reasons for the differences between the model simulations and measured data during the

validation penod The latter sometimes leads to refinement of the model e.g using finer

model grid or to the addition of one or more physical/chemical processes that are represented in

the model

It is important that both calibration and validation be conducted at the space and time scales

associated with the questions the model must answer Por example if the model will be used to make

decadescale predictions when possible it should be compared to decadescale trend data Even when
data exist for much shorter time period than will be used for prediction the long4enn behavior of the

model should be examined as part ofthe calibration process It is not unusual for model to perform
well for sbort4erm period but produce unreasonable results when run for much longer duration The

extent to which components of modeling study are performed using verified models can detenume to

large degree the defensibility of the modeling project 111 verified model has not been sufficiently

calibrated or validated for specific site then the modeling study may lack defensibility and be of little

value Where possible project managers should use venfied models in the public domain calibrated and

ahdated to site-specific conditions Proprietary models may aiso be useful but pi oject managers snoula

be aware they contain code that has not been shared publicly and may not have been verified The

interpretation of modeling results and the reliance placed on those results should heavily consider the

extent of documented model venfication calibration and validation performed

2.9.6 SensitMty and Uncertainty of Models

Another important tool for understanding mode results may be sensitivity analysis This

process typically consists of varying each of the input parameters by fixed peiment while holding the

other parameters constant to determine how the predictions vary The resulting variations in the state

variables are measure of the sensitivity of the model predictions to the parameter whose value was

varied This can be very informative especially in understanding how the various processes being
modeled afthct contaminant fute and transport and which are dominant This analysis is frequently used

to identir the model parameters having the most impact on model results so that the project team can

ensure these parameters are well constrained by site data

Uncertainty in models usually results from the following three principal sources

The necessity for models to use equations that are simplifications and approximations of

complex processes which can result in uncertainty in just how well the equations

represent the actual processes

The uncertain accuracy of the values used to parameterize the equations i.e uncertainty

about bow well the input data represent actual conditions and
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The uncertain accuracy of model assumptions about future conditions when using the

model for prediction eg assumptions about fuinre rainfall land use or upsrream

contaminant sources

Typically uncertainty analyse8 focus on only the second source the accuracy of the input values for the

model While quantitative uncertainty analyses are possible and practical to perform with watershed

loading models and food chain/web models they arc generally not so at the current time for fute and

transport models If quantitative assessment of the uncertainty of fute and transport modal predictions

could be provided the value of that prediction would be greatly increased Lacking quantitative

uncertainty analysis one method modeling teams might consider to assess uncertainty is to use bounding

calculations to produce conservative model outcome to compare to the models best estimate outcome

This conservative model outcome may be developed by using parameter values that result in

conservative outcome but do not result in significantly degraded model performance as measured by

comparison to the calibration and validation data sets second method to assess uncertainty involves

quantification of model error by comparison of results to the calibration and validation data and

application of that error to model predictions as described in Connolly and Tonelli 1985

296 Peer Review

It is EPA policy that peer review of numerical models is often appropnate to ensure that

model provides decision makers with useful and relevant information Project managers should use

EPAs Guidance for Conducting External Peer Review of Eiwironrnental Regulatory Models US EPA

l994c and the Peer Reyiew Handbook US EPA 2000e to dotennine wheLner peer review of moaci

is appropriate and if so what type of peer review should be used As rule of thumb when model is

being used outside the niche for which it was developed is being applied for the first time or is critical

component of decision that is very costly peer review should be performed In addition project

managers should refer to OSWER Directive 92856Mg Principles for Managing Contaminated

Sediments at Hazardous Waste Sites Principle US EPA 2002a see Appendix

EPA peer review guidance for models US EPA 1994c also notes that environmental models

that may form part of the scientific basis for regulatory decision making at EPA are subject to the peer
review policy However it cannot be more strongly stressed that peer review should be considered only
for judging the scientific credibility of the model including applicability uncertainty and utility

including the potential for misuse of results and not for directly advising the Agency on specific

regulatory decisions stemming in part from consideration of model output Peer reviewers advise the

Agency regarding proper use and interetation of model it is then the Agencys task to apply that

advice properly to regulatory decisions

Highlight 245 summarizes some important points to remember about modeling at sediment sites
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Chapter Feasibility Study Considerations

3.0 FEASIBILITY STUDY CONSIDERATIONS

Generally the purpose of feasibility study for contaminated sediment site is to develop and

evaluate number of alternative methods for achieving the remedial action objectives RAOs for the site

This process lays the groundwork for proposing and selecting remedy for the site that best eliminates

reduces or controls risks to human health and the environment The feasibility study process is described

in the U.S Environmental Protection Agencys EPAs Guidance for Conducting Remedial

investigations and Feasibility Studies under CERCLA U.S EPA 1988a also referred to as the RIIFS

Guidance The proposed plan and record of decision RODprocess is described in the EPAs Guide to

Preparing SuperfiindProposeaPlans Records of Decision and other Remedy Selection Decision

Documents U.S EPA 1999a also referred to as the ROD Guidance This chapter is intended to

supplement existing guidance by offering sediment-specific guidance about developing alternatives

considering the National Oil and Hazardous Substances Pollution Contingency Plan NCP criteria

identifying applicable or relevant and appropriaterequisements ARARs estimating cost and

implementing institutional controls Chapters and present more detailed guidance on evaluating

alternatives based on the three major approaches for sediment monitored natural recovery MNR in-situ

capping and dredging or excavation with treatment or disposal

Although this chapter focuses on remedial alternatives for managing contaminated sediment

project managers beginning this stage of site management should keep in mind the first step at almost

every sediment site should be to implement measures to control any significant ongoing sources and to

evaluate the effectiveness of those controls Until this is done appropriately evaluating alternatives for

sediment may be difficult However it may be appropriate to evaluate implementation of interim

sediment cleanup measures prior to completing source control to control further dispersal cf sediment hot

spots or reduce risks to human health and the environment due to sediment contamination

In addition project managers should keep in mind that flexibility is frequently important in the

feasibility study process at sediment sites Iterative or adaptive approaches to site management are likely

to be appropriate at these sites Also project managers should consider pilot testing various approaches
as part of the feasibility study process Phasing adaptive management and early actions are described

further in Chapter Section 2.7 Phased Approaches Adaptive Management and Early Actions

3.1 DEVELOPING REMEDIAL ALTERNATIVES FOR SEDIMENT

As described in Chapter Section 1.3.1 Remedial Approaches there are typically three major

approaches that can be taken to reduce risk from contaminated sediment when source control measures

are insufficient to reduce risks MNR in-situ capping and sediment removal by dredging or excavation

Hybrid approaches may combine these three fourth approach in-situ treatment is currently under

development andmay become viable alternative in the future especially in combination with in-situ

caps Highlight 1-5 in Chapter briefly summarizes these major approaches for sediment sites

Project managers should consider the following steps which build on EPAs RIIFS Guidance by

adding details specific to sediment when developing altematives at sediment sites

Develop remedial action objectives specifying the contaminants and media of interest

exposure pathways and rernediation goals that permit range of alternatives to be
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developed including each of the three major approaches MNR capping and removal
and that consider state and local objectives for the site

Identify estimated volumes or areas of sediment to which the approaches may be applied

taking into account the need fix protectiveness as identified in the RAOs and the

biological chemical and physical characteristics ofthe site

Develop additional detail concerning the equipment methods and locations to be

evaluated for each alternative including the three major approaches e.g potential

natural recovery processes potential cap materials and placement methods number and

types of dredges or excavators transport methods treatment methods type of disposal

units general disposal location need for monitoring and/or institutional controls

Develop additional detail concerning known majorconstraints on each alternative

including the three major approaches at the site eg need to maintain flow capacity for

flood control need to accommodate navigational dredging

To the extent possible with infbrmation available at this stage of the FS identify the time

frames in which the alternatives are expected to achieve cleanup levels and RAOs and

Assemble the more detailed methods into set of alternatives representing range of

options including MNR in-situ capping and removal options or combination of options
as appropriate

This process often is best done in an iterative fashion especially at complex sites For example

investigation into equipment and disposal options for sediment removal may lead to evaluation of

variety of time frames for achieving risk reduction goals Typically the number and type of remedial

alternatives that project manager develops for any site is site-specific decision The prqject manager
should take into account the size characteristics and complexity of the site However due to the limited

number of approaches that may be available for contaminated sediment generally project managers
should evaluate each approach carethily including the three maj or approaches MNR in-situ capping
and removal through dredging or excavation at every sediment site at which they might be appropriate

3.1.1 AlternatIves that Combine Appmaches

At sites with multiple water bodies or sections of water bodies with differing characteristics or

uses or differing levels of contamination project managers have found that alternatives that combine

varietyof approaches are frequently the mostpromising In manycases institutional controls are also

part of many alternatives see Section 3.6 Institutional Controls The following examples illustrate how

different approaches might be combined into alternatives

An alternative might combine variety of dredging transport and disposal methods that

remove differing volumes of higher-risk contaminated sediment with MN for more

widespread areas of lesser risk

An alternative might combine annored in-situ capping of contaminated sediment in more

erodible areas with MNR in highly depositional areas
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An alternative might combine dredging in federal navigation channels or for areas where

there is insufficient water depth to maintain navigation or flood capacity with cap with

in-situ capping of floodplain intertidal or under-pier areas where more technically

practicable and less costly approach is desired and

An alternative might combine thin-layer placement see Chapter Monitored Natural

Recovery with MNR where the nanal rate of sedimentation is insufficient to bury

contaminants in.a reasonable time frame

3.1.2 No-Action Alternative

The NCP at Title 40 Code of Federal Regulations 40 CFR 300.430e6 provides that the no-
action alternative should be considered at every site The no action alternative should reflect the site

conditions described in the baseline risk assessment and remedial investigation This alternative may be

no-further-action alternative if some removal or remedial action has already occurred at the site such as

under another ROD

No-action or no-further-action alternatives normally do not include any treatnent engineering

controls or institutional controls but may include monitoring For example at site where risk is

acceptable e.g because contaminant levels in surface sediment and biota are low and the site is stable
but the site contains higher levels of contamination at depth it may be advisable to evaluate periodically

the continued stability of buried contaminants no action alternative may include monitoring of these

buried contaminants Project managers and others should not confuse this however with MNR where

natural processes are relied upon to reduce an unacceptable risk to acceptable levels The difference is

often the increased level and frequency of monitoring included in the MNR alternative and the fact that

the MNR alternative includes cleanup level and expected time frame for achieving that level Project

managers should normally evaluate both noactionaltemative and MNR alternative at sediment sites

if no-action or no-fIjrther.action alternative does not meet the NCPs threshold criteria

addressed in 40 CFR 300.430 ie protection of human health and the environment and meeting

applicable or relevant and apprepriate requirements it is not
necessary to carry it though to the detailed

analysisof alternatives Howeverthe ROD should explain why the no action alternative was dropped
fromthe analysis Chapter Remedy Selection Considerations includesguidance on when itmay be

appropriate to select no-action alternative

3.1.3 Iflssltu Treatment and Other innovative Alternatives

Generally in-simtreatnientisan.approach thatinvolves the biological chemical or physical

trealmentofcontazninatecjsediment inplace This approach is currently under developmentby
reseamhersand several pilot- and fizll-scaleapplications of the more promising technologies are

underway Although significant technical limitatsons currently exist fur many of the trealxnent

technologiesthe resuitsofthe ongoingiestingmaydemonstrate the viability of some of these approaches
in certain situations Project managersare to tackthe development of in-situ treathient

methods Potential in-situ trealment methods include the following

33



Chanter Feiisibiutv Study Considenztionc

Biological Treatment Enhancement of microbial degradation of contaminants by the

addition of materials such as oxygen nitrate sufhte hydrogen nutrients substrate e.g
organic carbon orrnicroorganisms into the sediment or into reactive cap

Chemical Treatment The destruction of contain wants through oxidation and

dechlorination processes by providing chemical reagents such as permanganate

hydrogen peroxide or potassium hydroxide into the sediment or into reactive cap and

Immobiiization Treatment Solidification stabilization or sequestering of contaminants

by adding coal coke breeze Portland cement fly ash limestone or other additives to the

sediment for encapsulating the contaminants in solid matrix and/or chemically altering

the contaminants by converting them into less bioavailable less mobile or less toxic

font

Most techniques for in-sire treatment of sediment are in the earN stages of development and few

methods are currently commercially available Experiences gained to date in experimental or small-scale

applications of in-sift remedies have indicated that technical limitations to the effectiveness of available

in-situ treatments continue to exist For exampl in-situ remedies relying on the addition of required

substrates and nutrients reagents or catalysts have been developed for some contaminmts such as

polychlorinated biphenyls POs but developing an effective in-situ delivery system to add and mix the

needed levels of reagents to contaminated sediment is more problematic The lack of an effective

delivery system has also li.mdered the application of hi-situ stabilization systems Research

Council NRC 2001 Howcvcr ncw dcvclopmcnts may makc this morc proimsing approach in thc

future

Several EPA-funded bench and field studies in this area are underway These include studies

conducted by EPAs Supcrflind lnnovativc Tcchnology Evaluation SITE program which cncouragcd

the development and routine use of innovative treatment monitoring and measurement technologies

Ilno SITE program is in thc proocss of comploting domonstration of scvcral in-situ trcatmcnt tcchnologics

Highlight 3-1 More information on the SITE program is available at http //www
epa gov/ORD/SITE/

Also the Hazardous Substance Research Center HSRC South and Southwest is performing research

about in-situ treatment and other innovative capping alternatives for contaminated sediment in the

Anacostia River in Washington DC More information on this program is available from the HSRC Web
site at htly//www.hsrcorcz

Highlight 34 ShE Program lnwsltu.Treatment Technology Demonstrations

Site Techflpfogy.Type Contaminant

Jones IslandCDF Confined Phytoremedlation Polycyolic aromatic hydromrbons
Disposal Facility PAils and PCBs

Milwaukeeflarbor Phytoremedjation PAHs and PCBs

Whetcomp Waterway Pugat Sound Eleetreohemleal Oxidation Mercury and PAHs

Anacostia River
Multiple Reactive Caps PAl-Is and PCBs
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Other sources of information about mnnpvaiive approaches to contaminated sediment management
include the U.S Aimy Corps of Engineers USAGE Dredging Operations Environmental Research

Prozram DOER which has contributed substantially towotk in the area of ivik assessment methods

fhte and transport models and dredging and capping technologies Infonnation on this program and on

the Dredging Operations Technical Support DOTS program is available at httn//el .erdc.usace.army

inil/dot In addition the Snategic Environmental Research and Development Program SERDP has

made recent investments in contaminated sediment research Information about these projects can be

accessed from the SERDP Web site at http//www.serdv.org

3.2 NCP REMEDY SELECTION CRITERIA

The NC at 40 CFR 300 410e9 establishes framework of nme cntena for evaluating

remedies These criteriaaddress the requirements of the Comprehensive Environmental Response

Compensation and Liability Act CEECLA and additional technical and policy considerations that are

important for selecting remedial actions Many of these critena are also important for actions under the

Resource Conservation and Recovery Act RCRA

The NCP at 40 CFR 300430e7 describes method fur screening potential alternatives prior

to developing detailed alternatives when nuniber of alteritatives are being considered at site Only the

alternatives judged as the best or most pmmising following this screening should be retained for further

developinentanddetailed analysis The three broad criteria for screeiiing preliininaiy remedial

alternatives are effectiveness implementability and cost Although screening level analysis

may be necessary in some cases due to the relatively limited number of approaches available for

sedimen project managers generally shoUld not screen out
aily

of the three major approaQhes early in the

PS

Moca detailed discussions of what should be addressed iinder each of the nine criteria can be

found in thc ROD Guidancc U.S EPA 1999a and the RI/PS Guidance U.S EPA 1988a The

following provides summary of the nine criteria U.S EPA 988a More detajle4 explanations related

to sedimentsites are cited after each criterion as appropriate

Threshold Criteria

Overall Frotecfion ofHumanNealth and the Environment This criterion is used to

evaluate how the alternative as whole achieves and maintains protection of human

health and the environment and

Comnliance with Applicable or Relæanrand Avoropri are Ilecuirements.A1MRs This

criterion is used to evaluate whether thealternativecomplies withchernical-speçifle

action-specific and location-specific ARAR.s or if waiver isjustifled In addition to

ARARs this criterion also commonly includes whether thetaltemative considers other

cntena advisones and guidance that are to be considered at the site This Crltenon is

discussed fbrtherwith respect to contaminated sediment in Section 3.3
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Balancing Criteria

Long-Term Effectiveness and Permanence This criterion includes an evaiuation of the

magnitude of human health and ecological risk from untreated conthminated materials or

treatment residuals remaining after remedial action has been concluded known as

residual risk and the adequacy and reliability of controls to manage that residual risk It

also includes an assessment of the potential need to replace technical components of the

alternative such as cap or treatment system and the potential risk posed by that

replacement This criterion is discussed further with respect to contaminated sediment in

Section 3.4

Reduction of Toxicity Mobility and Volume Throuch Treatment This criterion refers to

the evaluation of whether treatment processes can be used the amount of hazardous

material treated including the principal threat that can be addressed the degree of

expected reductions the degree to which the treatment is irreversible and the type and

quantity of treatment residuals This criterion is discussed further with respect to

contaminated sediment in Chapters and related to the individual remedies

Short-Term Effectiveness This criterion includes an evaluation of the effects of the

alternative during the construction and implementation phase until remedial objectives

are met This criterion includes an evaluation of protection of the community and

workers during the remedial action the environmental impacts of implementing the

remedial action and the expected length of time until remedial objectives are achieved

This criterion is discussed further with respect to contaminated sediment in Section 3.4

Inplementqb ilil-y This criterion is used to evaluate the technical feasibility of the

alternative including construction and operation reliability monitoring and the ease of

undertaking an additional remedial action if the remedy fails It also considers the

administrative feasibility of activities needed to coordinate with other offices and

agencies such as fur obtaining permits for off-site actions rights of way and institutional

controls and the availability of services and materials necessary to the alternative such

as treatment storage and disposal facilities This criterion is discussed further with

respect to contaminated sediment in Chapters and related to the individual

remedies and

Qj This criterion includes an evaluation of direct and indirect capital costs including

costs of treatment and disposal annual costs of operation maintenance monitoring of the

alternative and the total present worth of these costs This criterion is discussed further

with respect to contaminated sediment in Section 3.5

Modifvin Criteria

State Or SuvvortAcencv Acceytance This criterion is used to evaluate the technical

and administrative concerns of the state or the support agency in the case of state-lead

sites regarding the alternatives including an assessment of the state or the support

agencys position and key concerns regarding the alternative and comments on ARARs
or the proposed use of waivers Tribal acceptance is also evaluated under this criterion
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This criterion is discussed further with respect to contaminated sediment in Chapter
Section 1.5 and

Community Acceptance This criterion includes an evaluation of the concerns of the

public regarding the alternalives It determines which component of the alternatives

interested persons in the community support have reservations about or oppose This

criterion is discussed further with respect to contaminated sediment in Chapter Section

1.6

Additional guidance about how to apply these criteria to sediment alternatives is found

throughout the guidance as indicated above In addition Chapter Remedy Selection Considerations
summarizes general considerations of each of the nine criteria with respect to the thie major approaches

3.3 APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS

Pursuant to CERCLA 121 d4 all remedial actions at CERCLA sites must be protective of

human health and the environment In addition on-site actions need to comply with the substantive

portions of ARARs unless the ARAR is waived ARARS may be waived only under limited

circumstances Compliance with administrative procedures such as permits is not required for on-site

response actions Off-site actions must comply with both substantive and administrative requirements of

legally applicable laws and regulations

Sediment cleanup levels for response actions under CERCLA are generally based on site-specific

risk assessments but are occasionally based on ARARs Project managers may also consider non-

promulgated advisories or guidance issued by federal state or tribal governments frequently called TBC
to be considered While TBCs may not be legally binding on their own and therefore do not have
the same status as ARABS TBCs can be used as basis for making cleanup decisions The project

manager should refer to CERCL.4 Compliance with Other Lcs Manual U.S EPA 1988b Also the

preamble to the final NCP 55 Federal Register FR 8741 states that as matter of policy it is

appropriate to treat Indian tribes as states for the purpose of identifing ARARs see NC at 40 CFR
300.515b for provisions dealing with tribal governments

The
process of identifiing ARARs typically begins in the scoping phase of the RIJFS continues

until the ROD is finalized and may be reexamined during the five-year review process Identification of

ARABS should be done on site-specific basis and usually involves two-part analysis First

determination of whether given requirement is applicable should be made and second if it is not

applicable then determination should be made as to whether it is relevant and appropriate Highlight

3-2 lists some examples of potential federal state and tribal ARABS for sediment sites and actual and

hypothetical examples of how remedial strategies have been adapted to comply with ARABS

For more information about ARARs the project manager should consult the Compendium of
CERCL.4 ARARs Fact Sheets and Directives U.S EPA 199 ib and the Assessment and Remediatton of
Contaminated Sediments ARCS Program Remediation Guidance Document U.S EPA 1994d

As part of the ARARS analysis project managers in consultation with the site attorney should

consider appropriate requirements promulgated under the Clean Water Act CWA As described in the

examples in Highlight 3-2 federal water quality criteria as well as state-promulgated regulations
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including state water quality standards may be potential ARARs for surface water when- water is

discharged from dewatering or treaunent areas or as effluent from confined disposal facilities CDFs
Furthermore some states may have their own promulgated sediment quality standards that may be

potential ARARs for sediment

Total maximum daily-loads TMDLs established or approved by the EPA under the CWA are

planning tools designed to reduce contributing point and nonpoint sources of pollutants in water quality

limited segments WQLS TMDLs calculate the greatest amount of loading ofa pollutant that water

body can receive without exceeding CWA water quality standards TMDLs are usually established by the

states territories or authorized tnbes and approved by the EPA Effluent limits point source national

pollutant discharge elimination system NPDES permits should be consistent with the assumptions and

requirements in awasteload allocation in an-approved TMDL

EPA-established TMDLs are not promulgated-as rules are -tiot enforceable and therefdre are not

ARARs TMDLs established by states territories or authorized Indian tribes may or may not be

promulgated as rules Therefore TMDLs established by states territories or-authorized Indian -tribes

should be evaluated on regulation-specific and-site-specific basis Even if TMDL is not an ARAR it

may aid in setting protective cleanup -levels and may be appropriately TBC Project managers should

work closely with regional EPA Water program and -state personnel to coordinate matters relating to

TMDLs The project manager should remember-that even when TMDL or wasteload allocation is not

enforceable the water quality-standards on which they are based may be ARARs TMDLs can also be

useful in helping project managers evaluate the impacts of continuing sources contaminant transport and

fate and effects Similarly Superfluids RI/FS may provide useful- information- and analysis to the federal

and state water programs charged with developing TMDLs

Project managers are also strongly encouraged to follow the consultation requirements of the

Endangered Species Act For on-site actions the Endangered Species Act Section requires federal

agencies to ensure thatthe actions they authorize fund or carry out are not likely to jeopardize the

continuedexistence of endangered orthreatened species or adversely modify or destroy their critical

habitat By policy EPA consults with-the U.S Fish-and Wildiife Service and-the National Marine

Fisheries Service NM-FS where threatened or endangered -species or their habitat is or may be present
The Commencement Bay NPL National Priorities List site provides an example of how remedial

strategy has been- adapted to comply with this act Chinook salmon are threatened- species that are found

at this site during-part of the year After following EPAs policy of consulting -with the NMFS EPA
decided that to avoid harming the species some in-water remedial work would be conducted only during

window of time when juvenile salmon were not migrating through the area Other in-water work would
be performed outside of this window using special conditions recommended by NMFS to minimize

impacts to salmon
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Chapter Feasibility Study Considerations

Project managers are also strongly encouraged to follow the consultation requirements of the

Nationai Historic Preservation Act Sention 106 36 CFR part 800 Section 106 requires federal agencies

to consider the effects of their actions on historic properties that are on or are eligible for listing on the

National Register of Historic Places Compliance generally includes conducting preliminary survey to

detennine the presence of significant resources including among others historic prehistoric

archeological architectural engineering or cultural resources If significant resources are found

generally documentation package is prepared for review and comment by the State or Tribal Historic

Preservation Office and appropriate mitigation is included in site plans Examples of how remedial

strategies have been adapted to comply with this Act include the Pine Street Canal Site in Vermont where

mitigation for damages related to capping sunken barges and other historic featuresincluded study and

artifect collection by local maritime museum related to historic sunken barge of similar type in nearby
Lake Champlain In addition at the Fox River PCB polychlorinated biphenyl site in Wisconsin historic

and prehistoric artifhcts will be protected during nearby site activities and potential shipwreck site will

either be avoided during dredging or diver study employed for fbrther examination

Project managers should also be aware of Executive Orders such as those covered by the

Statement of Procedures on Floodplain Management and Wetland Protections Appendix of 40 CFR

part Although not ARARS the Agency normally follows Executive Others as matter of policy The

Statement of Procedures cited above sets forth EPA policy and guidance for carrying out Executive

Orders 11988 and 11990 which were written in furtherance of the National Environmental Policy Act

NEPA and other environmental statutes Executive Order 11988 concerns floodplain management and

the evaluation by federal agencies of the potential effects of actions they may take in floodplain to

avoid to the extent possible adverse effects associated with direct and indirect development of

floodplain Executive Order 11990 concerns protection of wetlands and the avoidance by federal

agencies to the extent possible of the adverse impacts associated with the destruction or loss of wetlands

if practical alternative exists OSWER Directive 9280.0-03 Considering Wetlands at CERCLA Sites

U.S EPA 1994e contains further guidance on addressing this Executive Order

Examples of ways in which remedial strategies for sediment have been adapted in light of these

Executive Orders as matter of policy include The fdllowing

EPA determined that capping above grade would be an inappropriate alternative for

remediating contaminated sediment in small river as the increased bottom eleiation

would increase the risk of flooding Instead the final EPA remedy called for dredging

contaminated sediment and capping back to the existing grade and

EPA selected route that avoided the wetland and would minimize the potential for

effects on the floodplain after evaluating possible alignments for the access road to the

contaminated sediment site During design of the access road additional features were

incorporated to further minimize any indirect impact on the floodplain

3.4 EFFECTIVENESS AND PERMANENCE OF SEDIMENT ALTERNATiVES

Two NCP balancing criteria for which project managers of sediment sites may find additional

guidance helpful are those related to short-term effectiveness and long-term effectiveness and

permanence Each is described inmore detail below as it relates to evaluation ofcontaminated sediment
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aiternatives The NCP describes the assessment of short-term effectiveness as follows 40 CFR

300.430e9iiiE

The short-term impacts of alternatives shall be assessed considering the following

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

alternative

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

protective measures

Potential environmental impacts of the remedial action and the effectiveness and reliability of

mitigative measures during implementation and

Time until protection is achieved

For contaminated sediment alternatives short-term risks to the community and workers may
include those that may occur during dredging or capping operations or during the first few years of

MNR remedy For sediment remedy involving bioaccumulative contaminants short-term impacts may
include those due to continued human or ecological exposure to contaminants currently in the food chain

For MNR alternative these impacts may also be frequently due to continued human and ecological

exposure to contaminants in surface sediment For in-situ capping short-term impacts may be due to

factors such as contaminant releases during capping or accidents during transport or placement of cap

material For dredging or excavation short-term impacts may include those due to contaminant releases

during sediment removal transport treatment or disposal or accidents during construction and operation

of facilities Short-term impacts to the benthic community as result of capping or dredging should also

be considered Additional possible short-term impacts are presented in Highlight 7-3 Examples of Some

Key Differences Between Remedial Approaches kr Contaminated Sediment

The thne needed until protection is achieved can be difficult to assess at sediment sites especially

where bioaecumulative contaminants are present Generally for sites where risk is due to contaminants

in the food chain time to achieve protection can be estimated using models These modelsmay have

significant uncertainty butmay be useful for predicting whether or not there are significant differences

between time to achieve protection using different alternatives When comparing time to achieve

protection from MNR to that for active remedies such as capping and dredging it is generally important

to include the time for design and implementation of the active remedies in the analysis

The NCP describes the assessment of long-term effectiveness and permanence as follows

40 CFR 300.430e9iiiC

Alternatives shall be assessed for the long-term effectiveness and permanence they afford along

with the degree of certainly that the alternative will prove successful Factors that shall be

considered as appropriate include the following

Magnitude of residual risk remaining from untreated waste or treatment residuals remaining at

the conclusion of the remedial activities The characteristics of the residuals should be
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considered to the degree that they remain hazardous taking into account their volume toxicity

mobility and propensity to bioaccumulate and

Adequacy and reliability of controls such as containment systems and institutional controls

that are necessary to manage treairnent residuals and untreated waste This factor addresses in

particular the uncertainties associated --withland disposal-for-providing long-tenn protection -from

residuals the assessment of the potential need to repair or replace technical components of the

alternative such as a- cap slurry wall or treatment system and the potential exposure

pathways -and -risks posed should the remedial action need replacement

For contaminated sediment alternatives residual riskgenerally-may be considered to be the risk

remaining after completion of dredging capping or MNR In their evaluation ofresidual nsk project

managers-should-considerthe-vclume toxicity mobility andbioavailability of the-remaining

contaminants as well- asiheirpropensityto-bioaccunmlate The-adequacy and-reliability -of controls used

to manage post remediation sediment residuals or untreated contammatton that remains the sediment

should also be considered Where institutional controls such-as fish consumption advisories are one of

the controls used to manage residual risk project managers should assess their expected effectiveness and

whether resulting exposures are expected to be withm protective levels Developing answers to the

following questions may help the project manager in evaluating the long tenn effectiveness and

permanence of alternatives

What is the likelihood that the planned cap dredging approach or MNR will rneet the

cleanup levels-and RAOs

What is the level of human health and/or ecological risk remaining after implementation

What is-the expected pattern of risk reduction over time for the various alternatives and

what uncertainties are -associated with that pattern

How much of the risk is -due to the area that was remediated versus unremediated areas of

contamination

What type and degree of long-term operation and -maintenance OM will be required

What are the requirements for long-term monitoring

What is the potential-need for replacing or modifying the technical components of the

alternative

What is -the magnitude-of risk should-the remedy fail- and

What is tbe-degree of confidence that there are-adequate-controls to identify and prevent

-remedy ilure

It is important to-remember that eachof the three-major-approaches may be capable of reaching

acceptable levelsofboth-torttenneffecdvenessand long4ermteffectiveness -and-permanence and that

site-specific-characteristics--should be -reviewed during the alternatives evaluation to ensure that the
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selected alternative will be effective in that enviromnent Project managers should evaluate and compare
the effectiveness of in-situ capping and MNR and ex-situ dredging alternatives under the conditions

present at the site There should not be necessarily presumption that removal of contaminated

sediments from water body will be necessarily more effective or permanent than capping or MNR
Likewise without sufficient evaluation them should not be presumption that capping or MNR will be

effbctive or penuanent What constitutes an acceptable levelof effectiveness and pennaneace is asite

specific decision that should also consider each of the other NCP remedy selection criteria Each of the

major approaches for sediment has its own remedy-specific considerations under these criteria which are

summarized below Some aspects are discussed in more detail in the following remedy-specific chapters

Monitored Natural Recovery

For MNR remedy the risk present at the time of remedy selection should decrease with time as

natural processes progress The level of risk reduction affoided by this remedy generally depends on
what cleanup levels the natural processes are expected to be able to achieve in reasonable time frame

and the level of contamination which may continue to enter the system from any uncontrolled sources

Residual risk following MNR and permanence for MNR alternative frequently are related to the

stability of the sediment bed or the chance that clean sediment overlying buried contaminants may be

eroded to such an extent that unacceptable risk is created Residual risk for an MNRremedy may also be

relatedto the chance that ground water flow bioturbation or other mechanisms may move buried

contaminants to the surface where they could cause unacceptable human or ecological exposure even in

otherwise stable non-erosional sediment Whether erosion ground water flow or other processes cause

unacceptable risk depends on the rate of exposure due to those processes For example erosion of some

portions of sediment bed or some movement of contaminants through bioturbation may not create an

unacceptable risk therefore it is important to review such factors on site-specific basis Evaluating the

adequacy of controls for these risks in an MNR remedy may include evaluating the ability of the

monitoring plan to detect significant sediment erosion or contaminant movement and evaluating the

adequacy of any institutional controls that are relied upon to control erosion e.g dam or breakwater

maintenance agreements

In-Situ Caoninn

For an in-situ capping remedy risk due to direct exposure to contaminated sediment in the

capped area generally decreases rapidly although risks may remain from uncappód areas The level of

risk reduction associated with this remedy generally depends on the action level selected for capping i.e
what level of contamination will remain outside the capped area and the level of contamination that may
continue to enter the system from any uncontrolled sources Residual risk after the cap is in place

usually is related to the following likelihood of cap erosion or disruption exposing contaminants

likelihood of contaminants migrating through the cap and risks from contaminants remaining in

uncapped areas Like MNR whether cap erosion or contaminant migration through cap cause

unacceptable riskdepends on depends on the tate of exposure due to those processes An evaluation of

long-term effectiveness and permanence for capping also should include an evaluation of the abiLity to

monitor the effectiveness of the cap and to replace or replenish components of the cap through time

before any significant contaminant releases occur
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Dredning or Excavation

For dredging or excavation remedy risks within the site itself may initially increase due to

increased exposure to contaminants released into the surface water during sediment removal but this

increase should be temporary and localized After this time risk should decrease The speed of the

decrease and the level of long-tenn risk reduction associated with this remedy generally depends on the

action level and/or cleanup levels selected for sediment removal i.e what level of contamination will

remain outside of the dredged/excavated area the level of residual contamination in the area after

dredging and the level of contamination that may continue to enter the system front any uncontrolled

sources

Residual risk after the dredging or excavation is complete is usually related to the fbllowing
risk from contaminated sediment left behind outside of the dredged or excavated areas and from

contaminated sediment resuspended and trensported by dredging residual contamination left in place

after dredging an istimate of the likely post-dredging/post-backfilling surficial contamination levels

should be developed and risk posed by untreated contaminants and treatment residuals at their

disposal location Similar to capping the long-term effectiveness evaluation should include the need to

replace technical components of the remedy after remedial action is completed For dredging or

excavation this usually focuses on technical components of any on-site disposal units and the need to

replenish backfill material in the dredged areas if baclc6ll was used

Project managers should recognize that all approaches for remediating sediment leave some
contaminants in place after remedial actions are completed whether buried beneath natural sediment

layer or engineered cap left near the surface or mixed with backfill as residuals following dredging or

excavation or as low levels of contamination outside of areas that were capped or dredged All of these

residual contaminants are nfcted by variety of natural processes that can disperse containor sequester

them As described above and in the three remedy-specific chapters of this guidance that follow MNR
in-situ capping and sediment removal each may be capable of achieving acceptable levels of

effectiveness and permanence Site-specific site characteristics should be reviewed to ensure that the

selected alternative will provide adequate short-term and long-term effectiveness at particular site

3.5 COST

Developing accurate cost estimates generally is an essential part of evaluating alternatives It is

also appropriate at many sites and can be especially useful at large sites to include the relative cost of

achieving different cleanup levels This typically is an important part of evaluating the cost-effectiveness

of range of protective alternatives which may for example be associated with different fish

consumption rates or different levels of ecological protection

Guidance on preparing cost estimates and the general role of cost in remedial alternative selection

is discussed inA Guide to Developing andDocumenting Cost Estimates During the Feasibility Study

U.S EPA and USACE 2000 The general elements of cost estimate include capital costs annual and

periodic O.M costs and net present value U.S EPA and USACE 2000 cost estimate prepared as

part of the CERCLA cleanup process should not include potential claims for natural resource damages or

potential restoration credits but may include costs for mitigation of habitat lost or impaired by the

remedial action where appropriate
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351 Capital Costs

Capital costs generally are those expenditures needed to construct remedial action EPA
and USACE 2000 Capital costs include only those expenditures initially incurred to implement

remedial alternative and major capital expenditures in future years Capital cost elements that may be

important at sediment sites include those listed in Highlight 33 As indicated in the Highlight capital

costs may include construction monitoring and environmental monitoring before during and munethately

following the remedial action Monitoring beyond that point should be considered part of OM

Mobilzationldemobilizatian

Site preparation fencing roads utilities

Construction monitonng sampling testing and analysis before dunng and

immediately following construction ag bathymetric swveys

Environmental monitoring before during and immediate following

construction e.g water quakty monitoring

Debns andfor structue e.g piers pihngs removal and dsposai

Prolect management and support ffrougtout consiruction inc uding

preparation of remedal act on documentahon and construcion submrttais

Engineenng needs dunng construction not pre construct on desgn

Post.construction habitat restoration piartir gal

Fl ot studies

General contingency

indirect costs

implementation of institutional controls

Monitored Natural Monitoring andrepottlng prior
to attainment of cleanup levels

Recovery

lnsitu Capping Cap materials

Materia costs

Equipment and.labor costs

Cost of mitigation if required under CWA 4O4

Transport storage and placement of cap materials

Bargeftug lease costs

Stockpiling of cap material

Land use cost

General may apply to

several or eli remedial

approaches
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Dredging or Excavation Dredgrng or excavation equipment and labor costs

Engineering controls to protect water quality eg slit curtains

Site decontammation for support facilities eg truck wash dewaterrng

area

Sethment isolation for excavahon eg sheetpiie earthen dams

Construction of dewatenng area/temporary storage of dredged matenat

Transporting sediment to treatment or disposal ate

Barge/tug lease costs

Pipeline costs

Land acquisition costs for construction easements or
relocating

utilities

Pretreatment/Treatment Land acquisition costs

Construction of pretreatment/treatment/storage buildings

Treatment of sedIment

Treatment and discharge of water from dewatering process

Engrneering controls to protect water qual ty process star end storm

water runoff controls

Daposal of treatment esiduais

lnWater Ccntarned Land acqwsitior or use costs

Aquatic Disposal 1n

Water or Upland Confined Construction of disposal site and any assocated daposal costr

Dispasai Facilities Demolition of existing facilities

Excavation to support berm

Equipment and labor costs

Berm construct on

Imported materials for berm

Equpmant costs

Capping disposal site

Cap materials

EquIpment end labor costs

Englneenng controls to protect water quality

Cost of mitigatIon if requIred under CWA 404
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Upland Landfill Disposal Land acqjisition costs

Construcbon costs

Transportation costs

flpplng fees for regiona landfll

The basis fora cost eadmate may include variety of sources including cost curves generic unit

costs vendor mfonnation standard cost estimating guides and similar estimates as modified for the

specific site Where site-specific costs are available from pilot studies or removal actions they are likely

to be the best source of realistic cost information Where this is not available actual costs from similar

projects implemented at other sites is frequently the next best source of costs

Substantial amounts of historical cost data for some components of sediment remediation e.g

removal transport disposal and residue management may be available from other project managers
EPAs Office of Superfimd Remediation and Technology Innovation OSRfl can help project managers

locate sites where similar approach has been implemented Additionally the prect manager may find

it useful to refer to the ARCS programs remediation guidance document U.S EPA l994d for

discussion on the general elements of cost estimates for sediment sites This document provides examples

of percentages for general costs and site-specific costs for both rn-situ and ex-site rernedien Also many
of the local district USACE offices have extensive experience with dredging and in-water construction

and may be an additional source of good cost information

35.2 Operation and Maintenance OM Costs

OM costs are generally those post-construction costs necessary to ensure or veri the

continued effectiveness of remedial action U.S EPA and USACE 2000 These costs may be annual or

periodic e.g once only or once every five years It is ifnpoitant to note that short-lena OM costs

generally are incurred as part of the remedial action phase of project while long-term OM costs or

long-rerm cap maintenance generally are part of the OM phase of project U.S EPA and USACE

2000 At Fund-lead sites it can be very important to differentiate these two cost categories because

CERCLA has specific requirements addressing payment for long-tenn OM 104c3i see

Section 3.54 State Cost Sharel Some examples of categories that are generally considered short-term

OM at sediment sites include the following

Operation of sediment or water treatment facilities during the remedial action

Monitoring sampling testing analysis and reporting during the remedial action some

maybe considered capital costs see Section 51 above

Maintenance of in-situ cap or on-site disposal site during the shake-down period e.g
one year

Maintenance of engineering site controls during shake-down period e.g one year
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Cost overrun contingency and

Project management and support

Some examples of categories that are generally considered long-term OM at sediment sites

includethe following

Maintenance and monitoring of institutional controls

Long-term monitoring sampling testing analysis and reporting

Long-term maintenance of in-situ cap or on-site disposal unit and

Long-term maintenance of engineeringsite controls

Additional issues related to long-term monitoring and maintenance of all three remedial

approaches MNR capping and dredging or excavation are discussed in Chapter of this guidance

3.53 Net Present Value

The NCP also provides that an analysis of remedy net present value or present worth should be

used 300.430e9iiiG net present value analysis should be used to compare expenditures

occurring over different time periods This standard methodology allows for cost comparison of

different alternatives having capital OM and monitoring costs that would be incurred in different time

periods on the basis of single cost figure for each alternative In general the period of analysis should

be equivalent to the project duration resulting in complete life cycle cost estimató frr implementing the

remedial altemative Past EPA guidance recommended the general use of 30 year penod of analysis for

estimating present value costs U.S EPA 1988a Although this may be appropriate in some

circumstances the blanket use of 30-year period is no longer recommended Site-specific justification

should be provided for the period of analysis selected especially when the project duration i.e time

period required for design construction OM and closeout exceeds the selected period of analysis

U.S EPA and USACE 2000

For sediment approaches that leave significant quantities of contaminated sediment in place such

asin-situcapping or MNR based on natural burial the actual monitoring period is likely to be longer than

30 years although project managers are encouraged notto assume that monitoring in perpetuity will be

necessary at every site This is discussed farther in Chapter Remedial Action and Long-Term

Monitoring

The discount rate that should be used for this analysi is established by the Office of Management
and BudgetOMB Based on current Agency policy asiefiected in the NCPpreamble 55 FR 8722 and

the OSWER Directive 9355.3-20 Revisions wOMB CircularA-94 on Guidelines and Discount Rates for

Benef It-Cost Analysis U.S EPA 1993b seven peiteit discount rateshould be used in estimating the

presentworth value for potential alternatives This figure could be revised in the future and project

managers should use the current figure contained in anupdate of the 0MB Circular Prqject managers
should be aware thatthis rate may not be the same as rates that various potentially responsible parties

