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capping. In-situ capping refers to the placement of a 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, a cap is generally designed to reduce risk through the following primary functions: 1)
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 surface; 2) stabilization of
contaminated sediment and erosion protection of sediment and cap sufficient to reduce resuspension and
transport of contaminants into the water column; and 3) chemical isolation of contaminated sediment
sufficient to reduce exposure from dissolved contaminants that may be transported into the water column.

In addition, Chapter 5 discusses the potential advantages-and limitations of in-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. Comparedto MNR, the -
potential for erosion and transport of contaminants is typically much lower. However, contaminated
sediment is still left in place in the aquatic environment 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 a preferred habitat
may not be provided by the surficial cap materials which may be needed for erosion control, -

Chapter 6, Dredging and Excavation, describes dredging technologies (conducted under water)
and excavation technologies (typically conducted after water is diverted or drained). The chapter
describes some of the key components involved in a sediment dredging or excavation remedy and
describes site conditions that may be important when evaluating the feasibility and effectiveness of these
remedies. A 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,
reus, or disposal. Transport and disposal options for contaminated sediment are 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 should make 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 a.concem, thin layer
placement/backfilling, MNR, or capping may also be needed. o

In addition, Chapter 6 discusses potential advantages and limitations of contaminated sediment
removal by dredging and excavation. One of the principal advantages of dredging and excavation is ofien
that, if they achieve cleanup levels:for the site, they-may result in the least uncertainty regarding future
environmental exposure to contaminants because the. contaminants are removed from the aquatic
ecosystem-and disposed in-a controlled:environment.. Another potential advantage of Temoving
contaminated sediment rather than managing it in place is that it may leave more flexibility regarding
future use of the waterbody. Although dredging remedies at sites with bioaccumulative contaminants
usually include fish consumption adviseries for-a period of time after sediment removal, other-types of
institutional controls that might be needed to-protect a.cap or a layer of natural sedimentation are usually
notnecessary. The principal limitations of sediment removal are that it is usually more complex and
costly than in-situ management, and-that the 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 hazardous waste landfills and it may be difficult
to site new local disposal facilities. Another limitation may include the potential for contaminant losses
during dredging through resuspension, and to.& 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 a temporary destructlon of the aquauc commumty and
habitat within the remediation area.

Chapter 7, Remedy Selection Considerations, discusses risk management decision making, the

NCP’s remedy selection framework, including:considering sediment remedies and comparing net risk
reduction, considering altérnatives that include institutional controls, and considering a “no-action”
decision. Where a remedy is necessary, the best route to overall risk reduction depends on a large number
of site-specific considerations, some of which may be subject to significant uncertainty. Any decision.
regarding.the specific choice-of a remedy for contaminated sediment should be based on a careful
consideration.of the advantages and limitations of'each available approach and a ba]ancing of trade-offs
among alternatives. This chapter includes two summary tables to help with this comparison process: one
describes site characteristics and conditions especially conducive to-each of the three potential remedy
approaches for sediment (MNR, capping, and-dredging), and the other lists examples of key differences

- between the three potential remedy approaches with respect to the NCP’s nine remedy selection criteria.
Documenting and communicating how and why remedy decisions were made are especially important at
complex sites. The concept of comparing “net” risk reduction may assist in the remedy selection process
by providing a framework for considering elements of altematives 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 authority,
capability and willingness to implement the control.

EPA’s 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, a combination of sediment cleanup methods may be the most effective way to manage the risk.
The remedy selection. process for sediment sites should include a clear analysis of the uncertainties
involved, including uncertainties-conceming the predicted effectiveness of various alternatives and the
time frames for achieving cleanup levels.and, if possible, remedial action objectives. 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 altematives are most likely to be significant.

Chapter-8, Remedial Action and-Long-Term Monitoring, provides a recommended approach
to developing an effective monitoring plan at contaminated sediment sites. The chapter presents sample
measures of sediment-remedy effectiveness, in terms  of remedy-performance and risk reduction. A fully
successful sediment remedy typically is-one where the:selected sediment chemical or biological cleanup
levels have been met and maintained over time,; 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 a
monitoring program at a-sediment site; introduces:some of the momtormg techniques available for
physical, chemical, and: biological measurements, and summarizes some of the factors to consider when
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monitoring remedies including MNR, in-situ capping, or dredging/excavation. A 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 a systematic planning process that 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 a 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 a better understanding of remedy
performance at the national level. '
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Chapter 1: Introduction

1.0 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 “Superfund.” Technical aspects of the guidance 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 useful to other governmental organizations and
potentially responsible parties (PRPs) that are conducting a 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 useful 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 2 regulation itself. Thus, this document does not impose legally
binding requirements on EPA, states, or the regulated community, and may not apply to a particular
situation based upon the specific circumstances. Ratheér, 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 external 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 future revisions to thc document which EPA may make without public
notice.

Guidance presented in this document can be applied to contaminated sediment in a 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 facilities, or roadside ditches is not addressed. This guidance
addresses both in-situ and ex~situ remedies for sediment, including monitored natural recovery (MNR),
in-sitn 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 (.g.,
including in-situ treatment options) that are beyond those discussed here, whmh may also effectively
reduce risk from contaminated sediment.

Consideration of materials deposited in floodplains, whether called soil or sediment, is an
important factor 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 aquatic sediment in miid. Control-of upland soils-and othérupland source materials is-also
critical to reducing risk in aquatic-environments, but in general, existing guidance should be used for
these materials.[e.g., the U.S. Environmental Protection Agency's (EPA’s) Soil Screening Guidance:
Users Guide (U.S. EPA 1996a)]. However, where floodplain soils may be a source of contamination to -
surface water or sediment, the fate and transport of contaminants in-the soil should be evaluated.

1-1
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- The emphasis of this guidance is on evaluaxmg alternatives (e.g., the feasibility study stage of the
Superfund 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
sediment-specific issues to consider during remedial investigations (see Chapter 2) and feasibility studies
{see Chapter 3), followed by chapters concerning the three potential remedy approaches for sediment
management (see Chapter 4, Monitored Natural Recovery; Chapter 5, In-Situ Capping; and Chapter 6,
Diredging and Excavation). T!us guidance then presents information on selecting sediment remedies (see
Chapter 7); and on momtonng sediment sites (see Chapter 8).

1.2 CONTAMINATED SEDIMENT

For the purposes.of this guidance, contaminated sediment is seil, sand, organic matter, or other
tinerals that accnmulate on the bottom of a water body and contain toxic or hazardous materials at lovels
that may adversely affect human health or the environment (U.S. EPA 15983). Contaminants adserbed to
soil or in other forms may wash from land, be deposited from =ir, erode from aguatic banks or beds, or
form from the underwater breakdown or buildup of minerals (U.S. EPA 1998a). 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 campounds) 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 primary and secondary sources of contaminants in sediment are included in
Highlight 1-1.

Direct pspeimﬁ or outfa scharges intoa water bacy fromindustrial facilities, waste watsr treatment
plants, storm water discharges, or combined sewer cverfiows

. Chemiéatspﬂis info a-water body - .o S

. Surface runeff or eresion of soil from fleodplains and other contaminated sources on land, such as waste |
dumps, chemica | storage facit‘ les, mines and mine waste piles, and agricultural or urban areas

° Axr emissions from power plants incinerators, pssieczde applications, cr other sources that may be
transferred to a water body through prec!pnation or direct deposition

. Upweiimg or seepage of contaminated ground water or non-aquecus phase kquxds {NAPL) into awater
bedy :
. Direct dispesal from docked and dry-docked ships, or re!esse» of conteminants from In-water structures

and over-water siructures or ship-maintenance ;fa;:imies »

Organic contammants in sediment typxcally adsorb to fine sedment particles and exist in the pore
water between sediment particles. Metals also adsorb to sediment and may bind to suifides in the
sediment. The relative propertion 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

1-2
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mterccnnccﬁon may change from place-to-place a:nd Wlth flow 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 sorhed to sediment normally develop an
equilibrivm with the-dissolved fraction in-the pore- water and-in the overlying surface water to be taken up
by fishand other aguatic organisms., Some bottom-dwelling organisms ingest contaminated sediment,

.. and in shallow water environments, humans may also come into direct contact with contaminated
scdiment, Somc contaminants, such as most metals, arc hazardous primarily becausc of dircet toxicity.
Although some metals do accumulate in biota (i.¢., bioaccumulate), generally they do not significantly
incréase in concentratior as they are passed up the food chain (i.e., biomagnify). Others, called persistent
bioaccumulative toxics (PBTs) [e.g., polychlorinated biphenyls (PCBs), pesticides, and methy! meroury]
are of concem primarily because they may both bioaccumulate and biomagnify. Concentrations of PBTs
in fish may endarger hurhans and wildlife that eat fish. Women of childbearing age, young ¢hildren,
people who derive much of their diet from: ﬁsh and shellfish, and people w1th impaired immune systems
may bé especially at risk.

‘In 2004, the EPA released The Updated Report on the Incidence and Severity ofSedz'ment
Contamination in Surface Waters of the United States (U.S. EPA 2004a). This report identifies locations
in all regions of the country where scdiment contamination could be associated with probable or possiblc
adverse effects to-aquatic life-and/or human health. In 2004, state and local anthorities issued 3,221
advisorics limiting fish consumption, which cover 35 percent of the nation’s total lake acrcage (excluding
the Great Lakes), 24 percent of the-nation’s total river miles, and 100 percent of the Great Lakes and
connecting wafters, in part due to sediment 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 tany harbors and waterway's because of the
concemn forimpacts of dredging on water guality, liability to those performing the dredging, and disposal
options for the contaminated dredged matetial [National Research Council (NRC 1997 and 2001)]. - - - -

As of 2004, the Superfund program had decided to take an action to address sediment at
approximately 140 sites, including federal facilities. The remedies for more than 60 sites, called “Tier 17
 sites, are large enough that they are being tracked at the national level [for more information view the

Officc of Superfund Romcdiation and chhnology Innovation’s (OSRTI’S) Contaminated Scdiments in
Superfund Web site at hitp; : erfund/re /, t/sites htm). These sites include a
wide variety of contaminants, as: presentcd in nghhght 12,

Many aspects of the cleam:p process may be more complex at sediment sites versus sites with soil
or ground water contamination alone. Some potentially complicating factors for addressing contaminated
sediment sites are listed in Highhght 1-3. ‘Based on these:factars-and other reasons as présented in this
guidance, a team of expertsis frequently needed to advise the project manager (see Section 1.4. 2
Technical Team Approach)
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Contaminants Driving Risk at Sediment Sites

‘ Percent of Teer 1 Sites

PAHs ~ Pesticides  Mercury Qther .

Sediment sites may. have alarge number of sources, some of which can be ongoing and difficylt to

control .

. The sedlmentenwronment is usually dynamic, and understandmg the effect of natural forces and man-
made:{anthropegenic) evénts on-¢ediment movement and stability as well & contaminant transport can
be difficuit

. Cleanup worlk [h an aquatic environment is frequently difficult from an engineering perspective and may

be mare costly-than other media

» ' Centamination'is.often diffuse -and the sites are. oﬁen large-and drverse {e.g., mixed uss, numerous
praperty owners)

. Many sediment sites contain ecologléally valuable resources or legislatively protected specles or habitats

' For largesites, 2 number of communities with differing views.and opinlons may. be affected o o

There'may- be significant injurles to' trus_teeresourées dt:sediment sites
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1.3 RISK MANAGEMENT PRINCIPLES AND REMEDIAL APPROACHES

Office of Solid Waste and Emergency Response (OSWER) Directive 9285.6-08, Principles for
Managing Contaminated Sediment Risks at Hazardous Waste Sites (U.S. EPA 2002a; attached as
Appendix A to this document), presents eleven risk management principles that help project managers
make scientifically sound and nationally consistent risk management decisions at-contaminated sediment
_ sites. Project managers should carefully consider these principles when planning and conducting site
investigations, involving the affected parties, and selecting and implenienting a response.

The eleven risk management principles should be applied within the framework of the EPA’s
existing statutory and regulatory requlrcments such as the National Oil and Hazardous Substances
Pollution Contingency Plan’s (NCP's) nine remedy selection criteria (Title 40 Code of Federal
 Reguldtions (40 CFR) §300.430{c)). The ¢leven principles are listed iri Highlight 1-4 and are
incorporated thronghout.this guidance, The project manager should refer to OSWER Directive .
9285.6-11, OSRTI Sediment Team and.the NRRB [National Remedy Review Board] Caordination.at
Large Sedtment Sites (U.S. EPA 2004b) 1o help.ensure that the eleven principles-are appropriately
considercd before making sitc-specific risk management decisions. Copics of both directives can bo

 found on EPA’s Superfund Web site at http:/e-ww.epa.gov/superfund/resources/sedip
‘documents:htm.

Control sources early

2. Invoive the corhmunity early and ofteﬁ

3. “Coordinate with states, Iocél Qovemments, Indian trlbés, andrna'tural resource trustees

4. Develop and refine a conceptual site model that.considers sediment stabllity

5. Use an iterative approach in & risk-based framework '

6. Carefully evaluate the assumptions and uncertamtles assocmted with site characterization data and site
models

7. Select site-specific, project-specific, ‘and sediment-specific risk management appruaches that will achieve

risk-based goals

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

g. Maximize the effectiveness of institutional controls and recognize their limitations
10. Design remedies to minimize short-term risks while achieving lang-term pretection ]
11. Monitor during and-after sediment remadiation to. assess and document remedy effectiveriess

Source: U.8. EPA 2002a; see Appendix A
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1.3.1 Remedial Approaches

e

16

n-sliu Capping:

Single-layer granular caps
Multi-layer graﬂular caps

Combination granular/gectextile caps

Moniﬁoréd Naiural Recovery;

Physical Isolation or other processes
Chemical transformation/sequestration

Biological transformation/sequestration

Hybrid Approaches:

Thin layer placement of sand or other material
{o enhance recovery via natural deposition

institutional Controls:

Fish consumption advisories
Commercial fishing bans

Wéterway ar land use restrictions. (e.g., no
anchor or no waks zenes, limitations on

_ navigational dredging)

Dam or other structure maintenance
agreements :

In-situ Treatment:

Reactive caps

Addktweslenhanqaé biedegradation

Highlight 1-5 lists the major remedial approaches or altematives available for managing risks
from contaminated sediment. Frequently, a final sediment remedy combines more than one type of
approach.

Dredging:
. ' Hydraulic, mechanical, or combination/hybrid
dredging.and transport fo shore '

. Treatment of dredged sediment and/or
removed water

. Disposal of dredged sediment or treatment
residuels in upland landfill, confined disposal
facility, or other placement

° Backfifl of dredged area, as nesded or
appropriate

Excavation:

. Water diversion or dewatering

* Excavation of sediment and transport to

staging or processing

. Treatment of excavated sediment

4 Disposal of excavated sediment or treatment
residugis In upland landfill, confined disposal
facifity, or other placement

° Backiill of excavated area, as nesded or
appropriate )
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1 3.2 Urban Revitalization and Reuse

Revitalizing urban areas and returning land and water bodies to productive uses have become
increasingly important to the EPA’s hazardous waste programs in recent years, Sediment sites may
present opportunities to incorparate these concepts into remedy selection, remedial design, and into other
phases of the risk management process.- At sediment sites in urban areas, project mianagers should
consider the goals of local governments and other entities-to revitalize the use of waterfront property,
harbors, and water bodies. This may involve reviewing local land use plans and identifying potential
‘partners such ds land owncrs, cleeted 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
stakeholders, land owners, and land use planners. For exariple, it may be possible 16 locate disposal
structures or vail 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 a :
collaborative Web.site on beneficial reuse co-sponsored by the U,S. Anmy Corps of Engineers’ (USACE)
Engineer Research and Development Center and EPA’s Office of Wetlands, Oceans, & Watersheds,
available 4t http://el. orde.usace.drmy niil/dets/budm/budm htmi,

1.4 DECISION-MAKING PROCESS

Decision making at sediment sites can follow somewhat different processes depending on. the
legal authority under which the sedinient ¢leanup is conducted, the entity conducting the cleanup, and the
scope of the problem. Whils meeting all legal and regulatory requirements, it is the intent of the Agency
1o 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
process shown in Highlight 1-6, taken from A Guide to Preparing Superfund Proposed Plans, Records of
Decision, and Other Remedy Selection Decision Documenis (U.S. EPA. 1999, also referred to as the
“ROD Guidance”). Project managers should refer to'the ROD Guidance for descriptions of each stage of
the remedial progess. Corrective actions under RCRA generally follow the RCRA remedial process laid
out in the.-May 1, 1996 Advanced Notice of Proposed Rulemaking [(ANPRY, 61 Federal Regwler (FR)
19447]. -

In the report, 4 Rlsk-Management Strategy for PCB- Comammated Sediments (NRC 2001), the
NRC recommended the use of the iterative decision-taking approach, adapted from the 1997
- Presidential/Congressional Commission on Risk Assessment-and Risk Management (PCCRARM) risk
management framework, (Highlight 1-7). EPA project managers should consider using this approach
within the context of EPA’s existing remedial process. The NRC approach erophasizes the unique
1mportancc of community involvement throughout the decision-making proocss and the uscfulncss of
iteration and adaptauon if new information becomes available that changes the nature or understandmg of
thc problem.

17
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i Pre-Remedial Process

~Prefiminary Assessment

~-Slte Investigation inspsction
~Hazard Renking System Evslustion
{~Mational Priorifies List Listing

¥

Preliminery identificelion of site hazards end evaluation of
the nead for action under Superfund remadial program

Remedial investigstion/Fessibiity Study (RIFS)

identification of Preferrad Alternative

jgggf’;;;ﬁfm ”E;‘?nf’s";m”f Qather information sufficient o suppert an informed risk
—Baseline Risk of Alternatives ipement decisian regarding witich remedy appears to
Aeses : ~Detelied be the most eppropriate for e given site
-1 reatabiiity Analysis of
| Studiea Aliernatives
¥
Remedy Selection Process

Make initlel identification of Preferred Alternative besed

upen-pretiminery: balancing of tradsaffs among-alfematives

using the nine NCP oriterie

L 4

—]

Proposed Plan Present Preferred Aternative
4 Mirdmum 30-day public comment period held on the
Public Comment

Proposed Pian, RIFS, and other cantents of the

4

"

irative Reoord fils

; Remady Beisction

e

Make final cetermination onremedy

7

} Record of Desision (ROD)

S

4

Certify that the remedy compiiss with CERCLA, outline the
{echnioal.goale of therermedy, provide baokground
inforrration on'the she, summarizs the anaiysis of
aiterratives; and-expiain the retionale for the remedy
solasted

SONIANDY [BADWSMUBUIBSIOJUZAUSIUOAIDAY] ABUNWILLOS)

i . Remecdy implemertation

-Remedial Design

Design end conetruct remedy using information comained
In the RCD snd other relevant documents, Wrle

~Remedisl Action

A

Explanation.of Significant Diferences (E8De} or ROD
Amendmenis:{if appropriate}

Long-Term Remedy Mainienanoe

-Operation-and Maintenanoe

Operate and mainieinthe remedy and snsure
protectivensss through 5:year reviews If- contamination

-5-YearRevisws

femaine

Adapted fromy, U.S. EPA 1893a
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Probiems

| Community
involvement |

impiement
Strategy

Decisions

Options

Source, NRC 2001 -

1.4.2 Technical Team Approsch

At many sediment sites, like other complex sites, a technical team approach frequently works best
for effective site-management. Thisteam may be made up of lead and support regulatory agency
technical personnel-and-experts from-within and cutside of the agencies, including those representing
responsible parties. Typically, if is most effective to form this group early in the site investigation process
and maintain it with as much continuity as possible thronghout 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 a productive, efficient site investigation and: evaluation of remedial
alternatives in which the tendency toward an adversarial environment is minimized, This approach may
require a strong. project manager who facxhtates the meetings and makes tough and fair decisions. at points
of disagreement.