PRPs orfaderal facilities use for similar analyses The project manager should rer to Guide to
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Developing and Documenting Cost tirn ate for the Feasibility Study U.S EPA and USACE 2000 for

more information

3.5.4 State Cost Share

At Fund-lead sites generally the state is responsible under CERCLA for ten percent of remedial

action costs and 100 percent of long-term OM costs see also 40 CFR 300.510b and Other

requirements may apply if the facility was publicly operated at the time of disposal pf hazardous

substances and for federal facilities Where OM costs are significantly different between alternatives

this may add to differences of opinion about preferred alternatives For the discussion to be based on the

best available information it is especially important that cost estimates be accurate as possible

including costs of long-tent OM
After ajoint EPA/state inspection of an implemented Fund-financed remedial action EPA may

sham for period of up to one year in the cost of the operation of the remedial action to ensure that the

remedy is operational and functional 40 CFR 300.5 l0c2 For sediment sites this may arise at sites

involving in-situ caps and on-site disposal facilities

The RAOs at sediment sites typically address sediment and biota but remedies may also include

surface water restoration as goal of the remedial action The NCP specifies the following in 40 CFR

300.5l0c2

In the case of the restoration of ground or surface water EPA shall share in the cost of

the states operation of ground or surface water restoration remedial actions as specified

in4OCFR300.435f3

The NC at 40 CFR 300.435Q3 specifies that

For Fund-financed remedial actions involving treatment or other measures to restore

ground- or surface-water quality to the level that assures protection of human health and

the environment the operation of such treatment or other measures for period of up to

10 years after the remedy becomes operational and functional will be considered part of

the remedial action Activities required to maintain the effectiveness of suôh treatment or

other measures following the 10-year period or after remedial action is complete

whichever is earlier shall be considered OM
In 40 CFR 300.435f3 and the NCP also addresses when restoration activity can be considered

administratively complete for purposes of federai funding and discusses several actions that are

excluded from consideration under this provision

Where sediment site includes surface water restoration as goal the project manager should

consult with their Office of Regional Counsel to determine how these provisions may apply to their site

3.6 INSTITUTIONAL CONTROLS

The term institutional control IC generally refers to non-engineering measures intended to

affect human activities in such way as to prevent or reduce exposure to hazardous substances often by
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limiting land or resource use ICs can be used at all stages of the remedial
process to reduce exposure to

contamination Chapter Remedy Selection Considerations offers guidance on when it may be

appropriate to select remedy that includes institutional controls at sediment sites and considerations

regarding their effectiveness and enforceability For more detailed information on ICs in general refer to

OSWER Directive 9355 .O-74F5-P Institutional Controls Site Managers Guide to Jd.entzfying

Evaluating and Selecting Institutional Controls at Superfund and-RCRA Corrective Action Cleanups

U.S EPA 2000f and Federal Facilities Restoration and Reuse Office FFRRO guidance Institutional

Controls and Transfer of Real Property under CERCLA Section 120 li3A or U.S EPA
2000g

As explained in the site managers guide cited above U.S EPA 2000f the following are the four

general categories of ICs

Governmental controls

Proprietary controls

Enforcement and permit tools with IC components and

Information devices

Usually governmental controls e.g bans on harvesting fish or shellfish are implemented and

enforced by the state or local government Proprietary controls often referred to as deed restrictions

such as easements or covenants typically involve legal instruments placed in the chain of title of the site

or property Where enforcement tools are used to implement ICs they may include provisions of

CERCLA Unilateral Administrative Orders UAOs Administrative Orders on Consent AOCs or

Consent Decrees CD Information devices are designedto provide information or notification to the

public The three most common types of ICs at sediment sites include fish consumption advisories and

commercial fishing bans waterway use restrictions and land use restriction/structure maintenance

agreements Each of these ICs is discussed in more detail below

Fish Consumution Advisories and Fishin2 Bans

Fish consumption advisories are informational devices that are frequently already in placeand

incorporated into sediment site remedies Commercial fishing bans are government controls that ban

commercial fishing for specific species or sizes of fish or shellfish Usually state departments of health

are the governmental entities that establishes these advisories and bans Frequently fish consumption
advisoriesand fishing bans are in place before site is listed on the NPL but ifnot it could be necessary
for the state to issue or revise them in conjunction with an early or interim action or the final remedial

action An advisory usually consists of informing the public that they should not consume fish from an

area or consume no more than specified number of fish meals over specific period oftimefium

particulararea Sensitive sub-populations or subsistence fishers may be subject to more stringent

advisories Advisories can be publicized through signs at popular fishing locations pamphlets or other

educational outreach materials and programs Information should be provided in appropriate languages to

meet the needs of the impacted communities However project managers should be aware that

consumption advisories are not enibrceable controls andtheir eactiveness can be extremely variable

This is discussed further in Chapter Remedy Selection Considerations
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Waterway Use Restrictions

For
any aiternative where subsurface conianiination remains in place e.g capping MNR or an

in-water confined disposal site waterway use restrictions may be necessary to ensure the integrity of the

alternative Examples include restricting boat traffic in an area to establish no-wake zone or

prohibiting anchoring of vessels Inconsidering boating restrictions itis important to determine who can
enforce the restrictions and under what authority and how effective such enforcement has been in the

past In addition restriction on easements for installing utilities such as fiber optic cables can be an

important mechanism to help ensure the overall protectiveness of remedy It may also be
necessary to

evaluate remedial alternatives that involve changing the navigation status of waterway For federally

authorized navigation channel deauthorization or reauthorization of the channel to different width

and/or depth configuration would be required and should be fully investigated before selecting the

remedy The state may also have additional authority to change harbor lines or the navigation status of

waterway

Federal deauthorization can be lengthy process that requires formal request to the USACE an

opportunity for users of the
waterway to comment and ultimately deauthorizatioa by Congress By

comparison for those waterways or portions of waterways the USACE has placed in caretaker status

i.e not actively maintained channel reauthorization to widths and depths consistent with local

requirements e.g to support continued recreational use can be completed relatively quickly Proposed
channel modifications/reauthorizations are typically processed by congressional conferees and may be

incoiporated into the Water Resources Development Act WRDA or other equivalent legislative

vehicles

In desiguing caps to be placed within federal navigational channels horizontal and vertical

offsets developed by the USACE based on considerations of normal dredging accuracy and overdepth
allowances can provide factor of safety to protect the surface of the cap from potential damage during

potential future maintenance dredging activities

Land Use Restrictions and Structure Maintenance Anreements

Where contamination remains in place it may be necessary for the project manager to work with

private parties state land management agencies or local governments to implement use restrictions on
nearshore areas and adjacent upland properties For example construction of boat ramps retaining walls
or marina development can eqose subsurface contamination and compromise the long-term effectiveness

of remedy Where contaminated sediment exceeding cleanup levels is identified in proximity to utility

crossings or other infrastructure and temporary or permanent relocation of utilities in support of

dredging remedy may not be feasible or practical capping may be desirable even though temporary cap
disruption may be necessary periodically

Ownership of aquatic lands varies by state and locality In many cases nearshore areas can be

privately owned out to the end of piers For private property owners more traditional ICs such as

proprietary controls or enfomernent tools with IC components can be considered Potentially some of
these restrictions can be implemented through agencies who permit construction activities in the aquatic

environment Several federal state and local laws place restrictions on and may require permits or

substantive requirements documents to be obtained fordredging filling or other construction activities in

the aquatic environment These include Section 404 of the Clean Water Act Title 33 United States Code
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USC Section 1344 and Sections and 10 of the Rivers and Harbors Act of 1899 33 USC 401 and

403 It may also be possible to implement some ICa through coordination with existing pennitting

processes Harbor Master Plans statedesignated port areas and local authorities may also function to

restrict certain uses In addition longterm maintenance of strectures such as dams or breakwaters may
be necessary component of some sediment remedies Where this is the case it is important that project

managers c1ari how this maintenance is part of the remedy and who is responsible for the remedy
Where maintenance decisions may change through time contingencies may be needed for additional

actions

Highlight 34 summarizes some important points to remember about feasibility studies at

sediment sites

Generally project managers should implement and then evaluate the effectiveness of major source

control actions before finalctlng the evaluation of alternatives for sediment

Generally prpject managers should evaluate each of the three major approachen MNR insltu capping
end removal through dredging or excavation at every sediment site

At sites with multiple water bodies or sections of water bodies with different characteristics or uses
alternatives that combine variety of remedial approaches are frequently the most promisIng

MNR in-stu capping and sediment removal may each be capable of achieving acceptable levels of long
term effectkeness and permanence sitespeclfic site characterist cs should be reviewed to ensure that

the selected alternative will be effectve at particular site

Accurate cost estimates including longterm OM costs and where appropriate materials handling

transport and disposal costs nte very important to good comparison of alternatves Actual costs

from pi ot
projects at site and at similar completed sediment tea are among the best cast resources

Institutional controls can be used at all stages of the remedial process to reduce exposure to

oontamlnaton projectmanagers should consider the effectiveness and enforce
ability

of cortrols used at

the site and evaluate their role in risk reduction
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4O MONITORED NATURAL RECOVERY

4.1 INTRODUCTION

Monitored natural recovery MNR is remedy for contaminated sedinient that typically uses

ongoing naturally occurring processes to contain destroy or reduce the bioavailability or toxicity of

contaminants in sediment Not-all natural processes result in risk reduction some may increase or shift

risk to other locations or receptors Therefore to implement MNR successfully as remedial option

project managers should identify and evaluate those processes that contribute to risk reduction MNR
usually involves acquisition of information overtime to confirxntht theserisk-reduction processes are

occurring Project managers should also be aware of the potential for combining natural recovery with

engineering approaches fbr example by installing flow control structures to
encourage deposition or by

the placement of athin layer ofadditional clean.sediment or additives to enhance sorp.tion.or chemical

transformation These combinedapproaçhes are discussed furthcrin Sction 45 Enhanced Natural

Recovery

MNR may rely on wide range of naturally occurring processes to reduce risk to human and/or

ecological receptors These processes may include physical biological and chemical mechanisms that

act together to reduce the risk posed by the contaminants Depending on the contaminants and the

environment this risk reduction may occur in numberof different ways Highlight 4-1 lists the most

common risk reduction processes Natural processes that reduce toxicity through transformation or

reduce bioavailability throughincreased sorption are usually preferable as basis for remedy selection to

mechanisms that reduce exposure through natüial burial or mixing-in-place because the

destructive/sorptive mechanisms generally have higher degree of permanence However many
contaminants that remmn in sediment are not easily transformed or destroyed For this

reason risk

reduction due to natural burial through sedimentation is more common and can be an acceptable sediment

management option Dispersion is the least preferable basis for remedy selection based on MNR Wiule

dispersion may reduce risk in the source area it generally mcreases exposure to contaminants and may
result in unacceptable risks.to downstream areasor other receiving water bodies As reiterated in.Chapter

Remedy Selection Considerations project managers should carefully evaluate the eftects of this

increased exposureandrisk to receiving-water bodiesbeforeselecting MNRwheredispersion isoae of

the risk reduction mechanisms to ensure that it is not simply transferring risk toanewarea Project

managersshould be aware that atmost sites variety ofnatural processes.are occurring that may reduce

risk

As used in this guidance MNR is similar in some ways to the Monitored Natural Attenuation

MNA remedy used forgroundwater and soils Environmental PrOtectionAgenoy U.SEPA
1999d. lekeydifference.betwoenMNAforground.water and MNRfor sediment is -in-the.typeof

processes most often being relied upon to ieduce risk Transformation of contaminants is usually the

mnajor.atteiuatingprooess for containinatedgroundwater .these are frequently too slow for the

persistent contaminants of concern COCs sediment to provide for remediation aireasonable time

frame Thereforeisolationandmixingof contaminants through.natural sedirnentationisthepmcessmost

frequently relied upon for contaxnrnated sediment
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Exposure levels are reduced by decrease in contaminant concentration levels in the near-

surface sediment zone through burial or mixing-in-place with cleaner sediment

Exposure-levels are reduced by decrease in contaminant concentration-levels in the near-

surface sedimentzone through-dispersion or-particIebound contaminants or diffusive or

advectlve transport of contaminants to the water column or see caveats in text regarding use of

these-processes for risk reducton --

To select MNR remedy the project manager generally should óonsider the need for the

following

detailed understanding of the natural processes that are affecting sediment and

contaminants at the site

predictive tao generally based either on computermodeling or extrapolation of

empirical data to predict future effects of those processes

means to control
any significant ongoing contaminant sources

An evaluation of ongoing risks during the recovery period and
exposure control where

possible and

The ability to monitor the natural processes and/or concentrations of contaminants in

sediment or biota to see if recovery is occurring at the expected rate

Some consider that all sediment-site remedies are usinguatuxal recovery to some .Łxtent.beoauso

natural processes are ongoing whether or not an.active cleanup is underway National Research

Council NRC 2001. It is true that natural processes in most- cases will continue whether or 1ot an

active cleanup-is underway but these processes may either reduce.tmnsfer or increase risk Natural

processesmay-reduce residual risk following-dredging or in-situ capping at many sites and it can be very
valuable to monitor further risk reduction However it is also important for project managers to

distinguish whether they are relying upon natural.processes to reduce -risk to an-acceptable level i.e
usingMNR as remedy or simply noting the factthat natural prOcesses are ongoing- at site and are

expected to continue to reduce residual-risks Therefore thekóy-factorsthatnorma1ly distinguish MNR
as.a remedyarethe-presence of unacceptable risk the ongoing burial or degradation/transformation or

dispersion of-the contaminant and the establishment of cleanup level that MNR is expected to meet

withina-partioular time frame

Many different natural processes may reduce risk from contaminated sediment including the fàllowing listed from

generally most to least preferable though-all potentially acceptable as basis for selecting MNR

The contamInant is converted to less toxic form through transformatIon
processes such as-

biodegradation or ablotic transformations

Contaminant mobility and bloavailability are reduced through sorption orother processes binding

contaminants to the sediment matrix
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.MNR has been selected as component of the remedy for contaminated sediment at

approximately one dozen Superfund sites so far Historically at many sites MNR has bean combined

with dredging or in-situ capping of other areas of site Although natural
recovery following effective

source control has
1een observed e.g decrnases in sediment contaminant levels sedimeattoxicity and

shellfish tissue contaminant levels long-term monitoring data on fish tissue axe not yet available at most

sites to document continuedrisk reductionsee e.g Magar et al 2003 However monitoringresülts
documented at some sites are promising e.g Patmont et al 2003 U.S EPA 2001g U.S EPA 2001h
Swindoll et 2000 When hazardous substances left in place are above levels that allow for unlimited

use and unrestricted exposure five-year review pursuant to Comprehensive Environmental Response

Compensation and Liability Act CERCLA 121cmay be required EPA-2001i

Although each of the three potential remedy approaches MNR in-situ capping and removal
should be considered at.e.eiy site at which they might be appropriate MNR should receive detailed

consideration where the site conditions listed in Highlight 4-2 are present

Antlcipatedland uses or new structures are not Incompatlbie with natural recovery

Natural recovery processes have reasonable degree ofcertaintyto continue at-rates that will contain

destroy or reduce the
bloavallabiilty or toxIcIty of contaminants within en acceptable time frame

Expected human exposure Is low and/or can be reasonably controlled by Institutional controls

Sediment bed is reasonably stable and
likely

to remain so

Sediment resistant to resuspension eg cohesive or well-armored sedIment

Contaminant concentations In biota and in the biologically active zone of sediment are moving towards

risk-basedgoals on their own

Contaminants already readily biodegrade or transform to lower toxicity forms

Contaminant concentratons-are low and cover diffuse areas

Cntarnlnants haveIowabillty to bioscoumulate

42 POTENTIAL ADVANTAGESAND LIMITATIONS

In most cases the two key advantages of MNR are its relatively low implementationcost and its

non-invasive-nature While costsassoeiated withsite ohamcterization and modeling can be extensive the

costs associated with implementing MNRare primarily associatedwithmonitoring However

implementation costs may also .inolude.the cost ofimplementinginstitutional controls and public

education toincrease the effectiveness fthosecontrols MN. typically involves-no man-made physical

disruption-to the
existingbiologicalcommunity which maybe an important advantago-forsomewetlands

or sensitive environments where the harm to the ecological community due to sedimeut disturbance may
outweigh the risk reduction of an active cleanup
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Other advantages of MNR may include no construction or infrastructure is needed and may
therefore be much less disruptive of communities than active remedies such as dredging or in situ

capping No property should be needed for materials handling trealinent or disposal facilities and no

contaminated materials should be transported through communities

Twokey limitations of MNR-may include itgenerally leaves contaminants inplaceand that itcan

be slow in reducing risks in comparison to active remedies Any remedy that leavesuntreated

contaminants in place probably includes some risk of reexposure of the contaminants When MNR is

based.primarily on natural burial there is some risk of buried contaminants being reexpOsed or dispersed

if the sediment bed is significantly disturbed by unexpectedly strong natural or man made

anthropogenic forces The potential effects of reexposure may be greater if high concentrations of

contaminants remain in the sediment and likewise lower if contaminant concentrations or risks are low

There is also some risk of dissolved contaminants being transported to the surface water at levels that

could cause unacceptable risk The time finthe for natural recovely may be slower than that predicted for

dredging or in situ capping However time frames for various alternatives may overlap when

uncertainties are taken into account In addition realistic estimates ofthe longer design and

iniplementation time for active remedies should be factored in to the comparison Like any remedy that

takes penod of time to reach remediation goals remedies that include MNR frequently rely upon
metitutional controls such as fish consumption advisones to control human exposure during the recovery

period These controls may have limited effectiveness and usually have no ability to reduce ecological

exposures

Major areas.of uncertainty frequently noted for MNR include the ability to predict future

sedimentation rates in dynamic environments and predict rates of contaminant flux through stable

sediment It can be especially difficuitto predict rates of natural recoveiy where contaminant levels and

risks are already low because small additional factors become relatively more important T-lowever

higher levöl of uncertainty may be more acceptable in these situations as well

43 NATURAL RECOVERY PROCESSES

The success of MNR as arisk reduction approaohtypioally is ependent upon udderstanding the

dynamics of the contaminated environment and the fate and mobility of the contaminant in that

environment The natural processes of interest for MNRmay include.a varietyof processes that under

favorable conditions act without human intervention to reduce the mass toxicity mobility or

concentration of contaminants in the sediment bed These natural processes may includethe following

Physical processes Sedimentation advection diffusion dilution dispersion

bioturbation volatilization

Biological processes Biodegradation biotrarisformation phytoremediation biological

stabilization and

Chemical processes Oxidatioii/reduction sorption or other processes resulting in

stabilization or reduced bioavailability

Highlight 4-3 illustrates some of the natural processes the project manager should consider when

evaluating MNR With fewexceptions these processes interact in aquatic systemssometimes increasing
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the risk reduction effects of process compared to what They might be for thai process in isolation and

sometimes reducing those risk-reduction effects For example as recognized by the U.S Environmental

Protection Agencys EPA Science Advisory Board SAB Environmental Engineering Committee
Monitored Natural Attenuation USEPA Research Program An EPA Science Advisory Board Review

U.S EPA 2001j sustained burial processes remove contaminants from the bioavailable zone but can

also impedecertaindegradation processes suchasacrobic-biodegradatiori Likewise contaminant

sorption to sediment partioles may reduce both bioavailability and rates of contaminant transformation

In addition in the case of mixed contaminants the same naturaiprocess may result in very different

environmental fates When dealing with mixed contammants ata site the project manager should not

focusunduly on one contaminant withoutünderstandiægthe effects ofnirai-processes on the other

contaminants including breakdown products Understanding the interactions between effects and

prioritizing the significance of these effects to the MNR remedy should be.part of natural process

analysis
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4.31 Physica Processes

Generally physical processes do not directly change the chemical nature of contaminants

Instead physical processes may buiy mix dilute ortraisfer contaminants to another medium Physical

processes of interest for MNR include sedimentation erosion diffusion dilution dispersion bioturbatioti

advectionand volatiizstionincluding.temperature-induced-desorptionofsemi-volatiles All-of-these

processes may reduce contaminant concentrations in surface sediment and thus reduce risk associated

with the sediment Sedimentation normally reduces risk physically by containing contaminants in place

Other.physical processes such as erosion dispersion dilution bioturbation advection and volatilization

may rQduce contaminant concentrations in sediment as result of transferring the contaminants to another

medium or dispersing them over wider area via ground water or surface water These processes

may reduce increase or transfer the risk posed by the contaminants As discussed prev-iousl-y in Section

project managers should carefully evaluate the potential for increased exposure and nsk to receiving

water bodies before selecting MNR where dispersion is one of the risk reduction mechanisms

Physical processes in sediment can operate at vastly different rates Some may occur faster than

others but may or may not have more inipaŁt on risk In general processes in which contaminants are

transported by bulk.niovement of.particles.or pore water e.g erosion dispersion bioturbation

advection occur atfaster rates than processes in which contaminants are transported by diffusionor

volatilization and therefore are frequently but not always more important when evaluating MNR
Processes that result in particle movement are particularly important for hydrophobic or other

contaminants that are strongly sorbed to sediment particles Some physical processes are continuous and

others seasonal or episodic Depending on the environment any of these types of processes i.e
continuous seasonal or episodic may have the most impact on natural recoveiy of site For example

project managers should not assume that episodic flooding will have positive or negative effect on risk

over an entire site Flooding is nipst likelyto cause umsion in some areas while causing significant

deposition in others

Transport and deposition of cleaner sediment in watershed may lead to natural burial of

contaminated-sediment in quiescent environment Natural burial may reduce-the availability of the

contaminants to aquatic plants and animals and therefore may reduce toxicity and bioaccumulation The

overlaying cleaner-sedimentalso servdstoreducethe flux ofcontaminaæts into theswface water by

creating longer pathway that the desorbed contaminants must travel to reach the water column

However while bioturbation by burrowing organisms may promote mixing and dilution of contaminated

sediment with the-newly deposited cleaner sediment .for bioacoumulative contaminants it may also result

in continued bioaccumulation into the food web untilcontaininant isolation occurs

The long-term protectiveness provided by sedimentation depends uponthe physical stability of

thenew sedimcnt-bedand the rates of movement ofcOntaminantsthrough-thenew sediment Major

events such as severe floods or ice movements may scour the btiried sediment exposing contaminated

sedimentand.releasingthe contaminantsintothó water column Ground water thatflowsthrotigkthe

sediment bed also may transport dissolved contaminants into the water column Depending upon their

extent processes such as these may extend the natural recovery period or in some cases inhibit it

altogether Project managers should consider the potential influence ofthese processes onexposure rates

and risk site-specific evaluationofboth.sediment and-contaminantfate.and transport are-important to

evaluating.MNRasaremedy Thereare variety ofempiricalandmodeling methodato assessrates of
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various physical processes at specific sites These are discussed Chapter Section Sediment and

contaminant Fate and Transport and Section 2.9 Modeling

4.3.2 Biological and Chemical Processes

Like most natural processes biological processes also depend on site specific conditions and are

highly variable During biodegradation chemical àhange is facilitated by microorganisms living in the

sediment One of the importantliniitations to the usefulness of biodegradation as risk-reduction

mechanism is that the greater the molecular weight of the organic contaminants the greater partitioning to

sorption sites on sediment particles Mallhot and Peters 1988 and the lowertheccntaininant availability

to microorganisms Sonic degradation of high molecular weight organic compounds occurs naturally in

soil and sediment with anaerobic and aerobic microorganisms Brown at al 1987 Abramowicz and Olsen

1995 Bedard andMay 1996 Shuttieworth.and Cerniglia 1995 Cerniglia 1992 Seeàhet al 1993
Degradation rates vary with depth in sediment partly due to the change from aerobic or anaerobic

conditions This changes frequentlyoccur at depths of few millimeters to few centimeters where
sediments have substantial organic contentaæd..conditions.arequiescent and may occur.deeper.in.some

circumstances Longer residence times of contaminants in the sediment aging also usually result in

increased sequestration Luthy et al 1997 Dec and Bollag 1997 These
processes reduce the availability

of the organic compounds to microorganisms and therefore reduce the extent and rates of biodegradation

Luthy et al 1997 Tabak and Govind 1997 However this can also reduce the availability of the

contaminant to receptors living in the sediment and as well as at higher trophic levels

Chemical processes in sediment are especially important for metals Manyenvironinentai
variables govern the chemical state of metals in sediment which in turn affects their mobility toxicity

and bioavailablity making natural recoveiy due to chemical processes difficult to predict Much of the

current understanding of the role of chemical
processes in controlling risk is focused on the

important
geochemical changes resulting from changes in redox potential that can affect the bioavatlabthty of metal
and organic metalcompounds Fonnation of relatively insoluble metal sulfides under reducing.conditions

can often effectively control the riskposed by metal contaminants if reducing conditions are maintained

Bnvironmental variables include pore waler pHand alkalinity sedimentgrainsize oxidation-reduction

redox conditions and the amountof sulfides and organiO carbon present in the sed1rnents Furthennore

many chemical processes in sedimentary environments are also affected by the biological community

Biochemical Processes for Polypyclic Aromatic Hvdnicarbons PAIb

The class of hydrocarbons known as polycyclic.aromatic hydrocarbons PAls is common
contaminant in sediment and biota at Superfund sites Many organisms are capable of accuinulating.PAH
contaminants in their tissue but biomagnification does not generally occur in vertebrate species Suedol
.etal 1994 Fishdo not generally accumulate.higher tissue PAH concentrations .than.their prey dueto
their ability to metabolize and eliminate PAHs however the PAM metabohtes may themselves cause
chronic toxicity such as reduced growth and repmduction as well as increased incidence of neoplasms in

fish Thepotential exists for bioaccumulation.in.some invertebratespeoies..because of.their.lesser ability

to metabolize andoliminateiAHs Meadoret al 1995

PAHs may be subject to physical chcmical.and biological breakdown in the environment and

wberetheseprocessesnreeffectiyemay be-especially amenableto natural.recoveiy Thetype of process
that.dominates may depend on time For example following release of PAils into the environment
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physical-chemical processes such as dispersion volatilization and photodegredation may dominate

Where these processes are effective in attenuating the contaminants to less toxic levels tolerant microbial

species may cause further biodegradation There is wide variation in rates of biodegradation and

toxicity reduction depending on the levels of microbial activity and the physical and chemical conditions

of the site Swindoll et 2000 PAHs biodegrade more quickly through aerobic than anaerobic

processes althoughthe-degradation rate-Usuallydecreases as the niimberof aromatic rings increases

Shuttleworth and Cemiglia 1995 Cerniglia 1992 Seech et al 1993 While biodegradatiori of PANs

may occur under anaerobic conditions PAIls usually persist longer in anaerobic sedimentcompared to

aerobic environments U.S EPA 1996d Safe 1980

Although low PAN degradation rates are often attributed to low bioavailability see review by

Reidet 2000 evidence reported by Schwartz and Scow 2001 demonstrates that it may be the lack of

enzyme mduetion amongst the PAIl degrading bacteria that is responsible for low rates below threshold

PAH concentration Other researchershavereported this phenomenon for PAIlS Ghiorse.et at 1995

Langworthy et al 1998 and other aromatic organics Zaidi et 1988 Koch and Alexander 1997 At

elevated PAHconcentrations in sediment there is seleotivepressure forPAHdegrading..bacteria which

can increase the capacity to attenuate PAHs naturally However there is uncertainty about whether and

how fast this degradation may reach acceptable risk ievels Because of the variation among sites site

specific studies-may be needed to resolve uncertaintiesconcerning degnidationrates and whether these

rates will contribute to recovery within an acceptable time frame

Biochemical Processes for Polvehiorinated BiphenvlsPCBs

Release of PCB Aroclor see PCB data information in Chapter Section 12 Types of Data
into the environment may result in change in its congener composition This is result of the combined

weathuring effects and such processesas differential volatilization solubility sorption anaerobic

dechlorination and metabolism and results in changes in the composition of the PCB mixture in

sediment water and biota over time and between trophic levels NRC 2001

Highly chlorinated
congeners ofPCBs may .gthdually prtially dechlorinate natuia1ly in anaerobic

sediment Brown at al 1987 Abramowicz and Olsen 1995 Bedard and May 1996 In general less

chlorinated PCBsbioaccumulate lessthan thehighlychlorinatedcongeners but are morô soluble and

therefore more readil transported into and within the water column thanhighly chlorinated PCBs The

less chlorinated PCBs exhibit significantly less potential human carcinogenic and dioxin like coplanar

structure toxicity Abramowicz and Olsen 1995 Safe 1992 but may be transformed in humans into

forms with potential .for other toxicity Bolger 1993

Aerobic processes may then biodegrade the less chlorinated.PCB congenersFlanagan and-May

1993 Harknesset 1993 Thesediment concentitionsofotherchemica1s.andthe.totaIorganic content

tend to control these processes However little evidence existsthatlowerohlorinated congeners under

the anaerobic or anoxic conditions found in most sediment are significantly transformed Thereibre these

partially dechlorinated olBazucs tend to accumulate and persist EPA 1996d Harkuess et 1993

Although desirable it isunclear whether biologically mediated dechlorination of.PCBs would-be

effective in achieving remedial objectives in reasonable time frame and may result in the production of

inore toxic byproducts
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4.4 EVALUATION OF NATURAL RECOVERY

An evaluation of MNR as potential remedy or remedy compocent should generally focus on

considering at minimum the following questioæs

Is there evidence that the system is recovering

Why is the ste1n recovering or not recovering

What is the pattern fooveiy non.recovery expected ic the Utire

This evaluation should be supported with variety of types of site specific characterizatiom data and

often modeling The lines of evidence nppmach for evaluation of natural attenuation of contaiwnants in

soil and ground water can provide.a general framework for evaluating MNR in sediment e.g U.S EPA

19994 Svincioll and his polleagues inolude chapter in natural remediation of sediment that presents

usefi.l suttiniary discussion Swmdoll et al 2000 EPAs Office of Research and Development ORD is

in the process of drafting technical resource document specifically for MNR in sediments and may also

include suggested protocols In addition members of the joint industryEPA Sediments Action Team of

the Romodial Tcchuo1oies Dcvolopniont Forum RTDF has devclopd scrics of workingpapors on

MNR that can be found at ht //www.ralfora/piibIie/sediment/ninrjjapershtni Davis at al 2i0 bekker

ot al 2003 Erickson ot 2003 Maar ot al 2003 Patmont et at 2003

As witl the evaluation of
any sediment alternative ancvaluatioii of MR should be geiteraily

based on aUiorugh conceptual site nuodel that includes current and future p$hays of hunin and

ecological exposure to the contaminants This conceptual understanding should be based on site specific

data collected over number of years and for factors known to fluctuate seasonally data collected dunng
different seaon Lines of evidence that can be used to colistruçt plausible case for the use of MNF
inoliethose listedin Highlight 4-4 It is important to note that not all linesOfevidenceor types of

infonnation are appiopnate at eveiy site but generally multiple lines of evidence are needed Project

managers should be aware that stibstantialspacialand temporal record mey be uscfal to cstablih

rehable tiend especially for surface sediment data which typically vary widely

Highhgbt 44 Poeital Lines ol Evidepee of Motored atqrat Recoery

Long term decreasing trend of contaminant levels in higher traphic level biota pisolvorcus fish

Long-term decreasing trend otwater column contaminant concentrations averagedover atypioal low-flow

peod of
hightilologlcal actlvlty.e.g trend etsumnier low flow concentrations

Sedlmentcoredata.dernonstraling decreasing trend Irihistorical surface oontamlnantconcentratlens

through time

Long-term decreasing trends ofsurfaoe sediment oontarnlnantconcsntratton sedimant toxicity or

contrnlnantrnasswlthlnthesedlment
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Examples of types of site-specific information that could be collected to support the lines of evidence

listed in Highlight 4-4 include the following

Identification and characterization of ongoing sourcós of contamination

Characterization of sediment types e.g bedmapping andstratigraphic structure of the

sediment bed

Evaluation of historical and current contaminant levels in biota and surface water

Evaluation ofgeomorphology long-term aceretioti and erosion

Evaluation of sequestration mechanisms sorption precipitation and rates of

degradation or transformation

Determination of the depth of the surface mixed layer

Measurement of suspended solids and contaminant transport during high-energy e.g
storm events

Measurement of sediment erosion properties and impacts of ice on sediment transport

Evaluation of impacts of ground water advection or movement of non-aqueous phase

liquids NAPL and

Development of tool to allow prediction of future recovery arid risk reduction e.g
sediment and contaminant fate and transport modeling

The ambunt of physical biological and chemical processinformationneeded to assess.the

applicability of MNR adequately is site specific An important step in documenting the potential for

MNR as management alternative normally is to show observed reductions in exposure and risk can be

reasonably expected to continue into the future In systems where the mechanisms causing the recovery

are uncertain or where the fate and transport processes driving recovery may be complex and changing

with tune simple extrapolation of historical trends may not be appropriate In such cases well

constructed model can be useful tool for predicting future behavior of the system The use of models is

discussed further in Chapter Section Modeling

Integration of the data quality objective DQO process with risk evaluation can help identify

whichnaturalprocesses are.mostGenetall.ytheidentification

ofMNRdataneedsnnd preparationofetudy design can.bestructured similarly tothe DQ.O process U.S
EPA 2000a that is normally integrated within the remedial mvestigatton and feasibility study RIIFS
The DQO process is discussed in greater detail in Chapter Section 11
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4.5 ENHANCED NATURAL RECOVERY

In some amas natural recovery may appear to be the most appropriate remedy yet the rate of

sedimentation or other natural processes is insufficient to reduce nsks within an acceptable time frame

Where this is the case project managers may consider accelerating the recovery process by engineering

means for example by the addition of thin layer of clean sediment This approach is sometimes referred

to as thin layer placement or particle broadcasting Thin-layer placement normally accelerates

natural recovery by adding layer of clean sediment over contaminated- sediment The acceleration can

occur through several-processes including increased-dilution-through- bioturbation of clean sediment

mixed with underlying contaminants Thin-layer placement is typically- different-than the isolation caps

-discussed in Chapter In-situ Capping because it is not designed to pmvide long-term isolation of-

contaminants from benthic organisms While thickness of an isolation cap can range up to several feet

the thickness of the material used in thin layer placement could be as little as few inches The grain size

and organic carbon content of the clean sediment to be used for thin-layer placement should be carefully

considered consultation with aquatic biologists In most cases natural materials as opposed to

manufactured materials approximating common substrates found in.theamashouIdbe use Clean

sediment can be placed in uniform thin layer over the contaminated area or it can be placed in-banns or

windrows allowing natural sediment transport processes to distribute the clean sediment-to the desired

areas

Project managers might also consider the addition of flow control structures to enhance

deposition in certain areas of site Enhancement or inception of cOntaminant degradation through

additives might also be considered to speed up
natural recovery However when evaluating the

feasibility of these approaches project managers should consult state and federal water programs

regarding the introduction of clean sediment or additives to the water body For example in some areas

potentially erodible clean sediment already is major nonpoint source pollution problem especially in

areas near sensitive environments such as those with signiflcant-subaquaticvegetation or shellfish beds

4.6 ADD.fl1ONAL-CONSIDERA11ONS

MNR is likely to be effective most quickly in depositional environments after source control

actions and active remediation of
any high risk-sediment-bave-been.oonipleted Where external sources

were controlled many years-previously andiio discemable.hih risk sedimentareascan be-identified yet

site risks remain unacceptable it may be questionable whether natural processes alone will reduce risks

satisfactorily in the future At these sites it can be especially Important to evaluate the effectiveness of

previous source controlactions and to evaluate potential additional active sediment-source control or

rernediation methods for selected areas For MNR as forother sediment-remedies effective source

control is-often critical to reaching ren edialobjec ives-in-areasonable-time-franieand to preventing re

contamination

As discussed inChapter Remedy Selection-Considerations when evaluating-MNR th short-

term-effects on-human-bealthand-the-environmentdutingthe-recovery-peiiod-i.e the-baseline-risks-for

the site should be Compared to the short4erm effects of-other approaches such as effect of resuspension

of contaminants due to dredging and habitat changes caused.by Capping Section 7.3 Considering

-Remedies discusses the
-process of comparing shorttenn and long-term risks associated with various

approaches in net comparative risk analysis
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In most cases the long-term effectiveness of MNR is dependent on the dynamic processes of

mixing and burial over time remaining dommant over sediment resuspension or contaminant movement

via vectivo flow or other mechanisms Assessment of sediment and contaminant fate and transport are

therefore veiy important at most sites Some pOtential mechanisms for physical disruption of overlying

cleaner sediment such as keel drag orpipeline construction may be amenable to human management

controls Othersmechanisms forphysicaldisruption such-asice scour orflooding may be onlypartly

manageable or not manageable The importance of contaminant movement through overlying sediment to

surficial -sediment and the overlying water can depend on several factors including the chemical

characteristics of the contaminant physical characteristics of the sediment and patterns of ground water

flow These issues can also be of concern form site capping and are discussed further in Chapter

Section Sediment and Contaminant Fate and Transport in Chapter In Situ Capping and in the

Army Corps of Engineers USACE Technical Note Subaqueous Capping and Natural Recovery

Understanding the Hydra geologic Setting at Con raminated Sediment Sites Winter 2002 In general the

presence of processes such as erosion or ground water flow-that cause release of contamination to the

water column should not-eliminate consideration Of MNR as rethedy instead they should lend to

evaluation of the consequences of those processes on exposure and risk

Generally regions should consider using MNR either in conjunction with source control or active

sedimentremediation or as follow-up measure to an active remedy For example MNR may be an

appropriate approach for some sediment sites after control offloodplainsoils and NAPL seeps At other

sites MNR may be an appropriate approach to control risk from areas ofwide-spreadLow-ievel sediment

contamination following dredging or capping of more highly-contaminated areas MNRmnay also be an

appropriate measure to reduce residuairisk from dredging or excavation in eases where the activecleanup

is not expected to achieve risk based measures alone

When considering the use of MNR as follow-up measure project managers should consider the

change in.conditions causedby the active remedy As noted by the SAB US EPA 2001j If MNA
asusedinthisguidance is to be considered after remedial action e.g..the-rexnoval of heavily

contaminatecLportions or capping the effects.of the remedial action-on the chemistiy biology and

physics of contaminated sediments should be evaluated The effects include potential disturbances on

reaction conditionsand aquatic life when dredging is used and changes on reactionconditions and

mass traæsfer.in the sediment and at the sedimentJwater interface when capping is used

MNR should be considered when it would meet remedial objectives within time frame that is

reasonable-compared toactiveremedie Howevei the Agency recognizes thatMNR may takelongerto

reach cleanup levels in sediment than dredging or in-situ capping and therefore may take longer to reach

all remedial action obj ectives such as contaminant reductions in fish It is important to compare time

frames on as accurate basis as possible including for example accurate assessments of time for design

and implementation of dredging or capping and realistic assumptions concerning dredgmg residuals

Where possIble estimates of the uncertainty the recovery time frame associated with each alternative

should also be made Factors that the project manager should consider in determmmg whether the tune

frame for MNR is reasonable include the following

The extent and hkehhood of human exposure to contaminants during the recovery period

and if controlled by-institutional controls the effectiveness of those controls
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The value of ecologicalresources that may continue to be impacted during the recovery

period

The time frame in which affected portions of the site may be needed for future uses

which will be available after MNR has achieved cleanup levels and

The uncertainty assgoiated with the time frame prediction

As with any.remedy project maiagers should carefully .evaluate.the uncertainties involved and

consider the need for contingency measures contingency remedies or mtenm decisions where there is

significant uncertainty about effectiveness For MNR as for other approaches which take period of

time to reduce risk project managersshould.carefitllyconsidŁr howiiskscan be contmthe

recovery pericd For sites withbioacournulative contaminants.institutiónaicontrols such asfish

consumption advisories ai frequently needed to reduce human exposures during this period In most

oases no institutional controls are possible for reducing ecological exposure during the recovery period

See Chapter Section Institutional Controls and Chapter Section Considering Institutional

Controls for more information concerning institutional controls at sediment sites Highlight lists

some important points to remember from this chapter

Thin-layer placement of clean sedimentrnay accelerate natural recovery in some cases

ContlngencyrriaaauresshoLildbeIncludedaspart otanMNR remedy whentherels.signiflcarit

uncertainty that the remedial action objectives will be achieved within the predicted time frame

--

Source control should be generally Implemented to prevent recontamination

MNR frequently inciudes multiple physical biological and chemical mechanisms that act together to

reduce risk

Evaluation of MNR shouldbe Usually based
site-specific-data

collected overanumber of years At

somesites lnciude seasonal-variatIon For.somefactors

PrpJeot managers shouldevaluate-the long-term stability ofthesediment bed the mability of

contamlnantswlthin It and thellkeiy eooiogicai arid humanheafth impactsof disruption

Multiple lines of evidence arefrequently needed to evaluate MNRe.g tIme-series data core data

modeling
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Chapter In-Situ Capping

5.0 IN-SITU CAPPING

5.1 INTRODUCTION

Fr pwposes of tids guidance ui-situ capping refers to the plecoment of SubaqueoUs .covaring or

cap of clean material over contaminated sediment that Teniaifls in place Caps are generally constructed of

granular tuaterial such as clean sdinient sand or geaveL more complex cap lesign can include

geetextiles liners and other permeable or impermeable elemetits in multiple layers that may include

additions of material to attenuate the flux of contaminants organic carbon Depending on the

eontnteinants.aa.d sedinjeAt environment cap is designed to reduce risk thtbugh the following primary

finetiol

Physical Islation of the contaminated sediment sufficient tQ reduce exposure due to

direct contact and to reduce the ability of burrowing organisms to move contaminants to

the surface

Stabilization of coritamuiated sediment and erosion protection of sediment and cap

sufticicAtto reduce retuspens.ion and transport to other sites and/or

Chemical isolation of eontamiiated sediment sufficient to reduce exposure from

dissolvethind cofloidally bound contaminants traaspotted into the water column

Caps may be designed with different layers to serve these primary functions or in some cases single

layer may serve multiple functions

Asof00.4 In-situ eapjiin has besitselected as eomponmtoithe remedy for contamiPated

sediment at approximately fifteen upethind sites At some sites insitiu capping has served as the

primary approach for.sediment andat other sites it has been combined wifhsediment.removal i.e

4rcding or excavation and/or niomtored natural recovery MNR of other sedinicnt areas In situ

eapping.hasbeen suecesfully used ata number ofsites in the Pacific Northwest severatof which were

constructed over decade ego see site list at httnJfwww.ena.goy/superfund/resmurees/edimeiit/

sites htm When hazardous substances left in place are above levels allowing for unlimited use and

unrestrictedexppsure five-year review pursuant to the Comprehensive Environmental Response

Compensation and Lmbihty Act C1tCLA 121e may be required JU Env1mnmetal Protection

Agency EPA 20011

Variations of in-situ capping inclpde.sta1Jation of cap after partial removal of contaminaie4

sediment and innovative caps which nicorporate treatment components Capping is sometimes

eonsidetedfollowingpartialsediinentremovaI where.cappingalone isnotfeasibledueto a.ne.edto

preserve minimum water body depth for navigation or flood control or where it is desirable to leave

deepercontaminated sedintent.in piacetopreservebankor shoreline stability foilowingrenioval There

arepiiotstudies underwayto 1nvetigate-theeeotlvenessofiw-situcaps that incorporate vatious fo.itnsof

treatmentsee Chapter3 Section in Situ Treatmentand Otherlnnovative Alternatives

Application of thin layers of clean material may be used to enhance natural recovery through burial and

ixing with clean sediment when oat ralsedimentation rates are not uffieient see Chapter Section

45 EnhancedNatural Recovery Placementof thin layer of cleanmaterial is alsosoinetimes used to
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backfill dredged areas where it mixes with irec1Ing reidiats and further reduces risk from

contamination that remaina after dredging In this application.the material is not often designed to act as

an engineered cap to isolate buried contaminants and is therefbre not considered iæ-sit ouppin in this

guidance

Much has been written about niba4ueous capping fçontaminated ediiuen.t The majority of this

work has been performed by or in cooperation with the U.S Army Corps of Engineers IJSACE
Comprehensive technical guidance on in-situ capping of contaminated sediment can be found in the

EPAs4ssessment ondBemed/arion of Contaminated Sediment ARCS PrgramGuidance for inS1tu

Subaquces Capping qf contaminated Sediments EPA 1998d and the AssersmentandRemediation

of Contaminated Sediments ARt2S Pforam RemedjationGuidance Document EPA 194d
available throughBPAs Web site at http/fwww.epa.ov/glnpofsediment/iscmain Additional technical

guidance is available from the USACE Czridance for Subaqueous DredgdMaterIal Capping PalenuQ

etai l998a

A1t1ioiigheichofthe.three poteitial remedy approaohesMN1.in-situ capping and removal

should be considere4 at every site at whiehThey miht be appropriate capping should receive detaile4

consideration where the site Conditions listed in Highlight 5-1 are present

tghrght me$it COnriton sptialJy Condi.tthe to Jn8itu ppin
Suitable types and

quantities
of cap material are readily available

Anticipated lnfrastrticture needs e.g piers pilihgs burled cableeare compatible with cap

Watrdpth is adequate to accommodate cap with anticipated useseg navigation flood qontro

Incidence of cap-disrupting human behavior sUch bs lbtge boat anobonng Is low or conttollabie

Lertg-term risk teductipn outwelghs habitat.dlsrupfied and/or habitat lmproVernant era provided by the

cap

Hydroynatnlo cpndiions e.g floods Ice scour are not likey to ccmpromlse cap or can be

accommodated in design

Rates of ground water flow In caparee-ere ipw and not Ilkolyto create unacceptable contaminant

releases

Sediment has sufficient strength to support cap e.g higher densityllower water content depending on

placement method

ContaminantshavØ loW rates oflux through ap

Contamination covers contiguousareas -e.g to simpli capping

5.2 POTENTIAL ADVANTAGES AND LIMITATIONS

Two-advantages of insitu capping are that it can quickly reduce exposure tocontaminants and

that unlike dredging ot excavation it requires less Infrastructure in terms of-material -handling
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dewatering treatment and disposal well-designed and well-placed cap should more quickly reduce

the exposure of fish and other biota to contaminated sediment as compared to dredging as there should be

no or very little contaminant residual on the surfa of the cap Also the cap often provides clean

substrate for recolomzation by bottom-dwelling organisms Changes in bottom elevation caused by cap

may create more desirable habitat or specific cap design elements may enhance or improve habitat

substrate Anotherpossibleadvantageisthat the potential-for contaminant resuspension-and the risks

associated with dispersion and volatilization of contaminated ataterials during construction are typically

lower for in situ capping than for dredging operations
and risks associated with transport and disposal of

contaminated sediment are avoided Most capping proj es use conventional equipment and locally

available materials and may be implemented morequickly and maybe less expensive than remedies

involving removal and disposal or treatment of sedinient

In-situ capping may be less disruptive of local communities than dredging or excavation

Although some local land based thoilities are often needed for materials handling usually no dewatenug

treatment or disposal facilities need to be located and no contaminated materials are transported through

communities Where clean dredgedmaterial is usedfor capping amuchsmallerarea of land-based

facilities is needed

The major limitation of in-situ capping is the contaminated sediment remains in theaquati

environment where contaminants could become exposed or be dispersed if the cap is significantly

disturbed or if.contaxninants move through the cap in significant amounts In addition in some

environments it can be difficult to place cap without significant contaminant losses from compaction

and disruption of the underlying sediment If the water body is shallow it may be
necessary to develop

institutional controls ICs which can be limited in terms of effectiveness and reliability to protect the

cap from disturbances such as boat anchoring and keel drag

Another potential liinitationofin-situ.capping maybe in some situations preferred habitat may
not be provided by the surficial

cap materials To provide erosion protection it may be necessaiy to use

coarse cap materials that are different from native soft bottom materials which may alter the biological

community In some cases it may be desirable .toselect capping materialsthat discourage colonization

by native deep burrowing organisms to limit bioturbation and release of underlying contaminants

5.3 EVALUATING SITE CONDITIONS

good understanding of site specific conditions typically is cntical to predicting the expected

feasibility and effectiveness ofin-situ capping Site conditions can affect allaspects of a.capping.project

includmg design equipment and cap material selection and monitoring and management programs

Somelimitations in.siteconditions.canbeaccoiæmodatedinthe .capdesign General.aspects of.site

characterization are discussed in Chapter RemediaL Investigation Considerations Some specific

aspects of site characterization importantfor in-situ capping are introduced briefly in the following

sections

531 Physical En vi ronment

Aspects of the physical envirOnment that.should be considered nclude water body dimensions

depth and slope bathymetry ofsediinent bed andflow.pattenis.including tides currents.and other
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potential disturbanoes in cold climates such as an ice scour Existing infrastructure such as bridges

utility crossings and other marine structures are discussed in Section

The bathymetiy of the site influences how far cap material will spread duringplacement and the

caps stability Flat bottoms and shallow slopes should allow material to be placed more accurately

especially if capping matenal is to be placed hydraulically Water depth also can mfluence the amount of

spread during cap placement Generally the longer the descent of the cap material through the water

column the more water is entrained in the plume resulting in thinner-layer of cap material over larger

area

The energy of flowing water is also an important consideration Capping projects are easier to-

design in low energy environments e.g protected harbors slow-flowing rivers or micro-tidal estuarine

systems In open water deeper- sites are generally less influenced by wind or wave genetated currents

and less prone to erosion than shallow near-shore eriviromnents However annorixig techniques or

selection of erosion-resistant capping materials can make capping-technically feasible in some-high

energy environments Currents within the water column-can affect dispersion duringcap placement and

can nfluence the selection of the equipment to be used for cap placement bottom currents can generate

shear stresses that can act on the cap surface and may potentially erode the cap In addition to ambient

currents due to nonnal riverine ortidal flows the project manager should consider the effects of storm-

induced waves and other episodic events e.g floods ice scour

The placement of an in-situ cap can alter existing hydrodynamic conditions In harbor areas or

estuaries the decrease in depth or change in bottom geometty can affect the near-bed current patterns and

-- thus the flow-induced bed shear stresses In -a riveiine environment the placement of cap generally

reduces depth and resthcts flow and may alter the sediment and flood carrying capacity of the channel

Modeling studies may be useful to assess these changes in site conditions where they are likely to be

sigmflcaut Project managers are encouraged to draft decision documents that include some flexibility in

requirements for-how.a capafibcts-carryingcapàcity of water-body while still meeting applicable or

relevant-and- appropriate requi-rements.ARARs For example in some water -bodies-a cap may be

appropriate even though it decreases but not sigmficantly the flood-carrying capacity In depositionai

areas-the -effect of new- sediment--likely to be deposited on-thecap should be considered in predicting

future flood cariying capacity Clean sediment accumulating on the
cap can increase the isolation

effectivenessof-the cap overthe-longterm-andmay also increase.consolidation of the-underlying

sedirnentbed

5.3.2 Sediment Characteristics

The pxojec.managei shoulddetennine the physical chemical and biologicaichinucteristics of

the-oontaininated-sedimentpursuantto using the-data--quality objective DQOprocess-during-the

remedial mvestigation The results of the characterization in combination with the remediation goals and

-- remedialactionobjectives--RAOs shoulddetermine theareal- extentor boundaries of the area to be

capped

--

Shear strength especially undrainedshear strength of contaminatedsediment deposits is of

--

particular importance in-deteri ningthefeasibility-of in-situ capping Most contaminated sediment is

fine grained and is usually high in water content and relatively low in shear strength Although cap can

be constructed on sediment with--low-shear strengths the ability of-the sodimentto support a-cap and the
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need to construct the cap using appropnate methods to avoid displacement of the contaminated sediment

should be carefully considered The presence.of other materialswithin the sediment bed such as debris
wood chips high sludge factions or other non-mineral-based sediment fractions can also present special

problems when interpreting grain size and othergeotechnical properties of the sediment but their

presence can also improve sediment stability under cap It could be necessary to remove large debris

prior to placing cap for example if it will extend beyond the cap surface and cause scouring Side scan

sonar can be an effective toôl.to identifj debris

The chemical characteristics of the.contaminated sediment are an important factor that may affect

design or selection of acap especially if capping highly mobile or highly toxiC sediment. Capping may
change the uppennost layer of contaminated sediment from an oxidizing to an anoxic conditioii which

may change the lolubility of metal contaminants and the susceptibilitof organic contaminants to

microbial decomposition in this upper zone For example many of the divaient mcmi cations e.g lead

nickel zinc become less soluble in anaerobic conditions while other metal ions e.g arsenic become

more soluble Mercury in the presence of pore water sulfate concentrations and organic matter can

become methylated throughthe aotioirofanaerobic bacteria and higidy chlorinated polyohiorinated

biphenyls PCBs may degrade to less chlorinated forms in an anaerobic environment These issues are

aisodiscussed in Chapter Section 43.2 Biological and Chemical Processes

Whei contaminated sediment is capped chemical conditions in the contaminated zone change

Mercury methylation is generally reduced as oiganic matter deposition and biological processes are

reduced Organic matter remaining beneath cap maybe decomposed by anaerobic microorganisms and

release methane and hydrogex sulfide gases As these dissolved
gases accumulate they could percolate

Through the cap by convective or diffusive transport This process has the potential to solubiize some

contaminants and carry them upward dissolved in the gaseous bubbles The grain size of the.capping

material controls in part how these avenues are developed Finer grained caps may develop fissures

whereas coarser gmined caps such as sands allow gas to pass through Bowevex compensating factor in

some cases iscaused by the caps insulation ability which can cause underlying sediment to stay cooler

and thus reduce expected decomposition rates Where gas genemlion is expected to be significant these

factors should be considered during cap design

5.3.3 Waterway Uses and Infrastructure

If the site under consideration is adjacent to or within water body used for navigation reCreation

or flood control the effect of cap placement on those uses should be evaluated As.describedin Section

5.3.1 the flood-carrying capacity of water body could bereduced by cap If water.depths are reduced

in harbor or river channel some commercial and recreational vessels may have to be restricted or

banned The acceptable draft of vessels allowedto navigate over capped areadepends onwater level

fluctuations e.g seasonal tidal .and.wave and thepotential effects of vesseigroundings onthecap
Potential cap erosion caused by propeller wash should be evaluated Where circumstances dictate an

analysis should be conducted for activities that may affect cap integrity such as the potential for routine

anchoring.of large vessels Anchoring by recreational vesselsmay or may not comprnmise the integrity

of cap depending on its design Such activities may indicate.the need for restrictions see Chapter
Section Institutional Controls or modification of the cap design to accommodate certain activities

It may be necessary to restrict fishing and swimming to prevent recreational boaters from dragging

anchors across cap In some situationspartial dredging prior to cap placemeatmay mininiizethese

.limitations.of capping
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Other activities in and around the water body may also impact cap integrity and maintenance

needs and should be evaluated These include the following

Water supply intakes

Storm water or effluent discharge outfalls

Utilities crossings

Construction of bulkheadspiers docks and other waterfront structures

Navigational dredging adjacentto thecap area and

Future development of commercial navigation channels in the vicinity of the cap

Utilities e.g storm drains and utility crossings sawer gas oil telephone cable
electric lines are commonly located in urban waterways It may be necessary to relocate existing utility

crossings under portions of water bodies if their deterioration or failure might impact cap integrity More

commonly however pipes or titilitiesare left inpiace under caps and long-term operation and

maintenance OM plans include repair of cap damage ôaused by the need to remove replace or repªi
the pipes or utilities Future construction or maintenance of

utility crossings would have to consider the

cap and it may be necessary to consider limiting those activities through institutiónaicontrols ICs if cap

repair caflnpt be assured The presence of the
cap can also place constraints on future waterfront

development if dredging would be needed as part of the development activity

In designing caps to be placed within federal navigation channels horizontal and vertical

separation distances may be developed by USACE based on considerations of normal dredging accuracy
and depth allowances This can provide factor of safety to protect the cap surface from damage during

potential future maintenance dredging

To date environmental agencieshave little experience withthe ability to enforce use restrictions

necessary to protect the integrity of an in situ cap vessel size limits bans on anchoring etc
althoughexperience is growing Generally stateor.localenforcement mechanism is necessary to

implement specific use restrictions Proj e.ctmanagersshould consider mechanisms for compliance

assurance enforcement and the consequences of non-compliance on use restrictions when evaluating in-

situ capping

5.3.4 HabtatAftaratfons

in-situ capping alters.the aquatic environment and therefore can affect aquatic thrganisms.in

variety of ways As is discussed further in Chapter Dredging and Excavation while projectmay be

designed to minimize habitat loss or degradation or even to enhance habitat both sediment capping and

sediment removal do alter the environment Wherebaseiinerisks arerelatively low it is important to

determine whether the potential loss of contaiæinated habitat is greater impact than the benefit of

providing new modified but less contaminated habitat Habitat considerations are especially important

whenevaluatingmaterialsfortheuppennostlayersofcap Sandysedimentandstoxieannor.layersare

often used to cap areas with existing fine gramed sediment Through time sedimentation and other
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natural processes will change the uppermost layer of the cap At least initially changes in organic carbon

content of the capping material may change the feeding behavior of bottom-dwelling organisms in the

capped area Generally the uppermost cap layers become substrate for recolonization Where possible

caps should be designed to provide habitat for desirable organisms Jn.sonie cases it is possible to provide

habitat layer over an erosion protection layer by filling the inteætioes of annor stones with materials

such as-crushed gravel In somecases natural sedimentationprooesses aftercap-plaementoan create

desirable habitat characteristics For example placement of xock cap in some riverine systemecan

result in final
cap surface that is similar to the previously existing surface because the rook may become

embedded with sands/silts through natural sedimentation

Desirable habitat characteristics for cap surfaces vaiy by location Providmg layer of

appropriately sized rubble that can -serve as hard substrate for attached mollusàs e.g oysters mussels

can greatly enhance the ecological value at some sites Material suitable for colonization by foraging

organisms such as bottom-dwelling fish can also be appropnate mix of cobbles and boulders may be

desirable for aquatic environments in areas with substantial flow In addition the potential for attracting

burrowing organisms incompatible with the cap design or ability to withstandaddltional phyŒicâl

disturbances should be considered Habitat enhancements should not impair the function of the cap or its

ability to withstand the shear stressesof siorms floods propeller wash or other disturbances Project

managers should consult with local resource managers and natural resource trustee agencies to determine

what types of modifications to the cap surface would provide.suitable substrate for local-organisms

Habitat considerations -are also important when evaluating post-capping bottom elevations

Capping often increases bottom elevations which in itself can alter the
pre existing habitat For example

remediated subtidal-habitat can become intertidal or lake habitat can become wetland Cowardin et al

1979 Changes in bottom elevation may either enhance or degrade dôsirable habitat depending on the

site

Projectmanagers should consult EPA staff familiar with implementing the Clean Water Act -as-

well as natural resource trustees and USACE where Section.404 of the Clean Water Act is either

applicable or-relevant and appropriate Chapter Section 3.3 Applicable or Relevant and

Appropriate Requireinents.ARARsfor Sediment Alternatives Where remedies under consideration

degradeaquatic habitat substantive iquirements- may include minimizing thepermanent-loss of habitat

and mitigating it by creation or restoration of similar habitat elsewhere However it should not be

assumed that -in-situ.caps result in permanent loss of habitatthis is site-speoifio-dócision In addition

project managers should be aware that any mitigation related to meeting the substantive requirements of

ARARS for the site such as the Clean Water Act may be independent of the Natural Resource Trustees

natural resource damage assessment process

54 FUNCTIONAL COMPONENTS OF CAP

As introduced-in-Section of this chapter caps are generally designed-tofulfill three-priniay

functions physical isolation stabilsz.atonlerosion protection and chemical isolation In some oases

multiple layers Of different materials are used -to fulfill these function and in--some cases single layer

may serve multiple functions Pnjoot managers are encouraged to consider the useofperformanc-based

measures for caps in remedy decisions to preserve flexibility in how the cap-may be designed to fu
thesd functions
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5.4.1 Physical iso tlon Component

The cap should be derigned to isolate contilninated sedixient from th aquatic enVironuent ordr

to reduce exposure to protective leve1s The physical isolation component of the cap should also include

component to account-for consoli ation of cap materials ...--

To prvidelong-tenu protection capshould be sufficiently thick to-effectively separate

contaminated sediment from most aquatic organisms that dwell or feed oil above or within the cap This

serves twopurposes to decrease cxpoxu of aquatic.organisms to cntaminant and to decrease tho

ability of burmwing organisms to move buried contaminants to the surface bioturbation To design

cap component for this second purpose the depth of the effective mixing zone the depth of

effective sediment mixing due to biourbation and/or frequent sediment distt4rbance andthe population

density oorganisms within the sediment profile should be estimated and considered in selecting cap

tluckness Especially in nlatme environmeits the potential for cotonigatin by deep burrowing

organisms eg certain species ofmudslirimp could lead to decision to desigfl thickercap Mnasures

to prevent colonization or disturlnoa of the cap by deep buirowtog bottom-dwelling organisms cait be

considered in cap design aitd in developing bio1oical monitoring requirements for the project Prjeet

managers should refer to Chapter Section and consult with aquatic biologists with knowledge of

local conditions.for evaluation of the biotutbationpotential In sori1e cases asitespeeiió biological

survcy of bioturbators would be appropriate In addition the USACE Technical Note Subaqueous Cap

Design Selection of Bioturbation Profiles Depths and Procers gates et al 2001 Dredging

Operations and Environmental Research DOER C2l at itp f/cl cide usace armviml/clots/doorf

tclmote html provides information on designing in situ caps and also provides man useful references

on bioturbation Although not usually major pathway for contaminant release project managers should

also be aware of the potential for wetland/aquatic plants to penetrate nap and create pathways for some

contaminant migration

The project manager should consider consolidation when desigmug the
cap Fine grained

granular capping tuaterials can undergo consolidation due to their own weight The thickness of granular

cap iutenal should havc an a1lo aitce for consolidation so that the mmimum required cap thiolcuess

maintained following consolidation An evaluatioa.ofconsolidationis.important in interpreting

monitoring--data differentiate between changes in cap surface elevation or-cap thickness due to

consolidation asepposed to oroión

Even -if the cap-material is hot cotnpress.ibletnost-eOntatninatedsedimeat is compressible and

some may be highly compressible Underlying contaminated sediment will almost always undergo some

consolidation dueto the-added weight.of the capping-material-or armor-stone Thedegreeof

consolidation shu1d provide an indication of the volume of pore water expelled through the

contaminated layer and capping layer to the water column due to consolidation The consolidation 4riven

arivection-of-pore water should-be coniderodin-theeva1uatioiiofshort4erni-containinant flux Also

consolidation may decrease the vertical permeability of the capped sediment and thus reduce 1on term

flux -Methadsiised-to-define and quantjf consolidation oharacteristicsof -sedinientandcapping

matena1 such as standaiti laboratoty tests and coznputenzed models are avaiiaWe EPA 1998d
Palerino et al 1998a Liu and Znidarcic 1991
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5.4.2 Stabilization/Erosion Protection Component

This functional component of the cap is intended to stabilize both the contaminated sediment and

the cap
itself to prevent either from being resuspended and transported from the capping location The

potential for erosion generally depends on the magnitude of the applied bed shear stresses due to river

tidal and wave-induced currents turbulence -generated-by ships/vessels due to propeller action and

vessel draft and sediment properties such as particle size mineralogy and bed bulk density At some

sites there is also the potential for seismic disturbance especially where contaminated sediment and/or

cap material are of low shear strength These and other aspects of investigating sediment stability are

discussed in Chapter Section 2.8 Sediment Stability and Contaminant Fateand Transport

Conventional methods for analysis of sediment transport are available to evaluate erosion potential of

caps ranging from simple analytical methods to complex numerical models U.S EPA 1998d Palermo at

a-i 1998a Uncertainty in the estimate of erosion potential should be evaluated as well

The design of the erosion protection features-of an in-situ cap i.e armor layers be based

on the magnitude and.probability Of-occurrence of relatively extreme erosive forces estimated at the

capping site Generally in-situ caps should be designed to-withstand forces with probability of 001 per

year for example the 100-year storm As is discussed further-in Chapter Section 2.8 Sediment

Stability and-Contaminant Fate and Transport in some circumstances higher or lower probability events

should also be considered

Another consideration for capping especially capping of contaminated sediment with high

organic content is whether significant gas generatioti due to anaerobic degradation will occur Gas

generation in sediment beneath caps especially those constructed of low permeable materials could

either generate significant uplift forcesand-threaten the physical- stability of the overlying capping

material or cony some contaminants through the cap Little has been documented in this area to date but

the possible influence of this process on-cap-effectiveness presents an uncertainty -the project manager

should consider in the analysis of remedial alternatives

5.4.3 Chemical-Isolation .Com ponent

If cap has properly designed physical isolation component contaminant migration associated

withthe movement of sediment particles-should be controlled Rowever the vertical movement of

dissolved contaminants by advection flow of ground water or pore water through the- cap-is possible

while some movement of contaminants-by molecular- diffusion movement across -a concentration

gradient over long periods usually is inevitable However in assessing these processes it is important to

also assess the sorptive capacity of the cap -material which will act to retard contaminant flux through the

cap and the long-term fate of capped contaminants.that may -transforrnthmugh-thne Slow reinases-of

dissolved contaminants through Æoapat low levels will generally-not create unacceptable exposures If

reduction of.contaminant flux is necessary to-meet iemedial action objectives however more-involved

analysisto include-capping -effectiveness-testing and-modeling should be conducted as a-part of cap

design Because of the uncertaintiesinvolved-in-predicting future flux rateover- vei longtime
this guidance does-not advocate particular minimum rule ofthuinbfor the-appropriate -time frame for

design-with respect to chemical isolation In general it is reasonable for the physical -isolation component

i.e physical stability of cap -design to be based On shorter time frame e.g disruptive event-with

more frequent-recurrence interval-than the much longer.timefraniesconsideredindesignfor chemical

isolation e.g the time required-for accumulation of contaminants in the cap material or that required to
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attain the maximumehemical flux through the cap in part because erOsion of sml areas of cap is

easier to repair

Nevertheless both advective and diffusive processes should be considered in cap design If

ground water/surface water interaction study indicates that adveotion is not significant over the area to be

cappede.g migration of groundwater upward through the
cap

would-not pteverit attaining the RAOs
the cap design may need to address only diffusion and the physical Isolation aiid stabilization of the

contaminated sediment In this case it mai riot be riecessar to design forcoritrol of dissolved andlor

eoilo.idally facilitated.transp.ort dueto advoction Ryan ot at l995

In contrast where ground Water flow upward through the cap is expected to be significant the

hydraulic properties of the cap should itiso be determined and factored into the cap design These

properties should include the hydraulic conductivity the cap materials the contaminated sediment and

underlying clean sediment or badrck According to USACEIaborattuy study tound water flow

velocities exceeding l0 cm/sec potentially result in conditions in which equilibrium partitioning

processes iniportantto cap effectiveness eould.tiot be maintained.Myers at 1991 Such coriditions

should be carefully considerct in the cap design Hh rates ofgrouiid water flow throtjh contaminated

sediment may cause unacceptable exposures In these areas in-situ capping may notbe an effective

remedial approach without additional protective measufes Use of amended caps caps containing

reactive or sorptivc material to sequester organic or inorganic contaminants is one potential measuro

undergoing pilot studies Project managers should refer to the Remediation Technologies Development

Forum RTDF Web site at Ktpu/nvw.rtdforg for thc latest in-situ cleanup developments More

information on the Interactions of ground water and in-situ caps can be.found in the USACE Technical

Note Subaqueous Copping cmdNatfrai Recove Unde.istahding the Hydrogeologic Set/mg at
Contaminated Sedint SUes Winter 2002

Where nori-aqtieous phase liquids NA1L am ptesent in part of tes area to be capped the proniss

f9r potential contamination migrtion should be.carefullr considered NAPL may be mobilized by

consolidation-induced or ground water-induced advective forces Field sampling and bench-scaletests

such as-the Seepage lndueedConsolidation Test coli designedto test these issues eg Hedblom et aL

2003. In.situations where conventionalcap desins are not likely to be effeeti.v It may be possible to

consider impervious materials e.g.geomØmbranes clay concrete steel or plastic or raetive materials

for the cap design Whoro this is done howevor care mustbo taken uehthat hea4 increases along the

edges of the impervious.areado not.leadto additional NAPL migration Project managers are encouraged

to dtaw on the experience of others who have conducted pilot or ftill scale caps in the presence ofNAPL

Laboratory tests can be used to calculate sediment- and capping material-specific diffusion and

cletnical partitioning cofflcients Several numericalniodeis are available to predict long-tetm

movement.ofcontaminantadue advection and diffusion processes 1nt or through-caps including caps

with engineered components The models can evaiuatethe effectiveness ofvaiyingthicknesse of

granular.cap materils with differing properties size and totalarganic carboii bC The result

generatedby such models include flux rates to overlying water and.sedlmentandpore water

concentrations In the entire sediment.and cap profile as function oftime Thes results can be compared

to sediment mmediation goals or applioale water quality criteria in overlying surface water or

interpreted in terms of mass less of contaminants as function of time Results could also be compared

to similar caiculati.os for other rosnediation tochaclogios
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5.5 OTHER CAPPING CONSIDERATIONS

In preparing feasibility study to evaluate in-situ capping for site project managers should

consider the following

Identifying candidatecapping.materials physically and-chemically compatible.with the

environment in which they will be placed

Evaluating geotechnical considerations including consolidation of compressible materials

and potential interactions and compatibility among cap components

Assessing placement methods that will minimize short4enn risk from release of

contaminated pore water and resuspension of contaminated-sediment during cap

placement and

Identifying peiformance objectives and monitoring methods for cap placement and long

term assessment of cap integrity and biota effects

In addition to evaluation during the feasibility study these aspects should be addressed in more detail

during design Those topics are discussed briefly below In addition project managers should refer to

Chapter Section 8.42 for discussion of general monitoring considerations for in-situ capping and to

hapter Section 3.6 for discussjonof ICs that may relate to caps

5.5.1 Identlfiàation of Capping Materials

Caps axe generally composed of clean granular materials such as upland sand-rich soils or sandy

sediment however more complex cap.desigas Could be required to meet site-specific RAOs Th project

manager should take into consideration the expected effects of bioturbation consolidation erosion and

otherrelated processes onthe short- and long-term exposure and risk associated with contaminants For

example if the potentialfor-erosion of the cap is significant the.lvel of protection could be-raised by

inoressingcap.thiokness or by engineering the
cap to be more erosion-resistant through-use of

cap

material with larger-grain size or by using an armor layer Porous geotextiles do not contribute to

contaminant isolation but- serve to reduce the potential for mixing -anddisplacement of the underlying

sediment wlth-thecap cap composed ofnaturally-occurring.sand is.generally preferred-over

processedsand..because -the associated-fine fracti and organic carbon content found in natural-san4s are

more effective in providing chemical isbiation by sequestering contaminants migrating through-the cap

I-iowever.sand containing significant fraction of fliler material may also increase turbidity during

placement

Specialized matenals may be used to enhance the chemical isolation capacity or otherwise

decrease Thethickness-of caps-compared-to -sand-caps ExainpleSincludeengineered clay aggregate

materials AquaBlok and reactive/adsorptive materials such as activated carbon apatite coke

organoclay .zero-valent iron and zeolite Conipositegeotextilemats containing one -or more of these

materials i.e reactive core mats are becomingavailÆble commercially.-
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Highlight 5-2 illustrates some examples of cap designs
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5.5.2 Geotechnlcal Considerations

Usually contaminated sediment is predominately fine-grained and often has high water content

and low shear strength These materialsare generally compressible Unless apprapriate contrail are

inipleinented contaminated sediment can be easily displaced or resuspended during cap placement

Following placement cap stability andsettlementdueto consolidation can-become two additional

geotechnical issues that may be important for cap effectiveness

As with any geotechnical problem of this nature the shear strength of the underlying sediment

will influence its resistance to localized bearing capacity or sliding failures which could cause localized

mixing of capping and contaminated materials Cap stability immediately after placement is critical

before
any excess pore water

pressure due to the weight of the cap has dissipated Usually gradual

placement of
capping materials over large area will reduce the potential for localized failures

Information on the behavior of soft deposits during and after placement of
capping materials is limited

although some field monitoring data have shown successful sand capping of contammated sediment with

low-shear strength Conventional-geotechnicaldesign approaches should therefore beapplied with

caution e.g by buildingup cap gradually over the entire area to be capped Similarly caps with

-flatter transition slopes at the edges are not generally subject to sliding failure normally- predicted by

conventional slope-stability analysis

5.5.3 Placement Methods

Various equipment types and placement methods have been used for capping projects The use of

granular capping materials i.e sand sediment and soil geosynthetic fabrics and armored materials are

all in situ cap considerations discussed in this section Important considerations in selection of placement
methods include the need for controlled accurate placement of capping materials Slow uniform

application that allows the capping material to accumulate in layŁrsis-often necessary to avoid

displacement of or mixing with the underlying contaniinatedsediment Uncontrolled-placement of the

capping material can also result in the resuspension of contaminated material- into the water column and

the creation of fluid mud wave that moves outside of-the intended cap area

Granular
cap material can be handled and placed in number of ways Mechanically excavated

materials and soils from an upland site or quarry usually have relatively little free water Noimally these

materials can be handled mechanically in thy state until released into the water over the contaminated

site Mechamcal methods clamshells or release from barge rely on gravitational settling of
cap

materials in the water column arid could be limited by depth in their application Granular cap materials

can also be entrained ma water slurry and carried to the contaminated site wet where they can be

discharged by pipe into the water column at the water surface or at depth These hydraulic methods offer

the potential for more precise placement although the energy required for slurry transport could require

dissipation to prevent resuspension of contaminated sediment Armor layer materials can be placed from

barges or from the shoreline using conventional equipment such as clamshells Placement of some cap

components such as geotextiles could require special equipment Examples of equipment types used for

cap placement are shown in Highlight 5-3 The Guidance for In-Situ Subaqueous Capping of

Contaminated Sediments EPA l998d contains more detailed information about
cap placement

techniques
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Monitoringsediment resuspension and contafluinant releases during cap placement is important

Cap placement can resuspend some contaminated sediment Contaminants can also be released to the

water column from compaction or disruption of underlying sediment during cap placement Both can

lead to increased risks during and following cap placement Applying cap material slowly and uniformly

can nunimize the amount of sediment disruption and resuspension Therefore designs should include

plansto minimize audmonitorinipacteduringand aferconstruction

554 Performance Monitoring

Performance objectives for an in-situ cap relate to its ability to provide sufficient physical and

chemical isolation and stabilization of contaminated sediment to reduce exposure and risk to protective

levels Broader RAOs for the site such asdecroases in contaminantooncentrations in biotaor reduced

toxicity shouldbe monitored wheii.appiicable The following processes shouldbe considered when

evaluating the performance of cap and in developing cap momtoring program

Erosion or other physical disterbanee of cap

Contaminant flux into capmaterial.andinto the surface water from.underlying

contaminated sedimenteg ground water advectioninoleoular diffusion and

Recolonization of cap surface and resulting bioturbation

General considerations related to monitoring caps and an example of cap monitonng elements are

presented in Chapter Remedial Action and Long-Term Monitoring

Performance monitoring ofa cap should bà reltitedto.the designstauidards and remedial action

objectives related to the site Generally physical monitonng is initially
conducted on more frequent

schedule than chemical or biological monitonng because it is less expensive to perform Some processes

i.e contaminant flux are uiotgenerallyassessed directlybecausetheyareeiydiffiult tomeasure but

are assessedby measuringeontaminantooncentrations .inbu1ksamples from the.capsurfae inshallow

cores into the surface layer ofa cap and by bathymetuic ureysandvadousphotograpbio techniques It

is often desirable to establish several permanent locational benchmarks so that repeated surveys can be

accurately compared In some cases contaminant.fluxandtheresultingeontanuinanticoncentratio in

surface sediment cap pore water or overlying surface water can be compared to site specific sediment

cleanup levels or water quality standards federal water quality criteria or state promulgated

standards In addition the concentration of contaminantsaccnmulating inthecap materialas function

of time can be compared to site-specifictarget cleanupievels during.loiigtenneapperformanee

monitoring Both analytical and numerical models exist to predict cap performance and have been

comparedand validated withlaboratoiytest andfieldresultseg Ruizeta1 2000 However projeot

managers should be aware that representative chemical monitoring of caps is difficult part because of

the need to tistinguish between vertical migration mto the cap
and the mixungthat occurs atthe

cap/sediment interface during placement In some cases physical measurement of cap mtegnty and water

column chemical measurement may be sufficient fur routine ntonttonng
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Highlight 5-4 presents some general points to remember from this chapter

Source control generally should be Implemented to prevent recontamination

In-situ caps generally reduce risk through three primary functicnsphysloal isolation stabHization and
reduction of coniamlmnt transport

Caps may be most sultablewhere water depth Is adequate slopes are moderate ground water.flow

gradients are low or oontamlnantsare not mobile substrates are oapable of supporting cap and an
adequate source of cap material is available

Evaluation of capping alternatives and design of caps should consider buried infrastructure such as

water sower eleotrloand phoneilnes and fuel pipelines

Alteration of substrate and depth from capping should be evaluated for effects on aquatic blota

EvaiuatlonofaoeppingproJect In naturairiverine environments should lnoludeoonslderation of fluvial

systems inherent dynamics especially the effects of channel migration flow variability Including extreme

events and ice scour

Evaluation of capping alternatives should include consideration of cap disruption from human and natural

sources inoludingat minimum the OO-yearflood and other events such as seismic disturbances with

similar
probabllfty

of occurrence

Selection of cap placement methods should minimize the resuspension of contaminated sediment arid

roIeses of dissolved contaminants from compacted sediment

Use of experienced contractors skilled in marine construction techniques is very Important to placement

of en effective cap

Monitor in-situ caps during and after placement to evaluate iong-term lntegrtty of the cap recolonization

by blota and evidence of recontamination

Malntenance of in-situ caps is expected parldioaIly
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6M DREDGING AND EXCAVATION

61 INTRODUCTION

Drodging and excavation are the two most common means of removing contaminated sediment

from water body either while it is submerged dredging or after water has been diverted or drained

excavation Both methods typically necessitate transporting the sediment to location for treatment

and/or disposal They also frequently include treatment of water from dewatered sediment prior to

discharge toanappropriate ceceiving.waxer body Sediment is dredged by the U.S Army corps of

Engineers USACE on routine basis at numerous locations for the maintenance of navigation chininels

The objective of navigational dredging is to remove sediment as efficiently and economically as possible

to maintain waterways for recreational national defense and commercial purposes Use of the term

environmental dredging has evolved in recent years to characterize dredging .perfonned.speciflcally for

the removal of.contaniinated sediment Environmental dredging is intended to remove sediment

contaminated above action levels while rninimizingthespread of contaminants to the sunounding
environment during dredging Research Council NRC 1997

Some of the key components to be evaluated when considering dredging or excavation as

cleanup methodinclude sediment removal transport staging treatuient preireatment treatnient of water

and sediment if necessary and disposal liquids and solids Highlight 6-1 provides an sample flow

diagram of the possible steps in dredging or excavation alternative The simplestdredging or

excavation projects may consist of as few as three of the components shown in Highlight 6-1 More

complex projects may include mostcr all of these components. Efflcientcoordiuation of each component

typicall is vexy important for cost-effective cleanup Project managers should recognize in general
fewer sediment rehandling steps leads to lower implementation risks and lower cost
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Sediment removal by dredging or excavation has been the most frequent cleanup method used by
the Supethrnd program at sediment sites Dredging or excavation has been selected as cleanup method

for contaminated sediment at more than 100 Superfund sites some as an initial removal action At

approximately fifteen to twenty percent of these sites an in-situ cleanup method capping or

monitored natural recovery MNR was also selected for sediment at part of the site Wbn dredging is

the selected remedy and hazaidous-substances left In place are above levels that allow for urilintited use

and unrestricted exposure five-year review pursuant to the Comprehensive Environmental Response

Compensation and Liability Act CERCLA 12lc may be required U.S EPA 200 ii

Project managers should also rbfer to the U.S Environmental ProtectionAgencys EPAs
Ass essinent and Remedlation of Contaminated S2diments ARCS Program Remedlatlon Guidance

Document-U.S EPA 1994d and Handbook Remediation of Contaminated Sediments U.S EPA
1991c the NRCs ContaatinatedSedlments in Ports and Wqterways.CleanupSrrategles and

Technologies NRC 1997 and Opcraiional Characterstrcs and Equipment Selection Factors for

Environmental Dredging Palenno ct al 2004 for detailed discussions of the processes and technologies

available-for dredgingand excavation --

Although each of the three potential remedy approaches MNR in-situ capping and removal

should be considered at every site at which they might be appropriate sediment removal by dredging or

excavation should receive detailed consideration where the site conditions listed in Highlight 6-2 are

present

Suitable disposat sites is available and nearby

Suitable area Is available for staging and handling of dredged material

Existing shoreline -areas arid infrastructur can accommodate dredging or excavation needs

maneuverability and- acôess not unduly impeded by piers burled cables or other structures

Navigational dredging Is scheduled or planned

Water-depth Is adequate to accommodate dredge but not-so great as to b.e lnfeaslbie or excavation In the

dry is feasible

Contaminated sediment overiles clean or much cleaner sediment so that over-dredging Is--feasible

Longterm risk reduction of sediment removal outweighs sediment disturbance and habitat disruption

Water diversion is practical or current velocity is low or can be minimized to reduce resuspension and
downstream transport duringdredging

Sediment containslow Incidence of debris e.g logs -boulders scrap material or is amenable to

eftectlvedebrisremovai.priorto dredging or excavation

--

High contaminant concentrations cover discrete areas of sediment

Contaminants are highly correlated with sediment grain size to facIlitate sepratlon arid minimize

disposalcosts
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6.2 POTENTIAL ADVANTAGES AND LIMITATIONS

One of the advantages of removing contaminated iediment from the aquatic environment often is

that if it achieves cleanup levels for the site it may result in the least uncertainty about longterin

effectiveness of the cleanup particularly regarding future environmental exposure to contaminated

sediment Removal of contaminated sediment canminimize theuncertiintyassociatedwithpredictions

of sediment be4 or in-situ cap stability and the potential for future exposure and transport of

contaminants

Another potential advantage of removing contaminated sediment is the flexibility it may leave

regarding future use of the water body In-situ cleanup methods such as MNR and capping frequently

include institutional controls ICs that limit water body uses Although remedies at sites with

bioaceumulative contaminants usually require the development or continuation of fish óonsuiuptioii

advisories for period ofime afer removal other types ofICs that wOuld.be needed to protect cap or

layer of natural sedimentation might not be necessaxy if contaminated sediment is removed

Another advantage espeôially where dredging residuals are low concerns the time to achieve

remedial action objectives RAOs Active cleanup methods such as sediment removal and particularly

capping may reduce risk more quickly and achieve RAOs faster than would be achieved by natural

recovery However in comparing time frames between approaches it is ixnportantto include accurate

estimates of the time for design and implementation of active approaches Also sediment removal is the

only cleanup method that can allow for freatment and/or beneficial reuse of dredged or excavated

material However caps that incorporate treatment measures sOmetimes called active
caps are utider

development by researchers See Chapter Section 313 In-Situ Treatment and Other Innovative

Alternatives

There are also some potential sediment removal limitations thatcan be significant

Implementation of dredgmg or excavation is usually more complex and costly than MNR or in situ

capping becaus of the removal technologies themselves especially in the case of dredging and the need

for tinnsportstaging treatmentwhereapplicable and disposal of thedredgedsedithent Treatment

technologies for contaminated sediment frequently offer implenientation challenges because of limited

full scale expenence and high cost In some parts of the country disposal capacity may be hmitedm

existing municipal or hazardous waste landfills and it may be difficult to locate new local disposal

facilities Dredging or excavation may also be more complex and costly than other approaches due to

accommodation of equipmentrnaneuvembility and portability/site acces Operationsand effectiveness

may be affected by utilities andother infrastructures surface and iubmerged structures e.g piers

bndges docks bulkheads or pilings overhead restrictions and narrow channel widths

Anotherpossible limitation ofsedimentremovalisthelevelcfuncertathtyassociatedwjth

estimating the extent of residual contamination following removal that can be high at some sites For

purposes of this guidance residual contamination is contamination remaining in the sediment after

dredging within or adjacent to the dredged area The mass and contaminant concentration of residuals is

generally aresultofrnanyfbctors including dradgeequipment dredgeoperator experience proper

implementation of best management practices sediment characteristics and site conditions

Residualcontaininationislikeiy to hegreater inthe piesenceofcobbles orbwieddebris in

highenergy environments atgreaterwater depths and wheremore highlycontaniinatedsediment lies
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near the bottom of the dredge thickness or directly overlies bedrock or hard bottom Residuals may also

be greater in veiy shallow waters and when dredging sediment with high water contents These

complicating factors can make the sediment removal process difficult and costly The continued

bioaecumulation of residual contaminants can also affect the achievement of risk-based remedintion

goals Dredgmg residuals have been underestimated at some sites even when obvious complicating

factorsare not present For some-sites thishas resulted-innotmeeting selected-cleanup levels-without

also backfilhng with clean matenai

Another potential limitation of dredging effectieness includes contaminant losses through

resuspension and generally to lesser extent through volatilization Resuspension of sediment from

dredging normally results in releases ofbothdissolved and particle-associated contaminants to the water

column Resuspended particulate material may be redeposited attlie dredging site or if not controlled

transported to downstream locations in the water body Some resuspended contaminants may also

dissolve into the water column where they are more available for uptake by biota While aqueous

resuspension generally is much less ofaconcem-duting excavation there may beincreasedconcem with

icleases to air Losses en route to and/or at the disposal ortreatsnent site may include effluent or runoff

discharges to surface water leachate discharges to ground water or volatile emissions to air Each

component of sediment removal alternative typically necessitates additional handling of the material

and presents apossibility of contaminant loss as well as othór potential risks to workers and

communities

Finally similar to insitu capping dredging or excavation includes at least temporary

destruction of the aquatic community and habitat within the remediation area

Where it is feasible excavation often has advantages over dredging for the following reasons