Technical teams, which include experts represénﬁng ‘both government and responsible parties,
can be-especially efective when the following principles are considered:

. Use sound, high quahty science as the basis for site-specific decisions 1o
jointly identify information needs and. project objectives;
- call upon- appropriae expertse;

- recogaize and understand uncertainty; and
- operate in an atmosphere of respect.

i-9
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« - Communicate openly and frequently to :
- foster partnerships with all stakeholders and listen to all viewpoints;
- jointly identify 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 help of an outside neutral party when needed;
- experiment with a change in structure when needed; and
- look for opporrumtxes to make progwss

14.3 Technlcal Support

In 2004, EPA established the Superfund Sediment Resource Center (SSRC).to make expert
technical assistance available to EPA project managers of any Superfund sediment site. The SSRC has
the capability of accessing expertise from the EPA’s Office of Research and Development, the USACE,
‘as well as private consultants and academic researchers. Information on how to access the SSRC i is
available through OSRTI’s Contaminated Sediments in Superfund Web site at http.//www.epa. gov/

superfund/resources/sediment/ssre him,

In 2002, EPA ¢stablished the Contaminated Scdiments Technical Advisory Group (CSTAG) to
monitor the progress of, and provide advice regarding, a number of large, complex, or controversial
contaminated sediment Superfund 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 a project provides additional technical support to.the project team and
ensures consistency with EPA’s national sediment policies. General information about CSTAG and site-
specific recommendations and responses are available through OSRTI’s Contaminated Sedimerts in
Superfund Web site at hitp://www.epa.gov/superfund/resources/sediment/cstas 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 iniportant 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 a site. States and Indian tribes are
frequently an indisperisable source of historic and current information about water hody uses, fish
consumption patterns, ecological habitat, other sources of contamination within a watershed, and other
information-useful in characterizing the site and:selecting en appropriate remedy. At some sediment sites,
states are also owners of aquatic lands, dams, or floodplains. Where this is the case, states have multiple
rolcs:at the'site. At sediment sites, as for all sitcs, states (and local and tribal governments where
applicable). should be irivolved early and often in.the.remedial investigation/feasibility: study (RI/FS).
Coordination with the statc may be cspecially helpful in the development of the conceptual site model,
risk assessment, and remediation goals. Additional coordination during remedial design/remedial action
phases is.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

1-10
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9375.3-03P, The Plan to Enhance the Role of States and Tribes in the Superfund Program (U S. EPA
1998b), and OSWER Directive 9375.3-06P, Enhancing State and Tribal Role Directive (U.S. EPA
2001a). :

Where there is a 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 s
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 notify natural resource trustees promptly whenever a release of
hazardous materials, contaminants, or pollutants may injure natural resources (CERCLA §104 (b)(2)).
Trustees may include federal natural resource trustee agencies, such as the U.S. Department of the Interior
(DOI), National Qceanic 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). State
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 7 and 8, where there are no NOAA trust resources).
_These CRCs are also designated natural Tesource trustee representatives for marine resources, including
migratory 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 RI/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 EPA’s ECO Update: The Role of
Natural Resource Trustees in the Superfund Process (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 Risk Assessment and Risk Management Principles jor Superfund Sites
(U.S. EPA 1999b).

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 a 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, work, 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 EPA’s decision-making process
for sediment cleanup. Community members may have a 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 commumity concerms
about contarinated sediment and risk reduction methods for sediment. These lists-are-compiled 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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Human heatth impacts from eating fish/shelifish, wading, and swimming

Ecclogical impacts on wildlife and aguatic species

Loss of recreational and subsistence fishing opportunities

Loss of recreational swimming aﬁd boating opporiunities

 Loss of traditional cultural practices by Indian tribes and others

Economic sffects of loss of fisheries

Economic effects on development, reduction in property values, or property transferability

Economic effects on tourism

Concern whether all contamination sources have.been identified -

increased costs of drinking water treatment, other effects on drinking water, and other water uses

Long time-frame for
recovery

Ongeing human and
ecelogical exposure

‘during recovery period °
Doubts:about »
effectiveniess/spreading

of contamination due to 4
flooding/other -

disturbarice .
Extended: loss of .
reaources and uses
Perception of "de

nothing” remedy

Property value/

transferabliity concerns
with isaving:significant e
contaminetion in place

Leoss or increased cost of commercial:navigation

Increased truck or rall trafiic

Loas of rescurce/harvesting
opporiunities

increesed flooding _
Disturbance of aquatic habitat
Cap material source lssues

Leas of boat anchoring access

Doubts about effectiveness
due'to cap erceion, disruption,
oreontaminant migration
through-cap '

Lossof privesy during ™"
canstruction

Resreation-and tourlsm
Impacts during.conatruction

Property veluefransferabliy
concerns with-leaving
significant contemination in
place

Increased trugk of rall frefic

Noise, emissions, and fights at
treatment and disposal faclifties

Slting of new disposal facililes

Loss of capacity. et exlsting
disposal faclities

Loss of privaey during

‘ canstruction

infresiructure needs on adjacent
land

Recreation-and tourlsm Impacts ‘

Access fo privele: property ~ :

Property veiuss near-dredging,

~ tresiment-and disposal fecllities

Disturbence of squatic habliat

Resuapension/spreading
contemination-during dredging
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Existing community involvement and sediment guidance from EPA and the NRC offet some
guidelines for involving the community in meeting these and other concems, as identified in Highlight
1-10.

EPA Office of Solid Wasta and Emergency Responss on Communlty Irivelvement (most available at
hitp./Awww.epa.gov/superfund/action/community/index. htm):

* Contaminated-Sediments: Impacts and Solutions Video and Presenters Manual (U,S. EPA 2005b)

. Early and Meaningful Community invelvement (U.S. EPA 2001b)

. Superfund Community Invelvement Toolkit.(U.S. EPA 2003a)

v Community Advisory Group Toolkit for EPA Staff (U.8. EPA 1987b) ,
. 1ngsllél)odel Plan for Public Participation, National Environmental Justice Advisory Coungil (U.8. EPA
. Incorporating Gitizen Concerns Inté Superfund Decls/on Making (U. S EPA 2001c)

RCRA Community: Involvement Guidance (available at http:/fiwww.epa. qcv/enaoewer/hazwaete/ca/ uidance.htm;
sea list under “Public Involvement/Communication®);

IK RCRA Public Participation Manual
. RCRA Expanded Public Participation Rule (60 FR 63417-34) .
. RCRA Corrsctive Action Workshop Communication Tools

Office of Water on Communication of Fish Consumphon Risks and Surveys {available at
http://wiy.epa goviost/fish):

. Guidance for Conducting Fish and Wildlife Consumption Surveys (U.S. EPA 1998c)
. National Risk Cemmunication Conference Held in Conjunction with the Annual Natianal Forum on

Contaminants In Fish {May 6-8, 2001, conference proceedings available at
hitp:www. ep_a.gov/watefscience/ﬁsh[groceedings,hj’ml)

MNational Research Counctl

. A Risk-Management Strategy for PCB-Contaminated Sediments, Chapler 4, Commun/ty Involvement
-~ (NRC: 2001)

Considering existing EPA guidance, and advice from the NRC and others, the three points below
highlight some of the most critical aspects of community. inivolvement at sediment sites.

oint 1. Involve the

cholders Early and Often

In additien to the provisions addressing stakcholder involvement in CERCLA §117 and the NCP,
one of EPA’s eleven priniciples for managing risk of contaminated sediment is to involve the community
carly and-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 Superfund and RCRA community
involvement programs is to advocate and strengthen early and meaningful community participation
during Superfund cleanups. Planning for community involvement at contaminated sediment sites should
begin as early as the site discovery and site assessment phase and continue throughout the entire
Superfund process. As noted by the NRC (2001), community involvement will be more effective and
more-satisfactory to the community if the community-is-able to-participate in or directly contribute to the
decision-making process. Passive feedback about decisions already made by others is not what is referred
1o as community or stakeholder involvement. Early involvement allows necessary input from
communities and other stakeholders and facilitates more comprehensive identification of issues and

concems early in the site management process.

Early community involvement enables EPA to learn what stakeholders, especially community
members, think are important exposure pathways of the contamination and of potential response options.
Available materials about community involvement in the risk assessment process include 4 Comimunity
Guide to Superfund Risk Assessment — What's it All about and How Can You Help? (U.S. EPA 1999¢).
Although the regulators have the responsibility to make the final cleanup decision.at CERCLA and
RCRA sites, carly and frequent community involvement helps the regulators understand differing views
and allows the regulators to factor these views into their decisions.

" Point 2. Build an Effective Working Relationship with the Commuhigg 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 a 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-contaminated sediment sites should include representanves of all those
who are potentially at risk due to contamination, although special attention should be glven to those most
at nisk.

Participants at EPA’s 2001 Forum on Managing Contaminated Sediments at Hazardous Waste
Sites (U.S. EPA 2001d) offered the following ideas, among others, for building effective working
relationships with communities and other stakeholders at sediment sites:.

. Create realistic cxﬁectations up front for both public involvement and sediment cleanup;

. Where possible, instead of asking for extra meetings, ask for time at exxsung commumty
meetings;

. Use store-front on-site ofﬁces for publicr information when possiblc"

. Be aware of tribal cultural and historic sites, not a.ll of which are registered or are on
tribal land;

. Minimize jargon whcnrspeaking‘ and writing for the public;-

- Use independent facilitators for public meetings when needed;
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. Include broad representation of the community;
. Look for areas wherc' you can act.on input from the community; and.
+ - Encourage continuity of mﬁmbership as much as possible.

A complete list of forum presentation matenals is ava.dable thmugh EPA’s Superfund Web site at

Decision-Making Process

In addition to the provisions-addressing public outreach in CERCLA, §117 and the NCP, project
managers should ensure that community imembers have access to the tools and information they need to
participate throughout the cleanup process. Educational matetials should be accessible, culturally
sensitive, relevant, timely, and translated when necessary. One potential resource is a video prepared by
EPA’s Superfund office, which explains to communities the general remedial options for sediment (U.S.
EPA 2005b).

Contaminated sediment sites often involve difficult technical issues. 1t is especially important to

* give commuriity membcers opportunitics to. gain the technical knowledge neecssary to become informed
participants. Project managers should provide technical information to communities in formats that are
actessible and understandable. The EPA has a number of resources availablé to help make largé volumies
of complex data more easily understandable. These resources are 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 Region 5 Fully Integrated Environmental
Location Decision Support (FIELDS). FIELDS began as an effort to solve contaminated sediment
problems more effectively in and-around the Great Lakes and is applied in other regions as well.

Information about FIELDS is available at http ',([wyﬂ.gp;;,ggvﬁ@'gigniﬁglds.

Infonnatlcm about Superfund connnmnty services is s available through EPA’s Superfund Web site
: v/ fund/action/ findex Irtm. This Web sitc provides information on
commumt> adwsory groups(CAGs), EPA’s chh.mcal Assxsiance ‘Grant (TAG) program, and the
Technical Qutreach Services for Communities (TOSC) 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 Superfund statute provides for only one TAG per site.
Atvery large sites with diverse community interests, communities may choose to form & coalition and
apply for.grant funding as.one entity. The coalition would need ta function-as a nonprofit.corporation for
the purpose of participating in decision‘making at the site. Individual organizations may choose to
appoint representatives:to:a steering committee that-decides how TAG fiunds should-be allocated, and
defines the statement of work for the.grant. The coalition group may hire a grant administrator to process
réimbursement requests to the EPA-and to ensutt consisterit management of the grant. In some. cases,
EPA rogional officc award officials may waivc a group’s $50,000 limit if sitc characicristics indicatc.
addmonal funds are necessary due to the. nature or volume of site-related.information.
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Chapter 2: 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
a response and, if so, to evaluate potential remedies. Investigations may be conducted by a number of
different parties under a 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 a comprchenmve guide to site characterization and risk assessment of sediment sntes
but it does attempt.to summarize many of the most important consnderatlons

Undcr CERCLA, the investigation process is known as a “remedial investigation” (RI). Under

RCRA, the investigation process is known as a “RCRA facility investigation,” The Rl processis.
described inthe U.S. Environmental Protection Agency’s (EPA's) Guidance jor Conducting Remedial
Investigations.and Feasibility Studies under CERCLA (U.S. EPA 1988a, also referred to as the “RI/FS

“Guidance”). The investigative process in a RCRA corrective action is best described in Office of Solid
Waste.and Emergency Response (OSWER) Directive 9902.3-2A, RCRA Corrective Action Plan (U.S.
EPA 19944), and the May 1, 1996 Advanced Notice of Proposed Ru]emaking [(ANPR) 61 Federal
‘Register (FR) 19447]. ‘This chapter supplements these existing guidances by offering brief sediment-
specific guidance about site characterization, risk assessment, and other investigation issues unique to
sediment. ‘More detailed guidance concetning site characterization is beyond the scope of this document,
but may be developed as needed in the future.

21 SITE CHARACTERIZATION

The site characterization process for a contaminated sediment site should allow the project
manager to accomplish the following general goals, at a scale and complexity appropriate to the site:

. Identify and quantify the contaminants present in sediment, surface 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 scdiment;

* . Understand the key chemical, and biological processes affecting the fate, transport, and
biocavailability of contaminants; -

. Identify the complete or potentially complete human and ecologlcal exposure pathways
for the contaminants;

2-1




Chapter 2: Remedial Investigation Considerations

. Identify current and potential future human and ecological risks:posed by the -
contaminants;
. Collect data necessary to evaluate the potential effectiveness of natural recovery, in-situ

capping, sediment removal, and promising innovative technologies; and

B Provide a baseline of data thai can be used fo monitor remedy effechvent:ss in all
appropnate media (generally sediment, water, and biota).

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

» specxﬁc investigation goals that are of ah appropriate scope and complexity for the site. Systematic
planning, dynamic work strategies, and, where appropriate, real-time measurement technologies may be
useful at sediment sites. Combined, these three strategies are known as-the “triad approach,” described on
EPA’s Innovative Technologies Web site at http://wyrw.cluin org/triad (although the term “triad” is the
same, this apptoach shotld not be confused with the approach to-ecological risk assessment known by the
same name), This.approach attempts to. summiarize the best current practices-i site charactérization to.
collect the “carrect” data, improve confidence in results, and save cost. The triad approach resources also
include EPA (2003b), Cmmbl'mg (2001), and Lesnick and Crumbling (2001).

Data collection during the remedial mvestlgamn frequently has multiple uses, including human
heaith and ecologmal 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) carly in the seoping proccss and throughout data
collection.

Data should be of a type, quantlt} and quality to meet the objectives of the project. The EPA’s
data quality ebjective (DQO) process is onc method to achiéve this, as described below, Where other
agencies (e.g,, natural resource trustee agencies, state remediation agencies, and hiealth. departmeuts) have
an interest at the sitc, they should be consulted concerming decisians about DQOs so that collected data
can serve multiple purposes, if possible. In addition, the community and other stakéholders [e.g., local
governments and potentially responsible parties (PRPs)] should be consulted in these decision as
appropriate.

2.1.1 Data Quality Objectives

The BPA's DQO process is intended to help project managers collect data of the ri ght type,
quality, and quantity to support site decisions. As described in Guidance for the Data Quallty Objective
Prooess (U.S. EPA 2000a), seven-steps generally guide the process. The initial steps help assure that only
data important to the decisions that need to be made are collected. The seven DQO process steps-include — -
the following, with an example provided in the cotifext of a risk assesstiient: .

L Stare the problem. Example: There is current exposure of humans to sne-related
contaminants through eating fish.

2, Identify the decision. Example: Is'the exposure causing an unacceptable risk?
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3.

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?

Define boundaries of study. Example: For purposes of the human hcélth ﬁsk aérsesisnienf,
should the water body and-the human population each be considered as-a-whole or in
subparts"

Develop a 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 a cancer risk
range of 10 to 10" or a Hazard Index of 1, risk will be considered unacceptable..

Specify limits on decision.errors. Example: What levels of unccmmty are acccptablc for
this-decision, considering both false posmve and false negative errors?

Qﬂmize the design 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 for evaluating the effectiveness of the selected altemative. The way in which the process
is followed may vary depending on the decision to be made, from a thought process to a rigorous
statistical analysis. Additional guidance provided in EPA Requirements for Quality Assurance Project
Plans [(QAPPs), U.S. EPA 2001¢) descrlbes how DQOs are incorporated into QAPPs

2.1.2 Types of Data

The types of data the pro_|ect manager should collect are determmed mostly by the followxng
information needed to:

Develop the conceptual site model;

Evaluate sediment and cohtarhinant fate and transport; .

Conduct the human health and ecological risk assessments;

Evaluate the effectiveness of source control;

Evaluate potential remédies;

Document baseline conditions prior to implementation of the remedy; and

Design and implement the selected remedy. -

Hightlight 2-1 lists some general types of physical, chemical, and biological data that a project
manager should consider collecting when characterizing a sediment site. The project manager should
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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 biota). 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. Contaminants in-the biologically-active layer-of the-surface-sediment at a site -
often drive exposure, and reduction of surface sediment concentrations may be necessary to achieve nisk
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 addmon the data acqulsmon 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 a statistically defensible
manner. Additional sampling could be needed during remedial design, however, to establish reliable
baseline data for the monitoring program. Chapter 8, Remedial Action and Long-Term Monitoring,
provides a discussion of eﬁectlve ‘monitoring programs, much of whlch is also usefinl during the remedial
investigation.

At this time, polychlorinated biphenyls (PCBs) are among the most common contaminants of
concem at contaminated sediment sites. - The term “PCB” refers 1o a group of 209 different chemicals,
called PCB congeners, sharing a similar structure. - Aroclors are commercial mixtures of PCB congeners .
and weathering of an Aroclor after release into the environment results in a change in its congener
composition (National Research Council, (NRC 2001). EPA’s Office of Water Guidance for Assessing
Chemical Contaminant Data for Use in Fish Advisories, Volume 1, 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 a congener-specific basis allows for an accounting of the differences
in physmchemlcal biochemical, and toxicological behavior 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 concentrations, for risk assessment purposes, NRC recommends that PCB 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 a site, the project manager should not assume this necessarily needs to be done for all samples
collected. At times, only a subset of samples:or sampling events may need.congener analysis. Deciding
how best to.characterize a PCB site is a. complex issue-due-in part to issues related to dioxin-like PCBs,
the lack of congener-specific toxicological data, the need for comparing present and previously collected
data, and the cost of congener-specific-analyses. The decision about what method or-methods to use for
PCB analysis should be made on a site-specific basis.
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, Currently, metals are also among the most common contaminants of 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 a 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 (TQC) (U S. EPA 2005c). Both AVS and TOC are capable of sequestering and immobilizing a
range of metals in sediment,

213 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 a site. ‘When doing so, project
managers should consult EPA’s Role of Background in the CERCLA Cleanup Program (U.S. EPA
2002b), the EPA ECO Update - The Role of Screening-Level Risk Assessments and Refining
Contaminants of Concern in Baseline Ecological Risk Assessments (U.S. EPA 2001£), and Guidance for
Comparing Background and Chemical Concentrations in Soil for CERCLA Sites (U.S. EPA 2002¢).

" 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 noted that a comprehensive investigation of all background
substances found in the environment usually will not be necessaty at CERCLA sites. For example, radon
background samples would not be normally collected at a 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 thé 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 a substance with
elevated concentrations above screening levels originated solely from natural causes (i.¢., is a naturally
occurring-substance and not release-related), these contaminant normally 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 a potential environmental 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 a thorough characterization of risks associated with hazardous substances,
pollutants, and contaminants at sites (U.S. EPA 2002b). N

For risk management purposes, understanding whether background concentrations are high
relative to the concentrations of released hazardous substances, pollutants, and contaminants may help
risk managers make decisions concemning appropriate remedial actions (U.S. EPA 2002b). Generally,
under CERCLA, cleanup levels are not set at concentrations below natural or anthropogenic background
levels (U.S. EPA 1996a, 1997c, 2000c). If a risk-based remediation goal is below background
concentrations, the cleanup Tevel 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 regulatory authorities that
are able to address the sources of area-wide contamination, particularly anthropogenic sources (U.S. EPA
19962, 1997¢, 2000¢). In some cases, as part of a response to address CERCLA releases of hazardous

- substances, pollutants, and contaminants, EPA may also address some of the background contamination
that is present-on a site-dueto ama-wnde contamination.

2.2 CONCEPTUAL SITE MODELS

_ A conceptual site model (CSM) generally is a 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 CSM-typically is a set of

hypotheses-derived from existing site data-and knowledge:gained from cther 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 a simple understanding of the site

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

* collection of new daia

Essential elements of a CSM generally include information 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, a group of studies conducted to-test the hypotheses forming the
conceptual site medel and turning qualitative descriptions into quantitative descriptions. The initial
concéptual model should be modified to document-additional source, pathway, and contaminant
information that is collected throughout the site investigation. Project managers should alsobe aware of
the:spatial and temporal dimensions to the processes depicted-in.a 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.

A good CSM can be a valuable tool in evaluating the potential effectiveness of remedial
alternatives. Asnoted 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 a CSM for a sediment site are listed in Highlight 2-2.

Project managers may find it useful to develop several conceptual site models that highlight
different aspects of the site. At complex sediment sites, often three conceptual site- models are developed:
1) sources, release and media, 2)human health, and 3)ecological receptors. For sites-with more than one
contaminant that are-driving the risks; especially if they behave différently in the environment (e.g., PCBs
vs. metals), it is often useful to develop aseparate CSM for different 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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Sources of Contaminants of Concern: Exposure Pathways for Humans:

Upland soils

g . Fish/shelifish ingestion
. Floodplain soiis . Dermal uptake from wading, swimming
J Surface water - . Water ingestion
® Ground water . inhaiation of volatiles
. Non-agueous phase liquids {NAPL) and other
source materials Exposure Pathways for Bista;
Sediment “hot spots® : )
° Cutfalls, including combined sewer outfalls . Fishfshelifishfbenthic invertebrate ingestion
and storm water runoff outfalis ' . incidantal ingestion of sediment ‘
. Atmospherie contaminants . Direct uptake from water
Contaminant Transport Pathways: Human Receptors:

Sediment resuspension Recreational fishers

. Surface water transport . Subsistence fishers
. Runoff v Waders/swimmers/birdwatchers
° Bankercsion o Workers and transiznts
° Ground water advection
. Bioturbation : Ecologlical Receptors:
. Food chain
) . Benthic/epibenthic invertebrates
. Bottom-dwelling/pelagic fish
o - Mammals and birds {e.g., mink, otter, heron,

baid sagle)

2.3 RISK ASSESSMENT

Consistent with the National 01l and Hazardous Substances Pellution Contingency Plan (NCF), 2
hurman 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 dutputs
from the risk asssssment should be an understanding of the relative importance or contribution of the
pathiways depicted in the conceptual site model to actual risk. This understanding is generally key to
making informed decisions about which remedial alternative to implement at a site.

Generally, the human health rigk assessment should consider the cancer risks and non-cancer
health hazards associated with ingestion of fish and other biota inherent to the site (e.g., 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 a drinking water supply.
Separate analyses should alse considerrisks from exposure tc floodplain soils and mey include direct
contact, ingestion, and exposures-io homegrown crops, beef, and dairy products where appropriate. The
relevance and importance of each pathway 1o actual risks will vary with different contaminants or
contaminant classes ata.site. In addition, the risk assessment should include an analysis of the risks that
may be introduced due to implementation of remedial altematives (see Section 2.3.3, Risks from
Remedial Alternatives). As with all remedial investigation-(RI) and feasibility study (FS) data collection
efforts, the scope of the assessments should be tailored 1o the complexity of the site and how much
information is needed to reach and support a risk management decision. It is important to involve the risk
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assessors early in the process to ensure tbat the information collested is appropriate far use in the sk
assessment. ’

Screening and baseline risk assessments are designed to evaluate the potential threat to human
health and the environment in the absence of any remedial action, Generally, they provide the basis for
determining whether remedial action is necessary as well as the framework for developing risk-baged
remediation goals. Risk assessments should also provide information io evaluate risks associated with
implementing various remedial alternatives thatmay be considered for the site. Detailed guidance on
performing human health risk assessments is provided ina number of documems ava:lable through
EPA’s Supsrfund Risk Assessment Web site at http:
risk_superfind him. The Risk Assessment Guidance for Supe)ﬁmd (US. EPA 1989, also referred to as
“RAGS"), provides a basic plan for devcle;:mg human health risk assessments. Specific guidance on the
standardized planning, reporting, and review of risk assessments is available =t http/fwww.epa.gov/

oswer/riskassessment/rag _s_djindex him,

Detailed guidance on. perfonnmg ecok}glcal risk assessments is provided in Ecolagical Risk
Assessment Guidance. for Superfund: Process for Designing and Conducting Keological Risk Assessment
{U.S. EPA 19974, also referred fo as “ERAGS” ). In addition, OSWER Directive 9285.7-28P, Ecological
Risk Assessment and Risk Management Principles for Superfund Sites (U.S. EPA 1999b), provides risk
wianagers with several pnnczples to consider when making scological risk management decisions. As
stated in the Role of the Ecological Risk Assessment in the Baseline Risk Assessment (U.S. EPA 1994b),
the purpose of the ecological risk assessment is to 1) identify and characterize the current and potential
threats to the cnvironment from 2 hazardous substance release, 2) evaluate the ceological impacts of
alternative remediation strategies, and 3) establish cleanup levels in the selected remedy that will protect
those natyral resources at risk.

Although not EPA guidance, projoct managers nay find useful the Navy guidance
Implementation Guide for Assessing and Monaging Contaminated Sediment ot Navy Facilifies, which,
provides information on porforming human health 2nd ccological risk assessments at contaminatcd
sediment sites [U.S. Naval Facilities Engineering Command (FEC) 20031,

2.3.1 Scresning Ris-k‘Assessm;ent

A sereening risk assessment typisally is performed to identify the contaminants of potential concam
(COPCs) and the portions of a site that may present an mxacceptable risk: to human health ot the environment,
Currently, there are no widely accepled sediment screening values for human health risk from either direct contact
with sediment or from eating fish or shelifigh, although research is ongoing, Far floodplain and bessh scils,
human health soil screening levels may besed, Widely accepted screening values do exist for ecological risk
from dircet toxicity, although, similar to the sitintion for human health risk, screcning valuesfor risk to wildlife
and fish from bicsccnrmulative contaminants have not vet been fully developed. ‘Each of these issues is.discussed
furtherbelow. In cases where screening levels do exist; or may be developed in the fistuve, it is very important for
project managess tokeep in mind: that screening values are not-designed 1o beused-gs default cleanup levels and
. generally-should not be used forthat.purpose. In-evaluating whether specific-soreening valves are-apprepriate for
& particuler sile, project managers should consider whather the source-of the data used 40 develop the-screening
values-aretelevant to-site conditions, and understand the methads-by which the screening yaiues were derived.
Praject managers may alse find ecological screening values or human health screening level exposure
essumptions-uscful forcvaluating whether dotoetion levels for sediment anslytical work arc sufficiently low to bc
useful for risk assessment,
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Wlicn cvaluating human health risks from dircct contact with sediments and from
biocaccumulative 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. In
~ general, if bicaccumulative contaminants are found in biota at levels above site background, they should
not be screened out and should be carried into the baseline risk assessment.

When evaluating human health risks from direct contact with floodplain or beach soils, OSWER
and several regions have soil screening values that may be useful. Human health soil screening levels
(SSLs) for residential and industrial properties are available through EPA’s Superfund Web site at
hitp://www-epa gov/superfund/resources/soil, which provide a generic approach and exposure
assumptions for evaluation of risks from direct contact with soil. :

When screening ecological risk to benthic biota from direct toxicity, project managers should
consult EPA’s Eco-Updates EcoTox Thresholds (U.S. EPA 1996¢) and The Role of Screening-Level Risk
Assessment and Refining Contaminants of' Com;em in Baseline Ecological Risk Assessments (U.S, EPA

- 20011), which describes the process of screening COPCs.  The EPA’s equilibrium-pattitioning sediment
benchmarks are available atmmumm@m and the Superfund program’s
Ecotox Thresholds (ETs) are available at hitp; iskag! dt pdf

- be used as screening values for risk to benthic biota from dlrcct wxmlty Other pubhshed sediment
guidelines |e.g., National Dceanic and Atmosphsnc Admmislmtxon (NOAA) Screenmg Quick Rcference
Tables (SQLURTS) http:// irt/s
as screemng values. Table 3- 1 in the Navy guldzmce (U.S. Navy FEC 2003) also pravides a list of
citations for eoologlcal screening values for sediment.

‘When scrcenmg ecological risks to terrestrial receptors from contaminated floodplain soils, the
OSWER Directive 9285.7-5 5 Guidance jor Developzng Ecologzcal bozl Sereeriing Levels [(Eco-SSLs),
U.S. EPA 2003c¢, hitp://w ; 0t/ ssl hfm] should be used. Eco-
SSLs for some receptors have been developed for alummum antimony, arsenic, barium, bervilium,
cadmium, chromium, cobalt, copper, dieldrin, iron, lead, marganese, nickel, pentachlorophenol,
sclenium, trinitrotolucnc (TNT), and zine. Screening values.for dichloro diphenyl triehlorcthane (DDT),
polycyclic aromatic hydrocarbons (PAHs), silver, and vanadium are currently under devélopment, )

For ¢cological risk to wildlife or fish from food chain effects, widely accepted screening values
have not yct been fully developed. As for the human health risk asscssment, if bioaccumulative
contaminants are found in biota at levels above site background, they generally should not be screened
out and should be carried into the bascling risk asscssmont for ccological risk as well.

2.3.2 Baseline Risk Assessment

" At contaminated sediment sites with bioaccumulative contaminants, the human health exposure
pathway driving the risk 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, watet, or ﬂoodplam soils,
through incidental mgcs’aon and dermal contact.

Generally, the ecological risk assassnient should consider the fisks 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 a 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, bioaccumulate in food chains and can diminish reproductive success in upper trophic level
species (e.8., mink, kingfishers) exposed to contaminants through their diet. Therefore, reduced
reproductive success infish-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 op predator
that eats the fish, The sediment concentration range associated with an acceptable level of rcproductlve
success usually would constitute the remediation goal.

2.3.3 Risks from Remed/al 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 quantify. In 1991, the EPA issued a supplement to the RAGS Guidance, Risk Assessment
Guidance for Superfund: Volume 1 - Human Health Evaluation Manual, Part C, Risk Evaluation of
Remedial Alternatives (U.S. EPA 1991a). Although the 1991 guidance addresses only human health
risks, it does note that remedial actions, by their nature, can alter or destroy aquatic and terrestrial habitat,
~ and advises that this potential for destruction or altération of habitat and subsequent consequences be
evaluated and considered during the selection and implementation of a remedial altemative.

The short-term and long-term rigks to human health and the environment that may be introduced
by implementing each of the remedial altematives 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. Increasesto current risks and the creation of new exposure
pathways and risk should be considered. »

- Implementing a 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 impacts (e.g.,
accidents, noise, residential or commercial disruption); worker exposure during;sediment 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 a 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 cha.pters of this guidance and in Chapter 7, Section 7.4,
Comparing Net Risk Reduction,
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2.4 CLEANUP GOALS

In selecting the most appropriate remedy for a 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 a site and in providing the basis for
developing more specific RGs, which in turn are used by project managerstoselect 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 a continuum leading from RI/FS
scoping to-the selection of a remedial action that will be protective of human health and the.environment,
meet applicable or relevant and appropriate requirements. (ARARs), and provide 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 unlimited-access and unrestricted
use, their protectiveness is reviewed every five years.

2.4.1 Remedial Actlon Obfectlves and Remediation Goals

RAOs are intended to provide a 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 site‘model (Section 2.2), anid address the significant exposure
pathways. RAOs may vary widely for different.parts 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, a sediment site may include a recreational area used by fishennen and children,
as well as a wetland that provides critical habitat for fish and wildlife. Though both areas may contain
similarly contaminated sediment, the different receptors and exposure pathways may lead a 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 a discussion of how they address all the
unacceptable human 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 watet). When developing RAOs, project managers.should
evaluate whether the RAQ is achievable by remediation of the site or if it requires additional actions -
outside the control of the project manager. For example, complete biota recovery 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 ob_]ecuves that are achievable from the site cleanup.

Generally, prelumna.ry remediation goals (PRGs) that are protccuve of buman health-and the -
environment are 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 scmenmg levels for sediment: may be limited; see-Section 2.3.1). =
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Human Health:

C Reduce to acceptable levels the risks to children and adults from the incidental ingestion of and dermal
exposure to contaminated sediment whiie playing, wading, or swimming at the site

° Reduce 1o acoeptable levels the risks to adults and children from ingestion of contaminated fish and
shelifish taken fromthe site

Ecological Risk:
¢ Reduce {o acceptable levels the tokicity to benthic aguatic organisms at the site

. Redugs to acceptable levels the risks to birds and mamma!s that fead on fish that have been
contaminated from:sediment at the site.

Asmore nfornaﬁon is generated dunngthe investigation, these PRGs should be replaced with
site-specific RGs by i Incorporating an improved understanding of site conditions (e.g., site-specific
information on fish ingestion rates and bicaccumnlation of contaminants in sediment into biota; rescurce
use; other human activities), and other site-specific factors, such as the bioavailability of contaminants,
The human health and ecological risk assessors should identify appropriate RGs for each contaminant of
concern in each medium of significance. RGs for sediment often address direct contact for humans and
biota to the sediment as well as bicaccumulation through the focd chain. The concentrations of
bicaccumulative contaminants in fish typically are a function of both the sediment and water
concentrations of the contaminant, and are, to some extent, species-dependent. The development of the
sediment RGs may iovolve a variety of dxfferent -approaches that range from the simple application of 2
bioaccumulation factor from sediment to 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 -
the.approaches used in the human health and ecological risk assessments.

RGs should be represented as a range of values within acceptable risk lsvels 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 exposure equations nscessary fo develop RG concentrations in
‘various media for both cancer risks and non-cancer health hazards {see Section 2.3) The development of
the humean health-based RGs should provide arange of risk levels (e.g., 107, 10°° and 10 and 2 non-
cancer Hazard Index of 1 or less depending on the health end points of the spec;ﬂc contaminants of
concern.) The development of the emlogmally based RGs sheuld also provide a range of risk levels
based on the receptors of concem identified in the ecological risk assessment (see Section 2.3). Human
health and ecological RGs should be-developed through iterative discussions between the pm}ect
manager risk assessor, and modeler or other appropriate members ef the team.

24,2 Cleanup Levels
At most CERCLA sites, RGs for human health and ecological receptors are developed into final,
chemical-specific, sediment cleanup levels by weighing a number of factors, including site-specific

unceriainty factors and the criteria for remedy selectien found in the NCP at Title 40 Code of Federal
Regulations (40 CFR) §300.430, These criteriz include long-term effectiveness and permanence;
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reduction of toxicity, mobility and volume through treatment; short-term effectiveness; implementability;
cost; and state and community acceptance. Chapter 3, Section 3.2, NCP Remedy Selection Criteria
discusses these criterion in detail. Regions 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. :

v 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 background levels 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 range. .

The derivation of ecologically based cleanup levels is a complex and interactive process
incorporating contaminant fate and transport processes, toxicological considerations and potential habitat
impacts of the remediation alternatives. Before selecting a cleanup level, the project manager, in
consultation with the ecological risk assessor, should consider at least the following factors (U.S. EPA
1999b): g : : :

. The magnitude of the observed or expected effects of site releases and the level of
biological organization affected (¢.g., individual, local popqlation, 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 a highly sensit_h-/e or ecologically unique environment; 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 §300.430(c)(2)I)(A). The ROD should also indicate the approach 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 benthic-community to recover. Where cleanup
levels-have been achieved but progress towards meeting RAOs is not as expected, the five-year review
process, or where appropriate, a similar process conducted: before five years, should be used to assess
whether additional actions are needed, Consistent with the NCP (40 CFR §300.430(£)(4)(ii)), where
contaminants remain 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 8,
Remedial Action and Long-Term Monitoring, provides additional guidance on the information that
should-be collected for this review to be effective. As explained further in Chapter 8, the need for long-
term monitoring is not limited to sites where five-year reviews dre required. Most sites where
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contaminated sediment has been removéd 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

A 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 a 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 Water 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 a 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 altematives and establishing remediation goals for a 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 a watershed, among other factors, may affect
characteristics of a water body, such as water quality, sedimentation rate, sediment characteristics, _
scasonal water flows and current velocities, and the potential for 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 wildfires, or from human activities such as road and dam construction/removal, .
impoundment releases, and urban/suburban development. When considering watershed characteristics, i
is generally important to consider both current and future watershed conditions.

Some sediment sites are located in watersheds with a large number of historical and ongoing
point and non-point sources, from many potentially responsible parties. Where this is the case, it can be
especially important to attain expert assistance to plan site characterization strategies that are well suited
to the compleXity of the issues and designed to answer specific questions. In urban watersheds and others
with a large number of ongoing sources, it may be beneficial for a broader group of stakeholders to

 participate in setting priorities for site characterization and remediation efforts. In these areas, it can be
especially important to consider background concentrations wher developing remedial objectives and to

evaluate the incremental improvement to the environment if an action is taken at a specific site inthe =~~~

watershed. Approaching management of a 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 commercial 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, are 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 a 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 current and future land uses should be evaluated
in assessing risks.posed by contaminants at a Superfund site and discusses how Superfund remedies -
should be protective in light of reasonably anticipated future uses. EPA has provided further guidance on
how to evaluate future land use in the OSWER Directive 9355.7-04, Land Use in the CERCLA Remedy

Selection Process (U.S. EPA 19953, 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 a National Priorities List (NPL) site. This
coordination should begin during the scoping phase of the RI/FS, and ongoing coordination is
recommended to ensure that any changes in expectations are incorporated into the remed.ial 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 a more important consideration for an aquatic sediment Superfund or
RCRA site as compared to an upland terrestrial site. A 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 [generally as TBCs (or to be considered), see Chapter 3, Section 3.3
on ARARs] designated uses in the state’s water quality standards, priorities established as a 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 inclnde 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. Aswith-upland sites, consultation should start at the

. RUFS scoping 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 firture use assumption should be
considered when decision makers wish to understand the implications of different exposure scenarios.
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Especially where there is some uncertainty regarding the antici;ﬁated future 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 Superfund 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 Superfund or RCRA remedial dredging with dredging needed for navigation. -
Others have combined capping needed for Superfund or RCRA remediation with habitat restoration,
allowing PRPs to settle natural resource damage claims in conjunction with the cleanup. However, as
noted in Chapter 1, Section 1.5, State, Tribal, and Trustee Involvement, whether remediation and
restoration are addressed concurrently is a site-specific decision that involves input from a number of
different parties.

2.6 SOURCE CONTROL

- Identifying and controlling contaminant sources typically is critical to the effectiveness of any
Superfund 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 (NAPLSs) may continue to introduce contamination to a site. At sites with significant sediment
mobility, areas of hlgher contaminant concentration may act as continuing sources-for less- contarmnated
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 a 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 a watershed basis. Water bodies with sources outside the Superfund site can also-present a
need 16 balance the desire for watershed-wide solutions with practical considerations affecting a subset of
responsible-parties. It can be difficult to determine the proper party to investigate sources outside the
Superfund site, but the site RI/FS must be sufficient to determine the extent of contamination coming onto
the site and its likely effect on any actions at the site. A 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-ranging in 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) pemmitting to achieve and maintzin 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 8., capping of contaminated soil) with attendant
engineering controls; :

L Pollutant load reductions of point and nonpoint sources based on a TMDL,;

. Implementation of best management practices (e.g., reducing chemical releases to a storm

drain line); and
. Removal or containment of potbxitiaily mobile sediment hot spots,

-EPA's Contaminated Sediment Management Strategy (U.S. EPA 1998a) includes some
discussion of EPA’s 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 an evaluation 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 detenmine where to focus resources. Where sources are a part of the site,
project managers should develop a 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,
a 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 normally 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 forthe site. :

Generally, significant continuing upland sources (including ground water, NAPL, -or upgradient
water releases) shonld 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 and adjust-levels of source control, as warranted.. In most cases, before:any-sediment action is
taken, project managers should consider the potential for recontamination and factor that potential into the
remedy selection process. If a site includes a 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 human health:and/or the-environment after
considering the risks caused by an unaddressed or ongoing source, it may be appropriate to.conductan
action for sediment prior to completing all land-based:source control actions.

2.7 PHASED APPROACHES, ADAPTIVE MANAGEMENT, ANB. EARLY ACTIONS
At some sediment sites, 2 phased approacﬂ to site charaétcriza_tion, remedy selection, or remedy -

implementation may be the best or only practical option. Phasing site characterization can be especially
useful when risks are high, yet some important site-specific factors are unknown, 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 51gmﬁcant 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 recomtaminated 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 a 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 not approach desired levels, then more invasive ormore costly approaches
could be pursued.

_ Phasing can also be used at Jarge, m_ul'ti-source, multi-PRP sites with primarily historic
contamination where contaminated sediment is still near the sources. At these types of sites, working
with a single responsible party to address sediment with higher contaminant concentrations near a specific
source may be an effective risk reduction measure, while the more complex dec1s1on 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 a site. The extent to which adaptation is
cost-effective is, of course, a site-specific decision.- Resources on adaptive management at sediment sites
include the NRC’s report Envzronmental Cleanup at Navy Facilities (NRC 2003) and Connolly and
Logan (2004).

Even before the sediment at a'site is well characterized, if risk is obvious, it-may be very
important to-begin to-control significant ongoing:land-based sources. It also may be appropriate to take-
other early or interim actions, followed by a-period of monitoring, before decldmg on a 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 to.control sources of
sediment contamination. However, such actions for sediment are less frequent. Factors for determining
which response components may be suitable for early or interim actions include the time frame 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-term actions (U.S. EPA 1992b).

An early action taken under Superfund removal authority may be appropriate at a-sediment site
when, for example, it is necessary to respond quickly to a release or a threatened release of a hazardous
substance that 'would present an immediate threat. At contaminated sediment sites, removal authority or
state authorities have been used to implement many of the actions listed in Highlight 2-7. The NCP at 40
CFR §300.415 outlines criteria for using removal authority, as further explained in the EPA guidance and
directives (U.S. EPA 1993a, U.S. EPA 19964, 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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2.8 ‘SEDIMENT AND CONTAMINANT FATE AND TRANSPGRT

An important part of the remed:al investigation at many sedlmem sites is an assessment of the
extent of sediment and contaminant transport and the effect of that transgsort on exposure and risk. This
usually includes gaining an undezstandmg af the processes and events in the past and predlctmg future
mmspert and exposure.

Actiens to prevent releases of contaminants from sources:
o Excavation or cania'mment G'a' fioodplain solls or other source ma&erials In the fioodplain

. Engi neermg controls {e.g., sheet pihngs slurry walis, grout curtains and extraction) {o pravent highly
contaminated ground water; NAPL, or leachate from reaching surface water and sediment

’ Engineering controls o prevent contaminated runcff from reaching surface water and sediment

Actions fo minimize human exposure to contaminants (coordinated with other appropriate agencies),

. Access restrictions

» Fish consumption advisories

s Use restrictions and advisories for water bodies

. Actions to pretect downstrsam drinking water supplies

Actions o minimize further migration of contaminatad sediment:
. Boating controls (e.g., vessel draft or wake restrictions to prevént propelier wash, anchering restrictions) ¢
. Excavating, dredging, capping, or stherwise isolating contaminated sediment hot spots

Actions taken to reducs risk from highly contaminated sediment hot spots:

° Capping, excavation, or dredging of !egaiized areas.of contanwinateé sediment that pose & very high risk

- In most aguatic envtronments surface sedxment and any ‘associated contammants move over time.