Excavation equipment operators and oversight pórsonnel can much more easily see the

removal operation Although in some cases diver-assisted hydraulic dredging or video-

monitored dredging can be usedturbidity safety and othertechnological constraints

typically result in dredging being performed without visual assistance

Removal of contaminated sediment is usually more complete i.e residual contamination

tends to be lower when sediment is removed after the area is dewatered

Far fewer waterbome contaminants are released when the excavation area has been

dewatered and

Bottom conditions e.g debris and sediment characteristics e.g grain size and specific

gravitytypically require much less consideration

However site preparation for excavation can be more
lengthy and.costly than for dredging

project due to the need for dewatermg or water diversion For example coffer dams sheet pile wails or

other diversions/exclusion structures would need to be fabricated and installed Maneuvenng around

diversion/exclusion structures may be required because earth moving equipment cannot access the

excavation area or double handling may be required to move inaterial outside of the area In addition

excavationisgenerally limited to relatively shallowareas
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6.3 SITE CONDTONS

6.31 PhysIcal Environment

Seveml aspects of the physic envfroument may make sediment removal more or less difficult to

implement In the rentedial investigation the following types of information should be collected as they

can affect the type of equipment selected and potentially the feasibility of sediment removal

Bahymetiy slope of the sediment snrthce and water depth

Currents and tides

Bottom conditions especially the presenceof debris and large rQcks both on top of and

within the sediment bed

Depth to and unevenness of bedrock or hard bottom stiff glacial till

Sediment particle size distribution degree of consolidation and shear strength

Thickness and vertical delineation of contaminated sediment

Distance between dredging and disposaflocations

The presence and maintenance cOndition of structures such as piers pilings cables or

pipes and

Land access water body

Additionally sediment removal may change the hydrodynamics and slope stabihty of the

remediation area These changes should be evaluated to ensure that the removal activity does not cause

stgmficant bank or structural instability shoreline fucility damages or other unacceptable adverse effects

in or near the removal operation

Data on.boththa horizontal and vertical characterization of the physical and sediment

chamcteiistios are generally needed thiring.the remedial hvetigationtoevaluatethefeasibility cost and

potential effectiveness of dredging or excavation The results of this characterization should help

detentune the area depth and volume to be removed and the volume of sediment requiring treatment

and/or disposal Some aspects of sediment characterization are discussed in Chapter Section Site

Characterization

Theproj cot manager should refer to Evaluation of Dredged Material Proposedfor Dispolal at

Island Nearshore or Upland.ConfinedDIsposaiFacilities.- Test/ngManual.USACE.2003..and
Evaluation of Dredged Material Proposedfor Discharge In Waters of the US Inland Testing Manual

EPA and USACE 1998 for further mfomiation In addition several guidance documents on

EPA.and USACE
Foreiranplethe.prcjectmanger.shou1drefertoEstjmating.ContanJnant.Logsesfrom Components of
Remedlatlon Alternatives for Contaminated Sediments U.S EPA l996e
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6.3.2 Wateiway Uses end InfrastructUres

Any evaluation of Uie feasibility of dredging or excavation remedy should consider impacts to

existing and reasonably anticipated future uses of waterway Waterway uses that may need to be

considered when evaluating sediment removal alternative include the following

Navigation e.g commercial military recreatioml

Residential/cornrnercial/militatymoorage and anchorage

Floodcontrol

Recreation

Fishing e.g subsistence commercial recreational

Water supplysuch.as presence ofdntakes

Storm water or effluent discharge outfalls

Use by fish and wildlife especially sensitive or important aquatic habitats

Waterfront development

Utility crossings and

ExiSting dredge disposal sites

Evaluation of the feasibility of sediment removal remedy should include an analysis of whether

impacts to these potential uses may be avoided or minimized both during construction and in the long

term

6.2.3 HabItat Alteration

Theprnject manager should considertheimpactof.habitat loss .or.alteration in evaluating

dredging or excavation alternative As is also discussed in Chapter In Situ Capping while project

may be desIgned to minimize habitatloss or even.enhânce habitatsediment rernoval.and dispdsal .do

alter the environment It is important to determine whether the loss of contaminated habitat is greater

impact than the benefit of providing new modified but less contaminated habitat For example

sediment removal alternative may or may not be appropriate where extensive damage to an existing

forested wetland will occur If the contaminated sediment in the-wetland is bioavailable and may be

1mpactug wildlife populations the short term disruption of the habitat may be waimnted to limit ongoing

long term impacts to wildlife Comparatively if the wetland is finictionuig preperly and is not acting as

contaminant source to the biota and the surrounding area it may be appxuptiue to leive the wetland intact

rather-.than.remó.ve the contaminatedsediinent Deliberationsto.alter .wetlaiidancLaquatichabitatsshould

becdnsideredin.the remediaidecisionprocess .Appmpriate.coordinationwithnaturalresourceagencies
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will typically assist the project managerin detennining the extent of impacts thatadredging project may
have on aquatic organisms or their habitat and how to minimize these impacts

Anotherconsideration is avoidance of short-term ecological impacts during dredging This may

involvetirning the project to avoid water quality impacts.during migration and breeding periods of

sensitive species or designing the dredging project to minimize suspendedsediment during dredging and

disposal

64 EXCAVATION TECHNOLOGIES

Excavation of contaminated sediment generally involves isolating the contaminated sediment

from the overlying water body by pumping or diverting water from the area and managing any

continuing inflow followed by sediment excavation using conventional dry land equipment However

excavation may be possible without water diversioninsomareas such as wetlands during dry seasons or

while the sediment arid water are frozeti during the winter Typically excavation is perfonned in streams

shallow rivers and ponds or near shoreareas

Prior to pumping out the water the area can be isolated using one or more of the following

technologies

Sheet piling

Earthen dams

Cofferdams

Geotubes inflatable dams

Rerouting the water body using temporary dams or pipes or

Permanent relocation of the Water body

Sediment isolation using sheçt piling commonly involves driving interlocking.metalplates i.e
sheet piles into thesubsurface andthereby.eitherblocking off designated areas or splittinga stream

down the center Highlight 6-3 showsanexainple ofwherethistechnology has beenused If astream is

split down its center then onesideofthestreammay be excavated intliedty after pumping outthe

trapped water When.theexcavation of the first sideof the trearn completed water may be diverted

bank to theexcavated side and sediment ontheother side may beexcavated Sheetpiling may not be

feasible where bedrock or hard slrataare pesentat oruearthe bottom sürfàce herealieetpiiing5is used

to isolate dredging or excavation action pmjectmanagers should consider potential hydraulicimpacts

oithediverted flow Such.diversioninniostcaseswillincreasenatural flow velocity whichmay scour

sediment outside the diversion wall If the sediment is also contaminated as is likely to be the case the

increased dispersion of the sediment should beconsidered in design choices Temporarily rerouting

waterbody with dams is sometimesdone forsmall streams orponds Highlight 6-4 Thisinoludes the

use of temporary dams to .diyertthe water flow allowingexoavation bfnow dry contaminated sediment

The.itbility.andcostto provide hydxaulic.isolation.ofthecontaminntedareaduring remediation isamajor

factor in selecting the appropriateremoval technology
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Once isotateci standing water within the excavation area wil need to be removed Althouh
surface water flows are eliminated ground water may infiltrate the confined area The ground water can
be collected insunips Or dewatering wells After collection the ground water should be characterized

managed treated if necessary and discharged to an appropriate receiving water body Management of

water within the confined area is another important logistical and cost factor that can influence the

decision of wet vetsus dry removal techniques

Isolation and dewatering of the area is normally followed by excavation using conventional

earthmoving equipment uoh as abackhoe or dragline Where sediment is soft support ofthe excavation

equipment in the dewatered area can be problematic because underlying materials may not have the

strength to support equipment weight This also may reduce excavation depth precision Both factors

should be ccounted for in design When the excavation activities are conplet temporary darns or
sheet pilings are removed and the water body is restored to its original hydraulic condition

Another less common type of excavation project invQlyes pern3anent relocation of awater body

also shown in Highlight 1-4 This for example was accomplished at the Triana/Tennessee River

Suporfund Sito in Alabama and IS being implemented at the Moss-American Supcxfund site in Wisconsin

The initial phaes of such prOject tnay be siiilar to excavatioti projects thattentptarily rerotite water

body flowever in permanent stream relocation project replacement etream nomially is constructed

and then the original water bod is excavated or capped and converted into an upln4 area To the extent

the original water body is covered over direct
exposure to residual contamination is generally eliminated

HihUght t.3 xampIe of Escavat1onffoIJowlngso1ann Using fiheet Pjlug

Source Pla RIverNestcoj EPA eOIon
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Higilight xamp1s of ernianent Temporary Verouting pf Watei Body

Permanent Rivet Relocation TrianalTenneseeo River Site

The Triana/Tennessee River site consists of an -mile stretch of two tributaries the Huntsville Spring Branch

H$B and Indian Cteek whlqh both empty into the Tennessee River Remedial actions involved rerouting of the

channel in Huntsville Spring Branch HSB mile 5.4 to 40 the filling and burial in place of the total DDT dichloro

diphehyi triohioroethane and Its metabolltes itt the old channel the construction of diversion structures at the

upper and lower end pf the stream to prevent stream reversion to the former stream pharinel and the diversion of

storm water runoff to preertt flow across the filled channel Remedial actions for HSB mile 4.0 to 24 coris1ted of

constructing fódr diversion structures exbavatin new channel between HSB mile 3.4 and 2.4 filling three areas
constructing diversion ditch around the fill areas and excavating portions of the Sediment from the channel

These remedial actions effectively isolated In place 93% of the total DDT in the Huntsville Spring Branch-Indian

Creek system of the Tennessee River These remedial actions began on April 1986 and were completed on
October 16 19B7 Through Marph 12001 the remedial aptlons have been inspected yearly by federal and

state Review Panel The remedial action has not required any repair of the structures to maintain their
integrity

and monitoring has shown that total DOT concentrations ih fish and water continue to dechnd

Temporary ReRoutFng.of River Bryant Mlii Pond Project at the Allied Paper lne.IPortage

Creek/Kalamazoo River Site

in EPA Region an EPA-conducted

removal and onelte containment

action removed ppiychlorinoted

biphenyls PCBs-contaminated
sediment froin the Blyant Mill P6nd

area of Portage Creak During the

rentpval action that was conducted

from June 1999 May 1999 Portage

Creek was temporarily diverted from

its normal streambed so that 150000

yds of the creek bed end
floodplain

soils could be excavated uing
conventional eccavation equipment
P09 concentrations remaining after

the removal action were below ppm

Source U. EPA RegIon

Excavation may also include excavation of sediment in areas that experience occasional dry

conditions stich as intermittent streams and wetlands Theae types of pttjects generally are logistically

similar to plan4 construction projects and frequently tise conventional earUunoving equipment

6.5 DREDGING TECHNOLOGIES

Fir puxpses of this guidance the term dredging means the renaoval of sediment from an

underwater environment typically using floating excavators called dredges Dredging involves

mechanically grabbing raking cutthg Or hydru1ically scouring the bottom ofa waterway to dislodge

the sediment Once dislodged the sediment may b.c removed from waterway either inechanical.ly with

buckets orhydraulically.by pumping Therefore dredges may be categorized as either mçchanical or

hydraulic depending oil the b4sic mbans of removing the dredged material Some dledge employ
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pneumatic compressed air systems to pump the sediment out of the waterway EPA l994d
however these have not gained general acceptance on environmental dredging projects

6.5.1 MechanIcal Dredging

The fundamental difference between mechanicaiand- hydraulic dredging equipment is how the

sediment is removed Mechanical dredges offer the advantage of removing the sediment at nearly the

same solids content and therefore volume as the in-situ material Little additional water is entrained

with the sediment as it is removed Thus the volumes of contaminated matenal and process water to be

disposed managed and/or treated are minimized However the water that is present in the bucket above

the sediment must either be collected managed and treated or be permitted to leak out which generally

leads to higher contaminant losses during dredging

The mechanical dredges most comtnonly used in the U.S for environmental dredging are the

following Painnno et al 2004

Clamshell Wire supported conventional open clam bucket circular shaped cutting

action

Enclosed bucket Wire supported near watertight or sealedbücket as compared to

conventional open clam bucket recent designs also incorporate level cut capability as

compared to circular-shaped cut for conventional buckets for example the Cable Aim
and Boskalis Horizontal Closing Environmental Grab and

Articulated mechanwaL Baekhoe designs clam type enclosed buckets hydraulic closing

mechanisms all supported by articulated fixed-arm e.g Ham Visor Gmb Bean
Horizontal Profiling Grab HPG Tea High Density Transport and the Dry Dredge

The mechanical dredge types listed above reflect equipment used for environmental dredging and

generally are readily available in the U.S The enclosed bucket dredges were designed to address

number of issues often- raised relative to remedial dredging including- contaminant removal efficiency and

minimizing sediinent.resuspcnsion However newly redesigned-dredging equipment may notbe cost-

effective or preferred at every site For example in some environmentsan enclosed bucket may be most

useful
for.softsedimentbutmay not closeefficiently- ondebris onventional clamshell dredge may

have greater leverage and -be-able to close-on or cut debris in some cases however matØrial mounded

over the top may be resuspended An articulated mechanical dredge may have advantage in stiffer

sediment since the fixed-ann arrangement can push the bucket -into the sediment to the desired cut-level

and not rely on the weight of the bucket for penetration Highlight shows two examples nf

mechanical dredges

652 Hydra u/ic Dredging

Hydraulic dredges remove and transport sediment in the form of slurry through the inclusion or

addition of high volumes of water at some point in the removal process Zappi and Hayes 1991 The
total volume of material processed may be greatly increased arid the solids content of the slurry may be

considerably less than that of the rn-situ sediment although solids content vanes between dredges

EPA 1994d The excess water is usually discharged as effluent atihe treatment or disposal site and often
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needs treatment prior to discharge Hydraulic dredges may be equlppedwith rotating blades augers or

high-pressure water jets to loosen the sediment US EPA 195b The hydraulic dredges most

commonly used in th U.S for environmental dredging are th following Palernio et al 2004

Cuaerhcad Conveiitiona hydraulic pipelaie dredger with conventiotial cuttrhead

i-iorizonta/ auer Hydraulic pipeline dredge with horizontal auger dredgehead e.g
Mudeat

Plain .ruciYon Hydraulic pipeThie dredge using dredgehead design with no cutting action

plain SuctiOn e.g cutterheftd dredge with no cutter basket moiinted Mathbot

dredgehead articulated SIQpB Cleaner Scoop-Dredge BRABO etc

Note Cable Arm Corp dredge Source Cable Arm Crp
Bean onipany Horlzontel Profiling arab HPdredge-f\ Bedford Harbor Site SQuree Barbara Bergen U.S EPA
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Pneumatic Air operated submersible pump pipeline transport either wire supported or

fixed-arm supported e.g Japanese.Oozer Italian Pneutna Dutch Japanese

Refresher etc

Special 1-v dredzeheads Other hydraulic pipeline dredges with specialty dredgeheads or

pumping systems Boskalis Environmental Disc Cutter Slope Cleaner Clean

Sweep Water Refresher Clean Up Swan 21 Systems etc and

Diver assisted Hand held hydraulic suction with pipeline transport

Some of the hydraulic dredges included above have been specifically developed to reduce

resuspension during-the removal
process As with modified mechanical dredges project managers should

be aware that there may be tradeoffs in terms of production rate and ability to handle debris with many of

these modifications Highlight 6-6 presents examples of hydraulic dredges

65.3 Dredge Equipment Selection

The selection of appropriate dredging equipment is generally essential for an effective

environmental dredging -operation The operational characteristics of the three-types of mechanical and

gix types- of hydraulic dredges presented in the guidance sections above are listed in- Highlights 6-7a and

6-7b This information was reviewed by an- expert panel and attendees at special session on

environment dredging at the Meeting of the Western Dredging Association WEDA XXI and the 3yd

Annual Texas AM Dredging Seminar in Houston Texas The operational charactenstics and identified

selection factors presented in Highlights-6-7a and 6-7b have been drawn from information compiled for

this guidanceas well as earlierpublished reviews of dredgecharacteristios Quantitative operational

charanteristies both capabilities and limitations are summarized for- ionditions likely to be encountered

for many environmental dredging projects The numbers are not representative of all dredge designs and

--

sizes available -but represent-those most commonly used for environmental dredging Qualitative

selection-frs for each dredge type arepresented based on-the best professional judgment of the panel

and/or-their interpretation of readily available data Site-specificresults and supporting -references are

available--in Operational Characteristics and Equipment Selection Factors for Environmental Dredging

Palemio et-al 2004

The infomiation in Highlights- 6-7a and 6-7b-is intended to-help project managers make initial

screening assessments of general dredge capabilities and identify equipment types for further evaluation

atthe feasibility study stage or for pilot field testing Note that -whenever an equipment type receives

rating of high it means that aparticulardredge type should perfonn better for that selection factor It is

not intended as guide for final equipment selection for remedy unplementation There are many site-

specific circumstances that dictate which equipment type is most appropriate for any given situation and

eachtype.canbe-applied- in different ways -to-adapt to site conditiOns Project managers should- use-their

ownexperienceaidJudgment.inusing-this infOrmation -andmay -find it usefiiltoconsider-other-sources

of information for purposes of comparison In addition because new equipment is being continuously

deeloped-andtested will need to consult with- experts whpare.fumiliar withthe latest

inequipmenuechnologies Experience has shown that an- effective-onvironinentaldredging operation

also depends on the use of highly skilled dredge operators familiar with the goals of environmental

remedration in addition to close monitoring and management of the dredging operation
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HghIiht 6-6 Exampes of HydrauIk Dredges

Note FOx River horizontal augar hydruIlo.dredge deploymentSouroe Jim Hahnnbsr9 U.S EPA
Mvnlstique Ml oloseupof twln-voYte pump hydraullo dredge uterheacf Source Ernie Atkins US EPA
Closeup olawinglng ladder hydraulic drdgeoutterhead Souroe Elllcott orporatlon
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Chapter Dredging and Ecavation

This table provIdes some ofthe.currentiy available general Information that can help project managers InItially assess

dredge capabIlItIes and screen end select equipment types for evaluatlonat the feasibility study stage or for pilot field

testing This table Is NOT Intended as guide for final equipment selection for retnedy implementation and regions may
find It useful to.conslder othr sources.of Information for purposes blcomparlson There are many sltespeblflbF

sediment-specific and proje-speclfio clroumstahces that will indlóate which equipment Is most appropriate for any given

situation1 end each equipment type can be applied In different ways to adaptto site and sediment condItions In addition

becausenew equipment Ia beingoontinuously developed project managers should consult with experts Who arefamlilar

with the latest technologies

Equipment types shown here are cqnsldered the most commonly used for environmental dredging in the US Other

dredge typeasre available Equipment used for environmentaidredging Is usually smaller in size than that commonly used

for navigation dredging information presented here Is tailored for mechanlcai bucket slzesfrom to ID cubic yards about

to 8m andhydrauilc/pnaurnatlà pump sizes from to 12 lnohesebout 16030cm Larger sizes are available for

many equipment types

Clamshell conventlonaiclarnsheii dradgea wirasupported.oonvenllonalopen clam bucket

EnolosedBuoket- wire supported near-watertight or eeaiedbuoket ueualiy-lncorporÆllnga level out capability

ArtIculated Mechanical backhoe designs clam-type enolosed buckets hydmullo closing mechanisms oil supported by

articulated fixed-arm

Cutlerhead conventional hydraulic pipeline dredge with conventional outterhead

HorIzontal Auger hydraulic pipeline dredgewithhorizontai auger dredgehead

Plain Suction hydraulic pipeline dredge using drecigehead design with no-cutting action

Pneumatic air operated submersible pump pipeline transport either wire supported or fixed-arm supported

10 SpeoialtyDredgehaads other
hydraulic pipeline dredges-with specialty dredgeheads or pumping systems

11 DiverAssisted- hsndheld hydraulic suction with plpeithe transport

12 DryExoavatlon convØntlonalexcuvatIon equipment operating wilhlh dewatered oorrtainments such as sheet-pile

enclosures or cofferdama

13 OPERATIONAL CHARACTERISTICS quantitative-entries reflecting capabilities andilmitatlons of dredge typos and are

solely function oftho equiprriontItself

14 Production Rate in-situ volume of sediment-removedper unit tlme..Rates-shown are for production cuts.aa opposed to

cleanup passes and are for active periods of-operation under averageconditions Rates for two-bucket or pump.sizes are

shown for-comparison For-mechanical dredgesthe ratea-.werecaicuiatadassumlng 80%buoketfIli with abucket cycle

time of mInutes For hydraulic dredges.tIie.ratee.werecaIcuieted assumlngin-sltusedlment 35% solIds by weight 5%

solids byweight for slurry and-pump discharge velocity of 10 it/sac The rate shown for diver-assisted assumes

maximum.pump sIze-of 15cm and roughly50% efficiency of diver effort while working Production rate for-dry excavation

Is would-be largely dictated by the tirde-required tolsolate and dewaterthe areas targeted for excavation variety of

factors-may Influence the effective operating time per day weak- or season andtshould.be considered In calculating times

requiredfor removal

15 Percent SoildebyWeight-- ratio of-weight-of dry solldsto total weight-of-the dredged-materIal as-removed expressed-es-a

-percentage Percent solids for mechanical-dredging isa function of the-in-situ percent solids and the effective bucket fill

expressed-as aparcentage of-thebucketoapaclty filled-by-in-sItu-sedIment as opposed to free water and near in-situ

percentsolldsisposslblefor produotionouts A-wlderangeof percent-solids for hydraulic dredges Is reported but.5%

soildscen be expected for-moet environmental dredging projects
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Chapter Jredglng and Excavation

Maximum-Dredging-Depth physical-limitation
to eaoh-beIowa-givendepth Wire-supportedbuckets.orpumpsosn be

deployed at substantial depths so the maximum digging depth generally Is limited by stability of the excavation Reach of

fixed arm supported buokete or hydraulic dredges is limited Dy th length or the em or ladder Conventional backhoe

equlpment1sgensraUy-llrnited-tsbout15 rn-reach Smaller hydraUllodredgesisreusuahy-deslgnedfor maximum

dredging depth otabout 15 Hydraulic dredges usually
also have limiting depth of removal of about 50 ft due to the

limitation of atmospheric pressure but this llmtttion can oiten be overcome by addition of submerged pump on the

ladder The table erittleB should -NOT be considered as herd and fast limits Larger dredge sizes and designs are

availablefordeeper--depths

SELECTION FACTORS qualitative entries reflecting the potential performance ole given dredge type and area function

of both the capability of the equipment type and the site and/or sediment conditions Entries defined as follows

High indicatIng the given dredge type
is generally suitable or favorable for given issue or concern

Medium Indicating the given dredge type addresses the Issue or concern but it may not be preferred and

Low Indicating the given dredge type may not be suitable selection for addressing this issue or concern

Limit Sediment Resuspension potential of given dredge type In minimizing sediment resuspension Clamshell Low
Circular shaped cutting action cratered bottom subject to sloughing open bucket design subject to washout and spillage

scows and workboats working in shallow areas Enclosed Bucket High Seal around the Hsbf the bucket arid an

enclosed top when in the shut position level cut design ninlmlzes sioughing Articulated Mechanical High Less

resuspension as compared to conventional clamshell dredges Cutterhead/Horizontal Auger Medium Conventional

cutterhead dredges and horizontal augers result in less resuspension as compared to conventional clamshell drsdge
May be fitted with hoods or shrouds to partially control resuspension Plain Suctlon/Pneurnatlo High No mechanical

action to dIslodge the material Specialty High Although designs vary all the so-caiied specialty dredges have features

specifically intended to reduce resuspension Diver Assisted High Precision of diver assisted hydraulic dredging tie

amall5rsizeofthe-dredgehesdsUBsd-and inherentiy.slow-speed of-operation Dry Excavation High- Completeiyisolates

the excavation process from the water column

Control Contaminant Release the Inherent ability toontrol sediment resuspension and dIssolved andvolatiie releases for

the-glvenequipmenttype andassociated-Operatlon ClamsheilLow Can beopereted-suoh thattheexcavaion and

water columnexposure Ofthe-bucket Is withln-aslitcurtaln containment or enclosure however1 highsuspanded
wlthuri-thesilt curtaIn-maybe- released when-theourtain-la moved Enclosed Bucket/ArticulatedMechanicai-Medlum can

be
operated-such-that theexcavation-andwater-ooiurnnexposureofthebucket-is-wlthin-a-slit--curtalnancioaure-with

relatively small footprint Enclosed buckets act as control and greatly reduce resuspension within the enclosures and

potentiallfor release Cutterhead/Plain Suction/Horizontal Auger/PneumaticISpeciaItyDredgeheads MedIum Capable of

Can be

operatedlwlthin enclosures ut the footprtnt of such enclosures would be necessarily larger than that for mechanical

dredges Diver assisted High scale of diver assisted dredging wouid seldom requIre contaminant release controls Dry

Excavation High Dawatering of the dredging area effectively eliminates dissolved releases SedIment surface exposed

iowervolatlieeiælsslon rÆtØsis-.compared to the-samesurracepondedwlth-elevated-suspended

sediment concentrations

16

17

Vertical Operating Accuracy -the ability to position the dredeheed at desired depth or elevation for the cut and maintain

or repeat that vertical position during
the dredging operation Aithoughposltloning instrumentation is accurate to within

few cm the design of the dredgeand the linkages-between the dredgehead-and the positioning system will affect the

accuracy attainabieln-pdsitioning thedredgeheadAvet1lcaiaccuracyofcutofapproximatly15cmone4iaif4ootls

considered -attainable for most-project conditions Fixed arm equipment holdssome advantage-over wire-supported in

maintaining vertical operating accuracy The accuracies achievable for sediment characterization should be considered in

settIng performance standards for environmental dredging operating eccLlrecy both vertical and
horizontal

16

Horizontal Operating Accureoy the ability to position and operate the dredgehead ate desired location or within desIred

surfacearea Considerations are-similar-to those-for vØrticalaccuracy

20

19 Minimum Dredging Depth constraints on draft limitations of some iloating dredges or potential loss of pump prime for

hydra uiio dredges Such limitations can be managed if the dredge digs its way into the area For smaller dredges those

limitations typically are at approximately the water depth Pneumatic dredges require minimum water depth of about

for efficient pump operation

21

22
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Positioning Control inOUrrehteMflridlTtdes ability of the dredge to holds desired.posltlon of the dredgehead horizontally

with ourrent1wind or vertlcaiiywithfiuctuating tides CiamshelilEnolosed BuckeVArticulated Mechanical High Operate

with apuds or jack up plies and are inherently stable against movement by normal winds and currents CutterheadlPialn

Suotion/Speolaity Dredgeheads High Equipped with spuds and use walking spud method of operation inherently stable

against movement by normal windsand current Horizontal Auger Medium-ree floating andoperate using an anchor

andcabiesystem subject to movement with longer anchor sets Pneumatic Hidh Operate from spudded barges or

platforms and are inherentiy.stabieagalnst movement by normal windsand currents Diver Assisted Medium .Abilityof

divers to maintain desired position will be hampered by currents Dry Excavation High Not affected by wlna and

currents

Maneuverability ability ofthedredge tooparate effectively in 01066 proximity or around utilities and other infrastructure

narrowohannel widthssurfaceandeubtaergedobetructions and overhead resiriotions ClamshelVEnciosed

Buoket/Articulated-Meojianloai.Hlgh Bucketsare wire supported orrixed-armarticulated and maybsoperated close
ri

to

infrastruotureand.withiatlghtiyrestrictedareas Cutterhead/P1ain Suotion/HorizontaiAugerlPneurnatlo/Speclalty

Dredgaheads Low Swln9ingactlon ofthewailclng.epud method oroperation for hydraulic pipeline dredgoeand.the need

for icrig anchor and cable setup for horizontal auger dredges limits their ability to operate near infrastructure or within

tightlyrestrlctadareas DlverAeslated High Canbeconduotericiose to infrastructure andwithirr tightly restricted areas

DryExcsvationHigh Containments for dry-erwavationcan be desigrwdfor areas near Infrastructure and tightly restrIcted

ereasrnay becompiŁtelycontalned

PortabIlity/Access abilityofthe.-dredge.topassunderbrldges through narrow channels àrto be transportedVy truck and

easily launched to thesite Clamshell/Enclosed BucketlArticulatedMaohanioaVOutterhead/Plain euotionlHprlzontal

Auger/PneurnatiotDiverAssisted/DryExcavation High- Dredge types considered here are theemalier size and are

generailytrucklcaneportable SpeciattyDredgeheade Medium Somespeclaltydredgadeslgns aretoo large Ior.trück

transport

Chapter Dredging and Excavation

23

24

Minimize Residual Sediment efficiency olthe dredge is in removing material without leaving residual arid potentially

meeting cleanup level Clamshell Low High potential to leave residual sediment because of the circular-shaped

cutting action end the tendency to leaves cratered bottom subject to sloughing ErroIosedBucketlArticuiated

MechanlcaUoutterhead/t-orizontsiAugerfpialn SuotionPneumatic/Speciaity-DredgeheadsMedium Aiidredgeswith

active dredgeheadssnd/or movement in contact Withthe bottom sediment will leave someresidual sediment The control

offered by the articulated arm providesan advantage for removal of thin residual layers Diver Assisted High Hand-held

actionol diver-assisted work hasa lowpotentlal for generating residualeediment Dry Excavation High Any faliback of

sedimentexcavatedunderdrycondltions canbereadilyobserved and managed

25

Transport by Pipeline compatibility of the dredge with subsequent transport by pipeline Clamshell Enclosed

Bucket/Articulated MaohanloalMedium All mechanioai dredges remove material at near in-Situ denaty and additional

reslurry and raharrdilngequipment mustbeemployed to allow for pipeline transport Cutterhead/PialnSuotion/Horizontai

Augir/Pneuniatic/Speciaity Dfedgeheads/ Diver Assisted High All hydraulic endpneumatio dredges are designed for

pipelinetransport Dry ExcavationMedium Additional resluny andrehandling equipmentrnust baemployed to allow for

plpelinetranspoit

26

Transport Brge-compatibliityofihedredge with subsequent transport bybarge Clamaheli/Encloaed Bucket/Articulated

Mechanical High Material excavated With mechanical dredges Is close to In aitu density and may be
directly placed in

barges for
transport Outterhead/Piain Subtiori/Horizontai.Auger/PneumatiolSpeolaity Dredgehaads/Diver Assisted

Medium-Bargetrsnsport.ofhydrauiioaliy dredgedmaterlailsinefficient Afthoughpneumatlo andsomeapeólaty

dredges are capable of removing soft sediment at high water content Intermittent operation for change out of barges will

significantly reduce efficiency Dry Excavation High Material excavated in the dry may be placed directly in barges using

conveyers or front end loaders

27

28

29 Availability thisfacorreferstothepotentIaieväiiabiIityofdredgestypasto contractors and the
presenceofthoequipmantlmthe U.S .Ctamsheli/EneiosedBuckeVAntouiatedMechanlcai/Cuttethead/Piain

Suction/Horizontal Auger/Pneumatic/Diver Assisted/Dry Excavation High Most dredge types are readily avaiiable

Specialty Drecigeheads Medium Some specialty dredges are available through only one contractor or may be subject to

restrictions underThe Jones Act
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DebrlsLoose RockiVegetatio susceptibility of given dredge typeto-cioggirg by-debris and subsequent loss of

operational efficiency OiamsheilfEndoaed Bucket/Articulated Mechanical High Mechanical dredges an
effectively

remove sediment
containing debris although leakage may result Mechanical equipment is the only approach for

debris-removal passes Cutterhead/Plain Suctlon/i-iorlzontai Auger Pneumatic Specialty-Oredgeheads Low -Subject-to

clogging by debris and are incapable of removing larger pieces of lobse rock and larger debris Loose rock and large

debris can also cause inefficient sediment removal Diver Assisted Low Presence of logs and large debris may present

dangerous conditions for diver-assisted dredging Although divers can remove sediment from around large debris or

rocks this type of operation would be inefficient Dry Excavation High Dry excavation allows use of conventional

excavation equipment Leakage from buckets caused by debris Is not consideration for dry excavatiQn

31 HardpanRook Bottom ability of dredge type to remove sediment layer overlyIng hardpsn or rock bottomeffolently

without
leaving excessiv.a residual sediment Clamshell/Enclosed Bucket/ArtIculated MeohanlcailCuttarhead-larlzontal

Auger Low Closing action of buckets and cutting action of dredgeheads result-In problems.malntelning desired-vertical

cutting position and would tend to leave behind excessive residual sediment Power associated with articulated

mechanical has advantage ri removing hard materials Plain Suction Pneumatic Specialty Dredges Medium Lack an

active closing or cutting action and can operate over an uneven hard-surface although removal-efficiency -may below
Diver Assisted High May be the-most effective approach for precise cieanup-or.a hard-face since the divers-can feel the

surface and adjust the-excavation accordingly Dry Excavation High Allows the visual location-of pockets of residual

remaining on an uneven hard surface

32
FlexibilIty for Varying Conditions flexibitity of given dredge type in adapting to differing conditions such as sediment

stiffness variable out thicknesses-end the overall ability to take thick cuts Clamshell/Enclosed Bucket High-- Buckets

are capable of taking thin cuts or thicker cuts in proportion
to the bucket size and bucket sizes can-be easily switched

Articulated Mechanical Medium Ability
to change bucket szes for articulated mechanical Is limited Cutterhead High

Capable of
taking varIable cut thickneasesby varying the burial depth of the cutter Different cutterhead sizes or designs

can be used to adapt to changing cut thicknesses or sediment stiffness Horizontal Auger Medium Designed for set

maximum out thickness and
attempts

to remove thick cuts may result in
plowing

actions with excessive resuspension and

residual Plain Suction Pneumatic Low No outtln actIon limits ability to take thicker cuts or remove stiffer materials

Specialty Dradgeheads Low Specialty dredges are designed for specific application and have limited flexIbility.- DIver

Assisted Low Removal Is limited to thin cuts Dry Excavation High Allows use of full range of conventional

excavation equipment

33 -Thin- Lift/Residual Removal ability of given dredge type to removal thin layers of contaminated material without

excessive-over dredging Clamshell Low Circular shaped out not suited for efficient removal-of thin layers- Enclosed --

Bucket/Articulated Mechanical Medium Level cutting action is capable of remolng thin layers but the- buckets would be

only partially filled resulting In Ineffident production-and higher handling end treatment costs CutterhaadfHorizontsl-Auger

Medium Capable of removing thin layers but the percent solids Is reduced under these conditions Plain

Suction/Pneumatic High Well-suited for removal of thln-ilfts especially loose materIal such as residual sediment

Specialty Dredgeheads High Some specialty dredges are designed speclitcaily for removal of thin lifts.- Diver Assisted

High Precision of diver-assisted dredging is well suited for removal of thin layers especially residuals Dry Excavation

High Allows-for precise control of cut thickness amenable to removal of thIn layers

Source Palermo at al 2004
--

6.5.4 Dredge Positioning

An important element of sediment remediªtion is the precision of the dredge cut both

horizontally and vertically Technological developments in surveying vessel and positioning

dredgehead instruments have improved -the dredging -process Vertiàai control may be particularly

important when contamination occurs in relatively thin or uneven layer to avoid an-unnecessaxy amount

of ovór-dredging and excess handling of uncontaminated sediment Video cameras are sometimes useful

in monitoring dredging operations although turbidity effects and lack of spatial referncos may present

limitations on their use The working depth of the dredgehead may be measu.redusing acoustic

instrumentation and by monitoringdredged sluny densities In addition surveying software may be used

to generate pre- and.post-dredging bathymetric charts determine the volume of dredged sediment locate
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obstacles and calculate linear dunensions of surface areas see St Lawrence Centre 1993 Also

available are digital positioning systems that enable dredge operators to follow complex sediment

contour see Van Oostrum 1992

Depending on site conditions currents winds tides the horizontal position of the dredge

may need to be continuously monitored durmg dredging Satellite or transmitter based positioning

systems such as differential global positioning systems DGPS can be used to define the dredge

position In some cases however the accuracy of these systems is inadequate for precise dredging

control Where the accuracy of site characterization data or the high cost of disposal warrant veiy precise

control it is possible to use optical laser surveying instruments snt up at one or more locations on shore

These techniques in conjunotion.with on-vesselinstruments.and spuds ifwater depths are less than

about 50 ft and anchoring systems may enable the dredge operator to more accurately target specific

sediment deposits The effectiveness of anchoring systems diminishes as water depth increases

The positioning technology desonbed above enhances the accuracy of dredging The accuracies

achievable for sediment characterization should be considered in setting performance standards for

environmental dredging vertical and horizontal operating accuracy Palemio et at 2004 1-lowever

project managers should not develop unrealistic expectations of dredging accuracy Contaminated

sediment cannot be removed with surgical accuracy even with the most sophisticated equipment

Equipment may not be the only factor affecting the accuracy of the dredging operation Site conditions

weather currents sediment conditions bathymetry physical characteristics and the skill of

thedredge operator are all important factors In addition the distribution of sediment contaminants may
be only defined at crude level and there could be substantial margin for error Accurately dredging to

pre established cut lines is an important component of meeting remedial action objectives for sediment

but alone is not generally sufficient to show that the objectives have been met Generally post-dredging

sampling should be conducted forthatprnpose The section below describes the equally important

factors of controlling dredging losses and residual contamination

55 Predicting and Minimizing Sediment Resuspension and Contaminant Release and
Tra nsportDurlng Dredging

Sediment resuspension and the resulting unwanted contaminant release and transport in the water

body anse due to variety of activities associated with dredging remedy These frequently include

resuspension caused by operation of the dredgehead by operation of work boats and tug boats and by

deployment andmovement of.controlmŁasures.such as siltscreens orsheet piles Contaminated

sediment may also be lost from barges usedduring the.dredging operation In envimnments with

significant water movement due to tides or currents resuspended sediment may be transported away from

dredging site therefore liniiting resuspension or increasing containmentso.that resuspended sediment

is later.sedeposited and dredged can .bean important consideration in remedy selectionanddesign

Storm events may also result in transport of contaminants beyond the dredging area Use of containment

barriers to limit transport of resuspended contasninatedsedimentisdiscussedinSectioi 6.5.6 of this

chapter

When evaluatingresuspension due to dredging it generally is important to compare the degree of

resuspension to the natural sediment
resuspension that would continue to occur if the contaminated

sediment was not dredged.and the.lengthoftime over which inoreaseddredging-re1atedsuspension

would occur Typically two types of contaminant release are associated with resuspended sediment
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particulate and dissolved Particulath release refers to the transport of contaminants associated with the

particle phase i.e sorbed to suspended sediment Dissolved refers to the release of dissolved

conthminantsfrom the particles into the water column This latter form of release can be significant

because dissolved contaminants are the most readily bioavailable and are more easilytiunsported away
from the site Consequently resuspension can result in the release of bioavailable organic and inorganic

óontaminants-into the water column which-may-cause.toxicity-or-enhanced bioaecumulation Research is

currently being performed to address the risk associated with resuspension at contaminated sites and some

existing models have been developed by the -USACE Until further guidance is available at most sites

the project-manager should monitor resuspension during-dredging and to evaluate its -potential effects on

water quality Project managers should be aware that most engineering measures implemented to reduce

resuspension also reduce dredging efficiency Estimates of production rates cost and-project time frame

should take -thesemeasures into account

Some contnniinant release and transport during dredging is inevitable and should be fhctored into

the alternatives evaluation and planned for in the remedy design Releases-can be minimized by choice of

dredging equipment dredging-less area and/or using certain operational procedures e.g slowing the

dredge clamshell descent just before impact with the sediment bed Generally the -project manager

should assessall causes of resuspension andrealistically predict likely contaminant releases during

dredging operation The magnitude of sediment resuspension and resulting transport-of contaminants

during dredging operation is influenced by many ctors including

Physical properties of the sediment grain size distribution organic carbon content

Acid Volatile Sulfides AVS concentration

Vertical distribution of contaminants in the sediment

Water velocity and degree of turbulence

Type of dredge

Methods of dredge operation

Skill of operators

Extent of debris

Water salinity and

Extent ofworkboat/tugboatactivity

To compare various remedies for a-site to The exteiitpossible-the project manager-should attempt

to estimate the downstream mass transport and-the.degree of increase ifany in dOwnstream suithce

water and-surfacesediment contaminant-concentrations However at present no fully verifiod empirical

or predictive tools are availabIe to quantify the predicted releases accurately As-research in predicting

resuspensionand contaminant releaseassociated-with dredging-progresses project-managers should

watchforvetified-methodstobe-developedtoassist.inthisesthnate -Althouglr-the degree-of resuspension

willbe site specific recent analyses of-field studies and available-predictive models.of the mass of
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sediment resuspended raig from generally Ies than one percent o1th masS dredged Hay9 and Wu

2001 Palenne and Averett 2003 to between 0.5 and percent NRC 2001 Themethods contained in

EPAs EstimatUig ConfamfriantLcarerfrom Components ofRemediatloiiA/ternafivesjbr Conamlnated

Sedmºntr U.S EPA 1996g may be usefi to estimate the dredgehead component of resuspension

losses To the extent possible the project manager should estimate total dredging losses olin siteipecific

basis and consider them in the comparison of alternativet during the feasibility study

If conventional clamshell dredges niaycause high level of resuspension special purpose

didge may be considered Thes dredges generally resuspeed lcsitiatorial then conycntionaj dredges

but associated costs may be greater and dredges may not be usable in the presence of significant debris or

obsttuctiohs As in the case OfcoliventiQnaLdredges the selection of special purpOte dredge will be

likely dictated by site-specific conditions economics and ayailability Palermo et al 1998b Other

hctOrs unrelated to resuspensica such as maueuvezbi1ity iquirements bydrodynainic conditions or

others listed in Section fi brede Eqiupijient Selection may also dictate the type of dredge that

should be used The strategy for the proj oct manager should be to nthiimizthe resuspension levels

generated any specific dredge type while also ensuring that the pmject can be implemented in

reasonable time frame The EPAs Office ófRCseareh audDevelopinent ORD an4 others ain in the

piocess
of evaluating resuspension and its effects both in field and modeling studies The rsults of this

research should help project thanagers to understand better aid colitrol ffeots of resuspension during

future cleanup actions

Another potential route of contaminant rclease during dredging or excavation may be the

volatilization of.contaminants either near the dredgeorexcavation site or in aholding facilitylike

confined disposal facility CDF Chiarenzeli etal 1998 At sites withhigh cncefttfations ofvolatile

contaminants dredging or excavation may present special challenges for monitoring and operational

controls if they may pose potential risk to workers and he nearby community This exposure route niay

be minimized by reducing dredgin production rates so that resuspension is minilmzed Covering the

surface of the water vuth physical barrier or an absorbent compound may also minimize volatilization

At the New Bedford Harbor site aeutterheaddredge was modified by placing cover over the

dredgeheadtbatretaiiiedpolphorimate4bphuny1PCBladcn oils thtis reducing theair concentrations

of PCBs during dredging to background levels see Report on the EjjŁ cts oft/ic Hot spot Dredging

Opercitlons Nei Bedford Harbor YuperJ1nd Site New Bedford MA EPA 19970 and available

through EPAs Wçb site at httj QyiiQlLnhhLtcs.hirn1 In addition the CDF that

the dredged sediment was pumped into was fitted with plastic cover that effectively reduced air

emissions To minimize the potential for volatile releases further dredging operations were conducted

during cooler weather periods and at night During excavation volati kzation could be of greater concern

as contaminated materials may be exposed to air Case shouldbc taken during dewatering activities to

ensure thattemperatures ae not elevated e.g cautieus application oflime Qr cement for dewatering

and other control measure shculd be taken as needed e.g foam

Contalnmenf Barriers

Transport of iesuspended cotitaitiinated sediment released during dredging can often be taduced

by using physical barriers around the dredging operation Barriers commonly used to reduce the spread

of contaminants during the removal
process

include oil booms silt curtains silt screens sheet-pile walls

coffe4ams and bubble curtains EPA 19944 Francmgucs 2003 Under favorable site conditions

these barriers help limit the areal extent of particle-bound dontaminant migration resulting from dredging
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resuspension and enhance the long-term benefits gained by the removal process Conversely because the

barriers contain resuspended sediment they may increase at least temporarily residual contaminant

concentrations inside the bamer compared to what it would have been without the barriers

Structural barriers such as sheet pile walls have been used for sediment excavation and in some

cases e.g high current velocities for dredging projects The determination of whether these types of

barriers are necessàiy should be made based on thorough evaluation of the site This can be

accomplished by evaluating.the relative risks posed by the anticipated release of contaminants from the

dredging operation absent use of such structural barnei the predicted extent and duration of such

releases and the potential for trapping and acciunulating residual contaminated sediment within the

barrier Theproject manager should consult the ARCS programs RlskAssessmenf and Modeling

Overview Document US EPA 1993c and Estimating ContamlnaPitLossesfrom Components of

Remediatlon Alternatives for Contam mated Sediment U.S EPA 1996e for further information about

evaluating the need for structural.barriers

Sheet pile containment structures are more likely to provide reliable containment of resuspended

sediment than silt screens or curtains although at significantly higher cost and with different

technological limitations Where water is removed on one side of the wall project managers should be

aware of the hydraulic loading effects of water level variations inside and outideof these walls Project

managers should also be aware of the increased potential for scour to occur around the outside of the

containment area and the resuspension that will occur during placement and removal of these structures

In addition use of sheet piling may significantly change the carrying capacity of stream or river and

make it temporarily more susceptible to flooding

Oil booms are appropriate for sediment that may likely release oils or floatables light non

aqueous phase liquids LNAPL when disturbed Such booms typically consist of series of synthetic

foam floats encased in fabric and connected with cable or-chains Oil booms may be supplemented with

oil absorbent materials such as polypropylene mats US EPA 1994d However booms do not aid in

retaining the soluble portion of floatables polycyclicaromatic hydrocarbons PAHs from oils

Silt curtains and silt screens are flexible barriers that hang down from the water surface Both

systems use series of floats on the surface and ballast chain or anchors along the bottom Althoughthe

terms silt curtain and silt screen may be frequently used interchangeably there are fundamental

differences Silt curtains are made of impervious materials such as coatednylonand primarily redirect

flow around the dredging area In contrast silt screens are made from Synthetic geotextile fabrics which

allow water to flow through but retain large fraction of the suspended solids Averett et al 1990 Silt

curtains or silt sureens may be appropriate whón site conditions dictate the nóed for minimal transport of

suspended sediment for example when dredging hot spots ofhigh contaminant concentration

Silt curtains have been used at many locations with varying degrees of success For example silt

curtains were found to be effective in limiting suspended solids transport during in-water dike

construction of the CDF for the New Bedford Harbor pilot project However the same silt curtains were

ineffective in limiting contaminant migration during dredging operations at the-same site primarily as

result of tidal fluctuation and wind Averett et al 1990 Pmblems were experienced during installation

of silt curtains at the General Motors site Massena New York due to high current velocities and back

eddies Dye tests conducted ailer mstallation revealed significant leakage and the silt curtains were

removed Sheet piling was
then

installed around the area to be dredged with silt curtains used as
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supplemental containment for hot spot areas silt curtain and silt screen containment system were

effectively applied during dredgmg of the Sheboygan River in 1990 and 1991 where water depths were

or less silt curtain was found to reduce suspended solids from approximately 400 mg/L inside to

mgIL outside dunng rock fill and dredging activities in Halifax Harbor Canada MacKnight 1992 At

some sites changes in dredging operating procedures.may offer more effective control of resuspension

than containment barriers

The effectiveness of silt curtains and screens is primarily determined by the hydrodynamic

conditions at the site Conditions that may reduce the effctiveness of these and other types of barriers

include the following

Significant currents

High winds

Changing water levels i.e tdal fluctuation

Excessive wave height including ship wakes and

Drifting ice and debris

Silt curtains and screens are generally most effective in relatively shallow undisturbed water As

water depth increases and turbulence caused by currents and waves increases it becomes difficuit to

isolate the dredging operation effectively from the ambient water The St Lawrence Centre 1993
advises against the use of silt curtains in water deeper than 6.5 or in currents greater than 50 cm/sec

The effectiveness of containment barriers is also influenced by the quantity and type of

suspendediolids the mooringmethod and the characteristics ófthebarrier To be effective barriers

should.be deployed aroundthe dredging operation and remainin place until the operation is dompleted

although it may needto be openedto allowtransport of barges in and out of the dredge site which -may

release some resuspended contaminants For large projects it may be necessary to relocate the bathers as

thedredgemovós to new areas Where possible bathers should not impede nayigation traffic

Contaimnent barriersmay also be-used to protect specific areas for example valuable habitat water

intakes or recreational areas-from suspended sediment-contamination

657 Predicting and Minimizing Dredging Residuals

All dredging operations-leave bethindsome.residualcontsminaiion in sediment usually both

within the-dredged arenand spread to-adjacent areas This residual contaminated sediment is often soft

unconsolidated hasa high water content and-may exist at leasttemporaily as fluid mud or nephloid

layer The primaty sources of the dredgmg residuals typically include contaminated sedunent below

the dredge line-that-was not removed 2s .ment loosened by the dredgeliead or buckebutnot

capturedand removed sediment-on steep slopes that fall intO thedredged area and resettling of

sedimentfmm the dredging.opethtion Similarto resuspension releases discussed in Section 655 the

xtent oftherosidual.contaxpination is.dependenton anwnberof factors including

Skill of operator and type and size of-dredging equipment
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Steepness of dredge cut slopes

Amount of contaminated sediment resuspended by the dredging operation

Extent of controls on dispersion of resuspended sedinwntç.g silt curtains sheet piling

Vertical profile of contaminant concentrations insediment relative to the thickness of

sediment to be removed

Contaminant concentrations in sunounding undredged areas

Characteristics of underlying sediment or bedrock e.g whether over-dredging is

feasible and

Extent of debris obstractions or confmedoperating area e.g which may-limit

effectiveness of dredge operation

Project managers should factor realistic estimate of dredging residuals into their evaluation of

alternatives Field results for some completed environmental dredgingpilots and projectesuggest that

average post-dredging residual c6ntamination levels have not met desired cleanup levels However aside

from past experience th6re is no commonly accepted method to predict accurately the degree of residual

contamination likely to result from different dredge types under given site conditions Additional

guidelines are needed in this area and are likely to be developed in the future Some prehminary research

has shown that the residual concentration may be expected to be similar to the average contaminant

concentratioti within the dredging prism Desrosiers et al 2005 In situations whercmorehighly

contaminated sediment is removed in.a first dredging pass and deeper lower-levOicontaminationis

removedin.asecond dredgingpass lowerresiduals may be attainable If the buriedsedimentis

significantly more contaminated than the near-surface sediments and ifoverdredginginto clean

sedimetitis notaccotuplished or feasible the residual concentration may be greaterthan the
average

baseline surfaceconeentration althoughsignificant contaminantmass.-may have been removed When

comparing alternativesand selecting of the best risk reduction alternative for the site project managers

shouldoonsider whether conditions are favorable forachieving desired postdredgingresidual

concentrations

In cases where residuals maycause an unacceptable risk adclitional olthe dredgemay be

needed to achieve the desired results Placement of thin layer 624 in of clean material designed

to-mix withundetlyixig sediment or the addition ofreactive/sorptivematerials tosurfacesedimetitcan

also be used to reduce the residuäi contamination Project managers should consider developing

contingency remedy if there is sufticient uncertainty concerning the ability to achieve low cleanup levels

Where contingency remedy mvolves containment of residuals by in situ capping project managers

should consider whether containment without dredging may be more appropriate solution to manage

long-term risks in thatarea

It isgenorally important to conduct post-dredgingsamplingto confirm residual contamination

levels lfresuspensionandtransport is expected.general.ly itisalsoimporant1osampleoutsideofthe
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dredged area to assess contaminant levels to which biota will be exposed from these areas These data are

often needed to assess the likelihood of aclueving all RAOs

6.6 TRANSPORT STAGING AND DEWATERING

Afterremoval sediment often is transportedto astaging or rehandling areafor dewatering if

necessaryand further processing treatment or final disposal Transport links all dredging or excavation

components andmay involve several different modes of transport The first element in.the transport

process isto move sediment from the removal site to the4isposal staging or rehandling site Sediment

may then be transported for pretreatment treatment and/or ultimate disposal EPA 1994d As

noted previously where possible pmject manageis should design for as few rehandlingoperations as

possible to decrease risks and cost Project managers should also consider community concerns regarding

these operations e.g odor noise lighting traffic and other issues Health and safety plans should

address both wàrkers and community members

Modes of transportation may include one or more of the following waterborne or overland

methods

PipelIne Direct placement of material into disposal sites by.pipeline is.eoonomical only

when the disposal and/or treatment site is located near the dredging areas typically few

kilometers Or less tinless booster pumps are used Mechanically dredged material may

also be reslurried from barges and pumped into nearshore disposal sites by pipeline

Barge rehandling facility located on shore is commonly considered option With

rehandling facility dredging can be accomplished with mechanical bucket dredges

where the sediment is excavated at near in situ density water content and placed in

barge or scow fOr transport tothe rehandling facility

Conveyor Conveyors may be used to move material relatively short distances Materials

should be in dewatered condition for transportby conveyor

Railcar Rail spurs may be constructed to link rehandling/treatment facilities to the rail

network Many licensed landfills have rail links solong-distancetransport by rail is

generally an option and/or

Truck/Trailer Dredged material can be rehandileddireetty from the barges to roll-off

ontainers or duinp1trucks fortransport toa.CDF by direct dumping or unloading into.a

chute orconveyor Truck transport oftreatidmaterial toIandfillsmay alsohe

considered Theinatedaishould bedowateredpriortotmcktranspoitover swfacestreets

In some smallersites where construction of dewateringbedsmay be difftcult or the cost

of disposal is notgretion of non-toxicabsorbent materials such as lime or cement

may bofeasible

wide variety of transportation methods are available fur movmg sediment and residual wastes

withuniquaphysicalanduliemical-attributes Iii many cases contaminated spdiinent is initially moved

usingwaterbometrnsportatiom ExceptionsarŁ excavatiorimethods

Project managers should consider the compatibility of the dredge with the subsequent transport of the
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dredged sediment For example hydraulic and pneumatic dredges produce contaminated dredged

matenal slumes that can be transported by pipeline to either disposal or rehandling site Mechanical

removal methods typically produce dense contaminated material hauled by barge railcar truck/trailer or

conveyor systems The feasibility costs of transportation and need for additional equipment are

frequently influenced by the scale of the rernediaton project Churchward et al 1981 Turner 1984 US
EPA i994

Temporary storage of contaminated sediment may alsp be necessary in order to dewater it prior

upland disposal or to allow for pretreatment and equalization prior to treatment For example

temporary CDFmay be designed to store dredged material ibr periods when dredging or excavation is not

possible due to weather or environmental ôoncems while the treatment process may continue on near

24-hour operating schedule Storage may be temporary staging eg..punnping onto barge with frequent

oft-loadingor morepónnanent disposal e.g moving the sediinentto land-based CDF where it may be

dewatered and treated typical dewatering schematic is shown in Highlight 6-8

The projectruanager shouldconsider potential contaminant lossesto the watercolumn and

atmosphóreduringtransport dewatering temporary storage àrtreatmont For example conventional

mechanical dredging methods and equipment often rely on gravity dewatenng of the sediment on

dredge scow with drainage water and associated solids flowmg into the surrounding water Project

managers should evaluate what engineering controls are necessary and cost effective and include these

controlsin planninanddesign Implementation risks.bothto workers and to the community differ

significantly between the various transportmethods listed above These risks should be evaluated and

included-when comparing alternatives Best manaement practices for protection of water quality should

also be followed
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The risks associated with temporary storage or staging sites are similar to those associated with

CDFs as discussed in Section 6.8.2S.ediment.DisposaL In particular in-water temporal CDFs can

prove
to be attractive nuisances especially to waterfowl by providing attractive habitat that encourages

use of the CDF by wildlife and presenting the opportunity for exposure to contaminants For highly

contaminated sites it may be necessary to provide temporary cover or sequence dredging to allow for

coverageof highly contaminated sediment withcleaner sediment to minimize short-term exposures This

inethodof control has proven effective for minimizing exposures at upland sanitaty landfills In addition

because some holding areas may not be designed for long-tenn storage of contaminated sediment the risk

Of contaminant transport to ground water may need to be evaluated and monitored

67 SEDIMENT TREATMENT

For the majority of sediment removed from Superfund sites treatment is not conducted prior to

disposal generally because sediment sites often have widespread low level contamination which the

NCP acknowledges is more difficult to treat However pretreatment
such as particle siza separation to

distinguish between hazardous and non-hazardous waste disposal options is common Although the NCP

provides preference for treatmentfor principal threat waste treatment has tiot been frequently selected

for sediment High cost uncertain effectiveness and/orfor on-site operations community preferences

are other fhctors that lead to treatment being selected infrequently at sediment sites However treatment

of sediment could be the best option in some circumstances and innovations in ox-situ or in-situ treatment

technologies may make treatment more viable cost-effective option in the future

The treatment of contaminated sediment is not usually single process but often involves

combinationof processes or treatment train to address various- contaminant problems including

pretreatment operational treatment and/or effluent treatment/residual handling Some form of

pretreatment and effluent treatment/residual handling are necessary at almost all sediment removal

projects Sediment treatment processes of wide variety of types have been applied in pilot scale

demonstrations and some have been applied full scale However the relatively high cost of most

treatment alternatives especially those involving thermal and chemical destruction techniques can be

majOr constraint on their use NRC 1997 The base Of experience for treatment of contaminated

sediment is still limited Each component of potential treatment train is discussed in the next section

6.7.1 Pretreatment

Pretreatment modifies the dredged or excavated material in preparation for final treatment or

disposal When pretreatment part-ofatrealment train distinguishing between the two components may

be difficult and is not always necessary Pretreatment is generally performed to condition the material to

meet the chemical and physical requirements for treatment or disposal and/or to reduce the volume

and/or weight ofsedimentthat-requirestransporl Pretreatment processes

typically inchide dewateiing and physical or size separation technologies

Most.treatinenttechnologies require That the sedinient be relatively homogeneousand.that

physical characteristics be within a-relatively narrow range Pretreatment technologiesmaybe used to

medify the physical characteristics of the sediment ttirneetthes requircuients Additionally some

pretreatment technologies may dividesediment into ieparate 1actions-sucb as organic-matte sand silt

and-clay Often -the sand fraziions contain-lower conlaminant-levels and may be suitablefor unrestricted

disposal and/qr beneficial use if it meetsapplicable standards and regulations Selection factors costs
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__________________

pilot scale demonstrations and applicability of specific pretreatment technologies are discussed in detail

in EPAs Assessment and Remediatlon of Contaminated Sediments ARCS Program Remediation

Guidance Document US EPA 1994d

8.7.2 Treatment

Depending on the contaminants their coticØntrations and the composition ofthe sediment

treatment of the sediment to reduce the toxicity mobility or volume of the contaminants before disposal

may be warranted Available disposal options and capacities may also affect the decision to treat some

sediment In general treatment processes have the ability to reduce sediment contaminant concentrations

mobility and/or sediment toxicity by contaminant destruction or by detoxification by extraction of

contaminants from sediment by reduction of sediment volume or by sedi.mentsolidification/stabiization

Treatment technologies for sediment are generally classified as biological chemical extraclion or

washing immobilization solidificatioWstabilization and thermal destruction or desorption In some

cases.partielesizeseparation is.alsO .consideredatreatment technology The following treatment

technologies are among those which might be evaluated

Bioreznôdiation

Generally bioremediation is the process in which microbiological processes are usedto degrade

or transform contaminants to less toxic or nontOxic forms In recent yeats it has been demonstrated as

technology for destroying some organic compounds in sediment The project managei should refer to

EPA 1994d Myers and Bowman 1999 and Myers and Wil 2000 for summªrization.of

bioremediation technologies and their application under site-specific conditions

Chemical Treatment

Generally chemical treatment refers to processes in which chemiCal reagents are added to the

dredgedor excavated material forthe.purposeofcontamninant destruction Contaminants may be

destroyed-completely or may be.altcred.io less.toxic fothi Averett and colleaguesl990 reviewed

severalgeneral oategories.of chemical-treatment Of the categories.reviewed treatments including

chelation dechlorination and oxidation of organic.compounds were consideredmost promising

Extraction/Washina

Generally the primaiy application of extraction processes is to remove organic and in some

cases metal contaminants from- the sedimentparticles Sediment washing is another term used to-

describe extraction processes primarily when water may be component of the solvent In the extraction

process dredged or excavated material is slurried with-a chemical solvent and cycled througl- a-separator

unit The separator divides the slurry into the three following fractions particulate solids water

and concentrated organic contaminants The concentrated oianics are removed from the separator for

post-process treatment Extraetion.or washing may.also-generate large volumes of contaminated

wastewater that generally must be treated prior to diseharge
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Immobilization or Solidification/Stabilization

Generally immobilization commonlyreferred to as solidification/stabilization alters the physical

and/or chemical characteristics of.the sediment through the addition of binders including cements and

pozzolans US EPA 1994d Immobilization technologies primarily work by changing the properties of

the sediment so contaminants-are less pronetoleanhing Alteration ofthe physical character of-the

sedirnentto form solid material such as cexnentmatrix reduces the accessibility of the contaminants

to water andentraps the contaminated solids in stable matrix Myers and -Zappi 1989 Another form of

immobilization chemical stabilization mimnuzes the solubility of metals primarily through the control of

pH and alkalinity. Chemical stabilizationof organic compounds may also be.possible Barth et 2001
Wiles and Barth 1992 Myers and Zappi 1989 Zimmerman et 2004

Thermal Treatment

Generally thermal technologies include incineration pyrolysis thermal desoption sintering and

other
processes that require heating the sediment to hundreds or thousands of degrees above ambient

temperatures Thermal destruction processes such as incineration are generally effective for destroying

organic contaminants but are also expensive and have significant energy.costs Generally thermal

treatment does not destroy toxic metals

Particle Size Separation

Generally particle size separation mvolves separation of the fine material from the coarse

material by physical screening site demonstration of the Bergman USA proceesresulted in the

successful separation of less than 45 micron fines from washed coarse material and hunuc fraction

EPA 1994 As previously noted particle size separation may serve pretreatment step prior to

implementation of treatment altemative Many treatment processes require particle sizes of one

càntinióteror less for optimal operation

EffluentTreptmentfResidueHandling

Generally treatment of process effluents means treatment bf liquid gas or solid rnsidues and is

major considerationduiing selection design and implementation of dredgingor excavation As shown in

Highlight 6.1 dredging orexcavation may require management of several types of residual wastes from

thepretreatnient operational treatmentprocesses that include liquid and/or airigas Cffiuents from

dewatering or other pretreatment/treatment processes residual solids and nmofdiseharges from active

CDFs Generally thesewastes can.be handled through the use of conventional technologies for water

air andsolidsireatment and disposal. Howeverthe technical cost and regulatory requirements can be

important considerations dunng the evaluation of dredging or excavation as cleanup method

Pilotandfullscalettatinent-pmcesseshave beenconductedata numberof sitesalthough thero

is limited experience at Superfund sites Where treatment has been used at Superfhnd sites the most

con ontreatmentmethod-isimniobilizationby solidification or stabilization Additional infbnitation

concerning treatment technologies for contaminated sediment may be ound in EPA Office of

WatersSelectingRernediauion Technologies for Contaminated Sediment U.S EPA 1993d Specific

applications limitations specifications andefficiencies of many sedimenttreatinentprocessesare

discussed in the ARCS programs Remediation Guldanse Document EPA 1994d The NY/NJ
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Harbor Project is an xampIe large se demonstration of svrai dredged dcpontamination

technologies Highlight 6-9

PoteAtialsedlment treatment techhologies vill vohe as new technologies are developed and

othor tcchnologios arc improvôd EPAhas recognized the need for an up-to-datolist of treatment

alternatives and has developed thefollowing databases

EPA Rernedlaion andChakacerlzatlOn Innoiaivc Tcchnoloics EPA REACT-I 17
Provides information on more than 750 service providers that offer almost 1300

remediation technologiesandmorethan l0haracterzat ntcbnoogiesincjudes

variety of media noijust sediment More infomiation Is available at

htln/Avww.epareachit.orWindex3htnfl and

EPA Nat/anal RlskkIanagementResearch Laioratorv NRMRL Treatabllltv Database

Provides results of published treatability studtes that have passed the lPA quality

assurance reviews it is not.spccifiotoscdiment andisavaflab1c on CD from the EPAs
ORI National Risk Management Research Laboratory ui Cincinnati Ohio Detailed

000tact infonnatioæis avalablp athttb//vepa.ovORD/NRMRL/troathtn

8Ih1Iaht64 NY/NJ 1brbot Au EuamjIe fTeatgflermt Tet1flOtaje anti Ben fiea Uss

The goal of the N.Y/NJ Harbor Sediment DecontamlriatlctiProject istoessemblea complete

decontamination system fc$r Oosj effective transformation of dredged material motIy from navigational dredging

projects Into an environmentally safe materla that can be used the manufacturing of variety of beneficial use

products

The
following four treatment technologies are being used at the NY/NJ site sediment washIng

thermal treatment solidification and 4.vltrification Each teohnology has sponsor from the private seotorthat

will provide the caltaI needed for facility construption and operation

Sediment washing extraction uses hih-preasure water jets and proprietary chemical additives to extract

both erganicand inorganic contarnlnantsfromths sediment The.resultingrnaterialsean be used tOproduce
manufacturedsoil forcomniercial and In some cases residential landscaplngapplicaflons Advantageeto this

treatment-include modest capaI costs and high throughput The patentedwashlngsystem has been

demoristrotedoapable ofdeoontamlnatlrig sedlmentscohtalnlng high quantles of slit end clay

thermal treatment being used Is thermo-ohemical manufacturing process that at
hlgfri temperØtures

will destroy organic contamInants The prdcess will nielt mixture of sediment andmodifler and the resulting

product Is manufactured grade cement comparable to Portland Oement This Is avery effective treatment but

expensive

third process is treatment train that includes dewatenng pelletizlng and transport to an existing

light-weight aggregate facility Pelletlzing lea typeof solidification treatmant After thesediment Is dewatere It

mixed with shale fines and extruded into pellets The pellets-are fed into
rotary kiln and the organtomatter

xpiods The resi.ilng material can be used aØ structure component in oomicrete lnsulaton plpellnd and for

other geotechnlcaluses

Finally the process intiudes high terhperture vitrification which uses art electrical cUrrentlo heat

melt andvittlry the soil Jn place This process can destroy organic contaminants-and incorporate rnetal Into

glassy matrix-that can be used to produce-an architectural tile

Source Stern at al 20D0 Mulligan et al 2001 Stern 2001 NRC 1997
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6.7.3 BenefleialUse

Although not normally ciisidered treatment option beneficial use may be an appropriate

management option for treated or untreated sediment resulting from environmental dredging projects

Signiflcantcost savings may breaiized.ifhysioaj andchemicàlpropertiesofthe odünent allow for

beneficial use especially vi here disposal options are costly For example at Rouge River/Newburgh

Lake Michigan Great Lakes Area of Concern siguificamit cost savings were realized by using lightly

contaminated dtcdgcd sdinont as daily cover at local sanitaiy landfill where it did not pose risk within

the landfill boundary The Baik Camp Mine Reclamation Prqcot in Pennsylvania provides another reuse

example Information is available through the Pennsylvania Department of Environmental Protection

Web site athttp//wvvw.deos atepa.usfdejfDEPtJTA EIMINR2SIBAMR/bark oam/
barkhoniepamie.hrmn However beneficial use of-dredgedo.r excavated sedimejitbasben only

implemented infrequently for remedial prqjects mnanly due tO luck of cost effective uses in roost

instances Where beneficial use is considered the contaminant levels and environmental
exposure

including cotisidetatiois of future lafduse should be issessd

Options for benecialuse may include the following

Construolion fill

Sanitary lÆndt1llovera in thp above ca1nple

Mmd lands rstoration

Subgrade.oap material orsubgrade in restoration fill project topped with clean

sedhuent or other till

Building mateiials e.g nrchitectural tile see Highlight 6s and

Beach nourishment for clean sand fraction

series of technical notes on beneficial usosof contaminate4 material has boon developed by the

USACE Lee 2000 andthe USACEmaintainsaWebsiteofb.enefiniaUuse case atudioctirrently

available at http.//el erdc mace army mul/dots/budmlbudtn html Use of contaminated materials from

CDFs to include treatedmateriul is amajor thrust of the USACE Dredging Operations and

Environmental Rosearch DOER program lmtto //el rdo usace army niil/dots/doer In addition Barth

amid associates evapated beneficial reuse using an atTectiveness protocol Barth et at 2001

Insomecases aCDF see desoriptioninSection68.2 canbeintegrated withsitereuseplans to

both reduce environmental risk and simultaneously foster redevelopmentin urban areas and browniçlds

sites For example at the Sitcum Waterway cleanup project Tacoma Washington contaminated

sedimentwasplacediii atearshomfiliintheMllwaukceWhterway whichwasthendcvelopedinto.a

containortorminaL Alsothotcmayboiiiiiovatheandienvimrnuentally protectivo ways to rouse dredged

contaminated sediments in habitat restoration projects placement of lightly -coirtaininated material

ovor highly contaniiatod matertals to budd up clovations necessary for eventual croation of clean

emetgent.marshlands
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6.8 SEDIMENT DISPOSAL

For puiposes of this guidance the term disposal refers to the placement of dredged or excav ted

material aid process -wastes into temporary or permanent structure site or fhcility The goal of disposal

is generally to manage sediment and/or residual wastes to prevent contaminants associated with them

from impacting-human health and the environment Disposal istyiically amajor cost and logistical

component of any dredging or excavation alternative The identification of disposal locations can often

be the most controversial component of planning and implementing dredging remedy and therefore

should be considered very early in the feasibility study

Historically contaminated sedirnent.from Superfund sites has been typically -managed in upland

sanitary landfills or hazaztious or chemical waste landfills and less fiquently in CDFs Contaminated

sediment has also been managed by the USACE in contained aquatic disposals CADs Also the

material may have beneficial use in an environment other than the aquatic ecosystem from which it was

removede.g foundation material beneath newly constnrcted browmfields site especially if the

-sediment has undergone treatment. As noted below alldisposal-options have the potential-tô create -some

risk These risks may result from roritine practices i.e worker exposure and.physical risksand

volatilization while other risks may result from unintended events such as transportation accidents and

contaminant losses at the dispOsal site All potential risks should be considered when comparing

alternatives The ARCS programs Remediallon Guidance DccwnenU.S EPA 1994d provides

discussion of the available disposal technologies for sediment including an in-depth discussionof costs

design considerations and selection factors associated-with each technology Averott and colleagues

1990 EPA 1991b and Palermo and Averett 2000 provide additional discussion of disposal options

and considerations

6.81 Sanitary/Hazardous Waste Landfills

Existing commercial municipal or bazar4ou waste landfills are the most widely used option for

disposal -of dredged or excavated sediment and pretreatment/treatment residuals from environmental

dredging andexcavation Landfllls.also are sometimes constructed onsite for specific dredging or
excavation project Landfills can be categol-iz6dby the types of wastes they accept and the laws

regulating their operation Most solid waste landfills accept-all types of waste including hazardous

substances not regulatedas Resource Conservation and Recovery Act.RCRA-hazardous waste or Toxic

Substances Control -Act TSCA toxic materials Die to typical restrictions on liquids in landfills most

sediment should be dewatered and/or stabilized/solidified before disposal in landf 11 Temporary

placement in CDF .or pretreatment using mechanical equipment may therefore be necessary Palenno

1995

8.82 Con finedDlsposal Facilities CDFs

CDFs are-engineered structures enclosed by dikes -and specifically designed to contain sediment

CDFs have been widely used-for.navigationaLdredgingpmjectsandsOmo combined

navigational/environmental dredging projects-but are less-common for- environmental- dredgingsites due

in part to siting considerations However they have-been used to.meet the needs of-specific sites as -have

other innovative in-water fill disposaloptions for example thó filling-of a-previously-used navigational

waterway or slip to-create new container temiinal space e.g Hylebos Waterway cleanup and Sitcum
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Waterway cleanup in Tacoma Washington In some cases new nearshore habitat hal also beau created

as mitigation for the fill

Under normal operations Of CDF water is discharged over weir siructure or allowed to

migrate through the dike wails while solids are retained within the CDF Typically effluent guidelines or

discharge permitwgoveni the monitoringrequirements of.the return water Details regarding the usand

engineering design of CDFs are available in the USACE Engineer Manual Confined Disposal of Dredged
Material USACE 1987 and the USACE Tesing Manual USACE 2003

cross-sectional view of typical neaÆhOre CDF dike design is shown in Highlight 6-10 CDFs

may be located either upland above the water table near-shore partially in the water or completely in

the water island CDFs There are several.documónts available containing thorough descriptions

technical considerations and costs associatedwith CDFs U.S EPA 1996e U.S EPA 1994d US EPA
19910 and Averett et al 1990 Additionally USACE and EPA 2003 describes history and

evaluation of the design and performanceofCDFs used for navigationaidredging projects in the Great

LakesBasin including review and discussion of relevant contaninant loss and contaiiinant uptake
studies

Forpurposes of this guidance contained aquatic disposal is type of subaqueous capping in

which the dredged sediment us planed into natural or excavated deprcsion clsewheri in the water body

related form of disposal known as level bottom capping places the dredged sediment on level bottom

elsewhere in the water body whereit is capped CAD hasbeen used fornavigational dredgingprojects

Boston Harbor Providence River but has been rarely consideid for environmental dredging

6.8.3 ContaInedAqutlcDIsposaICAD
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projects However there may be instances when neither dredging with land disposal nor capping

contaminated sediment in situ is feasible and ft may be appropriate to evaluate CADs The depression

used in the case of CAD should provide lateral containment of the contaminated material and also

should have the advantage of
requrnng less maintenance and being more resistant to erosion than level

bottom capping The depression for the CAD cell may be excavated using conventional dredging

equipmentor.natural..orh.istoricallydredgeddepressions may- be-used Uncontaminatedmaterial

excavated from the depression may be subsequently used for the cap U.S EPA 1994d

884 Losses from Disposal FclIifles

Evuation of new on-site disposal facility for placement of contaminated sediment should

inoludean assessment of containinant-migrationpathwaysandshould incolporate management controls in

the facility design as needed Landfill disposa options may have short-term releases which include

spillages during transport and volatilization to the atmosphere as the sediment is diying As for any

disposal option longer term releases depend in large part on the characteristics of the contaminants and

the design andmaintenance of the-disposal facility

For CDFs contaminants may be lost via effluent during filling operations surface runoff due to

precipitation seepage throughthe bottom-andtha dike wall volatilization.to the aii anduptake by plants

and animals The USACE has developed suite of testing protocols forva1uating each of these

pathways US EPA and USACE 1992 and these procedures are included in the ARCS programs

Esinatlng Contaminant Losses from Components of Reniedlation Alternahvcs for Contaminated

Sediments U.S EPA l996 TheUSACE has also developed the Testing Manual USACE 2003
which describes contaminant pathway testing Depending on the likelihood of contaminants leaching

from the confined sediment variety of dike and bottom linings and cap materials may be used to

minimize contaminant loss EPA 1991c EPA 1994d Palenno and Averett 2000 Depending

on contaminant characteristics CDFs for sediment remediation projects may need control measures such

as bottom or sidewall liners or low pemieabihty dike cores Project managers should also be aware that

permeability across these barriers can decline significantly with time due to the consolidation process and

blockage of pore spaces with fine materials Therefore site specific evaluation is important

Contaminants may be released as amud wave-outside of the boundaries of the CAD or to the

water column or air during placement of the contaminated sediment Seepage of pore water may also

occur during-the initial consolidation of thesedimentfollowingplacement Other releasescoinmon to in

situ caps.suchas.through erosion ofthe.oap or movement of contaminants throughthe cap see-Chapter

In-Situ Capping may also occur Whatever disposaloptions are evaluated the rate and potential

effects of contaminant losses during construction andin the long term shOuld be considered

Highlight 11 presents some general points to remember from this chapter
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Source control should be generally implemented to prevent recontamination

dredging or excavation alternative should iæciudedetails concerning all phases of the project including

sediment removal staging dewatering Water treatment sediment transport and sediment treatment

reuse or disposal
--

Transport and disposal options may-be complex and controversial options should be investigated early

and discussed wIth stakehoiders

in predicting risk reduction effects of dredging or excavation of deeply buried contaminants exposure and

risk are-related ta contaminants that-are accessible to biota-- Contaminants that are deeply buried have

no significant migration pathway-to the surface and are unlikely to be exposedin the future may not need

removal

Envlronrnentaldmdgin9.shouidtakeadvantagepfrnetiiodSofOPØration-andinsomecases specialized

equipment that minimize resuspension of sediment and transport of contaminants The use of

expanenced operators and oversight personnel Is very important to an effective cleanup

-A-site-specifloassessment-or pllotstudy.of-antioipated sediment resuspension contaminant release and

transport adits-pptØntiai ecologicaiirnpaots-should be conducted-prior to Mi scale dredging

Realistic site
specific predictions should be made of residual contamination based on pilot studies or

data from comparable sites Where residuals are concern thin layer piacement/backflliing MNR or

capping may also be needed

Excavation conducted after water diversion often ieads to lower levels of residual contamination than

dredging conducted under standing water

A-dredgIng or exoavatlon-projeot should be monitored during lmpiementationtc assess resuspension and

transport of contaminants immediately after implementation to assess residuals and after

lmplernØntationto measure1ong-term recovery ofbiotaandto test for recontamInation
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70 REMEDY SELECTION CONSIDERATIONS

No two sites areidentical and therefore the risk-management strategy will vaxy from site

to site.. The strategy selectedshould be one thatactually reduces overall risk not merely

transfers the risk to another site or another affected population The decision process

necessary to arrive at an optin management strategy is complex andlikely to nvo1ve

numerous site-specific considerations

Managonientdeoisionsmustbe made evenwhen infomiationisimperfect There are

uncertainties associated with every decision that need to be weighed evaluated and

communicated to affected parties Impexfect knowledge must not become an excuse for

not making decision

In these two statements from the National Research Councils NRCs report Risk

Management Strategy for FCB-Contamlncned Sediments NRC 2001 the NRC identifies some of the key

challengesfacedbyminiyprojectaianagersatthe remedy Øe ction-stage The.pmram goal df the

Supeindremedy selection process 1is to select remedies that arc protective of humitn health and the

environment That maintamprotection overtime and that minimize untreated waste Title 40 Code of

Federal Regulations 40 CFR 300 430a1i Superfund remedies must also be cost effective and

use permanent solutions to the maximum extent practicable Environmental Response

Compensation and Liability Act CERCLA 121b The best route to meeting these and other

requirements as well as the best route to overall nsk reduction depends on large number of site specific

considerations some of which may be subject to significant uncertainty Although final decision making

in the face of imperfect knowledge may be necessary it may be appropnate to postpone final decision if

there is significantdoubt aboutthe proposed actions ability to reduce site risks substantially in 1iht of

the potential magnitude ef costs associated with addressmg certain sediment sites Postponing final

decision may provide an opportumty to conduct additional investigation or pilot studies and would not

necessarilyprecludecarryingoutappropriate interim response actions at the same time

71 RISK MANAGEMENT DECISION MAKING

Consistent with the Natiotial Oil and Hazardous Substances Pollution Contingency Plan NCP
each of the nsk management principles in the Environmental Protection Agencys EPAs
Prmoipler for Managing Contaminated Sediment Risks at Hazardous Waste Sites EPA 2002a see

Appendix is important to consider for achieving asuccessfl sediment clennup Several of the

principles apply more directlytà the remedyselectionstage especially Principle Select Site-Specific

Project Specific and SedimentSpecific Risk Management Approaches that will Achieve Risk based

Goals Any decision regarding the specific choice of remedy for contaminated sediment site should be

based on careful consideration of the advantages and lunitations of available approaches and

balancingofradeoffsamongalternatives

risinanagerncntprccessihoudbuscd-toielect-aremedy designed to-reducethekcyhurnan
and ecological risks effectively Another important risk managciwnt finirtion generally is to compare
and contrast the costs and benefits of various remedies As noted EPAs Ecological Risk Assessment

Guidance for Superfiincl Process for Designing and Conducting Ecological RiskAssessment EPA

l997driskassessn1entsshou1dprovideabasisforoomparing ranking and prioritizingrisks The
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results can also be used in cost-effectiveness analyses that offer azldthonal interpretation of the effects of

alternative management options

In addition risk management goals should be developed that can be evaluated within realistic

time period acknowledging that it may not be practical to achieve all goals in the short term Risk

management of contaminated sediment should comprehensively evaluate the broad range of-risks posed

by contaminated sediment and associated remedial actions while recognizing that some risks may be

reducçd in siorter time frame than others.