The more impertant and more camplex issue is whether movement of contaminated sediment (surface and
subsurface), or of contaminants alone, is occurring or may occur at scales and rates that will sxgmﬁcantly
change their current contribution t6 human health and scological risk. Addressing that issue requires an

- understanding of the role of natural processes that counteract sediment and contaminant movement.and
fate, such as natural sedimentation and armcsnng and contaminant transformations to less toxic or less

- bipavailable compounds. For this reason, it is important for project managers to use technical experts to

heln inthe analysis, especially whers large amounts of- Tesources are at stake,

Sediment movement alsoisa complex topic because it has boﬁs positive and nagative effects on

risk. For example, floods frequently transport both cleen and contaminated sediment, which are
subsequently deposited within the water body and on floodplains. This may spread contamination,
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isolate {through burial) other existing contamination, and lower concentrations of contaminants (through
dilution) within the immediate site boundaries,

Both natural and man-made (i.¢., anthropogenic) farces may cause sechmcnt and contaminants to
move. Highlight 2-8 lists exampies of each

Natural causes of sed%ment mavement include;

i Routine currents in rivers, streams, ‘and harbors
v Tides in marine waters and estuaries
. Fioods generated by rainfall or snow-melt Induced runoff from land surfaces
. lce thaw and ice 5am~induced SCOUr
. Seiches (osclilation of lake eiévat!on caused by sustained winds), especially in the Great Lakes
. Storm-generated waves and currents (e.g., hs;xrricanes, Pacific cyciones, nor'sasters)
* Seismic;generated waves {e.g,, sunamis)
. Eanthquakes, landslides, and dam failures
» Bicturbation from micro- and macrofauna

Anthropogenic causes of sediment movement includs:

» Navigational dredging and channs! maintenance

- Placer mining as well as sand and gravel mining

. Intentional removal or breaching of hydraulic structures such as dams, dikes, weirs, groins, and
breakwaters - ’

» In-water construction

. - Boat propeller wash, ships’ wakes, ship grounding or anchor dragging

Causes of dissolved contaminant movement without sediment movement inciude:

- Fiow of ground water through sediment
o Malseular diffusion
Gas:-assisted fransport

Many contaminated sediment sites are located in areas that are primarily depositional, or in areas
where only 2 limited surface layer of sediment is routinely mobilized. Inthese fairly 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
diffusion, and, potentially, gas-assisted transport. Like erosion and deposition, these processes continue
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‘o operate after remedies are in place, so an understanding of whether or not they are likely to be
significant ongoing contaminant transport pathways at a particular site is especially important for
evaluating in-situ capping and MNR altematives.

Various empirical and modeling methods exist for evaluating sediment and contaminant
movement and their consequences. The models normally rely upon site-specific empirical data for input
parameters. Both empirical methods and models have limitations, so it is usually important to consider 2
variety of methods in evaluating a 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: ' ’ -

. A site-specific assessment of empirical site characterization data (see Section 2.8.1);
. A site-specific assessment of the frequencies and intensities of expected routine and

extreme events that mobilize sediment (ses Section 2.8.2);

. A site-specific assessment of ongoing processes that mobilize contaminants in otherwise
stable sediment; such as bicturbation, diffusion, and advection (see Section 2.8.3); and

. A site-specific assessment of the expected consequences or results of sediment and
contaminant movement in terms of exposure and risk, cost, or other consequences (see
Section 2.8.4),

As poted above, this assessment will frequently require the use of models. A wide variety of
models is available, ranging from simple models with small numbers of input criteria to complex, multi-
dimensional models that are data intensive. A discussion of model uses and selection is presented in
Section 2.9,

Especially for larger sites, a “lines 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
raultiple lines of evidence point to similar conclusions, project managers may have more confidence in
their predictions, Where the lines of evidence do not coneur, 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 4, Section 4.4, Evaluation.of Natural Recovery.

281 Data Collection

An assessment of sediment and contaminant movement begins with the collection of a variety of
empirical-data (i.e., data derived from field or laboratory observation), Although literature values may be
available for some parameters, project managers are encouraged to collect site-specific information for
the most important processes at the site (as identified in the conceptual site model), especially where large
resources are af stake in decision making,

The vertical and horizontal sediment and contaminant distributions present 2t a site are 2 result of
all of the routine and extreme, natural and anthropogenic processes that contributs to the physical,
chemical, and biological attributes of 2 water body. Site conditions at the time of investigation generally
reflect a combination of influences. Project menagers should not assume that current 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 a site or all areas of 2 site are unstable or
contaminants are mobile at a scale or rate which significantly impacts risk: At many sites, the same areas
of contamination persist over many years, despite some lcvel of surface sediment and contaminant
redxsmbutmn . ¢

Processes that are important in terms of exposure and risk on 2 watershed scale may be less
important in smaller, more isolated arcas of a water body. Both scales of investigation may be needed.
For example, in some situations, the large scale rainstorms associated with hurricanes may greatly impact
sediment loading to the water body through erosion of watershed soils, but have litfle effoct on stability of
the in-water sediment bed itself. 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 charactenstlcs

Many site characteristics affect sediment movement, but primary among them are the flow-
induced shear stress.af 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). A preliminary evaluation
of the sxgmﬁcance 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, empirically measured erosion rates are lower than anticipated from simple models,
due to natural armoring. Winnowing (suspension and transport) of fines from the surface layers of
sediment is on¢ common form of armoring. Others are listed in Highlight 2-9, including the effect known

as “dynamic armoring,” which describes the effect caused by suspended sediment or a fluff, floc, or low
density mud layer (present in some- estuanes and lakes) that decreases the expected erosion rate of
underlymg sediment.

Physical:
J Winnowing of fine grained materials, leaving lerger-grained materials on sqrface
. Compaction of fine-grained sediment
Chemical:
. Chemical reactions and weethering of surface sediment
Dynamie:
. Suspended sediment dampening turbulence during high flow events
Biological:
. Physieal pretectson end seques?ratmn by r@o‘lee aguatic vesetanen
. Mucous excrations of polychastes
_Erosion-resistant fecal pellets or digested sediment
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Sediment properties that affect cohesion and erosion in many sediment environments include
bulk denmty particle size (average and dxstnbutxen) clay mineralogy, the presence of methane gas, and
the organic content. It is not unusual for erosion rates to vary by 2 1 3 orders of magnitude spatially at a
site, depending on currents, bathymetry, bicturbation, and other factors (e.g., pore water salinity). Ina
fairly uniform cohesive sediment core, erosion rates may drop several orders of magnitude with depth
into:-the sediment 'bed, but-in more variablecoresﬂxis—may notbe thecase

onlogwal processes by macro~amd microorganisms also affect sedxment in multlple ways, both
1o increase erosion (e.g., 2as generation and bicturbation by lowering bulk density) and to decrease
erosion (¢.g., aguatic vegetation, biochemical reactions which i increase shear:strongth of sediment). The
process of sediment mixing caused by bioturbation is discussed further in Section 2.8.3.

A wide variety of empirical methods is available to assess the-extent of past-sediment and
contaminant movement. Highlight 2-10 lists-some key examples. Each of these methods has advantagcs
and limitations, and generally none should be used in-isolation. The'help of technical experts-is lxxely 10
be needed te determine which methods are most likely to be useful at a particular site.

2.8.2 Routine and -Ext-reme 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 toutine forces seldom cause changes that are dramatically visible, they may be
the events-causing highest shear stress and, therefore, the most important factors in controlling the
physical structure of a given-water body.. In northem climates, formation of ice dams and ice scour are
also routine events that may have significant effects on sediment. It is important to note that seasenal
changes in water flow may also affect where erosion-and deposition eccur. Depending on the location of
the site, {e.g., riverine areas, coastel/imarine areq, inland water bodies), different water body factors will
play important rolesin determining sediment movement. To determine the frequency of particular
routine forees acting upon sediment; project managersshould-cbtain historical records on-flows and
stages from nearby gauging stations and-on other hydrodynamic forces. However, project managers
should keep in mind that residential or commercial development in 2 watershed may significantly increase
the impervicus area and subsequently increase the frequency and intensity of routine flood events, While
the intensity of most routine forces may be low, their high frequency may cause them to be an important
influence on sediment movement within: some water bodies.
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' Bathymetry (evaluates net changs in sediment surface élevatians)

® Single point/local area devices

o " Transectsfcross-sections (witﬁ known vertical and horizontal accuracy)

J Longitudinal river #mfz!es along the thalwsg (l.e., location of deepest depth)
o Acoustic su&eys {with known vertical and herizontal accuracy)

. Comparison to drédgéng records, zerlal photos, overail geomorphology

Contaminant data {from continuous ¢ores, surface sediment, and water column};

v Time-series observations (event scale and long-term seasenal, annual, decade-scals)
o Cemparison of care pattern or changing pattern in surface sediment, with poliutant loading history
. 'Ccrriparison of coneentration patterns during and after high energy events

Sediment data (e.g,, from continuous cores of surface samples); ‘
. Patierns of grain-size di‘s-tribuﬂen {McLaren and Bowles 1985, McLaren et al, 1983, Pascoe et al, 2002)
. in-situ of ex-sity emsidn measurement devices [e.g., SEDFLUME (Jepsen et al, 1887, McNeil et al,
1898}, PES (Tsai and Lick 1988), Sea Carousel (Maa et al. 1983}, of Inverted Fiume {Ravens and
Gschwend 1999)] ’
. Sediment water interface camera

Geochronology {evaluates continuity of sedimentation and age of sediment with depth In cores):

. ®7Cs, lignin, stable Pb (iunge’nﬁvedvspecies to evaluate burial rate and age progression with depth)
. TPb, 'Be, *¥Th (shorter-lived speties to svaluate depth of mixing zone)
® A-redicgraphy, coler density anaiyé‘;s

Geomprphological st&dies: ;
. Land and water body geometry end bathymetry, physical processes
. Human modifications ‘

Sedtfneni—contaminant mass balance studies, espaclally during high energy events:

» Upstream and tributary loadings (grein size distributions and rating curves)
® . Tidal cyele-sempling (in merine estuaries and coastal seas)
" Sampling during the rising limb of a rain-event generated runcff hydrograph (frequently greetest erosion)

Dissolved contaminant movement:

s Seepage msters at sediment surface

. Gradients near water body
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 In contrast, some water bodies are significantly affected by short-term 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 svents, however, have no routine event counterparts (e.g.,
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 doeur from snow-
- meit and other unusually heavy precipitation events resulting in the movement of large amounts of upland
scil and erosion of sediment, which are then deposifed 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 natural or man-mads debris during extreme floed events. To
obtain a preliminary understanding of extreme event frequency at a site, it is important to examine both
historical records (e.g., meteorological and flow records) and site characterization data {e.g., core data and
bathymetry). .

Floods are frequently classified by their probability of occumrence, for example 50-year, 100-year,
200-year, and probable maximum flood. Although the term “100-year flood” suggests a time frame, it is
in fact 2 probability expression that a flood has a one percent probability of occurring (or being exceeded)
in any year. Similarly, 200-year flood refers to a flood with a 0.5 percent probabil ity 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 2 watershed. Tt 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 well as their
frequency. Intensity is a measure of the strength, power or energy of a force, The intensity of a force will
be 2 significant determinant of its possibie impact on the proposed remedy. Tropical storms (including
hurricanes} are often classified according to their intensity, that is, the effects 2t a particular place and
time, which is a function of both the magnitude of and distance from the event. Tropical storms such as
hurricanes are commonly classified by intensity using the Saffir-Simpson Scale of Category 1 to Category
5. Other physical forces and events, such as earthquakes, may be classified according to magnitude, that
is, 2 measure of the strength of the force or the energy released by the event. Earthquakes are most
commonly classified in this way (e.g., the Richter scale) although they may also be classified by intensity
at a certain surface location (¢.g., the Modified Mercalli scale).

For sites in areas that may be affected by extreme events, project managers should assess the
tecord of occurrence near the site and determine the appropriate category or categories for analysis. The
recurrence interval that is considered in a 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 evaluztion of contaminated sediment sites, project managers should
evaluate the impacts on sediment and contaminant movement of 5 160-year flood and other events or
foroes with 2 similar probability of occurrence (i.c., 0.01 in a year). A similar probability of cocurrence
may be appropriate for analysis of other extreme events such as hurricanes and earthquakes. At some
sites, it may be appropriate o analyze the effects of events with lower and higher probabilities to
understand the cost-effectiveness of various design decisions. Recorded characteristics 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 insufficient or the
historical recerd is too short to be useful, project managers should consider obtaining technical assistance
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‘to model a range of potential events to estimate effects on sediment movement and transport. Section 2.9
of this chapter discusses modeling in more detail. .

2.8.3 Bioturbation

In some depesitional environments, the most important natural proesss bringing contaminants to
the sediment surface is bioturbation, Broadly speaking, bioturbation is the movement of sediment by the
activities of aguatic organisms. Although this movement may be in many directicns, it is the vertical
mixing that is mainly of concern for project managers because it brings contaminants to the bed surface,
whers most exposures occur, While many discussions of bioturbation are focused on sediment- dwelling
animals, such as worms-and clams, bicturbation may alsc include the acthty of larger organisms such as
fish and aguatic mammals. The effects of bioturbation can include the mixing of sediment layers,

~alteration of chemical forms of contaminants, bioaccumulation, and transport of contaminants from the
sediment 1o interstitial/pore water or the water column. Many bottom-dwelling organisms physically
move sediment particles during activities such as locomotion, feeding, and shelter building., These
activities may alter sediment structure, biology, and chemistry, but the extent and'magnitude of the
alteration depends on site location, sediment type, and the types of organisms and contaminants present.

One factor of concem 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 a sediment profile camera and other results. It is also usefl
10 be aware of the typical burrowing depths of aguatic organisms in uncontaminated environments similar
10 the site. Project managers should keep in mind, however, that population density has a tremendous
effect on whether organisms present at the site may have a significant effect on the mixing zone. It is
important to understand the depth of the mizxdng zone in the various environments.at 2 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 future risk af a site.

Typically, the population of benthic organisms is greatest in the top few contimeters of sediment,
In fresh waters, the decline in population density with depth is such that the mixed layer is commonly five
to 10 em deep (NRC 2001), although it may be deeper, especially in marine waters with high populations
of deep burrowing organisms. Highlight 2-11 provides examples of organisms that cause bioturbation,
their activity type, and the general depth of the activity. However, project managers should also consider
the activity type, the intensity of the activity, and orgamsm population density, when:determining the
extent bioturbation should be considersd in site evaluation. For cxample the depth and effectiveness of
bicturbation may be very different in a highly productive estuar) and in 2 heavily used commercial boat
shp

A preject manager shsuld be-aware of at least the: follewmg parameters when assessmg the depih
of the mixing zone and the potential role bicturbation will play on a given sediment bed:

° Site Jocation - Selinity, water temperatures, éepﬁxs, seasonal variation);

o Sediment type - Size distribution, organic and carbonate content, bulk density); and
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. Organism type - Org

the area). .

anisms either present and/or likely to recruit 1o and recolonize

This analysis may be done for naturally deposited sediment as well as potential in-situ capping
material or dredging backfill material. Where bioturbation is likely to be 2 significant process, it is
important to-evaluate the depth over which it causes significant mixing, using site-specific data-and
assistance by technical experts, to assess altemnative approaches for the site,

Tubificid worm

Matisoff, Wang, and McCall 1685

Burrowing/Feeding 0-3cm
(oligochaste) ) Pennak 1878 ;
-1 Midge and Mayily Burrowing/Feeding. . - 0-15¢cm : Matiéaﬁsand:Wang»ZGGD
f(inseets) - o Pennak 1978 -

{fish) Boyer st al. 1980

Burbot

SR

Hylleberg 1975

oem-15¢cm

‘Bristleworm {polychaete) | Burrowing

Bamboo worm Burrowing/Feeding Oom-20om Rhoads 1887
{polychaets)

Fiddler crab (crustacean) | Burrowing Jom-30.5cm Warner 1677
Clam(bivalve) Burrawing Oem-3cm Risk and Moffat 1877

ey

o

Brigtieworr (polychaets)

Hylieberg 1875

‘Burrowing Gem-15cm
Fiddler crab (crustacesn) | Burrowing 1 ocm-30.5cm Warner 1877
j0cm-3em Risk and Moffat 1877

Clam {bivalve) Burrowing

284 Predicting the Consequences of Sediment and Contaminamt 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 a specific site. A number of differing factors
may be important in determining whether expected or predicted movements are acceptable. Historical
recopds 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 ig not
available or has significant uncertainty, models may also be very useful to help understand and predict
changes. Thisanalysis should include increased risk from not only contaminant releases to 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 10 contaminant dispersal, such.as increased disposal cost
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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.

Project managers should assess the impacts of contaminant release on potential receptors on a
site-specific basis, using information generated during the baseline human health and ecological risk
assessments. Where natural-recovery is-being evaluated, project managers should recognize that not only
the rate of net sedimentation, but alse the frequency of erosive episodes, can help determine the rate of
recovery for surface sediment and biota. Where in-situ capping is being evaluated, project managers
should recognize that some amount of erosion and sediment transport may be acceptable.and can bs
incorporated into plans for remedial design and cap maintenance. Increased risk to human or ecological
receptors due to contaminant releases during dredging may be a related analysis when considering

- 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 of the remedy selection process.

When evaluating remedy alteratives, the significance of potestial harm due 10 reexposure of
contaminated-sediment or contaminated sediment redistzibution is an important consideration. - Factors to
be considered include 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 risks, costs, and/or other effects of different events onexisting contaminated sediment
or sediment remedies. ‘ ' '

2.9 MOBDELING

Models are tools that are used at many sediment sites when characterizing site conditions,
assessing risks, and/or evaluating remedial altemnatives. A complex computer model (g.g., muiti-
dimensional numerical model) may not be needed if there is widespread agreement about the best
remedial strategy based on an adequats understanding of site conditions, however, this is not ofien the
case. Atlsome:sites, significant uncertainties exist shout site characterization data and the processes that
contribute to relative effectiveness of available remedial altematives. Models.can help fill gaps in
knowledge and allow investigation of relationships and processes ata site that are not fully understood.
For this reason, simple or complex modeling can play 2 role at most sediment sites.

There is 2 wide range of simpler empirical models and more robust computer models that can be
applied to contaminated sedimentsites. Simple models that-aggregate processes or oonsider only some
portion of a problem can provide significant insights and should be applied routinely at sediment sites,
even complex sites. For example, simple steady-state mass balance models applied during a time period
where there are no disruptive events can be used to determine whether extemnal contaminant sources have
been identified and properly quantified. Hydrodynamic 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 a-complex fate and transport medel is never -
developed, simple - modeling-can be used o developa better understanding of current-and futyre site
conditions-and lead to selection of the mest appropriate remedial eltemative.

More complex fate and transport models arc frequently appiied to the most complex sites. These
sites typically have 2 Jong history of data collection, have documented contaminant concentrations in
sedimert and biota, 2nd often have fish consumption adviseries-already inplace. Fateend-transport
meodels can be useful tools, even though they can be time consuming and expensive 1o apply at complex
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sediment sites. Most of these modcling cfforts require large quantitics of site-specific data, and typically

ateam of experienced modelers is needed. Nevertheless, these models are helpful in that they give, when
properly applied, a more complste understanding of the transport and fate of contaminants than typically

can be provided by empirical datz {fiom field or laboratory) alone.

Whether and when to use a model, and what models to use, are site-specific decisions and ,
modeling experis should be consulted. Modelmg of contaminated sedxment just as with other modeling,
should follow 2 systematic planning and implementation process. Technical assistance is available to
project managers from EPA’s Superfund Sediment Resource Center (SSRC), where experts from inside
and outside the Agency may be accessed. Additional research about contaminated sediment transport and
food web modeling is underway at the Office of Research ahd Development (ORD) (e.g., U.S. EPA i in
Vprepaxamon 1 and 2). Project managers should monitor the Superfund sediment Web site at
htp:/fwyw.epa.gov/superfund/resourses/sediment or contact their region’s ORD Hazardous Substance
Techrical Liaison for more information.

In most cases, simple or complex models aré expécted to complenient environmental
measurements and address gaps that emst in empmca! information. Examples of the uses of models
" include the following: -

. Identifying daiagaps durning the initial phases of a site- investigaiién;

- : Illuétrating how contaminant concentrations vary spatially at a site. Empirical
information can provide useful benchmarks that can be interpolated or modeled 1o get 2
better understanding of the digtribution of contaminants;

. Prediéting contaminant fate and transport over long periods of time (e,,-g,.adecades) or
during episodic, high-eniergy events {e.g,, tropical sterm or low-frequency flood event);

» Predicting future contaminant concentrations in seditent, water and biota to evaluate
relative differences among the proposed remedial altemnatives, ranging from monitored
natural recovery to-extensive remgval; and

. Comparing modeled results to obsérved mieasurements to show convergerice of
information. Both modoling results and empirical data usually will have & measurc of
uncertainty; and modeling can help to examine the-uncertainties (e.g., through sensitivity
analysis) and rofine cstimates, which may inclyde indications for where to sample next.

The use of models at sediment sites is not limited to the remedy selection phase. Most sites that
uss models for evaluation of proposed remedies have previously developed 2-mass balance or other type
of model during the development of the baseline risk assessment. These models are often used to
quantify the relationships among contaminant soufces, exposure: pathways, and receplors. At these sites,
the same model is often used o predict the response of the system to various cleanup options, Whete ﬂns
is done, it is imporiant to coritinue fo test the model predictions by monitoring during the remedy
implementation and post-remedy phases 1o assess whether cleanup is- progrossing as predicted by the
model. Where it is not, information should be relayed to the modeling team so the model can be modified
_ or recalibrated and then used 1o develop more acctrate futyre predictions,
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2.8.1 Sediment/Contaminant Transport and Fate Model Characteristics

A sediment/contaminant transport and fate model typically is a mathematical or conceptual
representation of the movement of sediment and associated contaminants, and the chemical fute of those
contaminants, as governed by physical, chemical and biological factors, in water bodies. Currently, there
are tworbasic types of sediment transport medels: conceptual and mathematical models. In addition, there
are several different types of mathematical models. General types of models are described in Highlight 2-
12, and an example of a conesptual site:model is presented in Highlight 2-13.

Conceptual Modsl:

ldentifies the-following: 1) contaminants of petential concern; 2) sources of the contaminants; 2) physical and
biegeschernical-pro and-interactions that contral the transport and-fate of sediment and associated
“contaminants; 4) expesure-pathways; and §)-ecological and human receptors. e

Mathematical Model:

A set of squations that quantitetively represent the processes and interactions Identified by the conceptual model
that govern the transport and fate of sediment-and associated comtaminants. Mathematical medals include
-&nalytical, regression, and numerical models.

Analytical Model

An analytical model is one or more eguations (e.g., simplified - a-inearized, cne-dimensional form of the
advection-diffiusion equation) for which a closed-form solution exists. This type of model may not be applicable at
most sites due o the complexities associated with the foreing hydrodynamics and spatial and temporal
heterogeneities in sediment and contaminant preperiies/characteristics, ’

Regression Modsl

Aregression-model is a stafistically getermined squation that relates é dependent variable to one or mors
independent variables, A stage-discharge rating-curve is an example of a regression mode! in which stage {e.g.,
waterlevel)and discharge (e.g., amount of water flow) are the independent and dependsnt variables, respectively,

Numerical Medsi

In a numerical model, an-approximate solution of the set of governing differential equations Is obtained using &
numericaltechnique. Examples of numerical technigues include finite difference and finite slement methods. A
numerical model is used when the processes belng modeled are represented by nonlinear equations for which
closed-form solutions do not-exist, i -
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Voleliizeton

Proindustial Riverbed

3curfce:vMsdiﬁeés»ﬁfom-SadlniantfManageme_ntﬂ'&’fqugmup (SMWG)

Typically, transport and fate models are inherently limited by our current understanding of the
factors govemning these processes and our ability to quantify them (i.e., represent mathematically their
interactions-and effects on the transport and fate of sediment and contaminants). Eventhe most complex
sediment model may be a relatively simplistic representation of the movement of sediment through
natural and engineered water bodies, It may be sxmphstlc due tothe. fellawmg

» Lmutaﬁens imour understmdmg of natural systems, as reﬂected in the current state-cf-
-~ the-science;
L Empmc:sm inherent in predlctmg flow-induced sediment transport, bask erosion, and

nonpoint source loads;
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. The rélatively large space and time blocks used for modeling the water body; and

. The inability to reaiistically simulate geomorphological processes such as river
meandering, bank erosion, and localized effects (e.g., due to natural debris or beaver
dams),

Nevertheless, sediment/contaminant transport and fate models penerally are useful tools when
properly applied, alﬂleugb they are data intensive and require specialized expertise to apply and interpret
the results,

2. 9.2 Determining Whether A Methematical Model Is Appropriate

Since mathematical transport and fate models can be time-intensive and expensive to apply, their
use and interpretation generally require specialized expertiss. Becanse of this, mathematical madehng is
not recommended for every sediment site. In some cases, existing empirical data and new monitoring
data may be-sufficient 1o support a-decision. A mathematical modeling study is usualiy naot warranted for
. very small (i.e., localized) sites, where cleanup may be relatively easy and i inexpensive. Mathematical
modeling: genemlly is xecommended for large or complex sites, especially where it is necessary to predict
contaminant transport and fate over extended periods of time to evaluate relative differences among
possible remedial approaches.

Praject managers should use the following series of questions o help guide the process for
determining the appropriate use of site-specific maﬂlsmaucal models:

. Have the questions or hypotheses the model is intended to answer been determined?

. Are historical data and/or simple quantitative techniques available to answer these
guestions with the desired accuracy?

. Have the spatial extent, hetercgenen}, and 1evels of contamination at the site been
defined?

J Have all significant ongoing sources of contamination been defined?

. Do sufficient data exist to support the use of a mathematical model, and if not, are time

and resources available to collect the required data to achieve the desired level of
confidence in model results? and :

. Are time and resources available to perfcnnz the modeling study itself?

If the decision is made that some level of mathematical modeling is appropriate, the following
section should assist project managers in deciding what type of model should be used.

2.8.3 Determining the Appropriate Level of M@d@i

When the decision is made that a mathematical model is appropriate at a site, project managers
should generally consider three steps in detenmining 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 fashion (for example, based on additional data analysis or from results obtamed durmg Step 3,
it may become apparent that the conceptual site model (CSM) should be modxﬁed)

1. Devel n ite Model

Development of 2 CSM is recommended as the key first stsp in this process in determining the
level of modeling, As described in Section 2.2, a CSM identifies the processes and interactions that
typically control the transport and fate of contaminants, including sediment associated contaminants. - If
this step is not performed, 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 a CSM usually requires examination of existing site data to assist in
determining the significant physical and biogeochemical processes and interactions. - Relatively simple
quantitative expressions of key transport and fate processes using existing site data, such as presented by
Reible and Thibedeaux (1999) or Cowen et al. (1999), may help in identifying those processes most
significant at the site.

Step ‘2_'.: Dé’germine Processes that Can and--,Ca:mot-be Curmrently Modgled

This step-concems determining if the most significant processes and interactions that control the
tramsport 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 controlling the transport and fate of sediment
and contaminants in water bodies (including a wide variety of physical, chernical, and biclogical
processes). Highlight 2-14 depicts the inter-relationship of some major processes and the type of model
with which they are associated. Ifit is determined that there are existing models capable of simmlating at
a minimum the most significant (i.e., first-order) processes and interactions, then the project manager
should (using the appropriate technical experts) identify the types of models {e.g., analytical, repression,
numerical) having this capability and eliminate from fusther consxderatmn those types of models not
having this capsbility.

Depending on the needs at the site, models or model components (“modules”) may lick many of
these processes presented in Highlight 2-14 into one model. Examp}es of the processes ﬂxat can be
modeled include the following:

. Land and air: Physical processes that result in loading of contaminants to water bodies
may include point discharges, overland flow (i.e., nnoff), dlschatge of ground water,
NAPL seeps, and air depesmon '

o Water column: Physical processes that may result in movement of dissolved or sediment-
sorbed contaminants include transport via the water’s ambient flow (advection),
diffusion, and settling ofsediment particles containing sorbed contaminants;

. Sediment bed: Important physical processes include the movement of pore water and
dissolved contaminants, seepage into and out of the sediment bed and banks, and the
mixing of dissolved azzd sediment-sorbed contaminants by bioturbation, In.addition, both
sorbed and dissolved material may be exchangad between the water column and sediment
bed due to sediment deposition and resuspension or erosicn; and
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. Water column and sediment bed: Physiochemical processes influencing the fate and
transport of contaminants include two-phase and three-phase chemical partitioning as
described below. Biogeochemical reaction processes influencing the fate of
contaminants include speciation, volatilization, anagerobic gas formation, hydrolysis,
oxidation, photolysis, biotransformation, and bislogical uptake.
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In Highlight 2-14 and in other modeling discussions, genemally, “two-phase partitioning” refers to
modeling the contaminant in two parts or phases: a bicavailable dissolved fraction and 2 generally non-
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" bioavailable particulate fraction. In “three-phase partitioning,” contaminant concentrations are normally
considered in three phases; the bicavailable dissolved phase, a generally non-bicavailable dissclved
organic carbon (DOC) phase, and a generally non-bioavailable particulate organic carbon phase.

If it is determined that there are no existing models capable of simulating, at & minimum, the most
significant (i.c., first-order) processes and interactions, then project managers may need to 1ely on other
tools or methods for evaluating proposed approaches, or develop and test new medels or modules.

Examples of processes that cannot be dynamically simulated, even using state-of-the-art sediment
transport models, may include geomorphological processes such as the development of meanders in
streamis and rivers, bank cutting/erosion, nepheloid layer sediment transport, and mud wave phenomena,
However, there are empirical methods for simulating some of these processes, including estimating the
total quantity of sediment introduced to a water body due to the failure of a river/stream bank. Likewise,
thers are empirical tools to estimate the importance of nepheloid layer transport (i.6., relatively high
sediment flux occurring immediately above the sediment-water interface). Empmcax tools are 2lso being
-developed to simulate mud wave transport processes resulting from sediment disturbances such as
dredging and resultant dispersal of contaminated sediment residuals,

Step 3: Select an Appropriate Model

If one or more models or types of mathematical models capable of simulating the controlling
transport and fate processss and interactions exist, then project managers should use the process described
above 1o choose the appropriate type of model (i5., level of analysis). Ifthe decision is made 1o apply 2
numerical model at a sediment site, seléction of the most appropriate contaminated sediment transport and
fate model o use at'a specific site is one of the critical steps in 2 modeling program. During this process,
familiarity with existing sediment fransport models is essential. Comprehensive technical reviews of
available models have been conducted by the EPA’s ORD National Exposure Research Laboratory (sse
11.8. EPA in preparation 1 and 2). .

2.89.4 Model Verification, Calibration, and Validation

Where numerical models are used verification, calibration, and validation typically should be
performed to yield a 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:

Model verification: Evaluating the mods] theory, consistency of the computer code with model
theory, and evaluation of the computer code for integrity in the calculations, This should be 2n
ongoing process, especially fornewer models. Model verification should be documented, or the
model or model component should be peer-reviewed by an independent party if it is new.

Muodel calibration: Using site-specific information from a historical period of time to adjust
model parameters in the governing equations {e.g., bottom friction coefficient in hydrodynamic
models) to obtain an optimal agreement between 2 ﬂeaswsd data set and model caloulations for
the simulated state variables.

Model validation: Demonstrating that the calibrated model accurately reproduces kmown
conditions over 2 different period of time with the physical parameters and forcing functions
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changed o reflect the conditions during the new simulation period, which is different from that
used for calibration, The parameters adjusted during the calibration procsss 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 ean be considered validated as an effective tool, at least for the range
of conditions defined by the calibration and validation datasets. If an acceptable level of
agreement is not achieved, then further analysis should be carried out to determine possible
reasons for the differences between the model simulations and measured data during the

“validation period. The latter sometimes leads to refinement of the model (e.g., using a 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 2t the space and time scales
associated with the-questiens the model must answer. For example, if the mods! will'be used to malks
decade-scale predictions, when possible, it should be compared to-decade-scale trend data. Even when
data.exist for a much shorter time period than will be used for prediction, the long-term behavior of the
model should be examined as a part of the calibration process, It is not unusual for.a model to perform
well fora-short-term period, but produce unreasonable results when run for a much longer duration. The
extent fo which components of a modeling study are performed using verified models can determine o 2
large degree the defensibility of the modeling project. If a verified model has not been sufficiently
calibrated or validated for a specific site, then the modeling study may lack defensibility and be of little
value. Where possible, project managers should use verified models in the public domain, calibrated and
* validated to site-specific conditions. Proprietary models may also be useful, but project managers should
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 verification, calibration, and validation performed.

2.8.5 Sensitivity and Uncertainty of Modsls

Ancther-important tool for understanding model results may be 2 sensitivity analysis. This
process typically consists of varying each of the input parameters by 2 fixed percent (while holding the
other parameters constant) to determine how the predictions vary. The resulting variations in the siate
variables.are- a:measure of the sensitivity of the model predictions to the parameter whose. value was -
varied, This:carbe very informative, especially in understanding how the various processes being
modeled-affect contaminant fate and transport and which are dominant. This analysis is frequently used
‘to identify 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.

Unceltainty in models usually results from the following three principal sources:
. _The necessity for mc;dels to use equations that ave 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 perameterize the equations (i.e., uncertainty
about how well the input data represent actual conditions); and
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. The uncertzin accuracy of model assumptions about future conditions, when using the
model for prediction, (e.g., assumptions about future rainfall, land use, or upstream
contaminant sources).

Typicaily, uncertainty analyses focus on only the second source, the accuracy of the input values for the
model.  Whilequantitative uncertainty analyses are possible and practical to perform with watershed
loading models and food chain/web models, they are generally not so (at the current time) for fate and
transport models. If a-quantitative assessment of the uncertainty of fate and tmnspor model predictions
-couldbe provided, the value of that prediction would be greatly increased. Lacking a quantitative
uncertainty analysis, one method modeling teams might consider to assess uncertainty is to use bounding
calculations to produce a'conservative mods! outcome to compare to the model’s best estimate outcome.
This conservative model outcome may be developed by using parameter values that resultin a
conservative-outcome but do-not resultin significantly degraded model performance, as measured by
comparison to.the calibration-and validation data sets: A second method 15 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).

2.9.6  PeerReview

- It is EPA policy that a peer review of numerical models is often appropriate to ensure that a
model provides decision makers with useful and relevant information. Project managers should use
EPA’s Guidance for Conducting External Peer Review of Envircnmental Regulatory Models (U.S. BPA
1994c¢)-and the Peer Review Handbook (U.S. EPA 2000e) to determine whether 2 peer review of a model
is appropriate and, if so, what type of peer review should be used. As 2 rule of thumb, when a model is
being used outside the niche for which it was developed, is being applied for the first time, or is 2 critical
component of a decision that is very-costly, a peer review should be performed. In addition, project
managers should refer o OSWER Directive 9285.6-08, Principles jor Managing Contaminated
Sediments at Hazardous Waste Sites, Prineiple 6 (U.8. EPA 20022; see Appendix A},

EPA peer review guidance for m@éeis (U.S. 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 apphcablhty, uncertauty, 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. Peerreviewers:advise the
Agenoy regarding proper use and interpretation of a model; it is then the Agency’s task to apply that
advice properly to regulatory decisions.

Highlight 2-15 Summarizes some impertant points to remember about modeling at sediment sites.
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Consider site complexity before declding whether and how to apply & mathematical model. Site
complexity and controversy, avaiiable resources, project schedule, and the level of uncertainty in mode!
predictions that is acceptable, are-generally the critical facters in determining the applicability and
complexily of a mathematical model. Potential remedy cost and magnitude of risk are generally less
Important, but they can significantly. affect the level of uncertainty that is acceptable.

Develop and refine a.conceptual slte model that identifles the key areas of uncertainty where
modeilng information may beneeded. When svaluating if 2 madalis nesded and in deciding which
models-might be appropriste; a conceplusl site- model should be developed that Identifies the key
exposure-pathways, the key sediment-and water-body characteristics, and the major sources of
uncertainty that may affect the-effectiveness of potential remedial alternatives (e.g., capping, dredging,
andfor MNR). i

Determine what model cutput data are needed-to facilitate decision making. As-part of problem
formulation, the project- manager should consider the fellowing: 1) what site-specific information is needed::
to:make-the:most-appropriate:remedy decision {e.g.; degres-of risk-reductionthat.can-be achieved,
correlation between sediment cleanup levels-and-protective fish tissue levels, time to.achieve risk
reduction levels; degree of shorttermn risk); 2) what modsi(s)-are capabie of generating this information;
and-3) howthe model results can-be wsed to-help-make these.decislons. - Site-specific data collection
should. concentrate on input-parameters that will have the most-influence on mods! cutcome.

Understand and-explain medel unceriainty. The mode! assumptions, limitations, and the results of the '[
sensitivity and uncertainty analyses should be clearly presented to decision makers. and should be clearly.
explained in decislon documents such as proposed plans and RODs.

Conduct a complete modsling study, If an intermediate or advanced jevel mode! is vsed in decision
making, the following components should be incluged in every modsling effort:

: Model verification {or peer-review if a new model is used)
. Mode! calibration
» © Model validation

Conslder modeling results-in conjunction with.empirical data to inform slte decision making,
Mathematical:models:are usefultools that, in conjunction with:site environmental measurements, can be
used-io characterize cumrent site conditions, predict future conditions and risks, and evaluate the
effectiveness of remedial altematives in reducing risk. Modeling results should generally not be relied
upon exclusively as the basis for cleanup declsiens,

Learnfromymodeling-efforts. i post-remedy monitoring data demenstrete that the remedy is not

performing-as-expected-(e.g., fishtissue levels are-much higher-than predicted), consider sharing these
data with the modeling team to ellow-them to perform a post:-remedy-validation of the medel. This could
provide a-basis for model enhancements that would improve futurs medel performance.at other sites, If
needed; this informatlon could also be:used to re-estimate the time frame when RAOS are expected to be -
metat the:site. : i
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3.0 FEASIBILITY STUDY CO.NSIDERATIO.'NS

Generally, the purpose of a feasibility study for a contaminated sediment site is to develop and
evaluate a number of alternative methods for achieving the remedial action objectives (RAOs) for the site.
This process lays the groundwork for proposing and selecting a remedy for the site that best climinates,
reduces, or controls risks to human health and the environment. The feasibility study process is described
in the U.S, Environmental Protection Agency’s (EPA’s) Guidance for Conducting Remedial
Investigations and Feasibility Studies under CERCLA (U.S. EPA 1988a, also referred to as the “RI/FS
Guidanee”). The proposed plan and record of decision (ROD) process is described in the EPA’s Guide fo
Preparing Superfund Proposed Plans, Records of Decision, and other Remedy Selection Decision
Documents (U.S. EPA 1999, also referred to as the “ROD Guidance™). This chapter is intended to -
supplement existing guidance by offering sediment-specific guidance about developing altematives,
considering the National Oil and Hazardous Substances Pollution Contingency Plan (NCP) criteria,
identifying applicable or relevant and appropriate requirements (ARARS), estimating cost, and -
implementing institutional controls. Chapters 4, 5, and 6 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 altemnatives 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 altematives 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 of 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 2, Section 2.7, Phased Approaches, Adaptive Management, and Early Actions.

3.1 DEVELOPING REMEDIAL ALTERNATIVES FOR SEDIMENT

As described in Chapter 1, 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. A fourth approach, in-situ treatment, is currently under
development and:may become a viable alternative in the furture, especially in combination with in-situ
caps. Highlight 1-5 in Chapter 1 briefly summarizes these major approaches for sediment sites.

Project managers should consider the following steps, which build on EPA’s RI/FS Guidance by
adding details specific to sediment, when developing alternatives at sediment sites:

L Dévelop remedial action objectives specifying the contaminants and media of interest,
exposure pathways, and remediation goals that permit a 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;

2. Identify estimated volumes or areas of sediment to which the approaches may be applied,
taking into account the need for protectiveness as identified in the RAOs and the
biological, chemical and physical characteristics of'the site; .

3, Develop additional detail concerning the equipment, methods, and locations to be
evaluated for each altemative, 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);

4, Develop additional detail conceming known ma_ior-constraints on each altemative,
including the three major approaches at the site (e.g., need.to maintain flow capacity for
flood control, need to accommodate navigational dredging);

5. To the extent possible with information available at this stage of the FS, identify the time
frame(s) in which the alternatives are expected to achieve cleanup levels and RAOs;, and

6. Assemble the more detailed methods into a set of alternatives representing a 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 a
variety of time frames for achieving risk reduction goals, Typically, the number and type of remedial
altematives that a project manager develops for any site is a site-specific decision. The project 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 carefully, including the three major 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 Approaches

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 a
variety-of approaches are frequently the most.promising. In many cases, 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 altemnatives:

. An alternative might combine a variety of dredging, transport, and disposal methods that
remove differing volumes of higher-risk contaminated sediment with MNR for more
widespread areas of lesser risk; '

. An alternative might combine armored in-situ capping of contaminated sediment in more
erodible areas, with MNR in highly depositional areas;
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K 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 a cap, with
in-situ capping of floodplain, intertidal or under-pier areas where a more technically -
practicable and less costly approach is desired; and "

. An altemative might bombine thin-layer placement (see Chapter 4, Monitored Natural
Recovery) with MNR where the natural rate of sedimentation is insufficient to bury -
contaminants in a reasonable time frame. s :

3.1.2 No-Action Alternative

The NCP at Title 40 Code of Federal Regulations (40 CFR) §300.430(¢)(6) provides that the no-
action altemative 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 a
no-further-action alterative 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 treatment, engineering
controls, or institutional controls but may include monitoring. For example, at a 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. A 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 altemative and the fact that
the MNR altemative includes a cleanup leve! and expected time frame for achieving that level. Project
managers should normally evaluate both a no action altemative and a MNR alternative at sediment sites.