EPAs Rules of Thumb for Supcrfind Remedy Selection U.S EPA 1997 also reibrrod to as the

Rule of Thumb Guidance is helpful guidance for project managers to review when making risk-

management decisions and selecting remedies at sediment sites The Rules of Thumb Guidance describes

key principles and expectations interspersed with best practices based on program experience and

policies In addition this guidance discusses how remedy selection may also be applicable to the

Resource Conservation and Recovery Act RCRA Corrective Action Program For more information on

the two cleanup programs the project manager should refr to Office of Solid Waste and Emergency

Response OSWER Directive 9200.0-25 CoordinatlonBetween RCRA Corrective Action atid Closure

and CERCL4 Site Activities EPA 996f

Decisions regarding nsk management and remedy selection should also consider pertinent

recommendations from stakeholders which frequently include the local community local government

states Indian tribes and responsible parties Remedrntion may signiflcautiy impact day to-day activities

of residents and recreation seekers and operations of commercial establishments near the water body for

extended periods Stakeholders should be involved when designing and scheduling remedial operations

notjust during the remedy selection process Documenting and communicating how and why remedy

decisions are made are veiy important tasks at sediment sites For guidance on documentmg remedy

decisions under CERCLA project managers should refer to EPAs Guide to Preparing Superfimd

Proposed Plans Records ofDeclslon and other Remedy Iecilon Documents also referred toas the

ROD Guidance U.S EPA 1999a

72 NCP REMEDY SELECTION FRAMEWORK

In the NCP EPA provides series of expectations see Highlight 7-1 to reflect the principal

requirements under CERCLA 121 and .toiielpfocus the reniediafluvesligation/feasibility study RI/FS
on appropriate cleanup options EPA developed nine criteria for evaluating remedial alternatives to

ensure that all important considerations are factored into remedy selection decisions Chapter Section

outhnes the NCPs mne remedy selection criteria These criteria are derived from the statutory

requirements under CERCLA 121 as well as technical and policy
consicerations

that have proven to be

important for selecting among the remedial alternatives In general the nine criteria analysis comprises

the following two steps an evaluation of all alternatives with respect to each ctitenon and

comparison among the alternatives to detemime the relativperforinance of the alternatives and identiL

major trade among them relative advantages and limitations Generally this comparison is

made.on aqualitatiye basis althoughsome haveattempted aquantitative analysis e.g Linkov eta

2004 Ultimately the remedy selected must be protective of human health and the environment attain

or waive applicable or relevant and appropriate requirements ARARs be cost effective use permanent

solutionsand alternative treatment technologies or resource recovery technologies to the maximum extent
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practicable and satisfy preference for treatment or provide an explanation as to why this preference was
notmet

Consistent with CERCLA and the NCP each remedial action selected should be cost-effective

The NCP provides several threshold-criteria that should be satisfied 40 CFR 30O.430fiiD Cost-

effectiveness is generally determined by evaluating three of the five balancmg criteria long term

effectiveness and permanence reduction of toxicity mobility or volume of hazardous substances

through treatment and short-term effectiveness remedy typically is considered cost effective when

its cost is proportional to its overall effectiveness As described in the preamble to the NCP more than

one alternative maybe considered cost-effective 55 FederalRegiser FR8728 March 1990 The

relationship between overall effectiveiess and cost should be.examined across all alternatives to identiir

which options can best afford effectiveness proportional to their cost The evaluation of an alternatives

cost effectiveness is usually concerned with the reasonableness of the relationship between the

effectiveness afforded by each alternative and its costs when compared to other available options

EPA 1999a

For some complex sediment sites there may be high degree of uncertainty about the predicted

effectiveness of various remedial alternatives Where this is the case it is especially important to identify

factor that uncertainty into site decisions Project managers are encouraged to consider range of

probable effectiveness scenarios that includes both optimistic and non-ideal site conditions and- remedy

perfotmance

The NCP lists su expectations that EPA generally considers in developing appropriate

remedial alternatives at Superfund sites.40 CFR 300430aliii Highlight 7-1 discusses how the

six expectations may be relevant for-sites with contaminated sediment Generally the expectations are

addressed -by seeking -the best balance of trade-offs among the alternatives evaluated

7.3 CONSIDERING-REMEDIES

if the baseline risk assessment determines that-Łontamiæated sediment presents an unacceptable

risk to human health or the environment remedial alternatives should be developed to reduce those risks

to acceptable levels As discussed Chapter Section Developing Remedial Alternatives for

Sediment due to the limited number of approaches available for contammated sediment generally

project -managers-should evaluate-each- of the three-major approaches monitored-natural-recovery MNR
in situ capping and removal through dredging or excavation at every sediment site Depending on site

specific conditions contaminant oharactenstics and/or health or environmental risks at issue certain

methods or combinations of methods may prove more promising than-others Each site and the various

sedimentareas--within.it presents-a unique combination.ofcircumstancesthat shouldbeconsidered

carefully in selecting comprehensive site-wide cleanup strategy At large or complex sediment sites the

remedy decision frequently involves choices between areas of the site and how they are best suited to

par-cleanup -methods rather than simple one-size-fits alI choice between approaches-for the entire

site

Projectmanagers should keep in mind that deeper contaminated sediment that is not currently

bioavailable or bioaccessible -and that-analyses-have-shown to be -stable-to reasonable-degree do not

necessarily contribute to-site -risks In evaluating-whether to leave-buded contaminated--sediment-in place

project managers should include an analysis of several factors including the depth to which significant
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EPA expects to use treatment to address the principalthreats posed by site wherever practicable

In general wastes including contaminated sediment may be considered principal threat where toxicity

and mobility combine to pose potential human health risk of io or greater for carcinogens US EPA

1991d For these areas project managers should evaluate an alternative that Includes treatment

However the practicability of treatment and whether treatment alternative should be selected should

be evaluated against the NCPs nine remedy selection criteria Based on available technology treatment

Is not considered practicable at most sediment sites

EPA expects to use engineering controls such as containment for waste that poses relatively low long-term

threat or where treatment is Impracticable

Containment options for sediment generally focus on In-situ capping project manager should evaluate

In-situ capping for every sediment site that Includes low-level threat waste Where containment

alternative Is clearly not appropriate for detailed evaluation project managers should evaluate ax-situ

containment I.e disposal without treatment It should be recognized that in-situ containment can also

be effective for principal threat wastes where that approach represents the best balance of the NOP nine

remedy selection criteria

EPA expects to use combination of methods as appropriate to achieve protection of human health and the

environment

Large or complex contaminated sediment sites or operable units frequently require development of

allernativesthat combine various-approaches for different parts of the site For broader discussion on

this topic refer to Chapter SectIon 3.1.1 Alternatives that Combine Approaches

EPA expects to use Institutional controls uch as water use and deed restrictions to supplement engIneering

controls as appropriate for short- and long-term management to prevent or limit exposure to hazardous

substances pollutants or contaminants

Institutional controls such as fish consumption advisories fishing bans ship draft/anchoring/wake

controls or strUctural maintenance requlrementse.g dam or breakwater maintenance are frequently

partofsedimentalternativos especially wherO contaminated sedimantis left in place or where remedial

goalsin fish tissue cannot be met for some time See Chapter Section 3.6 InstitUtional Controls for

additlonaldisoussion

EPA expects toconslderuslng Innovative technoiogywhen suoh technology offrsthe
potentiai for comparable or

superior-treatment performance or Implementablilty fewer or lesseradverse lmpaotsthan other-available

approaches or loweroosts for similar levels of performance than demonstrated technologies

Innovative teohnologlesare technologies whose limited number of applications may result in less cost and

performance-data frequently due to limited-field applloaflon Additlonaicost and-performance data may
be needed for many--sediment remedies and field demohatrations of newtechnlquesandapproaohes

may be especially needed Including both Innovative In-situ and ax-situ technologies Although-most

innovations for sediment remedies are currently iri the-research phase as they become available project

maflagers should consIder using them

EPA expects to return reusable gourtdwatersto.thelr beneficial uses-wherever-practicable withIn time frame

that-isreasonable given the circumstancesfor-tha stte When restoration of-groud waterto beneficial uses-is not

prectlcable EPA expects to prevent further migration of the plume prevent exposure to thecontainlnated ground

water-and evaluate-further risk reduction

Ground water may be continuing source of sedIment and surface water contamination Where this Is

the case ground water migration prevention may be very Important to successful-sediment cleanup and

to proteotbenthlo blota Ground water-restoration may also ba needed to return the ground water to

beneficial use
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populations of organisms burrow the potential for erosion due to natural or anthropogenie man-made

forces the potential for contaminant movement via ground water and the effectiveness of any

titutional controls ICs to limit sediment disturbance In some cases the most appropriate approach

may be long term monitoring with contmgency actions if necessary

To assist prOject managers in evaluating cleanup options two summary highlights are presented

below Highlight 7-2 provides general sitesedinient and contaminant characteristics or conditions

especially conducive to each of the three common sediment approaches This highlight is intended as

general tool for.projeot managers as they look more closely at particular approaches when mOst ofthese

characteristics ara present Project thanageis should note that these characteristics are not requirements

It is importantto remain flexible when evaluating sediment alternatives and when considering approaches

that at first may not appeai the most appropnate for given environment When an approach is selected

for site that has one or more site characteristics or conditions appearing problematic additional

engineering orlCs.may be availble to enhance the remedy Some of these situations are discussed in the

remedy specific chapters Chapters and

Natural recovery

processes have

reasonable degree.of

certainty to continue at

ratesthatwill contain

destroy orreducethe

bloavallablllty or toxicity of

contaminants within an

acceptable .timaframe

Incidence of cap-

disrupting human

behavior suôh as large

boat anchoring Is low or

controllable

Human and Expected human Expected human Expected human exposure is

Ecological exp.osure.ls
lowendfor exposure issubstentlal suntlalandnot.wei

Eniironment reasonably controlled by and not well-controlled by controlled by ICe

ICe lOs

Long-term risk reduction of

Site-Includes sensitive Long-term risk-reduction sedlment-removaloutweighs

uniqueenvlronments that outweighs habitat sedlment-disturbanceand

could be Irreversibly disruption anWor habitat habitat
disruption

damaged-by capping or Improvements are

dredging provided bythe.cap

GeheralSite

Characteristics

Anticlpatedland.uses or

newstruotures are not

incompatible with natural

recovery

Suitable types and

quantities of cap material

are available

Suitable dlspcsai sites are

available

Anticipated Infrastructure

needs e.g piers pilings

buried cables are

compatible with cap

Water depth is adequate

to acoommodate cap with

anticipated uses eg
navigation flood control

Suitable area Is avallabiefor

staging and handling of

dredged-material

Existlngshorehne areas -and

infrastructure..e.g piers

pilings buried-cables can

aocommcdate-dredglng or

excavation needs

Navigational dredgin is

scheduled orpianned
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Hydrodynamic
Conditions

jr_j.UI- tLD7L tflflUrffJ c.fr U2t.u tmu flWt.tt2Xj%t r..rn1uz1LManttnt rnu1zsttctemI4wz jecnazf MI mut
edaths

ijTiirmj 71RG iTn lJf
Deposlon of sediment is

occurring-in the areas of

contamination

Hydrodynamlo conditions

e.g floods Ice scour

are not Ilkelyto

compromise natural

recovery

Water diversion Is practical or

current velocity Is low or can

be minimized to red ucŁ

resuspension-and -downstream

transport during dredging

Hydrodynarnic conditions

e.g floods ioescour

are not likelyto

oompromiseoapor-can
be accommodated In

design

Rates of-groundwater

flow In cap area are low

and not likely to create

unacceptable contaminant

releases

Sediment Sediment is resistant to- Sediment has sufficient Cdntamlriated.sedlmŁnt Is

Characteristics resuspenaloneg strength to support cap Underlain bycleansediment
cohesive-or well-armored e.g has high density/low sóthätover-dredglng is

sediment water content feasible

Sediment contaIns low

Incidence of debris e.g logs

boulders scrap material or Is

amenable to effective debris

removal prier to dredging or

excavation

Contaminant Contaminant Contamlnnts have low Higher contaminant

Characteristics concentrations in biota rates of flux through cap concentrations cover discrete

and In the-biologically areas

active zone of sediment Contamination covers

are moving towards risk- contiguous areas.e.g to Contaminants are highly

based goals -- simplify capping correlated with sediment grsln

size id to facIlitate

Contaminants readily separation -and minimize

biodegrade or transform .. disposal costs
tc iower-toxIci forms

--

Contaminant

concentrations-are-low

and cover diffuse-areas --

ContamInants have loW

abIlity to bloaccumulate

Highlight 7-3 may assist-project-managers in evaluating.cleanupoptions Forconvenience these

comparisons are organized around the NCPs nine remedy selection criteria This highlight is intended

an -actual-comparative--altematives-anaiysisfor a-site Anactualsite-altematives-anaiysiswould-typically

include more complex altcmativesand-many site-specifi-detailsas dOscribed-in-theROD Guidance-

U.S EPA 1999a-and -EPAs Gui dance for -Conducting -Remedial Investigations and Feasibilily Studies

under CERC1A-U.S- EPA l98-8a commonly-referredto-as--tlie R1/FSGiiidance The-example

criterion components column used in Highlight below are adapted from the RIIFS Guidance and are
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intended only as examples of some of the components that may be considered when evaluating each

remedy selection ontenon

Overall

Protective

fleas

Generally relies upon
natural processes for

protection

May provide low lavel

ofshortterm

protection but may

providepotentlaliy

acceptable long-term

protecbori

Generally relies upon Generally relies upon

adequate cap plabement effectIve removal and low

and maintenance for residual levels for protection

protection

May provide moderate to

high level of protection

dependln upon areal

etent designof cap and

long-term maintenance

May provldeindderate to

high level of protection

depending on residual or

Where remedylsomblned
with baokfilling capping or

MNR

Compliance
with

Aptilicable

orRØlØvant

and

Appropriate

Require
ments

ARARs

Generally only

chemical-specific

ARARs apply these

would also apply to

other approaches

Ganrally the Clean

Water Act CWA 404
regulates discharge of

dredged or flulmaterlais

into waters of the U.S
and the Rivers and

Harbors Act prohibits

obstruction or alteration

of navigable waterway
are ARARs

See Chapter SectIon

33 for additional

examples of ARARs

Generally CWA 404 and

the Rivers and Harbors Act

are ARARs Generally

treatment facilitIes and In

water disposal sites should

meet substantive

requirements of the CWA
404 and 401 for

discharge of effluents Into

waters of the

Generally state solid

hazardous waste rules and

RCRA is an ARAR for

disposal In solid or

hazardous waste landfills

See Chapter Section 3.3

for addItional examples of

ARARs

Long-Term Magnitude of May provide low to high May provide moderate to May provide moderate to

Effective- Risk levelof risk reduction high level.of risk high level of risk reduction

heasand Raductlon.and andresldualrlsk reduction and lowto and lôWtornoderate

Permanence RasldualRlsks dependlngon moderateresldualrisk resl.duairlsk depending on

processesbelngreliØd depending oncap.design effectivenessofdredglng

uponanthslte-specIfic placement construction and.use ofbackfihl material

charaotetlstlcsthat. and maintenance to

mlghtenhanca.qr address.sIte May provideLow uplan.to
prevent long-term characteristics that might moderate In-water residual

Isolation ordestruction otherwiseprevent long- risk for sediments and

of contaminants term isolation of treatment residuals

contaminants contained it controlled

disposal sites
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Long-Term

Effective

ness and

Permanence

cant

Adequacy and

Rallabilityof

Controle for

Residual Risk

May provide moderate to

hlghcontrol depending

on cap stability and

contaminant migration

through cap

May provide high control

due toremovai of

contaminants ifresidual

contamination is below

cleanup levels or.addressed

through baokfihling or

capping

May provide low

control bltpbtentlaliy

acceptable depending

on processes being

reliedupon and site

specific oondltlons

May provide moderate

abilityto control

physicai.dlsturbance

duetohuman activity

via lnstitutlonai

oontrols may provide

llttieablllty
tocontrol

physical disturbance

due to rmaturaiforces

May provide no ability

to controiadvection

and.diff.usioli of

coitamlnantsthrough

overlying cleaner

sediment where this is

of concern

May provide Iowto

mode rate ability
to control

physical disturbance due

to human and natural

forces and to control

effects of advective flow

anddiffusionthrough cap

design and moderate

ability
to control disruption

through Institutional

controis

May leave residual risks at

upland disposal sites that

are easily controlied at In-

water sites cohtrol can be

more compiex

Need for Five-

Year Reviews

Five-year reviews

generally woUld be

recluired for most sites

due to waste left in

piaceand possible

continuing need for use

restrictions

Five-year reviews

generally would be

required for most sites

due to waste left in place

and possible continuing

need for use restrictions

Five-year review may be

generally required until

remedialaction objectives

are met

Reviews generally required

for on-site disposal faciifties

Reduction of Notreatment is Typically no treatment is Sediment is treated In some

Toxicity involved involved cases
lf.practioaland cost

Mobilityand eflctive stabilization Is

Volume Research Is ongoing most common form

TMV concerning the

Through combination of innovative Potential exists for

Treatment in-situ treatment beneficial reuse ofdrodged

components within cap sediment

Water treatment can reduce

TMV..Of contaminants where

significant quantities of

toxics are removed from th
water
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Short.Term

Effective

ness

Environ

mental

Impacts

During

Remedy

Impte men
.tation

May provide high Impact

to- bottomhabItatln area

of cap Cap design can

facflitate recolonization In

some cases

There should be no

addltionallmpactto

bottomdwelling

ecological community

from the remedy Rself

but Impacts of

contamlnatedaediment

on environment

contlnueuntll

protection Is achieved

May provide high Impact to

bottoirrhabltatlndredged

area Backfill design-can

facIlitate recolonization In

some oases

May provide 16w
potential

for Impacts from releases

to the environment during

cep.plaoement and Initial

consolidation

May provide moderate

potentlatfor Impacts to biota

from releaseduring

dredglng partially

controllblebyphyslcal

barriers and by selection

andoperatlon.of dredging

equipment-

Community
and Worker

Protection

During

Remedy

Implementa

tion

Thereshould be no

additional health

impots to community
from the remedy Itself

anypre-exlstlng

impactswould continue

until protection Is

aOhleyed

May provide moderate

ability
to control

community Impacts

fromflshshellfish

ingestlonand where

applicabler direct

contact-with

contaminated

sediment through

consumption advisories

nd use restrictions

There should be

minimal Impacts on

Norkers and-community

from monltong

aotMties

There should be low

potential for health

Impacts-to-community

and workers from

Oontamlnant releases

during ap placement

Engineering controls may
minimize these releases

worker prOtectIon

generally available

Increased trucker rail

traffic far transport of cap

material may impact

workers and the

community

Staging-needs-for cap

placement may disrupt

local community during

placement

There should beiowto

moderatepotentlal for

health impacts to

community and workers

from contaminant release

duringdredglng staging

transports and dIsposal

Engineering controls may
minimize these releases

worker protection generally

available

Increased truck or rail traffic

for transport of dredged

material may Impact

workers and the community

Dredged materials and

water handling or treatment

needs may disrupt local

community durIng dredging
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Short-Term

Effective

ness cont

Time Until

ProtectIon is

Achieved

Generally longest time

toachieve -protection

depending on rates of

natural processes and

bloava liability of the

eontamlnahts

Time-to achieve

protection lafrequently

highly uncertain

Generally shortest time

to nchieve protection

Completebiota recovery

could take several years

Generally most certainty

concerning time to

achieve protection

implement-

ability

Time to achieve
-protection

varIes depending or% the

size and complexity of the

project

Cornpietebiota-recoery

could take several years

Time frame generally more

uncØrtalnthan.forcapplng-

due todlfflouity of-predicting

residual contamination

Technical

Feasibility

Generally no

construction is required

ReliabIlity-can be

uncertain macme

environments due to

uncertain rates of

naturaiprobessesand

uncertaintIes

concerning sediment

stability

Whareslte-speolfic

cOnditions allow should

be-reiatlveiyeasyto

implement a-diffOrent

rernedy1IMNR is not

effective

Methods for monitoring

sediment-cleanup

levels-are -relatively well-

established

Cap placement methods

are-generally-well

established -ability-to

constructe cap-depends

on number- of
including-water depth and

currents slope and

geotechnlcal stability
of

underlying-materials and

stability of the cap itself

during and after

construction

Reliability generally high

dependingron -site

speoificconditlons and

degree of monitoring and

maintenance

Relatively easy to repair

6ap-in case of- localized

erosion- or-disruption- but

can be dIfficult- or- costly to

irnplementsedlment

removal If- cap Is not

effective

Methods for monitoring

cap Integrity
and

contaminant--migration

within-caparere1ativeIy

well-established

Dredgingand excavation

methods aregeneraliy well

establlshed technical

feasibility ofdredging

depends on-a number of

factors including

accessibIlity extent of

debris and the ability to

over-dredge

Dsposei in upland iandthis

Is well-established

technique in-water disposal

methods are less well-

estOblished-and-may requir

greater monitoring

technical feasibility

generally depends on

dlstande-to -the disposal

siteease of dewatering

and-slope and -geotechnlcal

stability-of -disposal site

May be necessary to re

dredge cap- or-implement

MNR if dredging alone-does

not meet cleanup standards

MonItoringmethods-for

sedIment -cleanup levels

and shothterm-reloases

from dredging-are-relatively-

well established
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_________ __________________________ tmitg lh
Implement-

ability

cont

Administra

tiveFeasibility

State-reguiated.iCs

includlngfish

consumption advisories

where contaminants

arebloaccurnulative

may be neededfora

longer period thn1ör

other remedies

ontainmentin public

Naters canrequlre.iong

term coordination with

state and local regulators

due to potential need for

long-termoontrols on

ateIway use

Where contaminants are

bioaccumulative fish

consumption advisories

frequently needed for

period of years Length

of time.generallydepends

on residual contamination

outside of capped area

Dredging and excavation

plan shoild-be coordinated

with other agencies to

ensure compatibility with

other waterway uses and

habitat Æoæcerns during th

removal operation

Wharecontaminants are

bloaccurnulative fish

consumption advisories

frequently needed for

period of years Lengthof

tlmegenerally depends on

residual contamination

within andoutside of

dredged area

Disposal siting often

requires extensive

coordination-with several

government agencies and
the

public

Availability of

Services

Materials

Capacities

and

Equipment

Monitoring and

analytical services are

generally readily

available

Location and suitability of

capping material source

is critical andcan be

problematic If not

available localy

Specialized cap

placement equipment

may be needed in some

environments but are

generaliy.ava liable

Avaiiabllltyof suitable cap

material staging areas is

critloeland can be

problematic for some

sites e.g some urban

areas

Environmental dredging and

excavation equipment Is

generally available

although availability may be

problem for large projects

Specialized equipment may
needto be constructed for

specialsituations

Availability of suitable

drededmateriai taging

separation and where

required water treatment

capacity is critical and can

be problematic for.some

sites e.g some urban

areas

Availability of suitable

disposal facility is-critical

andcan be problematic for

somesites e.g where

local dlsposails infeasible

or high volumes are

Involved
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Long-termmaintenance

and.monltoringcosts

generally higherthan

MNRand dredging

excavation

Longtermnionltong

costatypically continue

untllclanupieveisand

remedial actionobjeotives

are mat Length of long

termoperatiortand

maintenance OM
period dependent on time

necessary to verify long
term

stabliltyof cap and

lack ofsignlficant

contaminant fluxes

through cap

State Commonly identified Commonly Identified Commonly Identified

Acceptance benefits include lack of benefitS include use of an benefits include removing
and disruption to local active remedy with no contaminants from

Community residents lackof disposal issuasgeneraliy waterway possible

Acceptance disrupuonto aquatic moderatecost and treatment of contaminants

and terrestrial animal potentially faster blots fasterbiotarecoverythan

and piantlife1 and low recoverythan MNR or MNRincreaed/restored
cost dredging clue to rapid navigational depth

placement of exposure decreased flooding and
barrier iackof use Jimitationsafter

completion

Cost
Generally no capital

cost

Capital costs geneaily

hihertiiart MNR and

lower than dredging.
excavation

Capitalcosts generally

higlier thrt MNR or ceppih

Long-term monftoring

costs
typically continue

until cleanupleveisand

remedial action

objectives are met

Length of longterm

monitoring Is generally

ependenton

assurance of sediment

stability

Long-term monitoring costs.

generally lower thanMNR
and capping

Longterm monitoring costs

typically continue until

cleanup levels andreme

action objectives are mat

Length ofIongtermOM

period dependent
ofresldual contamination

and use of on-site disposal
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Cornmcnlyldentified Commonly identified

concerns Includeleaving coricernslncludetemporary

contamination in place disruptloh to local residents

temporary dlsruptlonto andbuslnesses
local residents and contaminant releases

businesses Increased during-dredging temporary
truclç rail or barge traffic reduction of recreationaF

during capping aridnavigationel waterway

temporarily reduced access during dredging

recreational access siting of and risks from beeF

potentially long-term disposal facIlitIes and
reduction or navigational Increased truck raIl or

watei-way.aàcess barge traffic during dredglng

reducedaccess to burled

utilities possible long-

term anchoring.or other

waterway use restrictions

and costs to
potentially

responsible parties

PRPs and/or state

during OM

74 COMPARING NET RISK REDUCTiON

Each approach to managing contaminated sediment has its own uncertainties and potentiai

relative nsks The concept of comparative net risk reduction was discussed by the NRC as method to

ensurethatallpasiti.veandnegave aspects of each sediment management approach were appropriately

considered at contaminated sediment sites The Committee on Remediation of PCB-Contaminated

Sedirnentsstates that NRC 2001

AiIremediation technologies have advantages and disadvantages when applied at

particular site and it is critical to the risk management that these be identified

individually and as completely as possible for each site For example managing risks

from contaminated sediment in the aqueous environment might result in the creation of

additional risks in both aquatic and terrestrial envimaments Removal of contaminated

mateiiatsican adversely impact existing ecosystems and can ramobiize contaminants

resulting in additional risks to humans and the environment Thus management
decisions at contaminated sediment site should be based on the relative risks of each

alternative management action For site itis important to consider overall or netisk
Project managers amencouraged to use the concept of comparing net risk re1uction between

alternatives-as part of their decision making process for contaminated sediment sites within the overall

framework of the NCP remedy selection criteria Consideration should be given not only to nsk

reduction associated with reduced human and ecological exposure to contaminants but also to risks

State

Acceptance
and

CommunIty

Acceptance

oOnt

Commonly identified

concerns Include

objections to do

nothing remedy

leaving contamnatlon

In place possible

spread of contaminants

during lloodlng or other

dIsruption

uncertaintIes of

predIcting-rates of

natural burial and

potentially lengthy

period of fish

consumption edvisorles
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introduced by ithplemeiitth heÆltethativŁ The magnitude of implementÆtioii risks associated with

each alternative generally is extremely site specific as is the time frame over which these risks may apply

to the site Evaluation of both implementation risk and residual risk are existing important parts of the

NCP remedy selection process By evaluating these two concepts in tandem additional information may
be gained to help in the remedy selection process Highlight 7-4 provides examples of elements that

could be evaluated by project managers in this comparative evaluation

Cohtaminânt releases during capping

Continued exposure to contaminants currently in the food chain

Other community ihipacta e.g accidents noise roidential or commercial disruption

Worker risk durlng.transport of cap materials and cap placement

Releases from contaminants remaining outside of capped area

Potentlalcontarnlnant movement through cap

Disruption of benthiocommunity

For Dredging or Excavation

Contaminant releases during sedimantremoval transport or dIsposal

Continued .exposureto contaminants currently in the food chain

Other community impactseg accidents noise residential or commercial disruption

Workerrlskdurlngsedlmentremovaiand.haridling

Residual oontarnination.foliowing sediment removal

Releases from.contemlnants- remaining outside dredged/excavated area

Dlsrupton-ofbenthiccomrnunity

7.5 CONSIDRINGINsTjyUmONAL CONTROL-SJCs

Institutional controis.ICs such as-fish-consumption advisories flshing..baxis or ship

draft/anchoring/wake controls are comnion parts of sedunent remedies see Chapter Section

Institutional Controls Structural maintenance agreements are another legal methanm that may be

importantforprotecting some-remedies 40-CFR 300430aliiiD contains-the-following general

EPAexpeotationsw.ithrespect to-ICs These expectations-generally apply to all Superfundsites

includingsediment sites

Elements PotentlaiyReduolng Risk

Reduced exposure to bloavailable/bloaccessible contaminants

Removal of bioavallÆbie/bioaccesslble contaminants ---
Removaibr-ôontalmentof burled contarnlnantsthat-are likelyto become bloaccessible

Elements Potentially Continuing or Increasing Risk-

For MNR

Continued exposure to contaminants already at sedIment surface and in food chain

PotentIal for undesirable changes in the sites natural processes e.g lower sedimentation rate

Potential for contaminant exposure due to erosion or human disturbance

For In-Situ Capping
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EPA pects touse institutional controls such as water use and deed restrictions

to supplement engineering controls as appropriate for short- and long-term

management to prevent or limit exposure to hazardous substances pollutants or

contaminants

Institutional controls maybe usedduring the conduetlof the RIIFS and

implementation of the remedial action and where necessaiy as component of

the completed remedy and

The use of institutional controls shall not be substituted for active response

measuiis e.g treatment and/or containment of source material restoration of

groundwaters to theirbeneflcial uses as the sole remedy unless such active

measures are determined notto be practicable based on the balancing of trade-

offs among alternatives that-is conducted during the selection of remedy

EPA jolicies coneerziing.ICs are explaine4 in Institutional Controls Sire Managers Guide to

Identlfilng Evaluating and Selecting Institutional Controls at Superfund and RCR.4 Corrective Action

Cleanups EPA 2000f In addition to considering the NCP expectations concerning ICs the project

manager should determine what entities possess the legal authority capability and willingness to

implement and where applicable monitor enforce and report on the status of the IC An evaluation

should also be made of the durability and effectiveness of any proposed lC The objectives of any ICs

contained in the selected alternative should be clearly stated in the ROD or other decision document

together with any relevant performance standards While the specific IC mechanism need not be

identified the types of ICs envisioned should be discussed in sufficient detail to support conclusion that

effective implementation of the ICs can be reasonably expected For some federal facilities in the

CERCLA program the IC implementation details the specific IC mechanism should be placed in

the ROD The program manager should refer to EPAs Guidance on the Resolution of the Post ROD
DisputeU 2003d for guidelines describing and documenting ICs in Federal Facility RODs
Remedial Designs Remedial Action Workplans and Federal Facility Agreements/Interagency

Agreements

Reliability and effectiveness of ICs are of particular concern with sediment alternatives whether

they are usedalone or in combination with MNR in-situ capping or sediment removal Proj ectmanagers
should recognize that generally ICs cannot protect ecological receptors or prevent disruption of an in

situcap by bottom-dwelling organisms In addition in niany cases ICs have been only partially effective

in modifying human behavior especially in the ease of voluntary or advisory controis Although fish

consumption advisories can be an important component of sediment remedy it should be recognized

thatthey.are.unlikely to be entirely effective ineliminatingexposures Where advisories or bansare

reliedupontoreduce humanhealth risk for longpØjiods publiceducation and whereapplicable

enforcementby theappropriateagency are critical This point is emphasized in EPAs risk management
Principle 9Maxiniize theEffectiveness of Institutional Contxolsanditecognize Their Limitations U.S
EPA 2002a see Appendix

Implementing and overseeing ICs can often be more difficultnt sediment sites where control of

the water body may involve multiple entities and single landowner is not present to provide oversight

andenforcement As for othertes ofeites atsedimentsitesprojectmanagersshould review ICs

dunng the five-year review Where water body is owned or controlled by local state or federal
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government entities their regulations arid guidanôo should be consulted to determine what governmental

controls can be used to restrict the use of the water body and the regulatory or administrative process to

enforce such restriction In complex situations it may be useful to layer number of different ICs as

discussed in the ICs site managers guide U.S EPA 20001 Additional guidance on other aspects of ICs

is under development by EPA

7.6 CONSIDERING NO-ACTION

Aspresened in Section 81 of the RODCluidance no-action decision maybe appropriate in the

following situations

When the site or operable unit poses no current or potential threat to human health or the

environment

When CERCLA does not provide the authority to take remedial action or

When previous responses has eliminated the need for further remedial response

called no-further-action altemativej

Generally if ICs are necessary to control risks caused by contaminant of concern at site asic-

action decision is not appropriate For example if fish consumption advisories orfihing bans are

necessary to control risks from contaminants of concern at site no-action decision for sediment is not

appropriate even if the advisories or bans are already in place Instead remedy should be considered

that includes at leastthe institutional control e.g advisories or bans and if appropriate other actions

for sediment or other media

no-action decision however may include monitoring For example sediment may posÆ no

unacceptable risk to human health or the environment howevei uncertaulties concerning that evaluation

may make it wise to continue some level of monitoring In this case no action decision that includes

monitoring may be appropriate It is important to note that this is different from MNR remedy where

current or expected future risk unacceptable and natural processesare being relied upon-to reduce that

risk to an acceptable level within reasonable tune frame Although no action decision may require

long term monitoring MNR remedy generally needs more intensive monitoring to show that

contaminant concentrations are being reduced by anticipated mechanisms at the predicted rates

7.7 CONCLUSIONS

The focus of remedy selection should be on selectingthealternaiive best representing the overall

nsk reduction strategy for the site according to the NCP nine remedy selection criteria As discussed in

the OSWERJDirective 9285.6-08 Principles forManaging Contaminated Sediment Risks at Hazardous

WasrrSItesthS -EPA 2002a EPA-spolicyhastheea and continues to be that there isno.preriimtive

remedy for any contaminated sedunent site regardless of the contaminant or level of risk Generally as

discussed in Chapter Feasibility Study Considerations project nwiagers should evaluate each of the

threepotential remedy approaches i.e MNR in-situ capping and-removal throughdredgiig or

excavationateyeiysedhnent site Projectmanagersshoulddeveldpaconcepthal site-model that

considers keysiteuncertainties Such modeloanbusedwithirianadaptive management-approath to
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control sources and to implement cost-effective remedy that will achieve long term protection while

minimizing short-turin impacts refer to Chapter Section 2.2 on conceptual site models....

Controlling any continuing sources of contaminants is an important factor for any sediment

remedy U.S EPA 2002a Where source control is.uncertain cannot be achieved or is outside the scope

of the remedial action project managers should.considerthe potential for recontamination and.ctOithat

potential into the remedy selection process and into the long-term monitoring.plan for the site However

project managers should note that delaying an action to complete source control may not always bewise

Early actions in some areas may be appropriate as part of phased approach to address site wide

contamination even if sources are not fully cOntrolled initially in such situations Łarefül consideration

should be given as to whether the uncontrolled sources will cause the early action to be ineffective

At many sites but especially at large sites the project manager should consider combination of

sediment approaches as the most effective way to thanage the risk This is because the characteristics of

the contaminated sediment and the settings in which it exists are not usually homogeneous throughout

water body NRC 2001 Asdiscussed in the remedy-specific chapters ofthisdocument when evaluating

alternatives project managers should include realistic assumptions concerning residuals and contaminant

releases ftom in-situ and ex-situ remedies the potential effects of those residuais.and releases and the

length oftinie risk may persist

The project ianager should include scientific analysis of sediment stability in the remedy

selection
process

for ailsites where sediment erosionor contaminant transport is potential concern

Typically it is not sufficient to assume that site as whole is depositionai or erosional Generally as

discussed in Chapter Remedial Investigation Considerations project managers should make use of

available empirical and modeling methods for evaluating sediment stability and fate and transport

especially when there.are significant differences between alternatives

The project manager should include in the remedy selection process clear analysis of the

uncertainties involved including uncertainties concerning the predicted effectiveness of various

alternatives and the time frames for achieving cleanup levels and remedial action objectives Prqject

managers should quantij as far as possible the Uncertainty ofthe factors that are most important to the

remedy decision Where it is not possible quantir uncertainty the project manager should use

sensitivity analysis to determine which apparent differences between alternatives are most likely to be

significant

The project manager should monitor all sediment remedies duringand after implementation to

determine ifthe actions are effective and if all cleanup levels and remedial action objóctives are met

Sediment remedies should not only include momtoring of surfioial sediment immediately following

implementation of the action but also long-term monitonng of sediment to assess changes in residual

contamination and possible recontamination as well .as.monitoring.offish or other relevant biota.recoveiy

data Without these data an assessment of the long teim effectiveness of the remedy is difficult and five-

year reviews may be difficult to perform accurately Additional monitoring data may help not only to

assess the site but to help build body of knowledge that will decrease uncertainties in decision making at

future sites Chapter Rdmedial Action and Long-Term Monitoring discusses these and other general

monitoring considerations for contaminated sediment sites
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80 REMEDIAL ACTION AND LONG-TERM MONITORING

This chapter provides recommended approach to developing an effective monitoring plan at

contaminated sediment sites monitoring plan is recommended for all types of sediment remedies both

during and after remedial action Monitoring should be conducted at most contaminated sediment sites

for varicty of reasons including to assess compliance with design and performance standards to

assess short-term remedy performance and effectiveness in meeting sedinientcleanup levels and/or to

evaluate long tern remedy effectiveness in achieving remedial action objectives RAOs and in reducing

human health and/or environmental ask In addition monitoring data are usually needed to complete the

five year review process where review is conducted

fully successful sediment reniedy typically is one where the selected sediment chemical or

biological cleanup levels have been met and maintained over time and whore all relevant risks have been

reduced to acceptable levels based on the anticipated future uses of th water body and the goals and

objectives stated in the record of decision ROD Due to the significant post remedial residual

contamination at some sites or the inability to control all sources of contamination to the water body

reaching sediment or biota levals resulting in unlimited exposure and unrestricted use may take many

years if not decades Where appropriate several interim measures of remedy effectiveness should be

evaluated at most sites in addition to the key measure of long tern risk reduction Highlight presents

four measures that should be considered for all Superfund sediment sites where the remedy includes

active remedlation such as dredging excavation and/or capping At sites where achieving protection

relies upon institutionai controls ICs such as fish consumption advisories and/or on monitored natural

recoveiy MNR only measures and 4would typically apply monitoring plan that addresses the

appropriate measures generally should be developed and implemented at every sediment site The tern

remedy effectiveness as used in Highlight 8-1 ofthis guidance.addresses the potential role of

monitoring in measuring progressnot as.one of the nine criteria provided in National Oil and Hazardous

Substances Pollution Contingency Plan NCP to evaluate alternatives

InterimMeasures

Short-termrehiedy performance eg Have the sediment cleanup levels been achieved Was the cap placed

as Intended

2- Long-term remedy performance e. Havethe sediment cleanup levels beenreached and maintained for at

leastfive years and thereafter as appropriate Has the cap withstood significant eroslen

Short-term.riskreduction e.g.Dodatademonstraterat least suggest.a reduction In fish tissue levels

decrease lnbentho toxicity or an Increase In species diversity or other community Indices after five years

KeyMeasure

Long term risk reduction Have the remedlatlon goals In fish tissue been reached or has ecological

recoverybeenaccompllshed

For Fund-lead sites subjectto state costshare it may be necessary to distinguish monitoring

that is part of the remedial action phase of the remedy from monitoring that is associated with the
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operaxi and maintenance OM phase of the remedy Distiiuishmg liese two monitoring activities

is site-specific decision Project managers may find it useful to refer to Chapter Section 3.5.2

Operatin and Malutenanee Costs for suggestions ribout what types of activities are frequently associated

with long term OM as compared ta similar activities typically conducted during the remedial action

This chapter is based 111 part on the framework presented in the Environmental protection

Agoncys EPAs now Monitoring Guidance OffIce of Solid Waste and Emergency Rnsponso

OSWER Directive 9355.4-28 .GuidanoeforMonlorlng at Hazardous Wasi Slier Framework for

MonirOrng Plan Development and Implemenrcrncn U.S EPA 2OO.4c .Thi chapter presents more

specific guidance for momtormg of sediment sites however many techmcal details are outside the
scope

of this chapter More specific guidanne on particular monitoring topics is under development by EPA to

assist project mmagers In addition1 the triad approach to systematic planning dynaniio work plans and

real tune measurement technologies may have strategies that can be fruitfully applied to sediment site

monitoring see pgQttoEtijl1

81 INTRODUCTION

As described in EPAs Momtoring Guidance EPA 2004e morutormg may be viewed as

the collection and analysis of repeated observations or measurementa to evahiate changes in con ditioiUnd

progress toward meeting management objective Monitcring should include thecolleetionoffielddata

in chemical physical and/or biological over sufficient period of tune and frequency to determine the

status at partioular point in time arid/or trend over period of time in particular environmental

parameter or chaiacteristic relative to clearly defined management objectives The data methods and

endpoints should be directly related to the RAOs and cleanup levels or remediation goals for the site

Environmental samplingancl analysis is typically conducted during all phases of the Superfund

process to addtes various questions By the tune project manager implementing remedial action or

writing monitoring plan aconsidorablo amount of baslinc site data should have been collected duriag

the remedial investigation or site characterization phase In the site characterization phase sampling is

performed to determine the pature and extent of contamination to develop the infqrmation
necessary

to

assess risks to human health and the environment and to assess the feasibilit of remedial alternatives

During site characterization the project manager should anticipate cupeeted post remedy monitoring
needs to ensure that adequate baseline data are collected to allow comparisons to future data sets

Mothtorigplansshoulda1sp be designed.to allow comparison of resu.lts with model predictions that

supported-remedy selection

Project managers should ensure that agreements with contractoi or responsible parties

coneeimng remedial design and remedial action include requjrements for development of an appropriate

monitoring plan The nocci for environmental monitoring and how the data will be used to measure

perfortnance against cleanup levels and RAOs hould be consideted in tha ROD and discussed further

early in the remedial design process Where ICs are part of the remedy this discussion shu1d also

include implementation and where appropnate monitoring plans for those continis Having an early

discussion of the monitonag needs as they relate to any engineering performancç standards for the

particular remedies should allow the project manager sufficient time to resolve logistical or other

implementation issues longbefore.the monitoringprogram isput in place Thisdiscussionduring

remedial design is also nnportantto detei-mme whether sufficient baseline dqta have been collected so that

both the remedial action and long term mnouitoring data can be easily compared to pm remedy conditions
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At sediment sites it is also frequently necessalyto continue collecting background data from

upstream or other reference areas away from the direct influence of the site This can be especially

important where there are uncertainties or potentially changing conditions in background areas for

example where upstream urban storm water runoff or other possible continuing sources of contamination

could impact reniedy

During the remedial design phase it is also important to develop clear understanding of how the

monitoring data will be used in the post remediation decision process and to ensure that rewews of tlie

monitoriiig results are conducted in timely fashion so additional- actions can be taken when necessaxy
In this way the monitoring data should become key element of the decision process both in teims of

whether the cleanup levels and RAOs are being met and whether additional management actions are

warranted

How often should monitoring take place and how long should it continue

Can the monitoring results be readily placed Into searchable electronic databases and made available to

the
project team-and others

Is-it clear who is responsible for-reviewing the monitoring data and what the triggers are for-identifying

importait trends positive or neatlve In the resuts

-What are the most-appropriate methods for analyzing the monitoring data Should these be based on

statistical tests or other quantltatKe analysis Will therebe sufficient data to support these statistical

measures

Is there agreement on What actions will- be taken based onthe results of the monitoring data

How will the results be communicated to the public arid-who is responsible for doing this

Although sediment-sites valy widely in size andcomplexity monitoring typically requires

higher degree of planning than at some other types of sites for the following reasons

Sódiment sites often involve more than- one affected mediuzneg sedinientsurce

-- water biota floodplain soils and groundwater and multiple cpntaminaiits of concont

Contaminants at-sediment sites are often from variety of sources some of which may be

outside of the site in question

Highlight 8-2 lists some key questions-the project manager should answer before developing

monitoring plan

VThat lathe purpose of the monitoring

Are detection limits adequate to meet the purpose of the monitoring

Are .there likely to be other factors such as non site-related releases besides the cleanup that will

Influence the- monitoring results and are these well understood
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Sediment sites may require monitoring over large areas and in variety of physical and

ecological settings

Spatial and temporal variabilities of aquatic sediment and biota can be great and

Risk goals for sites with bioaocumulative contaminants generally relate to contaminants

in biota and the relationship between contaminant levels in sediment and biota is

frequently oomplex

Anespecially important issue for project managers at large sites with morethanone response

action is the need to monitor both the effectiveness of individual sediment actions and the ability of

achieving overall site RAOs Frequently the monitoring parameters at large sites are different For

example where contaminants from multiple sources are indistinguishable it may be necessaiy to use

unique parameters for monitoring effectiveness of individual actions However it also may be vemy

important to monitor parameters i.e some fish species which may be responding to multiple sources or

areas of.asite

8.2 SlXRECOMMENDED STEPS FOR SITE MONITORING

When developing monitoring planit is important to review the ROD and supporting documents

for the site The ROD generally should contain numerical cleanup levels andlor action levels for

sediment and sometimes for other mcdi and narrative RAOs that relate more directly to reducing risk

Gónarally these form thebasis of the monitoring plan RODs oróther site documentsmay also contain

specific performance criteria or objectives for the short temi and long term perfofmance of the remedy

thatshould be incoporated into the monitoring plan

BPAs Monitoring Guidance EPA 2004c describes six key steps that am recommended in

developing and implementing monitoring plan These steps are listed in Highlight 8-3 and explained

briefly along with sediment site examples in the following text This guidance was developed for use at

all hazardous waste sites not just Superfund sites and therefbre uses the term tite activity tO apply to

implementation of removal actions remedial actions ICs or habitat mitigation

Step IdentifvMonitoring Plan Objectives

Generally themostin-iportant element in developing an eftectivenionitoring plan is for the

project manager to identify clear and specific monitonng objectives Identifying appropriate monitoring

objectives.norinally includesexarniningthe intendedoutcomes of the action andthe methods used to

achieve that outcome at the site Inadequate or vague monitoring objectives can lead to uncertainty about

whythe.monitoringis being oonductedandhow the data.willbeused Furthennore undingfor

monitoring is often limited Specifying objectives can help to focus the experimental design and ensure

that the most useful information is collected When identifying monitoring objectives other than those

already established in .decisionor enforcement documentsiheprojŁctmanager.shouldinvolve

participantsfromall concemed.stakeholderse.g public natural resource trustees stateagencies

potentially responsible parties
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Step identity Monitoring Plan Objectives