Hf a'no-action or no-further-action altemative does not meet the NCP’s threshold criteria
addressed in- 40 CFR §300.430 (i.¢., protection of human health and the environment and meeting
applicable or relevant and appropriate requirements), it is not necessary to carry it though to the detailed
analysis of alternatives, However, the ROD should explain why the no action alternative was dropped
fromthe analysis. Chapter 7, Remedy Selection Considerations, includes guidance on when it may be

appropriate to select a no-action alternative,
3.1.3 ln-SJtu Treatment and Other Innovative Alternatives

Generally, in-situ treatment:is an.approach that involves the biological, chemical, or physical
treatment of contaminated sediment in‘place. This-approach is currently-under development by
researchers-and several pilot--and fullsscale:applications of the more promising technologies are
underway. Although significant technical limitations currently exist for many of the treatment -
technologies, the results of the ongoing testing may-demonstrate the viability of some of these approaches
in certain situations. Project managersare encouraged to track the development of in-situ treatment
methods. Potential in-situ treatment methods-include the following:
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. Biological Treatment; Enhancement of microbial degradation of contaminants by the
addition of materials such as oxygen, nitrate, sufate, hydrogen, nutrients, substrate (¢.g.,
organic carbon), or microorganisms into the sediment or into. a reactive ¢cap;

. Chemical Treatmen:: The destruction of contaminants through oxidation.and
dechlorination processes by providing chemical reagents, such as permanganate,
hydrogen peroxide, or potassium hydroxide, into the sediment or into a reactive cap; and. .

. Immobilization Treatment: Solidification, stabilization, or sequestering of contaminants
by adding coal, coks breeze, Portland cement, fly ash, limestong, or other additives to the
sediment for encapsulating the contaminants in a solid matrix and/or chemically altering

- - the contaminants by converting them into a less bioavailable, less mobile, or less toxic
form.

Most techniques for in-situ treatment of sediment are in the early stages of development, and few
methods are currently commercially available. Experiences gained to date in experimental or small-scale
applications of in-situ remedies have indicated that technical limitations to the effectiveness of available
in-situ treatments. continue to exist. For example, in-situ remedies relying on the addition of required
substrates and.nutrients, reagents; or catalysts have been developed for some contaminants, such as .
polychlorinated biphenyls (PCBs), but developing an effective in-situ delivery system to add and inix the
needed devels of reagents to contaminated sediment is more problematic. The lack of an effective
delivery system has also hindered the application of in-situ stabilization systems [National Research
Council (NRC) 2001]. Howcver, new developments may make this a more promising approach in the
future.

Several EPA-funded bench. and ﬁeld studies in this area are underway. These include studies
conducted by EPA’s Superfund Innovative Technology Evaluation (SITE) program, which.encouraged
the development and routme use of innovative treatment, monitoring, and measurement technologies.

The SITE program is in the progcss of completing demonstration of scveral in-situ treatment tcchno]oglcs
(Highlight 3-1). More information on the SITE programi is available at hitp;//www.epa.rov/ORD/,

Also, the Hazardous Substance Research Center (HSRC) - South and Southwest, is performing research.
about in-situ treatment and other innovative capping altemnativés for contaminated sediment in the
Anacostia River in Washington, DC. More information on this program is available from the HSRC Web
site at http: /Mww hsre org,

Jones.Island.CDF (Canfined Phytoremediation Polycyelic aromatic hydrocarbons
Disposal Facility) (PAHs) and PCBs

Milwaukee'Harbor . Phytoremediation | PAHs and PoBS

Whatcom'Waterway, Puget Sound Electrochemical Oxidation Mercury and PAHs

Anacostia:River Muttipie ‘Reactive Caps PAHs and PCBs
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Other sources of information about innpvative approaches to contaminated sediment management
include the U.S. Amy Corps of Engineers’ (USACE) Dredging Operations Environmental Research
Program (DOER), which has contributed substantially to work in the area of risk assessment methods,
fate and transport models, and dredging and capping tcohnologles Information on this program and on
the Dredging Operations Technical Support (DOTS) program is available at http://el.etde. usace. army.
mil/dots. In-addition, the Strategic Environmental Research-and Development Program: {SERDP) has
made recent investments in contaminated sediment research. information abaut these projects can be
. accessed from the: SERDP Web site at Jittp;//www.serdp.org.

3.2 NCP REMEDY SELECTION CRITERIA

The NCP at.40 CFR §300.430()(9) establishes a framework of nine criteria for evaluahng ‘
remedies. These criteria address the requirements of the Comprehensive Environmental Response,
Compensation, and Liability Act (CERCLA), and additional technical and-policy considerations that are
important. for selecting remedial actions, Many of these criteria are also 1mponant for-actions under the
Resource Conservation and Recovery Act (RCRA).

~ The ‘NCP at 4Q CFR §300.430¢e)(7) describes a method for screening potential alternatives prior
to developing detailed altematives when a humber of alterriatives are being cotisidered at a site. Only the
alternativesjudged as the best or most promising following this screening should be retained for further
development and detailed analysis. The three broad criteria for screening preliminary remedial )
alternatives are: 1) effectiveness; 2) implementability; and 3) cost. Although a screening level analysis
may be necessary in. some casgs, due to the relatively limited number of approachcs available for
sediment, project managers generally shoulld not screen out any of the three major approaches early in the.
FS. .

More detailed discussions of what should be addressed under eachi of the n'Lne criteria can be
found in'the ROD Guidance (U.S. EPA 1999a) and the RI/FS Guidance (U.S, EPA 1988a).- The
following providesa suthmary of the nine criteria (U.S. EPA 1988a). More detailed explanations related
to sediment sites are cited after each cntenon as appropriate.

Threshold Criteria

. Overall Protection of Humean Health and the Environment. This criterion is-used to
evaluate how the alterative as a whole achieves and mamtams protection of human
health and the environment; and :

criterion is used to ¢va.luate whether the:altemative- c.omphes mﬂ‘t chemma.l-specn.ﬁc
action-specific, and location-specific ARARs or if a- waiver is justified. In addition to
ARARs, this criterion also commaonly includes-whether the-altemative considers other
criteria, advisories, and guidance that are to be considered at the site, This eriterion is -
discussed further with respect to contaminated sediment in Section 3.3.
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Long-Term Effectiveness and Permanence: This criterion includes an evaluation of the
magnitude of human health and ecological risk from untreated contaminated materials or
treatment residuals remaining after remedial action has been concluded (known as- i
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
altemative, such as a cap or a treatment system, and the potential risk posed by that
replacement. This criterion is discussed furt.hcr ‘with respect to. contammated sediment in
Section 3.4; :

Reducﬁoa' of Toxicity Mobility_and Volgm; ThroughQ’[eatmen[: 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 4, 5, and 6 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:

Implementability: 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 for obtaining permits for off-site actions, rights of way, and institutional
controls, and the availability of services and materials necessary to the altemative, such
as treatment, .storage, and disposal facilities. This criterion is discussed further with
respect to contaminated sediment in Chapters 4, 5, and 6 related to the individual
remedies; and :

.Cost: 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 dlscussed further
with respect to contaminated sedlmcnt in Section 3.5.

’ I[ I.E- :- 0
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Stare (Or Support Agency) Acceptance: This cr.iten'bn is used to evaluate the technical

and administrative concems of the state (or the support agency, in thy case of state-lead
sites) regarding the alternatives, including an assessment of the state or the support

agency’s position and key concemns regarding the altemative, 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 1,
Section 1.5; and ' '

. Community Acceptance: This criterion includes an evaluation of the concerns of the
public regarding the alternatives. 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 1, 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 7, Remedy Selection Considerations,
summarizes general considerations of each of the nine criteria with respect to the three major approaches.

3.3 APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS

Pursuant to CERCLA §121(d)(4), 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 uniess 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 ARARSs. Project managers may also consider non-.

' promulgated advisories or guidance issued by federal, state, or tribal govermnments, 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 ARARs, TBCs can be used as a basis for making cleanup decisions. The project
manager should refer to CERCLA Compliance with Other Laws Manual (U.S. EPA 1988b). Also, the .
preamble to the final NCP (55 Federal Register (FR) 8741) states that, as a matter of policy, it is
appropriate to treat Indian tribes as states for the purpose of identifying ARARs (see NCP at 40 CFR
§300.515(b) for provisions dealing with tribal governments). »

' The process of identifying ARARSs typically begins in the scoping phase of the RUFS, continues
until the ROD i finalized, and may be reexamined during the five-year review process. Identification of
ARARs should be done on a site-specific basis and usually involves a two-part analysis. First, a
determination of whether a given requirement is applicable should be made, and second, if it is not
applicable, then a determination should be made asto whether it is relevant and appropriate. Highlight
3-2 lists some examples of potential federal, state, and tribal ARARs for sediment sites and actual and
hypothetical examples of how remedial strategies have been adapted to comply with ARARs, -

For more information about ARARs, the project manager should consult the Compendium of -
CERCLA ARARs Fact Sheets and Directives (U.S. EPA 1991b), and the Assessment and Remediation 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 treatment 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. o : - .

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 of a pollutant that a water
- body can receive without exceeding CWA water quality standards. TMDLs are usually established by the
states, territories, or authorized tribes-and approved by the EPA. Effluent limits in point source national
pollutant discharge elimination system (NPDES) permits should be consistent with the assumptions and
requirements in a wasteload allocation in an approved TMDL. , : :

EPA-established TMDLs are not promulgated as rules, are riot-enforceable, and, therefore, are not
ARARs. TMDLs established by states, territories or authorized Indian tribes may or may not be .
promulgated asrules. Therefore, TMDLs established by states, territories, or authorized Indian tribes,
should be evatuated on a regulation-specific and site-specific basis. Even if a TMDL is not an ARAR, it
may aid in setting protective cleanup levels and may be appropriately a 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 a 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, Superfund’s RUFS 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 7, requires federal
agencies to-ensure that the actions they authorize, fund or carry out are not likely to jeopardize the
continued-existence of endangered or threatened species, or adversely modify or destroy their critical
habitat. By policy, EPA consults with the U.S. Fish and Wildlife Service and the National Marine
Fisheries Service (NMFS) where a 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 a 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 EPA’s policy of consulting with the NMFS, EPA
decided that to-avoid harming the species, some in-water remedial work would be conducted only during
a 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. - A ’ .
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Project managers are also strongly encouraged to follow the consultation requiremcnts of the

. National Historic Preservation Act, Section 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 a preliminary survey to
determine the presence of s1gn1ﬁcant resources, including among others, historic, prehistoric,
archeological, architectural, engineering or cultural resources. 1f significant resources are found,
generally a 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 features included sludy and
artifact collection by a local maritime museum related to a 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 artifacts will be protected during nearby site activities-and a potential shipwreck site will
either be avoided during dredging or a diver study employed for further 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 A of 40 CFR
part 6), Although not ARARs, the Agency normally follows Executive Orders as a 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 concems floodplain management and
the evaluation by federal agencies of the potential effects of actions they may take in a floodplain to
avoid, to the extent possible, adverse effects associated with direct and indirect development of a
ﬂoodplam 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 a practical alternative exists. OSWER Directive 9280.0-03, Considering Wetlands at CERCLA Sites
(U.S. EPA 19%4e), contains further guidance on addressing ﬂus Executive Order,

Examples of ways in which remedial strategies for sediment have been adapted in light of these
Executive Ordem as a matter of policy include the following:

. EPA determined that capping above grade would be an inappropriate alternative for
remediating contaminated sediment in a small river, as the increased bottom elevation
would increase the risk of floeding. Instead, the final EPA remedy called for dredging
contaminated sediment and capping back to the existing grade; and

. EPA selected a 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. Dunng 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 in more detail below, as it relates to evaluation of contaminated sediment
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altemnatives. The NCP describes t.he assessment of short-term effectiveness as follows 40 CFR
§300 430(c)(9)(m)(E))

The short-term impacts of a]tcmanves shall be assessed oonmdcrmg the followmg

(1) Short-term risks that might be posed to the commumty dunng nnplcmentanon of an
altemauve . -

(2) Potential impacts on workers during remedial action and the effectiveness and rehablllty of
protective measures; : ‘

(3) Potential environmental impacts of the remcdlal action and the eﬁ‘ecmveness and rehablhty of
mitigative measures during implementation; and

(4) 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 a
MNR remedy. For a 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 a 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 placetment 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 a 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.-for Contaminated Sediment,

The time needed until:protection is achieved can be difficult to assess at sediment sites, especially
where bioaccumulative contaminants are present. Generally, for sites where risk is due to contaminants
inthe food chain, time to-achieve protection can be estimated using models. These models may have
significant uncertainty, but may 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, itis 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 §300.430(e)(9)(iii)(C)): :

Altematives shall be assessed for -mevlong,-texm' effectiveness and permanence they afford; along
with the degree of ‘certainty that thealternative will-prove successful, Factors that shall be
considered, as appropriate, include the following:

(1) 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 bicaccumulate; and

) Adequacy and reliability of controls such as containment systems and institutional controls .
that are necessary to manage treatment residuals and untreated waste. This factor addresses in
particular.the.uncertainties.associated-with land-disposal-for-providing long-term protection from
residuals; the assessment of the potential need to repair or replace technical components of the
alternative, such as a-cap, a slurry wall, or a treatment system; and the potential exposure
pathways-and risks posed should the remedial action need replacement,

For contaminated sediment alternatives, residual risk generally- may be considered to be the risk
remaining after completion of dredging, capping, or MNR. In their evaluation of residual risk, pro_]ect
managers-should-consider the volume; toxicity, mobility, and-bioavailability of the:remaining *
contaminants;:as well-astheir-propensity-to-bicaccumulate. The-adequacy-and-reliability-of controls used
to'manage post-remediation sediment:residuals or untreated contaminationthat remains in the sediment
should:also be considered: Where-institutional controls: such-as:fish consumptionadvisories 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 within protective levels. ‘Developing answers to the
following:questions mayhelp'the project manager in evaluating the long-term effectiveness and
pemmanence of altematives:

What is the likelthood that thc plarmcd cap, dredging approach, or MNR will mcct the
cleanup levels and RAOs?

‘What is the level of human health and/or ecologiéal risk remaining afler implementation?

What is the expected pattern of risk reduction over time for the various alternatives and -
what uncertainties are associated with that pattern?

‘Howmuch-of the risk is due to-the area that was remediated versus unremediated areas of

contamination?
What type and degree of Jong-term operation and maintenance (O&M) will be required?
What are the requirerr‘lentsvfo‘rv.long-tenn monitoring?

What is the potential: nced for replacing or modifying the technical componcnts of the
altemative?

‘What is the magnitude-of risk should the remedy:fail? and

What is the:degree of confidence that there are-adequate-controls to identify and prevent
remedy failure?

It is important to-remember that each.of the three major-approaches may be capable of reaching
acceptable:levels:of both:short-term:effectiveness:and:long-term:effectiveness .and-permanence, .and that
site-spgciﬁc.chamcteristicsws’hould be reviewed during the alternatives evaluation to ensure thatthe
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selected alternative will be effective in that environment: 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 a presumption that removal of contaminated
sediments from a water body will be necessarily more effective or permanent than capping or MNR.
Likewise, without sufficient evaluation there should not be a presumption that capping or MNR will be
effective or permanent. What constitutes an acceptable level of effectiveness and permanence is a site-
specific decision that should also consider each of the other NCP remiedy 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 a MNR remedy, the risk present at the time of remedy selection should decrease with time as
natural processes progress. The level of risk reduction afforded by this remedy generally depends on
what cleanup levels the natural processes are expected to be able to achieve in a 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 a 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 MNR remedy may also be
related to 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 a sediment bed, or some movement of contaminants through bioturbation, may not create an
unacceptable risk; therefore, it is important to review such factors on a 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
mainténance agreements).

In-Situ Capping

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 uncapped areas. The level of
risk reduction associated with this remedy generally depends on the action level selected for capping (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, afier the cap is in place,
usually is related to the following: 1) likelihood of cap etosion or disruption exposing contaminants; 2)
likelihood of contaminants migrating through the cap;and 3) risks from contaminants remaining in
uncapped areas. Like MNR, whether cap erosion or contaminant migration through a cap cause .
unacceptable risk-depends on:depends on the rate 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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Qredgmg or Excavatlog

For a dredging or excavation remedy, nsks w1thm the s1te 1tsc1f may mmally 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-term 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 from any uncontrolled
sources,

Residual risk, after the dredging or excavation is completc is usvally relatcd to the following: 1)
risk from contaminated sediment left behind outside of the dredged or excavated areas and from -
contaminated sediment resuspended and transported by dredging; 2) residual contamination left in place
after dredging (an estimate-of the likely post-dredging/post-backfilling surficial contamination levels
should be developed); and 3) 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 backfill was used.

Project managers should recognize that all approaches for remediating sediment leave some
contaminants in place afier remedial actions are completed, whether buried beneath 2 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 affected by a variety of natural processes that can disperse, contain or 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 a particular site.

3.5 COST

Developing accurate cost estimates generally is an essential part of evaluating altematives. 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 a range of protective alternatives which may, for example, be associated w1th different fish
consumption rates or different levels of ecologlcal protection.

Guidance on preparing cost estimates and the general role of cost in remedial alternative selection
is discussed in 4 Guide to Developing and Documenting Cost Estimates During the Feasibility Study
(U.S. EPA and USACE 2000). The general elements of a cost estimate include capital costs, annual and

periodic O&M costs, and net present value (U.S. EPA and USACE 2000). A 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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3.6.1 Capital Costs

Capital costs generally are thase expenditures needed to construct 2 remedial action (U.8. EPA
and USACE 2000). Capital costs include only those expenditures initially incurred to implement a
remedial-zltemative and major capital expenditures in future years. Capital cost elements that may be .
important at sediment sites include those listed in Highlight 3-3. Asindicated in the Highlight, capital
cests may include construction monitoring and environmental monitoring befors, during and immediately
following the remedial action. Monitoring beyond that point should be considersd part of O&M.

General{rayapplytc . Mobitization/d emobilization -

several or all remedial
approaches) . Site preparation (2.g., fancing, roads, utilities)
' . . Construction menitoring; sampiing,ftestihg-, and-analysis before, during, and
immediately following construction (e.g.; bathymetric surveys)
. - Envirenrnental monitoring befere, during; and immediately following
construction (e.g., water quality monitoring}
o Debris and/or structure {(e.g., plers, pilings) removal and disposal
. Project management and support throughout construction, including

preparation of remedial action documentation and consiruction submitials

- Engineering nesds during construction {not pre-construction desién)

. Post-construction habitat restoration (e.g., plantings)

® Pilet studies

- Ganeral contingency

. indirect costs

. implementation of instituticnal controls
Monltored Natural . Mohltcring\and'reporting prior to attainment of cleanup levels
Recovery ) o
2n—§!tu Capping s Cap materials

- . Material costs
- Equipment-and:abor-costs
- Cost of mitigation i reguired under CWA §404

. - Transport; storage; and placement of cap materaa(s
- Bargefiug-lease costs
- Stockpiling of cap material
- Landusecost
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Dredging or Excavation

Dredging or excavation equipment and labor costs
Engineering controls to proteat water quahty e.g., s lit-curiains)

Site decontammaﬂon for support faclities{.g., fruck wash, dewatering
area}

Sediment isclation for excavation (e.g., shestplle, sarthen dams)
Construction of dawatermg arsafflemporary s*crage of dredged material
T;anspertmg sediment to treatment or disposal site

- - Barge/tug lease costs

- Pipsline costs

Land acquismen costs for construction easements or re!ocatmg utilities

Pretreatment/Treatment

Lend acquisiiion costs -

: Construction of pretreatmenmreatmenf}storage buildings

Treatment of sediment
Treatment and discharge of water from dewatering process

Engineering controls to protect water quality (e.g., process water and storm
water runoff controis) .

Dilspcsak of treatment residuals

in-Watar Contained
Aguatic Disposal, In-
Water or Upland Confined
Disposal Facliities

Land acquisition or use costs

Construction of disposal site and any associated disposal costs
- Demolition of existing facilities

- Excavation to-suppert berm

- Equipment end Jabor costs

Berm wnsfructian

- Imported materials for berm

- Equipment costs

Cepping disposal site

- Cap materials

- Equipment and labor costs
Engineering controls to-protect water quality

Cost of mitigetion If required under CWA.§404
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Upianﬁ Landfill Disposal Land acquisition costs
Construction costs

Transpariat’san costs

Tipging fees for regional lendfil

The basis for a cost estimate may includs a variety of sources, including cost curves, generic unit
costs, vendor information, 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
1o 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 scurce 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.
EPA’s Office of Superfund Remediation and Technology Innovation (OSRTI) can help project managers
locate sites where a similar approach has been implemented. Additionally, the project manager may find
it useful to refer to the ARCS program’s remediation guidance document (U.S, EPA 1994d) fora
discussion on the general elements of cost estimates for sediment sites. This document provides examples
of percentages for general costs and site-specific eosts for both in-situ and ex-situ remedies, Also, many

of the local district USACE offices have extensive experience with dredgmg and in-water construction
and may be an additional source of good cost information, -

3.8.2 QOperaticn andMaintenance {C&M) Costs

O&M costs are generally those post-construction costs necessary to ensure or verify the
continued effsctivensss of 2 remedial action (U.S. EPA and USACE 2000). These costs may be annual or
periodic (e.g., once only, or cnce every five years). It is finportant to note that short-term Q&M costs
generally are incurred as part of the remedial action phase of a project, whils long-term G&M costs or
long-term cap maintenance generally are part of the O&M phase of a-project (U.S. EPA and USACE
2000). AtFund-lead sites, it can be very importantfo differentiate thess two cost categeries-because
CERCLA has specific requirements:addressing payment for long-term O&M [CERCLA $104(c))(3)), see
Section 3.5.4, State Cost Share]. Some examples of categories that are generally considered short-term
O&M at sediment sites include the following:

. Operation of sediment or water treatment facilities during the remedial action;

® Monitoring, sampling, festing, analyéis, and reporting during the remedial action (some
may be considered capital costs, ses Section 3.5.1 above);

o Maintepance of in-situ cap or on-site dmu&sal site during the shake-down peried (e.g.,
one year);

4 Maintenance of engineering site controls during shake-down-period (e.g., one vear);
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. Cost overrun contin'gchcy; and -
. - Project management and support.

Some examples of categories that are generally considered long-term O&M at sediment sites
- include the 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 engineering site 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 8 of this guidance.

3.5.3 Net Present Value

“ The NCP also provides that an analysis of remedy net present value, or present worth, should be
used [NCP §300.430(e)(9)(iii)(G)]. A net present value analysis should be used to compare expenditures
occurring over different time periods. This standard methodology allows for a cost comparison of
different alternatives having capital, O&M, and monitoring costs that would be incurred in different time
periods on the basis of a single cost figure for each alternative. In general, the period of analysis should
be equivalent to the project duration, resulting in a complete life cycle cost estimate for implementing the
remedial alternative. Past EPA guidance recommended the general use of a 30-year petiod of analysis for
estimating present value costs (U.S: EPA 1988a). Although this may be appropriate in some
circumstances, the blanket use of a 30-year period is no longer recommended. Site-specific justification
shouldbe provided forthe period of analysis selected, especially when the project duration (i.e., time
period required for design, construction, O&M, 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
as in-situ.capping or MNR based on natural burial, the actual monitoring period is likely to be longer than
30 years, although project managers are encouraged not to assume that monitoring in perpetuity will be

. necessary at every site. This is discussed further in Chapter 8, Remedial Action and Long-Term )
Monitoring, : s

The discount rate that should be used for this analysis is established by the Office of Management
and Budget (OMB). Based on current Agency policy, as-reflected in the NCP preamble (55 FR 8722) and
the:OSWER Directive 9355.3-20, Revisions to OMB Circular A-94-on Guidelines and Discount Rates for
Benefit-Cost Analysis (U.S. EPA 1993b), a seven percent-discount rate should be used in-estimating the -
present worth value for potential alternatives. This figure could be revised in the firture, and project
managers.should use the current figure contained in-an update of the OMB Circular, Project managers
should be.aware:that this rate may not be the same as.rates:that various potentially respensible parties
(PRPs) or federal facilities use for similar analyses. The project manager should refer to A Guide to
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Developing and Documenting Cost Estimates for the Feasibility Study (U.S. EPA and USACE 2000) for
more information.

3.54 State Cost Share

At Fund-lead sites, generally the state is responslble undcr CERCLA for tcn perccnt of remedtal
action costs and 100 percent of long-term Q&M costs (see also 40 CFR §300.510(b) and (c)). Other
requirements may apply if the facility was publicly operated at the time of disposal of hazardous
substances and for federal facilities. Where O&M costs are significantly different between alternatives,
this may add to differences of opinion about preferred alternatives. For the discussion to'be based on thc "
best available information, it is especially important that cost estimates be as accurate as posmble
including costs of long-term O&M. .

After a joint EPA/state inspcction of an implemented Fund-financed remedial action, EPA may
share, for a 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 §300.510(c)(2)). For sediment sites, ﬂus 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 a goal of the remedial action. The NCP specifies the followmg in 40 CFR
$300.510(c)(2): .

In the case of the restoration of grouhd or surface water, EPA shall share in the cost of -

the state’s operation of ground or surface water restoration remedial actions as specified
in 40 CFR §300.435(D(3).

The NCP at 40 CFR §300.435(£)(3) 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 a 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 such treatment or
other measures following the 10-year period, or after remedial actlon is complete,
whichever is earlier, shall be cons1dered O&M.

In 40 CFR §300.435(£)(3) and (4), the NCP also a.ddresscs when a restoration activity can be considered
administratively “complete” for purposes of federal funding and discusses several actions that are
excluded from consideration under this provision.

. Where a sediment site includes surface water restoration as a goal, the project manager should
consult with their Office of Regional Counsel to determine how ﬂwsg'prcvisions 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 a way as 1o prevent or reduce exposure to hazardous substances, often by

3-22




Chapter 3: Feasibility Study Considerations

limiting land or resource use. ICs can be used at all stages of the remedial process to reduce exposure to
contamination, Chapter 7, Remedy Selection Considerations, offers guidance on when it may be
appropriate to select a 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 9355.0-74FS-P, Institutional Controls: A Site Manager’s Guide to Identifying,
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 (1)(3)(4), (B), or (C) (US.EPA
2000g). : _

As explained in the site managérs guide cited above (U.S. EPA 2000f), the following are the four
general categories of ICs:- : :

K - Governmental controls; -
. Proprietafy controls;
. _ Enforcemént and ﬁermit tools with IC components; and
. Information devices.

Usually, govemnmental 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 designed to 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 Consumption Advisories and Fishing Bans

Fish consumption advisories are informational devices that are frequently already in place.and
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
. advisories and fishing bans are in place before a site is listed on the NPL, but if not, 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 a specified number of fish meals over a specific period of time from a
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 enforceable controls and.their effectiveness can be extremely variable.
This is discussed further in Chapter 7, Remedy Selection Considerations.
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Waterway Use Restrictjons

For any altemative where subsurface contamination 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 a no-wake zone, or
prohibiting anchoring of vessels. In-considering boating restrictions, it:is important to determine who can
enforce the restrictions, and under what authority and how effective such enforcement has been in the

‘past. In addition, a restriction on easements for installing utilities, such as fiber optic cables, can be an
important mechanism to help ensure the overall protectiveness of a remedy. It may also be necessary to
evaluate remedial alternatives that involve changing the navigation status of a waterway. For a federally
authorized navigation channel, deauthorization or reauthorization of the channel to a 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 a
waterway. :

Federal deauthorization can be a lengthy process that requires a formal request to the USACE, an
opportunity for users of the waterway to comment, and, ultimately, deauthorization 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
incorporated into the Water Resources Development Act (WRDA) or other equivalent legislative
vehicles, ‘ C ‘

In designing 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 a 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 Agreements

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 expose-subsurface contamination and compromise the long-term effectiveness
of a 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 supportof a
dredging remedy may not be feasible or practical, capping may be desirable even though temporary cap
disruption may be necessary periodically. : : :

. Ovwmership 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 enforcement tools with IC components, can be considered. Potentially, some .of
these restrictions can be implemented through agencies who permit construction activities in the aguatic
environment. Several federal, state, and local-laws place restrictions on and may require permits or
substantive requirements documents to be obtained for dredging, 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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(U.S.C.) Section 1344, and Sections 9 and 10 of the Rivers and Harbors Act of 1899, 33 U.S.C. 401 and
403. It may also be possible to implement some ICs through coordination with existing permitting
processes. Harbor Master Plans, state-designated port areas, and local anthorities may also function to
restrict certain uses. In addition, long-term maintsnance of structures such as dams or breakwaters may
be 2 necessary component of some sediment remedies. Where this is the case, it is important that project
managers clarify bow 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 sdditional
actons.

Highlight 3-4 summarizes some important points to remember about feasibility studies at
sediment sites.

. Generally; project managers-should-implement-and then:svaluate-the effectiveness of major source
controt-actions: before finalizing the evaluation of alternatives for sediment

L Generally, project managers: should evaluate-each of the three major approaches; MNR, in-situ capping,
and removal through dredging or excavation; at:every-sediment site

. At sites with multiple water bodies or sections of water bodiss with different characteristios or uses,
alternatives that combine. a variety of remedial.-approaches are frequently the -most proraising

® MNR, in-situ capping, and sediment removal may each be capable of achieving acceptable levels of fong-
term effectiveness and permanence; site-specific sife characteristics should be reviewed 15 ensure that
the selected alternative will be effective ai a particular site :

. Accurate cost estimates, including long-term ©&M costs and, where appropriate, materials handiing,
transport, and dispesal costs, sre very Impoertantto a.good comparison of alfernatives; a Actual costs
from pilot projests at & site and &t similar, compisted sediment sites-are-among the best cost resources

. Institutional controls can be.used-at -2l stagss of the remedial process to reduce exposurs to E
contamination; project managers should conslder the ‘effectiveness - and-enforee abiiity: of controls used at P
the site:and-evaluatetheirrole I riskreduction g
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.Chapter 4: Mon u‘ored Natural Recovery

4.0 MONITORED NATURAL RECOVERY
A 4.1 'INTRODUCTION

, Momtored natural recovery (MNR) i isa remedy for contammated sed1mentﬂ1at typ[cally uses
ongoing, namrally ocourring processes to contain, destroy, or reduce the bloavallablhty 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 a remedial option,
_project managers sheuld identify and eva]uate those processes that contribute to risk reduction. MNR
-usually involves acquisition of information over time to confirm that these risk-reduction | processes. are
occumng Project managers should also be aware of the potential for combining natural recovery with
- engineering approaches, for example by installing flow control structures to encourage deposition or by
. the placement of a thin layer of additional clean sediment or additives to enhance sorption or chemical
transformation.. These combmed approaches are dlscussed further in Section 4.5, Enhanced Natural
' Recovery

MNR may rely on a wide range- of naturally occurring processes to reduce risk to human and/or

' ccologlcal 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 a number of different ways. Highlight 4-1 lists the most
common risk reduction processes. Natural processes that reduce toxicity through transformation or
reduce bloavaulablhty through increased sorption are usually preferable as a basis for remedy sclectlon to

- mechanisms that reduce exposure through natural burial or mixing-in-place because the

* destructive/sorptive mechanisms generally have a higher degree of permanence. However, many

coritaminants that remain 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

" managemeént option, Dispersion is the-least preferable basis for remedy selection based on MNR: While
d1spersxon may reduce risk in the source area, it generally increases.exposure to contaminants.and may .
result in-unacceptable risks to downstream areas or other receiving water bodies.  As reiterated in Chapter

1, Remedy Selection Considerations, pro_]ect smanagers should:carefully evaluate the effects of this
increased exposure:and risk to receiving water bodies:before:selecting MNR. where dispersion is:one of-
the risk reduction mechanisms, to-ensure that it is not simply transferring risk to a new area. Project
managers'should be aware tha.t at'most sites; a vanety of'natural processes are ocourring that may reduce

‘risk,

As used in this guidance, MNR is similar in some ways to the Monitored Natural Attenuation
(MNA) remedy used for-ground:water and-soils [U.S. Environmental Protection. Agency (U.S.EPA
1999d)]. The-key-difference between MNA:for ground:water and MNR for sediment.is in the: type:of
Pprocesses most: often-being relied upon to-reduce-risk., Transformation-of contaminants is: usually the
major attenuating process for. contaminated. ground:-water, these.processes are frequently too-slow for the
Jpersistent;contaminants-of.concem. (C(E)Cs) in:sediment to‘provide for remediation in- -aTeasonable time -
- frame, Therefore; isolationand-mixing-of contaminants through natural sedimentation i isthe process most
frequently relied upon for eontammated sedlment ’
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Many different natural processes may reduce risk from contaminated sediment, rncludlng the foliowmg, I|sted from -
generally most to least preferable though all potentially acceptable, as a basis for selecting MNR K

A "The contaminant Is converted to a less toxic form through transformatlon processes stich as.
. ‘biodegradation or ablotic transformations .

B Contaminant mobllity and bioavarlablllty are reduced through eorptlon or other processes blnding :
contaminants to the sediment matrix

c " Exposure levels are reduced by a decrease In contaminant concentration: levels in the near-
: surface sediment zone through burral or mixing-in-place with cleaner sedlment

D . Exposure leVets are reduced.by a decrease In contaminant -concentration fevels in the near-
: surface sediment zone through-dispersion of particle:bound contaminants.or diffusive or .

advective transport of confaminants to the water column or (see caveats in text regardlng use of .

these:processes for risk reduction)

To select a MNR remedy, the prOJeot manager generally should consider the need forthe
followmg :

e A detarled understandmg of the natural processcs that are affeotmg sedrment and
o contaminants at the site;
+  Apredictive tool (generally based either on computer modeling or extrapolanon of

empmoal data) to predict future effects of those processes
. ' ) A'means to control any srgmﬁcant ongomg contammant sources;

. An evaluatron of ongoing nsks durmg the recovery period and exposure control where
possible; and

¢ - The ability to monitor the natural processes and/or concentr'ations of contaminants in
sediment or biota to see if recovery is ocourring at the expected rate.,

Some:consider that-all sedunent site remedles ate using natural recovery fo some extent because
natural processes are ongoing whether or not an active clea.nup is underway [e.g., National Research
Council (NRC) 2001].- It is true that natural processes in most cases will continue whether or not an
active-cleanup is underway, but these processes may either reduce,. transfer, of increase risk, Natural
processes:may-reduce residual risk following: dredging orin-situ capping at many sites, and it can be vety
valuable to monitor further risk reduction. Howeéver, it is also important for project managersto -
dlstmgulsh whether they are relying upon natural processes to reduce risk to an- acceptable level (i,
using’MNR:as a- remedy), or simply noting the fact that natural processes are ongoing-at a'site and are
. expected to-continue to reduce residual risks, Therefore, the’key factors that normally distinguish MNR
* as.aremedy-are the presence of unacceptable risk, the ongoing burial or degradation/transformation, or
. dispersion-of the contaminant, and the establrshment of a cleanup level that MNR is expcoted to meet

within:a:particular time frame.
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"MNR has been selected as a component of the remedy for contammated sediment af
approximately one dozen Superfund sites so far. Historically, at many sites MNR has beén combined
with dredging or in-situ capping of other areas of a site. Although natural recovery following effective
source control has l?een observed, (e.g., decreases in sediment contaminant levels, sediment toxicity, and
shellfish tissue contaminant levels), long-term monitoring data on fish tissue are not yet available at most
sites to document continued risk reduction (see ¢.g., Magar et-al. 2003).- However, monitoring results
documented at some sites are promising (¢ g., Patmont t al. 2003, U.S. EPA 2001g, U.S, EPA 2001h,
Swindoll et al. 2000), When hazardous- substances left in place are above levels that allow for unlimited
use and unrestricted exposure, a five-year review pursuant to Comprehensive Environmental Response
Compensatnon and L1ab111ty Act (CERCLA) §121(c) may be requlred (U:S: EPA 20011)

Although each of the three potentlal remedy- approaches (MNR, m—srtu capping, and removal)
should be-considered at every site at which they might be appropriate, MNR should receive detailed
consrderaﬁon where the site condmons hsted in I-Ilghllght 4-2 are present

: Antlclpated land uses or new structures are- not tncornpatlee wlth natural. recovery

' Natural recovery processes have a reasonable- degree ofcertainty.to continue at: rates that will contain,
destroy, or reduce the bloavallablllty or texicity of contaminants wIthIn en acceptable time frame

|- Expec’ted hurman exposure Is low and/or can be reasonably controlled by Instltutlonal controls
e Sediment hed ls reasonably stable and likely to remaln s0-
. Sediment i resistant to resuspensron (e.g., coheswe or well-armored sedlment)

“ Contaminant coneentrations. in- biota and in the blologically actrve zons of: sedrment are: movmg towards
© riskd based goals.on their own . :

B Contamlnants already readrly blodegrade or transform to lower toxlcltyforms o

1- ‘Contaminant ooncentratlons are jow-and cover dlﬁuse areas

Contamlnsnts have:-low: ablllty to bloaecumulate

—

4.2 POTENTIAL ADVANTAGES AND LIMITATIONS

In most cases, the two key advantages of MNR are 1ts relatively low nnplementatlon cost and its
non-invasive nature. While costs.associated with:site characterization and modeling: can be extensive, the
costs.associated with implementing MNR are: primarily associated-with:monitoring, However,
unplemenmtlon costs may also include.the cost of implementing institutional controls-and public

education to:increase the effectiveness of those controls. MNR typically involves.no man-made physical = - .

-disruption-to-the existing biological community, which-may be an rmporrant advantage-for-some wetlands
or sensitive environments where the harm to the ecological community due to sediment dtsturba.nce may.
outWelgh the risk reduction of an-active cleanup .

43




Chapter 4: Monitored Natural Recovery

Other advantages of MNR may include n no constmotlon or mfmstructure is needed and may,
therefore, be much less disruptive of commimities than active remedies such as dredging or in-situ
capping, No property should be needed for materials handling, treaﬂnent, or disposal facllmes and no -

o eontammated materials should be transported through communities.

Two key llmxtatrons of MNRmay include it generally leaves contammants in-place- and that it can
"be slow in reducmg risks in comparison to active remedies. Any remedy that leaves untreated
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 o
(anthropogemc) forces. The potential effects of reexposure may be-greater if high concentratlons of
contaminants remain in the sediment, and likewise, lower if contaminant coneentrations or risks are low.
_ There is also some tisk of dissolved contaminants being transported to the surface water at lévels that -
" could causge unaeceptable risk, The time frame for natural’ Tecovery may be slower than that predicted for . -
" dredging or in-situ capping. However, time frames for various alternatives may overlap when .- ‘
- unicertainties-are taken into account, In‘addition, realistic estimates: ofithe; longer design and
nnplementatron time for active remedies should be factored in to the comparison, Like. any remedy that.
takes a period of time to reach.remediation goals, remedies that include MNR frequently rely upon
. mstltutlonal controls, such as fish consumption advisories, to control human exposure during the recovery
period. These controls may have lrmrted effectiveness and usually have no abrhty to reducé ecologxeal
exposures : ,

. " Major areas.of uncertainty frequently noted for MNR molude the abrllty to 1) predwt future

sedimentation rates in dynamic environments and 2) predict rates of contaminant flux through stable

sediment. It can be especially difficult to predict rates of natural recovery where contaminant levels and

 risks are already low because small additional factors becote relatively more 1mportant However, a
'hlgher level of uncertainty may be more acoeptable in these situations as well. .

4.3 . NATURAL RECOVERY PROCESSES

- The success of MNR as a risk reduct1on approach typrcally is dependent upon understandmg the
dynamrcs of the contaminated environment and the fate and mobility of the contaminant in that
environment. The natural processes.of interest for MNR may include.a vanety of precesses that, under
favorable conditions, act without human intervention to reduce the. mass, toxicity, mobility, or
concentration of contaminants in the sedrment bed. These natuml processes may include-the following:

e Physical processes: Sedimentation, advectron, drﬂ'usron, drluhon dJSpersion
- bioturbation, volatrlrzatron, L

e Bialoggcgl processes: Blodegradatron blotransformatlon, phyboremedrauon blologlcal
. stabilization; and . :

s - Chemicgl processes: Oxrdatlon/reducnon sorptlon or other processes resultmg in
stablhzatxon or reduced bloa,varlabxhty

Hrghhght 4-3 111ustrates some of the natural processes the project manager should ‘consider when
- evaluating MNR, Wrth few exoeptrons these processes interact in aquauc systems Sometimes mcreasmg
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the risk-reduction effects of a process compared to what they might be for that process in isolation, and

sometimes reducmg those risk-reduction effects. For example, as recognized by the U.S. Env1ronmental

Protection Agency’s (EPA) Science Advisory Board (SAB) Environmental Enginéering 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 impede-certain degradation processes, such as aerobic biodegradation:” Likewise, contaminant

sorption to sediment particles may reduce both bioavailability and rates of contaminant transformation,

In addition, in the case of mixed contaminants, the same natural process may result in very different

- environmental fates, When dealing: with mixed contaminants-at a'site; the project manager should not
focus unduly on one contaminant without understanding the effects of natural-processes on the other

_ contaminants, including breakdown products. Understanding the interactions between effects-and
prieritizing the significence of these effects to the MNR remedy should be part of a natural process

. analysxs. o

Volatllization ,
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K
Bloaccumulation :
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4 3. 1 Physical Processes

Generally, physrcal proccsscs do not d1rectly change the chernical nature of contmnmants

- Instead; physical processes may bury, mix, dilute, or transfer contaminants to another medium: Physlcal _
processes of interest for MNR include sedimentation, erosion, diffusion, dilution, dispersion, bioturbation;

-advection, and volatilization (including temperature-induced desorption of seuu-volatlles) Allof these

. proeesses 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 erosron, dispersion, dilution, bioturbation, advection, and volatilization

?

may reduce contaminant concentrations in sediment as a result of transferring the contaminants fo another -

" medium or dlspersmg them over a wider area (¢.g., via ground water or surface water). These processcs .
* may reduce, increase, or transfer the risk posed by the contaminants, As discussed previously in Section

4.1, project managers should carefully evaluate the potential for increased exposure and risk to receiving
water bodles before selectmg MNR wherc dispersion is one of the nsk reduction mechamsms

_ Physrcal processes in sediment can- opemte at Vastly different rates. .Some 1 may occur faster than
others, but may or may not have more impact on risk. In general, processes in which contaminants are
. transported by bulk. movement of particles.or pore water (e.g., erosion, dispersion, bioturbation,
advection) occur at faster 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 A
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.., '
continuous; seasonal, or episodic) may have the most impact on natural recovery of a site. For example
project managers should not assume that episodic ﬂoodmg will have a positive or negatlve effect on risk
over an entire site. Flooding is most hkely to cause erosion in some areas, whlle causmg s1gn1ﬁcant
B deposmon in others, .