Evaluate thØslte
activity

Identify
the

activity objectives

identify the
activity endpoints

Identify theactivity mode of action

Identify monitoring objectives

Obtain stakehoider
input

Step Develop Monitoring Plan Hypotheaes

Develop monitoring conceptual models

Deveiop monItong hypotheses and questions

Step Formulate Monitoring Decision Rules

Step Design the Monitoring Plan

Identify data needs

Determine monitoring plan boufldaries

Identify data collection methods

Identifydata analysis methods

Finalize the decision rules

Prepare monitoring quality assUrance
project plans QAPPs

Step Conduct Monitoring Analyses and Characterize Results

Conduct data collection and analysis

Evaluate results per the monitoring of data quality objectives DQOs developed in Steps 1-4 and revise

data coliection and anal1slsas necessary

Characterize analytIcal results and evaluate relative to the decision rules

Step EstablIsh theManagement Decision

Monitoring resufts support the decision rule for site activity success

Concludethe.sjte activity and monitoring

Monitoring results do not support thedecislon rule for site actIvity success but are trending toward

support

Continue the site actIvity and monitoring

Monitoring results do not support the decision rule and are not trendingtoward support

Conduct caUsative fectorand uncertaintyanalysis ------. --

Revise site activity and/or monltulng pian and-Implement

Source U.S EPA 2004o

Physical chemical and/or biological endpoints should be identified to help evaluate each

monitoring objective In general physical and ohenucal endpoints are less costly and more easily

measured and interpreted than biological endpoints and therefore may be more appropnate where quick

decisions are needed However the ability of physical and chemical endpoinrs to quantify changes in

ecological risk rehably may be less direct than biological measurements for example where risk is due to

directoontact-withmuitiple contaminants Inthiscaseoxicitytestsorbioassessmentnmayprovidean

integrated measurement of the cumulative effectsofallcontaminantsandtherefore.can be abetter
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assessment of ecological risks in some situations Conversely where the primary risk is due to humans

and wildlife eating fIsh chemical endpomts in fish may be most appropriate

When identifying appropriate endpoints it is important for the project manager to ensure that the

measure employed matches the time frame established for the criteria. For example acute toxicity tests

quantify short-tenneffects on anbrganism this type oftet may be appropriate for operational

monitoring Ce monitoring during remedial dredging where it can be performed in short period of

time Other biological endpoints such as changes in species diversity typically occur overlong periods

of time and may be more appropriate for use in long term monitonng program designed to look at

ecological recovery Although no single endpoint can quantift all possible risks combination of

physical chemical and biological endpoints usually provides the best overall approach for measuring risk

reduction

ExampleJnthe ROD EPA established RAOof reducingpolyohlorinated biphenyl

PCB concentrations in fish tissue to levóls that would eliminate the need for fish

consumption advisory for PCBs for this site 005 ppm To achieve this objective EPA
selected cleanup level of 0.5 ppiii total PCBs in sediment The short-term objective of

the monitoring proram is to rn nitorPCB coneenttations in sediment until the cleanup

level is met.andthelong-terni objective of the monitoring program is to monitor PCB
concentrations in fish tissue until the RAO is met

Step Develop Monitoriag Plan Hypotheses

Typically monitoring hypotheses represent statements and/or questions about the relationship

between a.site activity such as sediment remediation and one or more expected outcomes U.S EPA
2004c The development of the monitoring hypotheses is analogous to the problem formulation step

Step of the DQO process U.S EPA 2000a The monitoring hypothesis maybe generally stated as

The site activity hasbeen successful in reaching its stated goalsand objectives or in question form as

I-las thesite activity reached its stated goals and objectives As described in EPAs Monitoring

Guidance EPA 2004n the concept of monitoring conceptual model may be helpful in identifying

and organizing appropriate hypotheses This model frequently flow chart or graphical display consists

of series of working hypotheses that identLfy the relationships between site activities and expected

outcomes

Example hypotheses The PCB concentration in sediment has reached the cleanup level

of 0.5 ppm The PCB concentration in fish tissue has reached the remedial goal of 0.05

ppm

Sten FormulateMonitorina Decision Rules

Once monitoringobjectivesand hypotheses are agreedupônand stated explicitlythe nextstep

shouid be to identify specific decision rules that will be used to assess whether the objectives are met

decision rule is normally an if then statement that defines the conditions that would cause the

decision maker to choose anaction In monitoring plan the decision rulesshouldestablish criteria for

continuing stopping or inodifyingthemonitoringor for takinganadditionalresponseaction Four main

elements ofa decision ruleusually arel theparameterofinterest the expectedoutcome of the
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remedial action an action level the basis on whióh monitoring decision will be made and

alternative actions the monitoring decision choices for the specified action EPA 2004c

Another factor the project manager should consider when devôloping decision rules is the time

frame under which they will operate For example when dredging highly contaminated sediment real

time monitoring program could be established to analyze water samples before proceeding with the next

days dredging In contrast the time frame required to assess long tenn monitoring objective to

lower fish tissue concentrations would be longer In either case the time frame should be explicitly

stated and understood by all the participants

Examples decision rule could be established to require certain actions if suspended

edimentor contaminant concentration inthe surface water due to releases froni dredging

exceed certam cntona decision rule could be established to assess whether the

sediment cleanup level of 0.5 ppm PCBs has beed reached defined as an average of 05

ppm PCBs in each often gnds over the site decision rule could be established to

assess whether.progress isheing made towardthe remedial action objective of reduced

PCB concentrations in fish tissue by establishing an interim goal of achieving 0.8 ppm in

fish tissue within five years aer which monitoring frequency will berevisited PCB
concentrations in fish species will be measured on specific frequency e.g
annually that is commensurate with the relevant species uptake and depuration rates

Step Design the Monitoring Plan

The fourth recommended step for the project manager is to identify the monitoring design for

collecting the necessary data Design considerations include identifying data needs determining

monitoring boundaries frequency location duration identifying data collection methods and

identifying data analysis methods inoludmg uncertainty analysis EPA recommends that systematic

planningapproachbe used to develop acceptance orperfôrmance oriteriafor all environmental data

collection.anduse TheAgenoys DQO process isaplanning approach noimally appropriate for sedituent

sites U.S EPA 2000a Quality assuranceproject plans QAPPs or their equivalent arealso

recommended for environmental datacollection and use

The spatial and temporal aspects of monitoring plan typically define where and when to collect

samples In general sampling loedtions.shotild bebased on theareal extentandmagnitude of the

contaminatedsedimentand the propensity for.theóontaminantstomove either throughtransport eg
remediation natural events or through the fbod chain Generally the more dynamic the conditions the

more frequently sampling is necessary to represetit conditions accurately However less costly

alternative can be tousewhich respond to cumulative longer-term conditions where

appropriate Additional factors that should be considered in establishing sampling locations include

locations of baseline or pre-remediation sainplingstationsandspatialgradients in concentration For

example generally greater sample density is needed where concentration gradients are high

Selecting astatintical approachto use in evaluating the data is another important aspect of the

monitoring pmgramdesign Data are sometimes collected in mannez that.isihcompatible with or
insufficient for the statistical tests used to analyze the data Although the amount of data needed to

comparepoint-in4ime.datamay belessThan.thatneededto reliablyestablisha.trendindatabothtypesof

analyses may be needed to draw conclusions reliably Especially for critical decisions project managers
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should seek expert advice in order to design sampling program that will yield statistically defensible

results One potential method power anaiysis is described in Bios atisticalAnalysis Zar 1999

Another crucial elementof developing monitoring plan typically is cost Generally it is more

cost-effectiveto collect less data providing they are the correct or most useful data than it is to collect

moe of the wrong data Following the key steps outlined in this guidance to design amonitoring plan

should help project managers detenniiie what are the correct data Proj eotmanagers may also find it

useful to consider the use of indicator or surrogate parameters that correlate with those of primaiy

interest as supplement to primaiy parameters that are especially costly pr problematic to collec

Finally this step of monitoring plan development should ensure mechanisms are in place for

mddifing the plan based on new information

Example From the remedial investigation data we know that smalimouth bass spend

most of their time in the contaminated area and spawn in late spring The proposed

samplingplan wouldconsist of overlaying anlunbiased sampiftiggrid onto map ofthe

contaminated areaof River as well as in the areas upstream and downstream of the site

It is decided that 30 four-year old female bass will be collected in the early spring before

spawning in eachof these areas power analysis on baseline data indicated20 fish

would allow the project team to discern 05 ppm or gftater charige in tissue

concentration with 25 ppm confidence intervals 90 percent However given cost

considerations onI ten samples will be analyzed immechately and the other 20 archived

for further analyses pending the results

Step ConductMonitoring Analyses and Characterize Results

The next recommended step in developing monitoring plan includes data collectionand

analysis evaluatinganalytical resultsand addressing data deviations from the monitoringDQOs At this

point theprojectmanager should evaluate the data with regard to the monitoring hypotheses the DQOs
and the monitonng decision mles developed in previous steps At this step the project manager should

implement decision rules that may call for continuing stopping or modiing the monitoring or for taking

additional action at the site

In addition the project manager should communicate data and results to the appropriate

audiences Frequently the Importance of communicating the results is underestimated Because

information is often provided to individuals with various levels of technical expertise it should be

comprehensible at multiple levels of understanding Complex scientific data are not often easily

understoodhythose without atechnicalbaekground andineffective data communication ofteuleÆdsto

skepticism about the conclusions Therefore it is iinpostantthat.theproject manager considerthe

audience and present results in multiple formats To those less familiar with the technical presentation of

data information can be presented in easily understood visual formats geograpluc information

systemGIS This maximizes the effective dissemination ofinfoimation to thegruatest

number of individuals thus increasing the probability that the conclusions will be understood and

believed
.5

Example At this point three years of fish tissue .datahave beencollected analyzed and

validated The decision tiiterion for this monitoring objective was toreduce the PCB
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concentrations in fish tissue to ppm within five years Tho data show that after the

third year flsh tissue coiicentrations have decreased siificantly but the averages are

still above 0.8 ppm however thehigher levels are restricted to relatively small area and

most fish are below 0.8 ppm The results are summarized and presented tO the ...-

stakeholders Due to the declining trend1 the decision is made that the monitoring

objective is expected to be met within five years and the fourth year monitoring effort can

bØskipped

Step6 Establish theManagement Decision

The final step of monitoring plan should be an extension of Step to evaluate monitoring

results and uncertainties and come to decision regarding any changes in site activities or changes in the

monitoring plans thatmay be appropriate at this time Developing contingency plans in advance for

actionsThatmayneedtobe taken in response to monitoringresultsisrecommended

Example Due to the declining trend the decision is made thatthe monitoring objective

is expected to be met within five years and the fourth year monitoring effort can be

skipped

An outline of the six steps and-suggested subparts is shown in Highlight 8-2 It should be notd

that the following outline essentially follows EPAs DQO process with modification for ease of

application to contaminated sediment site Project managers should refer to the DQO process guidance

EPA 2000a to supplement this outline when preparing sediment site monitoring program

83 POTENTIAL MONITORING TECHNIQUES

This section provides abrief overview of the types of monitoring techniques and data endpoints

that the project manager could consider when developing momtonng plan Selection of endpoints

depends on the requIrements in the decision and/or enforcement documents as well as more general

considerations related to the cleanup methods selected and the phase of the operation as discussed in

previous sections For complex sites frequently combmation of physical chemical and biological

methods and tiered monitoring plan Highlight is the best approach to determine whether

sediment remedy is meeting sediment cleanup levels RAOs or goals and associated performance criteria

both during remedial action and in the long term Monitoring sampling and analysis methods are being

constantly improved based on research and increased field experience Project managers shouldwatoh

for new methodsand whore-they-offer-additional accuracy orlowercostthutalso allow fbr.data to be

compared.toexistingdata considerusingthem

Generally p1 siOaland chemiOaLendpointsareeasier to measure .aædinteqiretthan biological

endpoints In the case of human health risk chemical measurements are commonly used to assess risk

In contrast measurement of the biological community is direct but often complex measurement for

monitoring changes in ecological risk Caged orgamsms--e Macama or mussels at-the site over

defined time frame can identir changes in bioavailable concentrations of many contaminants Collection

of fish and tissue analysis can address both human health and ecological response of the system if both

needs are considereddnringdesignoftheaznplingandanalysiwplan Theprojeetmanagershou1drefhr

to EPAs Office of Water Methods for Collection Storage -andManlpulation ofSedlments for Chemical
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and Toxicological Analyset U.S EPA 200 1k and Managingand Sampling andAnalyzing Contaminants

in Fish and Shelifish US EPA 2000h for more detailed information

Biological endpoints e.g toxicity.tests typically previde an integrated measurement of the

cumulative effects of all contaminants When usmg biological endpoints it is important for the project

manager to ensure the-biologicaltost employed fitstheintendedcriteria For example acutetoxicity tests

arc designed to quantify short-term effects on an organism theróforc this type of test may be appmpriate

when monttonng for short term impacts of remedy However for toxicity tests to be useful it is

important to have demonstrated during site characterization significant relationship between the

contaminantand toxicity Other biological endpoints such as changes in species diversity typically

occur over long periods of time and may be more appropriate for use in long4in monitoring program

designed to look at ecological recoveiy While no single endpoint can quantify all possible nsks project

managers should consider combination of physical chemical and biological endpoints to provide the

best overall approach for assessing the long-term effectiveness of remedial action in achieving the

RAOs

83.1 PhysqI Measurements

Physical testing at site may include measurements of erosion and/or deposition of sediment

ground wateradvective flow particle size surface water flow rates and sediment

homogeàeity/heterogeneity Potential types of physical data mid their uses include The following

Sediment Geophysical Properties Uses include fate and transport modeling

determination of contaminant bioavailability and habitat characteristics of post-cleanup

sediment surface

Water Column Physical Measurements turbidity total suspended solids Uses

include monitoring the amount of sediment resuspended during dredging and during

placement of in-situ caps

Bathvinetrv Data Uses include evaluating post-capping or post-dredging bottom

elevations for comparison to design specifications and evaluating.sediinent stability

during natural recovery

Side Scan Sonar Data Uses hinlude remote sensing to monitorthe distributioi of

sediment types and bedforms

Settlement Plate Data Uses include monitoring changes in cap thickness over time and

measuring cap consolidation

Sediment Profile Carnera.Data Uses include monitoring of changes in Thin layering

within sediment profiles sediment grain sizes bioturbation and 5oxidation4epths andthe

presence of gas bubbles and

Subbottom Profiler Data Uses include remote sensing measurementof changes in

sediment surface andsubsurfaee.layers bioturbation and oxidationdepthsand.presenoe

ofgas bubbles
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8.3.2 ChomicalMeasurements

Chemical testing may include sediment chemistry both the upper biological surficial zone and/or

deeper sediment evaluating biodegradation contaminant partitioning to the pore water and

concentrations of total organic carbon Potential sampling tools and environmental momtonng methods

in support of chemical measuremónis include the following

SedimenØ Grab Sampleri Uses include collection of sampls for measurement of surface

sediment chemistiy

Coring Devices fez vibracore ravttv.p/ston or.drop tube samplers Uses include

obtaining vertical profile of sediment chemistry or detection of contaminant movement

through cap or through layer of aturallj4epôsitedclean sdimnt

Direct Water ColumnMeasurements probei Usesinclude measurement of parameters

such as pH and dissolved oxygen in the water column

Surface Water Samplers Uses include measurement of chemical cdncentrations

dissolved and particulate in water or contaminant releases to the water column during

construction

Semi-Permeable Membrane Devices Uses include measurement of dissolved

contaminants at the sediment-water interface and

Seepage Meters Uses.include measurement of contaminant flux into the water column

833 Biological Measurements

Biological testingcan.include toxicity bioassays examining changes inthe biological

assemblages at sites either to document problems or evaluate.restorationofforts and/or detemiining

toxioant bioaccumulation and food chain effects Potential types of biological monitoring data and their

uses also include the following

Benthic Cpmmun/Ana1vsis Uses includeevaluation of population size and.diversity

and monitoring of recovery following rernedlation

Toxic/tv Tesfing Uses include measurement ofabuteandlong4erm lethalor sublethal

effbctSofcontaininants on organisms to help es lishaproteotiverange ofremediation

goals

Tissue Sampiina Uses include rneasurementof.bioaepumulation modelingtrophic

transfer potential and estiniating foodweb.effects

Cazed Fish/Invertebrate Studies Uses include monitoringchange in uptake of

contaniinantsby biotafromthesedlinent or watercolumnto measure the effect of the

remedy on bioaccumulation rates
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Sediment Profile Camera Studier Uses include indirect measurement of

macxoinvertebrate recolonization for example measuring population density of

polyohaetes by counting the number of burrow tubes per hnear centimeter along the

sediment-water interface

The interpretation of fish tissue results and their relationship to sediment contaminant levels can

be especiaily complex Potential complications may relate to questions of home range lipid content age

feeding regime contaminant excretion rates and other factors Especially at low contaminant

concentrations these variabilities can make understanding the relationshipbetween trends in sediment

and biota concentrations especially difficult

Pact sheets are under development at EPA concerning biological monitoring at sediment sites

including

An approach br using biological measures to evaluate the short-term and long-term

remedial effects at Superfiind sites and

An approach for using bioaceumulatton infomiatton from biota sediment accumulation

factors BSAPsand food chain models to assess ecological risks and to develop

sediment remediation goals

84 REMEDY-$PECFIC MONITORING APPROACHES

The following sections discuss monitoring issues particular to MNR in situ capping and

dredging or.excav.ation Manysediment remedies involve combination of cleanup methods and for

these remedies the monitoring plan will likely mclude combination of techniques to measure short and

long-term success At many sediment sites monitoring of source control actions is an important first

step

84.1 Monitoring Natural.Reaovery

Monitoring of natural recovery remedies often tests the hypothesis.that natural processes are

continuing.tooperateata rate.that is expectedto ieduceoontaminant concentrations inappropriateniedia

such as biota to an acceptable level reasonable time frame Other measures of reduced nsk may also

be.appropriate forasite In most cases monitoring involvesnieasuring natural processes indirectly or

measuring .theiffectsof.those
processes As sound strategy for monitoring natural recovery the project

managershould.oonsiderthe.following

Monitoringdirect or indirect measures of naturaiprocesses e.g sediment accumulation

rates.degradation productssedimentandcontaminanttransport

Monitonng contaminant levels in surface sediment surface water and biota and

Monitoring measures ofbiotarecovexy e.g sediniônt toxicity benthic community size

and/ordiversity
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When monitoring natural recovery it is usually important to monitorsedinient surface water and

biota The water column is typically important because it integrates the flux of contaminants from

sediment and is not typically subject to as large spatial variability as sediment Biotamonitoring is

important because itis frequently directly related to risk

Monitoring continued effectiveness of source control actions can be especially important at MNR
sites Depending on the quality of existing trend data MNR remedies may require more intensive

monftormg early in the recovery period which may be relaxed if predicted recovery rates are being

attained Also them may be need to collect additional dataafter an intensive disturbance event

EPAs Science Advisory Board SAB in its May 2001 report Monitored Natural Attenuation

USEPA Research Program An EPA Science Advisory Board Review U.S EPA 2001j Section 3.4

Summary of MajorResearch Recommndationsindicates the need for the development of additional

monitoring methods to quantify attenuation mechanisms contaminated sediment transport processes and

bioacoumulation to support footprint documentation and analysis of permanence EPA is aware of these

research needs and plans to address some of these topics in ongoing and future work

For areas thatmay be subject to sedimentdisruptioii the project manager should conduct more

extensive monitoring when specified disruptive events storms or flow stages of specified

recurrence interval or magnitude occur to evaluate whether buried contaminated sediment has been

disturbed or transported and the extent of contaminant release contaminants and increased exposure The

project manager should design the monitoring plan to handle the relatively quick turnaround times needed

to effectively monitor disruptive events However interpretation of these data in terms of increased risk

should take into account the length of time organisms may be exposed to higher levels of contaminant

concentintions

The project managershouldinoludepeiiodic comparisons of monitoring data to ratesofreeoveiy

expected forThesitein anMl1R-fiionitoring program Where predictionswerebasedon modeling the

project manager should make monitoring results available to the modeling team or other researchers to

conduct field validation of the model Where contingency remedies or triggers for additional work are

part of remedy decision the project manager should design the monitoring plan to help determine

whether those triggers are met For example contingency for additional evaluation or additional wotic

may betriggere.dTbyanincreasing orinsufficiently decreasingtmnd incontaminant concentrations in

sediment surfhce orbiota/atspecified locations Where contingenciesfor additional workare

triggered theprojectmanager may need to include measures such sadditional source contrel additional

ICs the placement of athin layer of.clean sedinientto enhance natural recovery or anactive cleanup i.e

dredging or capping

Followingattainment of eleanuplevels/and remedial action objectives monitoringmay still be
neededTat some MNR sites For sites where naturaFrecovery is based on burial with clean sediment

continued monitoring may be necessary to assess whether buried contaminants remain buried after an

intensive disturbance event This monitoring should continue until the project team has reasonable

confidence in the continuedeffectiveness ofthereznedy
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8.4.2 Monitoring In-Situ Capping

Remedial-action monitoring for capping generally includes monitoring of construction and

placement and of cap peribrmance during an initial period It may also include monitoring of broader

RAOs such as recovery of the benthic community or of contaminant levels in fish Long-term monitoring
for capping generally includes continued periodic monitoring of

cap performance and maintenance

activities and continued monitoring of RAOs hi some oases e.g Fund-lead Sites it may bó necessary
to distinguish monltonng that is part of remedial action from niomtormg that is part of OM This

should .be site-specific decision -Highl-ight-8-4 lists sample elements of monitoring- an in-situ cap Itis

important to note that not all of these elements may be needed for
every cap In general cap monitoring

should be designed so that elements can be phased back or eliminated if the remedy is performing as

expected and there has been no large-scale disturbance of the cap

As shown in Highlight 8-4 variety of monitoring equipment and methods can be used for

capping projectsduring both remedial action and long-tern monitoring The extent of
any necessary

monitoring should be site specific decision and also may depend on decision and enforcement document

requirements In general bathymetric surveys to determine cap thickness and stability over time
sediment core chemistry including surface sediment and upper portion of cap to confirm physical and

chemical isolation and testfor recontatnination and seine form of biological monitoring are useful for

mogt capping projects Specialized equipment such as seepage meters diffusion samplers peepers
and semi permeable membrane devices sediment profile cameras sediment traps or use of caged

organisms may also be useful in some cases

Construction monitoring for
capping normally is designed to measure whether design plans and

specifications are followed iti the placement of the cap and to monitor the extent-of any contaminant

releases during cap placement During construction monitoring results can be used to identif-

modifications to design or construction techniques needed ta meet unavoidable-field constraints

Construction monitoring frequently includes interim and post construction cap material placement

surveys Appropriate methods for monitoring cap.placement include-bathymetric surveys sediment

cores sediment pmfmlmg camera and chemical resuspension monitoring for contaminants For some

sites visual observation in shallow waters or surface visual aids such as viewing tube or diver

observations can also be useful
.-

Biological-monitoring in the initial period following cap construction-may-include monitoring of

the benthic community that may recolonize the capped site and the bioturbation behavior of bottom-

dwelling organisms Where contaminants am bioaccumulative fish or other biota edible tssue or whole

body monitoring are also likely to be needed

Long term monitoring of in situ capping sites typically is important to ensure that the cap is not

being eroded or significantly compromised penetrated by submerged aquatic vegetation ground
water recharge or bioturbation and that chemical contaminant fluxes that ultimately do move through the

captosurface-waterdo sont-thelow projectedrateand.concentration It.may-be-also-desirabIeto include

ongoing monitoring for recontannnation of the cap surface and non-capped areas from other sources
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Chapter RemediotAction and Long-TernMonkoring

For ateas timt may be subject to cap disruption more eensive monitoring hou1d be triggered

when specified disruptive events storms flow stages or earthquakes of specified recurrence

interval or magnitude occurto evaluate whether the cap was disturbed and whether any disturbance

caused sigmficant release of contaminants and increased risk Additional monitoring forthe effects of

tidal aud wave pumping and boat propeller wash is also recommended where these are expected to be

importaiitfaotors Ingeneral .thprojcctmimagershouldmonitor capbgrity both routinely and

following stomi/flood events that appmachthe design storm magnitude envisioned by the caps

engineers As for other types of sediment remedies the
project manager should design the monitoring

plan to handle the relatively quick turnaround times needed to effectively monitor disruptive events

Cap maintenance is generally limited to the ipair and replenishment of the erosionprotection

layer in potentially high erosion areas where this is necessaiy Project managers should consider the

ability to detect and respond quickly to loss of the erosion protection layer when evaluating capping
alternative Seasonal limitations such as ice formation or closure of navigation structures locks can

affect the ability to monitor and maintain in-situ caps and should be accountedfar in monitoring plans

Capping remedies frequently include provisions for actions to be taken iii the case that one or

more cap functions are not being met Options for modifying the cap design may or may not be available

If monitoring shows thqt the stabilization component is being eroded by events of lesser magnitude than

planned or the erosive energy at the cappmg site was underestimated then eroded material can be

replaced with more erosion resistant cap material If monitoring indicates that bottom-dwelling

organisms are penetrating the cap and causing unacceptable releases of contaminants then project

managers should consider placing additional cap material on top of the cap to maintain isolation of the

contaminated sediment These types of management options are usually feasible where additional cap

thickness and the resulting decrease in water depths at the site does not conflict with other waterway

uses Where cap has been closely designed to thickness that will not limit waterway use

recreational or commercial navigation the options for modifying cap design after construction can be

limited

843 MonitoringDredging or Excavation

Monitoring for dredging or excavation remedies generally includes construction and.operational

monitoring of the dredging or excavation transport dewatering any treatment.transport and any on-site

disposalpiacement Following.dredging or excavation the residuaL sediment contaminatidn should also

be monitored Additional monitoring follÆwing sediment removalmay includeinonitoring of sediment

toxicity or benthic community recoveiy or for bioaocuxnulative contaminants tissue concentrations in

fish or shellfish as well as continued monitoring of any on-site disposal futilities and monitoring

sedimentand/orbiota for recontamination

Depending on the levels of contamination and the selected methods of dredging/excavation

transport treatment or disposal potential construction and operational monitoring may include the

following

Surface water.monitoring at the dredgingsite and any in-water disposal sites e.g ttal

suspended solids total and dissolved contaminant concentrations caged fish toxicity

caged mussel intake
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Dredging/excavation residual monitoring at-the sediment surface to determine whether

cleanup levels are met

Effluent quality monitoring alter sediment dcwatcring and/or treatment

Air monitoring atthe dredge fransport onsitc disposal and treatment sites and

On-site disposal monitoring of dredged sediment or treatment residuals

thorough monitoring plan will normally enable project managers to make design or

construction changes to ensure that the spread of contamination to uncontaminated areas of the water

body sensitive habitats or adjacent human populations is minimized during dredging transport

treatment or disposal Dependmg on the contaminants present and their tendency to volatilize or

bioacouniulate the project manager should consider water air and biological sampling in the monitoring

plan

Generally monitoring plan for dredging should include collecting datato test the effectiveness

of silt curtains dredge operating practices and any other measures used to control sediment resuspension
or sediment or contaminant transport In most cases the project manager should molude sampling

upgradient of the dredging-operation and both inside and-outside-of any- containment structures

Generally this sampling should also include dissolved compounds in-the water column although in some

cases it may be
appropriate to use atiered approach with analysis of dissolved compounds triggered by

exceedances of threshold critena for total compounds or for suspended solids Also where contaminants

may be volatile project managers should consider the need for air sampling At highly contaminated

sites it may be necessary for the project manager to conduct pilot study on small area to determine if

the sediment can be removed without causing unacceptable risks to adjacent human populations or

adjacent benthic habitat This infonnation can help to detennine what containment barriers or dredging

methods work best and what perfonnance standards are achievable at the site The project manager
should compare monitoring results-with baseline datafor-cóntaminant-concentrat.ions in-wateranI where

appropriate in air This-should ensute-that-effeots due.todredging maybe--separatedaid-evalüated from

natural-perturbations-caused--by tides -and-storms The project manager should-develop contingency plans

to guidechanges.in.operation where-performance-standards are not met
--

Following dredging it isusuallyessential--for projectmanagers to conduct monitoring tb

determine whether-cleanup levels-in.sediment-areachieved InitiaLsampling should he-analyzed rapidly
so that contingency actions such as additional dredging excavation or baokfllling can be implemented

quickly if cleanup levels have not been met
--

Folkwing.sedisnent-reinoyal.-itigusuallyaecessaiy for--the project manager-to conduct-long-term

monitoringto ensure-that--the dredged.-orexoavatedareais.not recontaminated by-additional--sourcesor by

disturbance-ofany-residualsthatremaitr above-cleanup--levels Long1enn -monitoring is
-usuall-yneoessary

to provide data to determme whether RAOs are met and may be necessary for period of time following

remedial-action-to provide confidence that-the otjectiveswill remain met

If an in water or upland disposal facility is constructed on site as part of the remedy it should

in the long term Momtoring is recommended to determine whether contaminants are leaking through the

bottom or wails of the on-site confined- disposal -facility -CD or landfill and to determists -if any u-ffaoe
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cap remains intact to ensure protection from infiltration Depending on the type of dispOsal.site and the

nature of the contamination long-term disposal site mOnitoiing may include the following

Seepage from the CDF containment cells to surrounding surface water

Ground-water monitoring

Surface water runoff monitoring

Disposal area cap integrity monitoring and

Revegetation or recolonization by plant and animal communities monitoring and their

potential uptake of Gontaminant

Highhght lists important points to remember related to monitoring sediment sites

Presentation of-amonitoling plan is Importantlorall types ofsedimntremedles both during and

following any physical construction to ensure thateicposure pathways and risks have been adequately

managed

Development of monitoring.pians should follow systematic planning process that Identifies monitoring

objctlvos decision criteria endpoints and datacoilection and data Interpretation methods

Before implementing a.remedlal aCtion project mariagersshouid determine If data adequate baseline

data exists for cornpanson to future monitoring data and if not collect additional data

Where backgroündcondiuonsmay be ohangingorwhere uncrtalnty exists concerning ccntinuin off-site

contaminant contributions to site it may be necessary to continue collecting data from upstream or

other reference areas for comparisonto site monitCringdata

Monitoring needsinciudeboth monitoring of constructionand operatioh and monitoring intended to

measurewhether cleanup levels in sedirnentandremedialactionobjectlves for biota or other media have

beenmat

Monitoringplans should bedesignedtoevaiuate whether performancestandards of the remelal action

arebeingri1etrand shouIdbe llexlbie enough toallow revision if operatingprocedures.are revised

Field measurement methodsand quicktumaround analysis methods with realtime feedback are

especially useful duringoapping and dredging operations to identify potential problems vtiich may be

correctedas theworkprogresses

Aftar-completionofremedlalaotion1iong-termmonltoring shouidbeusedto identify-recontaminatIon to

assessoontlriuedconteinment of buriedorcapped contaminants and.to monitor dredging residuals-end

onsitodisposaIfacllft lea



Contwninated Sedhnenf Rensediation Guidance

for Hazardous Waste Skes

REFERENCES

Abramowicz D.A nd DR Olsen 1995 Aceelemted Biodegradation of PCJ3s Chemtech 243641

Averett DE B..D Periy B.J Tarre and l.A Miller 1990 Review of Renova1 Containn3eut and

Treatment Technologies for Rmediatioir of Contaminated Sediments in the Great Lakes

Miscollaneous Paper EL-90-25 U.S Army Corps of Engineers Waterways Experiment Station

prepared for Enwrorunental Protection Agency Great Lakes National Program Office

Chicago IL

Barth Sss Polaezyk and Lundy 2001 Evaluation of Risk from Using Poultry Litter to

U.emediate and Reuse Contaminated Estuanne Sediments Journal of Remediation Autumn

Bedard D.L and R.J May 1996 Characterization of the Polychiorinated Biphenyls in Sediments of

Woods Pond Evidence for Microbial Declotination of Aroclors 1260ln-situ Environ Sci

Technol 3O27245

Bo1ger l993 Overview of PCB Toxicology In Proceedings the Esivironmental Protectior

Agencys National Technical Workshop PCB in Fish Tissue Envirorunental Protection

Agency Offico of Wator Washington DC EPA 823-R-3-003 Scptember

Boyer McCall FM Soster and RB Whitlateb 1990 Deep Sediment Mixing by Burbot

ota loa Caribou Island Baaln take Superior USA Ichnos 9i-5

Brown JF yr RE Wagner Feng D.L.edard MJ Brennan J.C Camaharn and RJ May 1P87

Environmental Declorination ofPCBs Environ Toxicol Chem 579593

Cerniglia CE 199 Biodegradation of Polycyclic Aromatic Iydrocarbons Biodegradation

3351368

Chiarnzcli crudata Bush Carpenter and Bushart 1998 Do Large Scale Remedial

Dredging EvCnts Have thp Potential to Rlease Significant Amoutits.of Seniivolatile Components
to the Atmosphere EiwironmcntalHcalth Perspectives Volume 106 Number February

Churchward Isely and Kearney 1981 National Waterways StudyOverview of the

Transportahon lndustiy Army Corps of Engineers Institute for Water Resources Water

l.esources Support Center Fort Belvoir Virginia

Clarke DC alermo MR and.Stugis T.C 2i0L Subaqueous eap4esign Seloctionofbioturbation

profiles1 depths arid mtes DOER Technical Notes Collection ERDC TN-DOER C21
Army Engineer Research and Development Center Vicksburg Mississippi

http//www.wesprmvinil/elfdots/doer

Connolly JP an Toncili 1985 Model of Kponc in the tiipod Bass Food Chain of the James

Rhçr.Estuat Estuarrue Coastal Shelf Science 20349-366



CofltimiutdejJ Sedirneit Remediation GukjanØe

for Hazar4ous Waste Sites

Connolly J.P and M.P Logan 2004 Adptivo Management as Measured Response to the

Uncertainty Problem Addressing Uncertainty and Mariagmg Risk at Contaminated Sediment

Sites October 27 2004 St Louis Missouri

Cowardin Carter Golet and LaRoe 1979 Classification of Wetlands and teepwater

Habitats of the United States Fish and Wildlife Service DOl FWS/OBS 79/3 103

pp

Cowen CE et al eds 1999 The Multi Media Fate Model Vital Tool for Predicting the Fate of

.Chenicals SETAC Press

Crumbling at at 2001 Managinguæecrtainty in environmental dcàisions Environ Sd Technol
35 404A..-409A available on the Web at Lf/wwvi c.lu in orftjj

Davis Dekkr Erickson Magar Patmont arid Swmdoll 2003 Frameork for

evaluating the effectiveness of monitored natural recovery MNR as contanimatei sediment

-management option Proceedings International Conference on RenieiÆtiou of Contaminated

Sedimeilts Venice Italy September 30 2003 Battelle CO1umbu Ohid Working dnft paper
available at //www rtdt oriz/publio/ediment/innrpapeis htm

Dee and o11ag 1997 Dctenninatton of Covalent Binding Interaction Between Xenobiotic

Chemicals and Soils Soil Sci 162 858874

Desrosiers Patmont App.y and.P LaRosa 2005 Bifeetively Managing Dredging Residials

Balancing Remedial Goals and Construction Costs Prococrimgs of the Third Jnt.omational

Conference on Pexnedtation of Contaminated Sediments January 2427 2005 Ne Orleans

Louisiana- Battella Press

Dekker 2003 Ntimericat models as tools to allow prediction of MNR Proceedings Second

International C.onference on Rem4iation of Contaminated Sediments Septernbr 2003

Venice Italy Battelle Press Columbus Ohio Working draft paper available at

httn /1ww rtdt
org/ubIic/scdirncntJnmrpipers htm

Erickson MJ at al -2003 Sediment stability atsestnent.to evaluate-iiatural tecovery as viable

remedy for contaminated-sediments Proceedings SecondInternÆtionalCoiforencc oa

Romediation of Contaminated Sediments Scptombcr 2003 Yeninc Italy attel1c Press

Colwnbus.Ohio Working draftpaper available at

httn//wvwrdotu/nublie/sedjmeiit/ntiirpershtm

Flanagan and RJ May 1993 Metabolic Detection as Evidence for Naturally Occumng Aerobic
PCB Biodegradation in Hudson River Sediments Environ ci Technol 27 22072212

Francingues N.R andDW- Thompson 2000 hrnovative Dredged Sediment Decontamination-and

Treatment Technologies DOER Technical Notes Collection ERDC TN-DOER-T2 U.S Anny

Enineer Reaearch-aniDevlopment Center Vicksburg Mississippi Available at

http/fwwwWes.arniy.inil/el/dpts/dger



Contaminated Sedisncnt Renediation Guidance

for Harar4ou Waste 8ites

Ghiorsc WC LB Horriek RL Sandoli and E.L Madseti 1995 Natural selóction of PAHdograding
bacterialguilds .t coal-tar dpoai sites Environ Health ierpeOt 1035 1Q3-.l J1

1-jail 94 Ph sical Disturbance and Marine Benthic Communities Life in Unconsolidated

Sedituent Ooeanoraphy and Marine Bioiogy An Aniual Ieview 32179239

Harkuess J3 McDermott Abratnôwicz Salvo Flanagan ML Stepheng

Mondllo May LbQS Carrol Brennan Braeco KM Fish

Wagner P.R Wilson DK Dieiich D.T Lin C.B Morganand W.L lately 1993 In-situ

Stimulatrnn of Aerobic PCB Biodegradation in Hudson River Sediments Science 159 503507

Hays D.and Wu 2001 Simplp approach to TSS source strength estimates Proceedings 21n

Annual Metmg of the Western Dredging AssQclatlon WEDA XXI and 33 Annual Texas

AM Didging Seminar Houston Texas

Hedb1ni Costello and Hu1 2003 Integrated field sampling for design of remedial cap In

Situ Contaminated Se.dimentCapping Workshop May 1214 2003 Cindirmati Ohio Available

at http/t\seniceenycom

Hyllebcrg 1975 Selective Feeding by 4htreniccla vagabtn4 and Concept of Gardening in

Limgworms Ophelia 14 113137

Jopson Roberts and Lick 1997 Effcçt of Bulk Density on Sediment Erosion Rates Water
Air and Soil Pollution Kiuwef Academic Pithlishers TheNetherlands 992137

Langworthy D.E.R.D Stap1ton u.S Sayler anl RH Findtey 1998 Genotypic and phenotypie

responses of riverine microbial community to polycyohe aromatic hydrocarbon contamination

App Environ Micróbiol 649 34223428

Lee CR 2000 Reclamaiión and Beneficial Use of Contaminated Dredged Matethsl Implementation

Guidaitce for Salect Options DOER TeOhujical Nbte Collection ERDC TNDOERC12 U.S

Arms Engineer Research an4Development Center Vioksburg Mississippi Also available on

the Internet at hnn//www.wesannv.inii/e.l/dothtdoer

Lesnik and Crumbling 2001 Guidelines for Preparing SAPs and analysis plans

Using Systematic Planning and PBMS moasuremontsystcm Environmental

Testing and Analysis Jan/Feb 2001 available on the Web at httpi/www cm-ui org/triad

Liu and Znidazcic 1991 Modehng one dimensional compression characteristics osoils Geotechnical

Engineering ASCE 1171 162169

Luthy RG it Aiken Brusseau Cunningham scbwend Pmgnatello

Beinhard SJ Traina wi Weber Jr and J.C Wentall 1997 Sequestration of Hydrophobic

Omanie Contamiæantsby Oeosorbents Enviroii Sci Tech.31 33413347

Man J.P.-Y LD Wright C.-HLee and T.W Shannon 1993 VIMS seacarousel afield instrument

for studyingsediinent transport MaxineGeoioyJ 15 271287



Contaminated Sediment Remediatian Guidance

for ffazardous Waste Sttes
-________

MacKnight 1992 Dredging of contaminated sediment between predredgmg survey and treatment

Tn Proc of the International Symposium on Environmental Dredging Buffalo NY

Magôr 2003 Characterization of fate and transport processes Comparing contaminant recovery with

biological endpoints tocedings Seond InternatiOnal Conference on Remediation of

Contaminated Sedimentn September 2003.VeniOe Italy Battelie Press COkimbus Ohio

Working draft paper available at http I/wv rf.o m/ bhe/bt4imonthnnpapers htm

Maliliot and Peters 1988 Empirical Relationships Between the L-octane/water Partition

Coefficient and NinePhysioeheinieal Properties environ Sçi Teehnol 22 1479T488

Matisoff Wang and P.L McCali 1999 Biological redistribution of lake scdimonts by tubificid

oligochaetes Jourtial of Oreat Lakes Research 251 205219

Matisoff aiid XWan 2000 Particte tnixingby freshwater infaunal .b.ioitrigatois mediges and

rnayflis Journal of Great.Lake Researph262 1.74-i82

McLarn andD Bowles 1985 The effects Of seditheit transport eu grainsize distributions Journal

of Sedimentary Petrology 55457470

McLareit Wi Creiney and.R Powys 1993 Sediment pathways na British Colrnnbia ord and

their relationship with particle associated contiuninants Journal of Coastal Research

10.261043

McNeil Taylor and Lek 1996 Measurements of erosLon of undisturbed bottom sediments

with depth Jpurnat.o.fffydiaulic Engineering 1226 3l6324

Meador J.P J.E Stein W.L Reicheit and Varanasi. 1995 .Bioaccumuation ofpolycyclic.azomatic

hydrocarbons by mtsine organisms Rev Eaviton Contamin Tocieo1 14379163

MilIigan C.N RN Yong and B.F Gibbs 2001 Heavy Metal Removal from Sediments by
Biosvrfaetant Jowanl ofHazardous Materials 85 111125

Myers.TE and ME Zappi 1989 NewBedord arborSuperfind.ProjectAcus1i.netRiverEstuiy

Engineering Feasibility Study of Dredging and Dredged Material Disposal Alternatives Report

No Laboratory Scale Application of SolidicationJStabilization Tcchnology Technical Report

EL-8-15 U.S Army Corps of.Engineprs Watetwas Experiment Station.Vioksburg

Mississippi

Myers Gambrel and ME Tiulebanm 1991 Design of an Improved Column Leaching

Apparatus for Sediments andDredgedMaterial MisoellaneóusPap.erD-91-3 U.S.ArniyComps

ofngineersW-aterways Experitnent.Station Vlcksbuig.Mississippi

Myers TB and D.W Bowman 1999 Biorernediation of PAJ-Contarninated Dredged Materialatthe

Jones Island CDF Materials Equipment and Imtial Operations DOER Technical Notes

Collection ERDC TM-DOER-CS U.S Army EugineerResearchind.Development Center

Vicksburg Mississippi Available at http t/www wes aims miL/cI/dots/doer



Contaminated Sedtmeat Remedlitjon Guidance

for Hazardous Wdsie Sits

Myers T.E and Wihiford 2000 Concepts and Technologies for Bioremodiation in Confined Disposal

FaeilitiOs DOER Teehnial NotOs.ColleetiOnERDC TN-DOER-Cl U.S Arm Enginee

Research and Development Center Vicksburg Mississippi Available at

httix/fwww.weii.annvrn il/el/dots/doer

NRC 1997 Contammated Sediments in Ports and Waterways National Research Council National

Academy of Press Washington DC Available from the National Academies PreSs Web site at

htlp //www nap aduThookstore hlinl

NRC 2001 Risk-Management Strategy for PCB-ontaminated Sedjmants ommitteØ on

Remediation of PCB Contanimated Sediments Board on Environmental Studies and Toxicology

tivision on Life and arth Studios National Rescaróh Council National Academics Press

Washington DC May.

NRC 2003 Environmental Cinanup at Navy Facilities Adaptive Site Management Committeo on

Environmental Remediation Naval FeiIitie National Research Council National Acadethies

Press

PalOnno MR 1995 Considerations for Disposal of Dredged Material in SOlid Waste Landfils

Prncceings of the Annual Meeting of the Western Dredging Association St Paul MN May
2326w 1995

Palcimo MR and DE Avorctt 200 Confined Dispomi Facility CDF Coctninmnat Mpasures

Sumtnaiy of Field Experience DOER Technical Notes Collection ERDç TN-DOER-C18 US
Anny Engineer Research aiid Development COntcr Vioksburg Mississippi Available on the

Internet at http //wwv wes army irni/el/dots/doer

Palmero MR and DE Averett 2003 Environmental dredging state of the art review

Proceedings of the InterrÆtional Syinpositun on Coiitaniinatd Sediments Charaterizgtion

Evaluation Mitigation/Restomtion Monitoring and PeiforrnanceQuebeo Canada May 26-28

Palenno MR i.E Clausner M.PRollingsG.L Williams TE Myers T.J Fredette and RE Randall

1998a Oudanc.efor SubaqueousDredged.Màterial.Capping U.S Army Corps ofEngineers

Watcrv ays Experiment Station Vicksburg Mississippi Technical Report DOER Available

on the Internet

Palermo Franoingues and Mefttt 1998b Ewitonmealal Dredgin and Disposal Overview

and Case Studies Prceeedings National Conference on Manaementand Treatment of

ContarninatedSediments U.S EnvironmentaiProtectinn Agency OfficeofResearchand

DevelopmentWashington EPA 6251R-98/Q0J

.Palermo MR N.R Francinguesand D.E A-verett 2004 OperatlonalCharacteristics aridEquipment

Selection Factors for Environmental Dredgmg Journal of Dredgmg Engmeenng Western

Dre4ging Association Vol No

Pasce McLaren and Soldate 2002 Impact of offsite sediment transport and toxicity on

rnniediation of coiitsminatedestuarine bay Marine PollutionBuilotin 44 11841193



ConaminEied Sediment Remedkitjo.n Guidance

for Hazardous Waste Sites

Patrnont at al 2003 Natural Recovory Monitoring docimos in sodiment chemical concentrations

and biological endpoints Proceedings Second International Conference on Reniediation of

Contaminated Sediments September 2003 Venice Italy Battelle Pres.Co1umbüs Ohio

Working draftpaper available at

Ponnak R.W 1978 Fresh water Invertebrates of the United States 2nd Edition John Wiley Sons
NewYork

Ravens TM and P.M Oschwend 1999 Flume Measurements of Sediment Erodibility in Boston

Iarbor Hydraulic Engineeiing 125 9981005

Rciblo D.D and LI Thibodoaux 1999 Using Natural Pmcesscs to tone Exposure from Sediments

Sediment Manngment Work Gronp Teqhnical Paper Available at Iittp//www.smwgorg

Reid Jones and Semple 2000 Bioavailability of persistent organic pollutnta in soils

and seJinients perspective on mechanisms c.onzeqtiences and assessment Environ. Poll

108103-412

Rhoads .1967 Biogenic Reworking of intertidal and Subtidal Sediments in Eamstable Hniborand

Buzzards Bay Massachusetts J.Oeol 75 461476.-

Risk and Moffat 1977 Sedimentological Significance of Fecal Pellets of Macorn bcilthica in

-Minas Basin By of Fundy Sediment 47 1425i46

Roch and Alexander 1997 Inability of bactona to degrade low concentratIons of toluonc in

water Environ Toxicol Chem -l67 l377l83

Ruiz Aziz and Schroeder 2000 RECOVERY Contaminated Sediment Water

lflteraation Model ERCt/EL SR-00-1 U.S Army Engineer Reearch and Dcve1omient Centur

Vicksburg Mississippi

Ryan .l.N Mangion and Willey 1995 Tiirbidity and Colloid Transport In US PA Ground

Water Sampling Workshoz Summary Dallas Texas November 30December..2 1993 EPA

00fR94i20 pp 8893

Safe 1980 Metabolism JJptakc Storage and Bioaecumulation In Halogenated iplwnyl
Napthyknes Di-benzodioxJn and Related Pmducts. Kitubroush ccl Elsevier North Holland

pp.81107 .-..
--

Safe 1922 Thxicology Srueture-finotion Relationship andHumanEnvirqomental Health Impact

PaiychorinatedBiphenyls Progressand--Problems Environ Health Perspect 100259268

Schwartz E..and KM Scow 2001 Repeated inoculation nsa tiutegy forthe remediation of low

concentrations of phenanthrene in soil Biodegradation 12 201207



Con.tambuned Sediment Remediation Guidance

for Jiaardou Waste SgtŁs
-________________

eoch ONcil and L.A Comacehio. 1993 $ioromodiation of Sediments Contaminated with

PcdynuclearAroniatic Hydrocarbons PAH lit ProceadinpoftheWofkhóp oti the Rerno/ai

and Treatment of Contaminated Sediments Environment Canadas Great Lakes Cleanup Fund

Wastewater Technology Centre Burlington Ontario

Shuttleworth KL and CE Cemiglia 1995 Environmental Aspects oIPAH Biodegradation. Appi
Riocheni Biotechniol 54291302

St. Lawrence tentre. 1993 Selecting and Operating Dredging Equipment Guide to Sound

Environmental Practices prepared in Collaboration with Pubhc Works Canada and the Mrnistere

de Envininment du Quebec written by Las Consultants Jaces Berub lire Cat No En

40-4381993E

Stern IL Lodge Jones Clesceri Feng and Douglas 2000 Decontamination

and Bene9eial Use of Dredged Mathrials

E.A 2001 Status Sheet-NY/NJ Harbor Sedinient Decontamination Program

Suedel B.C.3.A Boraczek Peddleord CliffordTM Dillon 1994 Trophiottansferand

biomagnifcatFou potential of contaminants in auatie ecosystems Rev Environ .Contam

Toxiç1 162189

Svmdol1 Stahl and Ells cds 2000 Nntural Remediation of Environmental

Conteininants Its Role in Ecological Risk Assessment and Risk Management Society of

Environmental Toxicology and Chemisty SETAC Press

Tabak.HHandR Govin .1997 Bioaväilabillty and Biodegradation Kinetics Protocol far Organic
Pollutant Compouncisto Achieve Environmentally Acceptable Endpoints During Hioremediation

In Bioremediaton of Surface and Subsurface Contamination Anna1 oNcwYcrk Academy Qf

Sciences 829 660

Tsat and Lick 1986 portable device for measuring sediment
resuspension of Great

Lakes.Res 124 314321

Tinner T.M 19.84 Fundamentals of hydraulic dredging Cornell Maritime Press Centerville Maryland

USACE 1987 Coifined Disposal of Dredged Maerial EagirieerManual 11 10-25027 U.S.Arnry

Corps of Engineers Washington DC

USACE 2003 Evaluation of Dredged Material Proposed fQr Disposal at Iland Neamhorc or Upland
Confined Disposal FaciIitis Testing Manual.U.S AnnyEngineerResearôh Development

Center Waterways Experiment Station Vioksbutg Mississippi ERDCIEL TR-03 January

USACE and U.S EPA 2003 Great Lakes Conflned.Disposal Facilitias Report tbCongress U.S Aimy

Corps of Engineoth- Great Lakes and Ohio River Division and U.S Environmental 1ktection

Agency OreatLakes National.Proram Office April Available at



Contaminated 8edlment .Remediation Guidance

for Hazardous Waste Silas

U.S EPA 1988a Guidance for Conducting Remedial Investigations and Feasibility Studies under

CERCLA Jnterim Final U.S Environmental PEotection Agency Office of Emergency and

Remedial Response Washington DC OSWER.Dircctive93553-01 EPALS4O/G-89/004

October

U.S EPA 1988b CERCLA Compliance with OthstLaWsManual Interim Final U.S Enviromnental

Agency Office of Emergency and Remedial Respqnse Washington DC OSWER
Directive 9355.0-67FS EPA 540-0-89-099 December

EPA 1989 Risk Assesstuetit Guidance for Superfluid Environmental Protection Agency
Office of Emergency and Remedial Response Washington DC EPA 540/1 89/002 December

US EPA 1991a Risk.Assessment Guidance for Superfund Volume Human Health Evaluation

Manual Part Risk Evaluation of Remedial Alternatives U.S EnviromnefitalProtection

Agency Office of Emergency and Remedial Response OSWER Directive 9285.7-0lC

EPA/540/R-92/004 See Chapter page 246

U.S EPA 1991b Compendium of CERCLA ARARS Fast Sheetsand Directives U.S Environmental

Protection Agency Office of Solid Waste and Emergency Response Washington DC OSWER
Directive 9347.3-15

U.S EPA 1991c Handbook Remedjation of Contaminated Sediments U.S Environmental Protection

Agency Office of Research and Development Cincinnati OH EPA 625/91/028 April

U.S EPA. 1991d Guide to Principal Threat and Low-level Threat Wastes U.S Environmental

Protection Agency Office of Solid Waste and Emergency Response Washington DC OSWER
Directive 9380 3-O6FS

EPA 1992a ECO Update The Role of Natiral Resource Trustees in the Superfund Process

Intermittent Bulletin Vol No U.S Environmental Protection Agency Office of Emergency
and Remedial Response Washington DC OSWBR Directive 9345.0-051 March

U.S..EPA 1992b Early Action and Long-Term Actiônunder SACM InterimGuidance U.S
Environmental Protection.Agency Office of Emergency and Remedial Response Washington
DC OSWER DIrective 9203.1-051 December

U.S EPA 1993a Guidance on Conducting Non-Time-Critical Removal Actions Under CERCLA U.S
Environmental Protection Agency Office of.SoidWaste.and Emergency Response Washington
DC OSWER Directive93600-32 EPA 540/R-93/057 August

U.S EPA 1993b Revisionsto OMB.Circular A-94 onGuidelines.andDiscountRates for Benefit-Cost

Analysis U.S EiwironinentalPreteotion Agency Office of SolidWaste andRemedial

Respoise Washington DC OSWERDimctive No 9355.3-20

U.S EPA 1993c Assessment and Remediation of Contaminated Sediments ARCS Rik Assessment

and Modeling Overview Document U.S EnvironthentalPrbtcction Agency Great Lakes

National Program Office Chicago Illinois EPA 905 P.93 007



Contaminated Sediment Rem ediaf ion Guidance

for Ma4ardous Waste Sttes

EPA 1993d Selecting Rcmcdiation Technologies for Contaminated Sediment

Environmental Protetioii Agenc Offib of Water Washington DC EPA 823/B-93/00I

U.S EPA J94a RCRA Correotive Action Plan Pinal U.S Environmental Protection Aganoy Office

ofWaste Progtins Enforceiient and Oce of Solid Waste OSWER Directive 99d2i-A
May

EPA 994b Role of the Ecolegil Risk Assessment in the Bselinc Risk Assessment

Environmental Prntecion Agency Offloe of Solid Waste and Emergency Response OSWER
Directive 9285.7-17 April 12

15.8 EPA l994c Guidance for Conducting External Poor Review of Envirownental Rogulatoy Modls
U.S Environmental Protection Agency Office of the Administrator Agency Task Force

Environmental Regulatory Modelmg Washington DC EPA 100/B 94/001 July

U.S EPA 1994d Assessnient ContamInated Sediments ARCSPioram
Remecliation Guidance Document EPAJ905/R-94/00 U.s Environmental Protection Agency
Great Lake National Proram Office Chicago Illinois

EPA 994e Considermg Wetlands at CERCLA Sites nvironrnental Protection Agency
Office of Solid Waste and Eniergeny Raspns EPA 540/R-94/0 19 May

EPA 194f Pilot Scale Demonstration of Seditnetit Washing for the Treatment of Saginaw River

Sedjitient Assessment ai4 Remedjation of Contaminated Sediments ARCS Program EPA
905/R4/0l9 July

U.SEPA 1995a Land Use on the CERCLA Remedy Sdlecti9n Proces U.S Environmental Protection

Agency Office of Emergency and RemedialResponse Washington DC OSWER Direeti\e

p355.7-04

U.S EPA 1995b Cleaæin Up Côntathinated Sediments Citizcn Guide Assssnànt and
Remediation ofContaminatedSedimnt ARCS Program U.S Environmental Protection

Agency Great LakesNationaiProgran Office Chicago Illinois EPA 905/K-95/00l July

U.S EPA 1996a SoilScrepning Guidance Users Guide U.S Environmental Protection Agency
Office of Solid Waste and Emergency Response Washington DC OSWER 9355.4-23 EPA
540/R96to1g Jely

EPA 96b The Model Plan for Public Participation developed by the National Environmental

Justice Avisoxy Council U.S Environmental Protection Agency Office of.Enyironmental

Justice EPA .3OO/K96/0O3 Nàvember

U.S EPA 1996c ECO Update on EcotoxThreshnldg U.S ErivironmeiflaiProtection Agency Office

of Solid Wasteand Emergency Response Washington DC EPA5401P-95/038 January

Available at //wwwepaov/oswer/iithassessniontJpdYee updtipdf



Contaminated Sedimeit Reined jag jp Guidance

for Hazardous Waste Sites

IJ.S.EPA 199t Suporfund RcmovalProcoduns.Rospônse Managemont Removal Action Start-up to

Close out Environmental Protection Agency Office of Emergency and Remedial

Response Washington DC OSWEE Directive 9360.3-04

U.S EPA l96e Estjmating.Contaniinaiit Losses fiom Conipononts of Remediation Altetnatives for

CôitainatedSedimints Assesment and emediitiöti ofCänthniThatedSedæitit ARCS
Program U.S Eiwlroninental ProtactionAgenoyGreat Lakes Nations.1 Pograin Office7

Chicago Ill.inoi EPA 9Q51R-96/00l March

US EPA 1996f Coordination between RCRA Corrective Action and Closure and CERCLA Site

Activities US EiMronmental Protection Agency Office of Solid Waste and EmeIBency

Rcsponsc Washmgton DC OSWER Directive 200 25 Scptcmbor

US EPA l997a CBRCLA Coordination with Naturai Resource Trustees Environmentai

Protection Agency7 Office pf Solid Waste and Emergency Response Washington DC OSWER
Directive 9200.4-22A

U.S EPA 9.7b Communii Advisoiy Group ToolldtforEPA Staff U.S Eiivironmental Prteotion

Agency Office of Solid Waste and Emergency Response Washington DC EPA 5401R 97/038

TJS..EPA lY97o RuIe of Thiuiib for Si.iperfuild Remedy Selection U.S Envirorunental Protection

Agency Office of Solid Waste and Emergency Response Washington DC OSWBR 9355 69
EPA 540LR-97/0l3 ..

EPA 1997d Ecelogical 1.isk Assessinent Guidance for upcrfund Process for Designing and

Conducting Ecological kisk Assessment Interim Final Environmental Protection Agency
Office of Solid Waste and Emergency Response Wahington DC EPA 540/R-971006 June

EPA 997e Report oii the Effects of tha Hot Spot Dredging Opetations New Bedibrd Harbor

Supetfund Site New Bedford Massachusetts Environmental Protectinn Agency Region
OCtober

EPA 1998a EPAs Contaminated Sediment Management Strategy Environmental Protection

Agency Office of Water Washington DC PA 82WR 9/00l The strategy and fact sheet on

this document are.available ontheIntenietat.htt/wwggQy/QST/9s/sratndxheini

EPA L998b The Plan to Enhance the Role of States and Tribes in th Stiprfund Progrant
Environmental Protection Agency Office of Emergency and Remedial Response Washington

D.C OSWERb.irective9375.3-O3P EPA.54OtR910 12 March

U.S.EPA i998c Guidaneefor Conducting Fish and WildIifo.C.onsumptionSurveys US
Environmental Protection Agency Office of Water WashmgtonDC EPA 8.3/B 8/007

November

US EPA. 1998d Assessnantand.Rexnediation-ofContaiinatedSedimentsARCSProgranouidance

inSitiiSubaqueousCapping.of ContathinateS 1inents Preparefor-the..U.S

Environinentai Pmtectioa Agency Great Lakes National Program Office Chicago Illinois EPA
905/B-9/004 Available on the Internet at htt Ifww epa iov/nlnno/sediment/isvmain



Containinaled Sediment Remediation Guidance

for Ifaardou Waste Sites

EPA 999a Guide to Preparmg Supcrftmd Proposed Plans Records of Doision and Other

Reniedy Solºctidn Peeision Doeuthent US Enyiroætheittal Protectidn Agency Office of Solid

Waste and Emergency Response Washington DC EPA 5401-98131

U.S EPA l99b Ecological Risk.Assessment and Rik Ma gementPrinoip1s for Stiperfund Sites

U.S Envi.ronmentalProtection.Agency Office ofSolidWaste and Emergency Response

Washington DC OSWER Directivó 9285 .728P

EPA 999c Community Guide to Supethuid Risk Assessment Whats it All about and How
-Can You Help US Environment Protection Agency Office of Solid Waste and Emetgency

Response Washington DC OSWER Directive 92857-30 EPA- 5.40/K-99/003 December

EPA 1999d Use of Monitored Natural Attenuation at Superftind RC1.A Corrective Action and

Underground Storage Tank Sites- U.S Envimamental Protectioii Agency Office of Solid Waste

and Ethrgncy Reponse Washington DC EPA 5.4OfR-99/009 April

EPA 2000a Guidance for the Data Quality Objectives Process EPA QA/G
Environmental Protectioti Agency Office of EnvirOnmental Information Washington DC EPA
600/R46/055 Also.availalile onThe.lnternet atiit/jqliijt_çij

EPA 2000b Guidance for Assessmg Chemical Contarmnant Data for Use in Fish Mvisones

Volume Fish Sampling and Analysis Third Edition U.S Environmental Protection Agency
Office of Water EPA 8231B-0O/007 Nov.ethbcr-

uS EPA 20.OOe Soil Screening Guidance for Radionueidcs Users Guide tL Environmental

Protection Agency Office of Radiation and Indoor Air and Office of Solid Waste and Emcrgenc5

Response OSWER93-55.4-16A EPA/540.-R-00-007 Oetober

US .EPA 2000d Use bfNon-TiuieCiitcal.Reniova1 Anthrity in Superund Response Acdoiis U.S

Environmental Protection Agency Office ot Emergency and Remedial Response. OSWER
Directive 9360.040P Februay

U.S EPA 2.000e.Peer.ReviewHandbook-2nd Edition ILS Environmental Protection Agency

Science Policy Council Washington DC EPA 100-00-00 DeOethber.

U.S EPA 2000f Institutional Controls Site Managers Guide to ldntifying Evaluating and

Selectmg Institutional Controls at Superfund and RCRA Corrective Action C1eaups

EitvironmentalProtectioii Agency Office of SolIdWastean-Emergeiicy.Respons Washington

DC SWER Directive 93550-7FS-P EPA 540-F-00-005 September

U.S EPA 20.0.0g -Institutional Controls.and Transfer of Real Property under CERCLA-.Section 1.20

h3A or Environmental Protection Agency Federal Facilities Restoration and

Reuse Office Washington DC Februaiy Available-at

http//www.cnLrov/swexdo-onme1ts/fi-icoos l.06htm

U.S EPA 20.OOh Managing.and Sampling.and Analyzing Contaminants -in Fish-and Shellfish Volume

Environmental Protection Agency Offlee of Water EPA 8231B-00/008



Contaminated Sediment Renediatioji Guidance

for Jlasardous Wiise Stes
_______________________

EPA 200 Ia Enhancing State and Tribal Role Directive Environmental Protection Agency
Offlee of Emergency and Remedial Repoits Washington DC OSWER Directive 9375.3-06F

U.s EPA 2001b Early and Meaningful Community Involvement US Environmental Protection

Agency Office ofniexency and Rettiedial 1.esponse Washington DC OSWEP Directive

92300-99 October

U$ EPA 2001 Incotprating Citizen Concerns into Superfinid DeoisiQii-Making U.S

Environmental ProtectionAgency Offke oEniergency and Remedial Response OSWER
Directive 9230 0-18 Januaiy

Ii EPA 2001d Forum on Managing Contaminated Sediments at Hazardous Waste Sites

Environmental Prottotion Agency Office of Emergency and Remedial Response Washington

DC Proceedings available at htp//wwwcpa.ov/iaiperfimdJresources/sedinientiineetingshtm

EPA 200le EPA Reqiirements for Quality Assurance Project Plans Environmental

Protection Agency Office ófEnviromnental Information Washington DC EPA/240/B-Ol/003

Alsôitai1able on the Internet at litt//ww.epa.uov/ouaiitV

15 EPA 2Q0lf EPA ECO Update The Role of Screening-Level Risk Assessments and Refuiing

Conaminants of Concern in Baseline coIegica1 Risk Assessments U.S Environmental

Protection Aenoy OffiOC of SOlid Waste and Emergency Response EPA 540fF.0 11014

OSWER 9345.0-14 Junc

EPA 200 Ig Natural Recovery of Persistent Organics in Contaminated Sediments at the Sangamo

Weston/Twelvemile Creek/LakeHartwellSuperfund Site Propated by Batelle under contract to

EnvironmentalPrbtectjon Agency National Risk Management Reseerch Laboratory

Cincinnab Ohio

U.S EPA 2001h NaturaiRecoveryof Persistent OrganicsinContaminatedSedinients at the

kofEagle Harbor Superibnd Site Prepared by Battelle under contract to Environmental

Protection Agency National Risk Management Research Laboratory Cincinnati OhiQ

US EPA 001i Comprehensive 1ive-Year Review Guidance U.S Envitonmentni Protection Agency
Office of Emergency andRemediatResponse Washington DC EPA 540fR0l/007 June

U.S EPA 2001j Monitored Nattimi Attemi4iox U.S Bnvimnmentd Protection Agency Research

Program An EPA Science Advisoy.Board Review U.S Environmental Protection Agency

EnvironmeiitalEngineeringCommittee oftheEPA Science and Advisory Board EPA-SAB
EEç-o1-004 May

EPA 200 1k Methods for Collection Storage and MaipulAtion of Sediments for Cjiemical and

Toxicological Analyses Teclndcal Manual U.S EnvironmenteiProtection Agency Office of

Water Washington DC EPA 82/B 1/002

EPA 2002a Principles for Managing Contaminated Sediment Risks at Hazardous Waste Sites

tIS Environmental.ProteefionAgenoy Of1ce
ofEmerency.andRethediaJ.Response

WasWtigton DC OSWER Directive 9285.6-08 February



Contaminated Sediment Renediatkw Guidance

for Haar4oas Waste Sites

JS EPA 2002b Role of Background in thcCERCLA C1oanrp Program US Environmental

Protectitn Agency Office of Solid Waste and Enrgiey Response WäÆhi0gt0n DC OSWER
Directive 92856-07P April 26

US EPA 2002c Guidance for Comparing Background and Chemical Concentrations in Soil for

CERCLA Sites U.S Environmental Protection Agency Office of Emergency and Remedial

Rsponse EPA/540/k-Ol/00 OSWER 92857-41 September 2002 Also available on the

Iaternt at htp//www.epa.ov/suecrfund

US EPA 2003a Superfluid Community Invo1vemet Toolkit U.S Environmental ProtectiOn Agency

Office of Emergency and Remedial Response Washington DC Available athtThf/www
US EPA .2003b Using.Dynamie.Fi8ld Activities for On-Site Decision-Making Guide for Project

Manager U.S Eiiyirotimental Protection Agency.Office of SotidWastØ and Emergency

Response OSWER No 52001-40 EPA/54WR.03/002 May2003 vailableoa the.Web at

htto//www.eoagov/sunerAmd/prouramsfcl/uuidocchtrn

U.S SPA 2003c Ouidano for Developing Ecological Soil Screening Levels Eco-SSLs U.S

ErivironnientaiProtection Agency Office of Solid Waste and Emergency Response. OSWI3R
Directive 9285.7-55 1ovember

U.S EPA 2003d Guidance on the Rcolutionofthd Post-ROD Dispute Memorandum U.S

Environmental Protectln Agenoy Office of Solid Waste and Emergency Response and Offie of

Enforcement andcomplianeo Assurance November25 2003

U.S EPA 2004a UpdatedReport on theIneidence and Severity of Sediment Contamination in.Surface

Waters of the tJnited States National Sediment Quality Survey U.S Environmental Protection

Agency Oftce of Waters Wlthiton DC EPA-S23-R-04-007 November

U.S EPA 2004b OSRTI Sedimeht Team and NRRB CoOrdination at Lafge Sedintent Sis U.S

Environmental Protection Agency OlEce of Superfund Remediationand.Technology Innovatioa

OSWER Directive 92.856-11 March

U.S EPA 2004c Guidance for Monitoring at Hazardous Waste Site Framework for Monitoring.Plan

Dovclopment widImplcmcntation O.SWER Directive 955.4-28 January

US EPA 2005a 2004 National Listing of Fish Advisories Fact Shet U.S Envfronmentai Prptectjon

Agency Olice of Vater EPA-823-F45-C$04 September Available atrn

hte//w.vwepa.zoyiwaterscience/fish

U.S EPA 2005b Contaminated Sediments hiqiacts and SQiutions Video EPA-540-V-05-0Ol

available from http//ertvideo.org and Presenters Manual EPA-540-R-05-001 available from the

Community Involvement and Outreach flranch.U.S Environmental ProtectiOn Agency Office of

Superfluid Reinediaton and Technoley Innovation



Contaminated Sediment Remediation Guidance

for Maardous Waste Stes

US. EPA 2005c Procedures for the Dcxivation of Equilibrium Partitioning Sediment Benchmarks

ESBs for the Protection of Benthic Organisms Metal Mixtures Cadmium Copper Lead

Nickel Silver and Zinc EPA 600-It 02-Oil Environmental Protection Agency Office of

Research and Lievelopment Washington DC 20460

US EPA Iii preparationi Evaluation of Contmtiüiated Sediment Fate and Transport Models Final

Report Environmental Protection Ageney Office of Research and Development National

Exposure Laboratory Athens Georgia 141
pp

EPA In preparation2 Evaluation of Chemical Bioaccuniulation Models of Aquatic Ecosystems

Final Report U.S Enviroiunental Protection Agency Office of Research atid Deelopnient

National Eiposurc Research Laboratory Athons Georgia 122 pp

U.S EPA and I.TSACE 1992 Evaluation of Dredged Material Pruposed for Ocean Disposal Testing

Manual Environmental Protection Agency Office of Marine and Estuarine Protection

WathingtonDC and U.S Army Corps.fEngineets Washington DC E1A5Q3J8-91/0O1

February

U$ EPA and USACE 1998 Evaluation of Dredged Material PropOsed for Discharge in Waters of the

US Inland Testing Manual U.S Environmental Protection Agency Office of Water

.Wsliingtoii DC And U.S Aniy Corps of Engineers Washington DC EPA 8231B-98/004

U.S EPA and USAGE 2000 Guide to Developing and Documunting Cost Estimates During the

Feasibility Stidy EPA 540-R-00-002 U.S Army Corps of Engineers Hazardons Toxic and

Radioactive Waste Centerof.Exportiso Omaha Nebraska and U.S EniironmcntÆl Protection

Agency Office of Emergency and Remedial Response Washington DC Jul Available at

ht //www epa gov/ocrrpagefsuperfund/reourc.es/remedv/flnaldoc pdf

Naval Facilities Engineering Command 2003 Iinplcinentaiion Guide for Assessing and Managing

Contaminated Sediment at Navy Facilities. UG-2053-ENV Maroh

Van Oostrum RW 1992 Dredging of contaminated ed1mentbetween pro-dredging survey and

treatment In Proc of the Intematioiial Symposium on.EnvirothnentalDre.dging Buffalo New
York

Warnc G.F 1977 On the Shapes ofPassivo Suspansion-Feeders In KcoganB.F P.O Coidigh and

PJS Boaden ads Biology of Bnthiu Organisms New York

Wiles CC and Barth l92 o1idification/Stabilization Is it Always Appropriate Stabilization

an4 Solidification of Hazardous aduoactive and Mixed Wastes 2d Volume ASTM STP 1123
TM Gilliaxn and C.C Wiles Eds. American Society for Testingand Materials Philadelphia.pp

Winter 20Q Subaqueous Capping and Natural Recovery Understanding the Hydrogeologic

Settingat Contatninated Sediment.Sites DOERTphnicai NotesCollection ERDC TN-DOER

C26 U.S ArmyEngineer.Research.and Development Center Vicksbnrg Misalssippi

httn//wwwwesprmy.miIJel/dots/doer



Contaminated Sediment Remedhnion Guidance

for Hazardous Waste Sites

Zaidi Stucki and Alexander 1988 Low chemical concentrations and pH as factors

limiting the success of inoculation to enhance biodegradation Environ Toxicol Chem
143151

Zappi PA and DF Hayes 1991 Innovative Technologies for Dredging Contaminated Sediments.

Miscellaneous Paper EL 91 20 Army Corps of Engineers Waterways Expenment Station

Vicksburg Mississippi

Zar 1999 Biostatistical Analysis Fourth Edition Prentice Hall Upper Saddle River New Jersey

Zimmemian JR Ghosh RG Luthy RN Miliward and T.S Bridges 2004 Addition of carbon

sorbents toreduce PCBand PAR bioavailability in marine sediments physiochemical tests

Environ Sci Technol 3854585464



This page left intentionally blank



CONTAMINATED SEDIMENT REMEDIATION
GUIDANCE FOR HAZARDOUS WASTE SITES

4PPENDIX PRINCIPLES FOR MANAGING
CONTAMINATED SEDIMENT RISKS AT
HAZARDOUS WASTE SITES



This page left intentionally blank



App ndAAI1 Pthtdples

tflITED STATES NVIRONIdENTAL PROTECTION AGENCY
WASHINGTON D.C 20460

web 12 2002.11
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mPON$

OSWER Directive 9285.6-08

MFMQRANDUM

SUBJECT Principles forManaging Contaminated Sediment Risks atHazardous Waste Sites

FROM Marianne Larnont florinko Is/MarIanne Lamon ilorinko

Assistant Administrator

TO Superfiind National Policy Managers Regions 10

RCRA SeniorPolicy Advisors Regions 10

FtJFPOSE

This guidancewill help EPA sitemanagrs make scienlificafly sound and nationaily

consistent risk management decisions at contaminated sediment sites It presents 11 risk

management principles that Remedial Project Managers RPMs On-Scene Coordinators

OCs andRCRACorrecti.ve Action projectmanagers shouldcarefuily consider when

planningand-conduoting site investigations involvingthe affected parties and selecting and

implementingaresponse

Thisguidance recommendsthat EPA site managers make risk-based site decisions using

an iterative decision
process as appropriate that evaluates the short-term and long-term risks of

all potential cleanup alternatives consistent with the National Oil and Hazardous Substances

Pollution Contingency Plans NCPs nine remedy selection criteria 40 CFR Part 300 430

EPAsiemanagersarea1soencouragedto conalderthe societalandcuItural impactsof-edsting

sediment contamination and of potential remedies through meaningful involvement of affected

stakeholders

This guidance also responds in part to the recommcndation contained in the National

Research Council NRC report discussed below
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II BACKGROUND

On March 26 2001 the NRC published report entitled Ris1cMznqgement Strategy for

PCB-ContarninatedSedimnts Although the NRC report focusea primarily on assessment atid

remediation of PCB-contaminatect sedtments much of the information in that report is applicable

to other contamInants Site managers are encouraged to read the NRC report which may be

found at httpi/www.nrc.edu

In addition to developing these pnnciplos OSWER in coordination with other EPA
offices Office of Research and Development Office of Water and others and other federal

agencies Department of Defense/U.S Amly Corps of Engineers Department of

Cothrnere/National Oceanic and Atmospheric Administration Department Of the Interior/U.S

Fish and Wildlife Service and others is developing separate guidance Contaminated

Sediment Remediatlon Guidance for Hazcrrdous Waste Sites Sediment Guidance The

Sediment uidano.e will provide mOre detailed technical guidance on the rooess that Superflind

and RCRA project managers should use to evaluate
cleanup alternatives at contaminated

sediment sites

While this directive appliesic alleontaminants at sediment sites addressed under

CERCLA or RCRA its implementation at particular sites should be tailored to the size and

complexity of tbe site to the magmtu4e of site risks and to the type of action contemplated

These principles can be applied within the framework ofEPAs existing tatufory and regulatdry

requirements

ilL RISKMANAGEMENTPRIIWJpLES

Coiitrol Souvce Early

As early in the process as possible site managers should try to identify all direct and

indirect ontinuingsources of significant contamination to the sediments under investigation

Thsesources might include discharges from industries or sewage treatmeit p1ants spil1s

precipitation runoff erosion of contaminated soil from stream banks or adjacent 1and
contaminated groundwater and non aqueous phase liquid contributions discharges from storm

water and combined sewer outfalls upstream contributions and air deposition

Next site managers should assess which cntinuing sources canbeconttolled and by

whatmechanisrus Itmaybeheipftil toprioritize sQurces accOrding to their relative

conthbitions to site risks In the identification and assessment process site managers should

Solicitassistance frornthose with relevantinformation including regional Water Air andPCB

Proanrs where applicable stateagencies especially those responsible for setting Total

Maximum Daily Lqads TMDL and those that issue National Pollutant Discharge Elimi nation
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System NPDES permits and all Natural Resource Trustees Local agencies and stakeholders

may also be of assistance in assessing which sources can be controlled

Site managers should evaluate the potential for future recontamination of sediments when

selecting response action If site includes source that could result in significant

recontamination source control measures will likely be necessary as part of that response action

However where EPA believes that the source can be controlled or where sediment rernediatioji

will have benefits to human health and/or the environment after considering the nsks caused by
the ongoing source it may be appropriate for the Agency to select response action for the

sediments prior to completing all source control actions This is consistent with
below which indicates that it may be necessary to take phased or interim actions eg removal

of hot spot that is highly susceptible to downstream movement or dispersion of contaminants

to prevent or address environmental impacts or to control human exposures even if source

óontrol actions have not been undertaken or completed

Involve the Community Early and Often

Contaminated sediment sites often involve difficult technical and social issues As such
it is especially important that project manager ensure early and meaningful community

involvement by providing community members with the technical infonnation needed for their

infomied participation Meaningful community involvement is critical component of the site

characterization risk assessment remedy evaluation remedy selection and remedy

implementation processes Community involvement enables EPA to obtain site information that

may be important in identifying potential human and ecological exposures as well as in

understanding the societal and cultural impacts of the contamination andof the potential

response options The NRC report 249 recommends that increased efforts.be made to

providetheaffected parties with the same information that is to be used by the decision-thakers

andtoincludetotheextent possible all affected parties in theentire decision-making process at

contaminated site In addition such information should be made available in such manner

that allows adequate time for evaluation and comment ontheinfonnation by all parties

Through Technical Assistance rants and other mechanisms proj ect managers can provide the

community with the tools and information necessary for meaningful participation ensuring their

early and continued involvement in the cleanup process

Although the Agency has the responsibility to make the finaLcleanup decision at

CERCLA and RRA sites earlyand frequent.community involvement facilitates acceptance of

Agencydecisions even at siteswhere there may be disagreernontamongmernbers of the

community onthe most appropriate remedy

Site managers and community involvement coordinators should take into consideration

the follocvirig six practices which were recently presented in OSWERDirective923OO-99 Early
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and Mearnngil Cranmunity Involvement October 12 2001 This chrectiv also includes list

of other useful resources and is available at http I/www epa gov/superfundlpubs htm

Energize the community involvement plan

Provide early proactive community support

Get the community more involved in the risk assessment

Seek early community input on the
scope

of the remedial investigation/feasibility

study RT/FS

Encourage community invcilvenieitt in identification of future land use

Do more to involve communities during removals

Coordinate with States Local Gverjmeut Tribes aitd Ntural Resource

Trustees

Sitemanagers should communicate and coordinate early with states localgovemments

tribes and all Natura1.Resouroe Trutes By doing so they will help ensure that the most

relevant information is considered in designing site studies atid that state local tribal and

trustee viewpoints are considered in the remedy selection process For sites that include

waterbodios where TMDLS are being cii have been developed it is especially important to

coordinate Site investigations and monitoring or modeling studies with the state and with EPAs
water program In addition sharing information early with all interested parties often leads to

quicker and more efcient protection of human health and the environment through

coordinated cleanup approach

Superfunds statutory mandate is to ensure that response actions will be protective of

hutnan hea1thandthe EPArcognizes however that in additiontoEPA

response actions restbration activities by the Natural Resource Trustees may be needed It is

important that Superfuitd site managers and the Trustees coordinate both the EPA investigations

of risk andthe Trustee investigations of resourçeinjuries Inorder tomost-efficiently use federal

and stateresourcesandtoavoiddupl.icathe efforti

Additional information on coordinating with Trustees may be found in OSWER Directive

92004-22A CERCLA Coordination with Natural Resource Thustees Jply 1997 in the 1992

ECO Update The Role bjNaturl..Resciurce ThiStees in the SuperfundProcess

t/www epa ov/sup.rfund/prograniWnsk/toole.o htm and in the 1999 OSWER Directive

92857-28 Ecologi cal RllcAssesment and RiskManagement rinoiples for Superfi indS lies

also available the above web site Additional InformatlQn oi cxirdinat1ng with states and

tribes.canbe foundin OSWERDireetive 93 75 theRoleofStatesand

Tribes in the
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Develop and Refine ConceptUal Site Model that Considers Sediment Stability

conceptual site model should identify aU known and suspected sources of

cOntamifltioh the types of eontamitiaiit and affected media ecistitig arid potential exposure

pathways and the known or potential human and ecological receptors that may be threatened

This information is frequently summarized in pictorial or graphical form backed up by site-

specific data The conceptual site model should be prepared early and used to guide site

investigations and dc1siori-makii1g HOwever it should be updated poriodimily Whenever new

inforniatioji becomes available and EPAs understanding of the site problems increases In

addition it frequently can servo as the centerpiece for communication among all stakeholders

coheeptual Site model is especially important at seditnent sites because the

interrelationship of soil surface and groundwater sediment and ecological and human receptors

is often complex In addition sediments may be subject to erosion or.transport by natural or

man-made disturbances such as flood.s or engineering changes in waterway eoausp

sediments may experience temporal physia1.atId chemical thanges it is especially important tO

understand what contaminants are currently available tohumans and wlldllre and whether this is

likely tochange in the future under various scenarios The risk assessor.and project manager as

well asether members of the site team shoild cnirnunicate early and ofteo elisuro that they

share common understanding of the site and the basis for.the present and future risks The May
1998 EPA Guidelines for EcologiccilRi3 Assessment Federal Register 9.3 26.846.-6924

h1p/bepa.gov/superfundtprorairis/risk/too1eco.htm .the 1997 Superfund Quidance

Eeol.ogica.lRisk Assessment Guidlancejbr Superfnnd Prpces for Designing and Conducting

EiogiccilRiskAssnrsments EPA 40-R-97-OO6 also available at the above web site and the

1989 Risk Assessment Guidance for Superfluid R.4GS2 Volume Part EPA 540-1-89-002

httpi/nepa...gov/supeund/proams/riskfragsa provide guidance on developing conceptual

sitemodels

Use an iterative Approach in Risk-Based Fraffiework

The NRC report 52 recommends the use of arik-based frameworkbased on the one

developed by the Presidentlai/Conressional Commission on Risk Assessment and Risk

Management PCCRARM 197 Frameworkjor EnvironmentalHealtli RiskManagenieit V9l

as ci.tedby NRC 2001. However as recognized by.the NRC 60 The framework is

intended to supplement not supplant the CERCLA remedial process mandated by law for

Supcrfund sites

Although there isno universally aocepted well-defined.risk-based framework or strategy

for remedy evaluation at sediment sites thereis wide-spread agreement that ri3k.assessment

shouldplay crtica1 role in evaluating options forsedimerit reruediation The Sup.e.ifund

programuses aflexible risk-basedframework as part of the CCLA andNCP process to

adequately charaoterie.eioloical and human liealthsite risks The guidances used by the
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RCRA Corrective Action program http Ifwww
epa

aov/cori
ectiveactiotilresource/guidance also

recommend flexible risk-based approach to selecting response actions appropriate for the site

EPA.enc.ourages the use of an iterative approach especially at complex itaniinated

sediment sites As used here an iterative approach is defined broadly to include approaches

which incàrporatŁ testing of hypotheses and conclusIons and foster re-evaluation of site

assumptions as new information is gathered For example an iterative approach might include

pilottestrngto determine the effectiveness of various remedial technologies atasite As noted

in the NRC
report 66 Bach iteration might provide additional certainty and information to

support further risk-management decisions or it might require course correction

An iterative approach may also incorporate the use of phased early or interitn actions

At complex sediment sites site managers should consider the benefits of phasing the

reniediatiori At some sites an early action may be needed to quickly reduce risks or to control

the ongoing spread of contamination In some cases it may be
appropriate to take an interim

action to control source orremove Or cap hot pof followed by pórid df.nionitoring in

order to evaluate the effectiveness of these interim actions before addressing less contaminated

areas

The NFC report makes an important point when itnotes 256 The comthittee

cautions that the use of the framework or other risk-management approach should not be used to

delay decision at site if suftcient information is available to make an informed decision

Particularly situations in which there are immediate risks to human health or the ecosysten

waiting until more information is gathered might result in more ham-rn than making preliminary

decision in the absence of complete set of information The committee emphasizes that

wait-and-seeor Adonothing approach might result in additional or different.riks ata site

Carefully Evaluatethe Assumptions nd Uncertainties Associated with Site

Charactethatjo Data and Site Models

The uncertainties and limitations of site characterization data and qualitative or

quantitalive models hydrodynamic sediment stability contaminant fate and transpori or

food chain models used to extrapolate site data to future cotldLtlon5 should be orefully
evaluated and described Due to the complex nature of many large sediment sites quantitative

rn@del.is oftenused.taheip/estimateandunderstgndThecurrentand future risks atthe site and to

predictheeff cacy of vaiioimsremedial.altarnatives The.amountosita-.spep cdata required
and the complexity of models used to support site decisions should depend on the complexity of

the site and the signifkance of the decision level of risk response cost community
interest All new models and the calibration of models at laLge 01 uiiiplex sites should be peer
reviewed ponsisten with the Agencys peer revjew process as described in its Peer Review

Handbook EPA 00 001 http //www epagov/O1D/spcf2oeerrev ht
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