Transport and deposmon of cleaner sediment in a watershed may lead to natural bunal of
contaminated:sediment in a 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:sediment. also serves to’ reduce #hie flux of contaminants into-the surface water by '
creating.a:longér 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 contammants it miay also result
- in contmued bxoaccumulatxon into the food web until: contamma.nt 1solat10n OCCUIS,

The long-term protectlveness provided by sedlmcntanon depends upon the physwal stability of -
the new sediment bed and the rates of movement of contaminants through-the new sediment, - Major
. events; such assevere floods or ice:movements may scour the buried sediment, exposing contaminated
scd:ment and releasing the contammants into:the water column Ground water that ﬂows thmugh the ’
extcnt processes such as: these may extcnd the natural recovery pcnod or, in some- cases, mhlblt it
altogether, Project managers should: considef the potential influence of thesc Processes on-exposure rates
* and risk. A site-specific evaluation-of both.sediment and contaminant fate.and transport are important to
evaluatmg MNR as.a remedy. Therc are a variety of: empmcal and- modelmg methods: to 2s9ess rates of
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various physical pfocéssgs'a‘c specific sites. These are diécussed in Chapter 2, Section 2.8, Sediment and
Contaminant Fate and Transport, and Section 2.9, Modeling, -

432 Blblogléal and Cherh)cal Processes:

- Like most natural processes; biological procésses-also-depend on site-specific conditions and-are
highly variable, During biodegradation, 2 chemical change is facilitated by microorganisms living in the
sediment, Ono of the important limitations to the usefiilness of biodegradation as a risk-reduction
mechanism is that the greater the molecular weight of the organic contaminants, the greater pattitioning to -
sorption sites on sediment particles (Mallhot and Peters 1988) and the lower the contaminant availability
' to microorganisms., Some degradation of high molecular weight organic compounds occurs naturally in-
 soil and sediment with anaerobic and asrobic microorganisms (Brown et al, 1987, Abramowicz and Olsen

1995, Bedard and May 1996, Shuttleworth.and Cemiglia 1995, Cerniglia 1992, Seech et al, 1993),
- Degradation rates vary with depth in sediment partly due to.the change from agrobic or anaerobic -
conditions. This changes frequontly ocour at depths of a few millimeters to a few centimeters where

- _sediments have substantial organic content-and.conditions are-quiescent, and may occurdeeper 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 erganic compounds to mictoorganisms and, therefore, reduce the extent and rates of biodegradation

(Luthy et 4l. 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. Many -environmental
‘variables govern the chemical state of metals in sediment, which in turn affects their mobility, toxicity,
and bioavailablity making natural recovery due to chemical processes difficult fo predict. Much of the
current understanding of the role of chemical processes in controlling risk is focused on the important -
geochemical changes resulting from changss in redox potential that can affect the bioavailability of metal
and organic metal compounds. Formation of relatively insoluble metal sulfides under reducing conditions
.can often effectively control the risk posed by metal contaminants if reducing conditions are maintained.
- Environmental variables include pore water pH and alkalinity, sedimentgrain size, oxidation-reduction
- (redex) conditions, and the amount-of sulfides-and: organic carbon present in the sediments. Furthermore,
"many chemical processes in sedimentary environments are also affected by the biological community.

The class of hydrocarbons known as polycyclic.aromatic hydrocarbons (PAHS) is a common
. contaminant in sediment and biota at Superfund sites. Many organisms are capable of accumulating PAH
contaminants in their tissue, but biomagnification does not generally. occur in-vertebrate specios. (Suedel
- etal, 1994), Fish do not generally accumulate. higher tissue PAH concentrations than their prey due:to

~ theirability to metabolize and-eliminate PAHs; however, the PAH metabolites may themselves cause

chronic toxicity, such-as reduced-growth:and-reproduction:as-well-as increased:incidence-of neoplasms in
fish. The potential exists for bioaccumulation in.some invcxtebrate';spe.cies.,becausg‘ofﬂmeir-.lesﬂer.ability .

to metabolize and eliminate PAHs (Meador.ct al. 1995).

o PAHg may be subject to physical; chemical and biological brcakdown in the environment and
where-these processes are-effective, may be-especially amenable to natural recovery. The type: of process.
that dominates may depend on time, For example, following . release of PAHs into the etvironment,
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physwal-chemloal processes such as dispersion, volatlllzatlon and photodegredanon may domlnate
Where these processes are effective in atténuating the contaminants to less toxic levels, tolerant microbial
species may cause further biodegradation. There is a wide variation in rates of blodogradanon and
toxicity reduction, depending on the levels of microbial activity and the physical and chemical conditions
of the site (Swmdoll et al. 2000). PAHs biodegrade more quickly through aerobic than anaerobic -

- processes, although the-degradation rate- usually decreases as the number of aromatic rings increases

_ (Shuttleworth and Cemiglia 1995, Cemiglia 1992, Seech et al. 1993). ‘While biodegradation of PAHs
. may occur under anaerobic condltnons, PAHs usually persist longer in anaerobic sedlment compared to

. aerobxc environments (U.S. EPA 1996d, Safe 1980) .

Although low PAH degmdatlon rates are oﬁen axtnbuted to low bioavailability (sce review by

- Reid et al. 2000), evidence reported by Schwartz and Scow (2001) demonstrates that it may be the lack of
enzyme induction amongst the PAH-degrading bacteria that is résponsible for low rates below a threshold
PAH concentration. Other researchers have: reported this phenomenor for PAHs (Ghiorse et al, 1995,

- Langworthy et al. 1998) and other aromatic organics (Zaidi et al. 1988, Roch and Alexander 1997). At

- -elevated PAH concentrations in sediment; there is selective pressure for PAH-degradmg bacteria, which - .

“can increase the capacity to attenuate PAHs naturally, However, there is unoertamty about whether and -

how fast this-degradation may reach acceptable risk levels: Because of the variation among sites, site-
specific studies. may be necded to resolve uncertainties concerning degredatlon rates and whether these

' rates will contribute to recovery within an aoceptable time frame o

1ochemloa1 Processes for Polychlonnated Blphenyls (PCBs{ B

) Release of aPCB Aroolol (see PCB data mformatlon irr Chapter 2, Sectlon 2.1, 2 Types of Data)
into the environment may result in a change in its congener composmon ‘Thisisa result of the combined
weathering effects.and such processes as differential volatilization, solublhty, sorption, anaerobic -
dechlorination; and metabolism, and results in changes in the composition of the PCB mixture in

, vsedlmcnt, water, and: blota over titne and between trophic levels {NRC 2001)

nghly chlonnated cengeners of PCBs may gradually. parually dechlorinate naturally in anaeroblc
_ sediment (Brown et al, 1987, Abtamowicz and Olsen 1995, Bedard and May 1996). In.general, less-
chlorinated PCBs. bloaccumulaie less:than the highly chlorinated:congeners, but are morésoluble and,
therefore, more readily:transported into. and-within the water column than: hlghly chlorinated PCBs, The. "
less-chlorinated PCBs exhibit significantly less potential humian: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 toxlo1ty (Bolger 1993)

" Aerobic processes may then biodegrade the Jess chlonnated PCB congeners:(Flanagan and May
1993, Harkness et al. 1993). The:sediment concentrations of other-chemicals and the total: organic content
tend to-control these processes ‘However, little evidence exists that lower: chlorinated congeners under
the-anaerobic:or anoxic conditions found in most sediment are:significantly transformed. Therefore, these
partially dechlorinated organics tend to.accumulate.and.persist (U.S. EPA 1996d, Harkness et.al, 1993)
Although desirable, it is-unclear whether biologically mediated dechlorination of PCBs would be :

-effective in aolnewng remedial objectives in a reasonable time frame and may result in the production of
more toxic bypmducts B .
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4.4 EVALUATION OF NATURAL REGOVERY

An eyaldétion of MNR as a pofenfial remedy or remedy component should generally focus on
considering, at aminimum, the following questions:

e Is there evidence that the system is recovering? - ‘
e Why is the systcm rccovcnng or not rccovcrmg?
. Whiat is the pattem of reoovery ot non-reccvery cxpectcd in the futurc?

: ’Ihls evaluanon should be supported with avanety of types of site-specific charactenzaﬂon data and,

often, modeling. The lines of evidenee approach for evaluation of natural attenuation of contaminants in

. soil-and ground water can provide a general framework for evaluating MNR in sediment (e.g., U.S. EPA.-

. 19994).- Swindoll and his polleagues.inolude a chapter on natural remediation of sediment that presents a

* useful suhmary discussion (Swindoll et al.-2000). EPA’s Qffice of Research.and. Development (ORD) is
in the. process of drafting a technical resource dacurnent:specifically for MNR in sediments and may also
include supgested protocols, In addition, members of the joint industry-EPA Sedimeits Action Team. of
the Remedial chhnologlcs Dovelopment Forum (RTDF) has-developed a scrics of working papers on
MNR that cair be. found at http;// Lidf ored] apers:htii (Davis et al. 2003 Dekker
ctal 2003, Enckson ctal. 2003, Magar et al, 2003, Patmont ct al; 2003)

As wtth the ovaluation of any scdlmcnt altcrnatlve an- evaluatlon of MNR should be generally
based on a thorough conceptual site niodef that includes current and futare pathways of human and
~ecological exposure to the contaminants. This conceptual understanding should be based an site-specific
data collecfed over a nuttiber of years and, for factors known to. fluctudte seasonally, data oollectéd during
different seasons. Lines of evidence that can be wsed 1o construct 3 plauslble case for the use of MNR
include those listed:i in Highliglt 4-4. Tt is-important to note that not all lines of evidence or types of

ififormation are appropriate at every site, but, genetally, multiple lines of evidence are needed. Project
managers.should be awarc that a substantial spacial and temporal record may be uscful to ostabligh a
rehab]e tlend especjally for surface- sedxment data, whlch typmally vary wtdely

Long-térm decreasing tran'd'of contamlnant~ Ievéls in'hlghar traphic»level blota (e.g., plscivorous fish)

. Long-term decreaslng trend ofwater column contaminant concentrations averaged-over a: typloal Iow—ﬂow
penod of high biologlcal activity. (e :g., trend of.summer tow flow ooncsntratlnns) : )

¢ Setliment core date: demonstraﬂng a deoreaslng trend i historlcal surface contamlnant concentrations
. through time. . .

' ' _ Long-term decreaslng trends of - surface sediment: oontamlnant concentratsdn, sadlmeni toxiclty, or’
- . contaminant:mass within the sedimerit: .
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Examples of types of srte-specrﬁc information that could be collectcd to support the lines of evrdence
hstcd in nghllght 44 include the followmg

_Ident1ﬁcatlon and characterization of ongoing sources of contammatlon

Charactbnzauon of sediment types (e.g., bed: mappmg) and stra’mgraphrc structure of the -

sediment bed,;

Evaluatiqn of historical and current contaminant levels in biota and surface water;

Evaluation o_f~geomorphology, long-term accmﬁoxi and erosidn' -

Evaluataon of sequestration mechamsms (e g, sorptlon, prcmprtanon) and ratcs of
degradahon or transformation;

' 'Determmanon of the- depth of the- surface mixed layer

Measurement of _suspended sollds and contammant transport durmg hlgh~energy (g,

storm) ovents;

Measurcment of sediment erosion properties and impacts of ice on sediment iransport'

Evaluation of impacts of ground water advection or movement of non-aqueous phase
liguids (NAPL), and

. Developmcnt ofa too] to allow prediction of future recovery and rlsk reductlon (e 2.

sediment and. contammant fate and transport modeling).

The amount of physical, brologrcal and: chemrcal process information needed: to assessithe

‘apphcablllty of MNR:adequately is-site: specrﬁc An important step in documenting: the potential for
MNR asa management alternative normally is to show-observed reductions i exposure: and risk can-be |
, reasonably expecwd 10 continue. into the fiture, In systems where the mechanisms:causing the recovery
are‘uncertain, or where:the faté.and transport processes driving recovery may be-complex and:changing
with time; simple extrapolation of historical trends: may not be-appropriate. In such:cases; awell-
. constructed model can-be a.useful tool for predicting: future behavror of the: system The-use of models is

dlscussed furthar in Chapter 2, Sectlon 2.9 Modeling. .

Intsgr:mon of the.data: quahty objective (DQO) process with-risk evaluation:can‘help 1dentrfy
which natural:processes are most.critical to:the-evaluation.of MNR:at a.site.: Generally, the. identification
of MINR data needs-and preparation.of study design can be structured: similarly to-the DQO proeess (U.S.
EPA 2000a) that is normally integrated within'the remedial investigation and: fcasrblhty smdy (RI/FS)

. The DQO process is.discussed in, greater detall in Chapter 2, Sectlon 2,1.1,.
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4.5 ENHANCED NATURAL RECOVERY

In some aréas, natural recovery may appear to be the most appropnate mmedy, yet the rate of
sedimentation or other natural processes is insufficient to reduce risks 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 a 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 a layer of clean sediment over contaminated-sediment.” The acceleration can
occur through several processes, including increased dilution through bieturbation of clean sediment.

- mixed with underlying contaminants. Thin-layer placement is typically. different than the isolation caps -
-discussed in Chapter 5, In-situ Cappmg, because it is not designed to provide long-term isolation of
contaminants from bentluc 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 a few inches. -The grain size
and orgamc catbon content of the clean sediment to be used for thin-layer placement should be carefully.
considered in consultation with aquatic biologists. In most. cases, natural materials. (as opposed to:

manufactured materials) approximating common substrates found in‘the area should.be used.- Clean

* sediment can be placed in a uniform thin layer over the contaminated area or it can be placed in berms or

windrows, allowing natural sediment transport processes to distribute the clean sediment to the desired

areas, I - , .

. Project managers might also consider the addition of flow. control structures to enhance
deposition in certain areas of a 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 waiter body, For example, in some areas,
potentially erodible clean sediment already is a major nonpoint source polhition problem, especlally in -
areas near sensitive environments such as those with s1gmﬁcant subaquatlc vegetatlon or shellﬁsh bcds

4.6 ADDITIONAL CONSIDERATIONS

“ MNRis likely to bc effecnve most qulckly in deposmonal envitonments after source control

~actions and active remediation of any. hlgh risk sediment have-been. completed. Where external sources .
were controlled many years-previously and-no discerable high risk sediment areas can be identified, yet
site-risks remain unacceptable, it may be questionable whether natural-processes alone will reduce risks
satnsfactonly in the future. - At these sites, it can be-especially important to evaluate the effectiveness of
previous source control.actions and to evaluate potential additional active sediment. source control or
remediation methods for selected areas, For MNR, as for.other sediment temedies, effective source
control is-often critical to. reachmg remedial: objec’uves in-a: reasonable time frame-and to preventmg re-
contamination, :

‘As discussed in:Chapter 7, Remedy Selection Considerations, when. evaluating MNR, the short-

" term-effects on-human-health-and the -environment:during-the recovery-period-(i.e.; the baseline risks for
the site) should be compared to the short:term effects of other. approaches such as effects of resuspension
of contaminants due to dredging and habitat changes caused by capping. Section 7.3, Consxdenng
Remedies, discusses the process of comparing shortterm and Iong-term risks: assocnated w1th various
_approaches inanet comparanve Tisk analys1s
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In most cases, the long-term eﬂ‘ectlvencss of MNR is dependent on the dynaxmc processes of
mxxmg and burial over time remaining dominant over sedimént resuspension o contaminant movernent
via advective flow or other me¢chanisms. Assessment of sediment and contaminant fate and transport are,
. - therefore, very important at most sites. Some potential mechanisms for physical disruption of overlying

. . cleaner sediment, such as keel drag or pipeline construction, may be amenable to human management
controls. -Others mechanisms for physical disruption, such as ice scour or-flooding; may be-only:partly
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 forin-situ cappmg and are discussed further in Chapter 2,
Section 2.8, Sediment and Contaminant Fate and Transport, in' Chapter 5, In-Situ Capping, and in the USs. "

" Amy Coxps of Engineers (USACE) Technioal Note, Subaqueous Capping and Natural Recovery:

Understanding the Hydrogeolagic Sertmg at Contaminated Sediment Sites (Winter 2002). In géneral, 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 a remedy; instead, they should lead to
evaluation of the ¢onsequences of those pmcesses on exposure and nsk

Generally, regions should con51der using MNR either in con_) unction w1th source control or active
sediment remediation or as a follow-up measure to an active remedy.” For example, MNR may be an
. appropriate approach for some sediment sites after control of floodplain soils and NAPL seeps. Atother
sites; MNR may be an appropriate apploach to control risk from areas of wide-spread, low-level sediment
contamination, following dredging or capping of more hlghly-contammated areas. MNR may also be an
appropnate measure to reduce residual risk from dredging or cxcavatlon m cases where the actlve clcanup
-is not e:xpected to achieve nsk-based measures alone. .

When conSIdenng the use of MNR asa follow-up measure, pro_lect managers should consider the
. change in-conditions cavsed:by the active remedy. As noted by the SAB (U.S. EPA 2001j): “If MNA [or,
as.used-in-this guidance, MNR] is to be considered after a remedial action (e.g., the removal of heavily
contaminated-pertions or capping); the effects.of the remedial action.on the chemistry, biology, and
physics:of-contaminated: sediments should-be evaluated, The effects include: 1) potential disturbances on
- reaction'conditions:and: aquatic life when dredging is used, and 2) changes on reaction cendmons and

. mass transfor in the sediment and at the sednnent/water mterfacc when cappmg is used.”

MNR should be considered when it would meet remedial. objectlves w1thm a tlme frame that is

reasonable’ compared to:active remedies. However, the Agency recognizes that MNR may take longer to
reach cleanup levels in sedirent than dredging or in-situ cappmg and, therefore, may take longer to reach
all remedial action objectives, such as contaminant reductions in fish. It is important to compare time -
frames:on as:accurate a basis as: p0551b1e including for example, accurate assessments;of time: for des1gn '
.anddmplementation of dredging or-capping: and realistic assumptions.concerning, dredging residuals.
Where possible; estimates of the uncertainty in the recovery time frame associated with-each altemnative
should:alsobe:made. Factors.that:the: project manager sheuld consider in detexmmmg whether the time
frame for- MNR is “masonable” mclude the followmg

» - The extent and likelihood of human exposure to ccntammants during the recovery period, |
~-and if controlled by institutional controls, the effectiveness of those: ‘controls;
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o The value of ecologlcal resources that may contmue t0.be 1mpacted durmg the recovery
’ penod
¢ Thetime frame in which affected portions of the site may be needed for future uses

whxch will be avallable after MNR has achleved cleanup levels; and
. The uncertainty associated with the time frame predlctlon. B .

As with any reredy, project managers.should carefully evaluate the uncertainties involved and

consider the need for contingency measures, contingency remedies, or interim decisions where there is

- significant uncertainty about effectiveness. For MNR, as for other approaches which take a period of
time to reduce risk, project managers:should carefiilly consider how rigks:can be controlled during the

-recovery period. For sites with bieacoumulative contaminants, institutional controls such asfish
consumption advisories-are frequently: needed-to reduce human exposures during this: period. I most

 cases, no institutional controls-are:possible for reducing ecological exposure during:the recovery period.
See-Chapter 3,:Section 3.6; Institutional:Centrols; and-Chapter 7, Section 7.5, Considering Institutional
Controls, formore mformanon concerning institutional controls.at sed1ment sues H:ghhght 4-5 lists
some 1mportant pomts 10 remember from thstchapter. :

‘:Source control should be’ generally implemented to prevent recontamlnallon :

R o MNR frequently Includes mumple physwal blologlcal and chemlcal mechamsms that act togetherlo

‘reduce fisk
1 Evaluation of. MNR should be usually based on’ site-specific-data collected over-a:number-of yeers. At

some: snes ‘this:may Inolude:an: assessment of seasonal varlation for some:factors

’ : Project managsers. should:evaluate-the - leng-term stability of the sediment bed, the mobility of ,
‘ contaminants-within it, and-the:llkely. ecologleal.and human-health Impacts-‘of disruption

. Multiple-lines of evidence are: frequently heeded to evaluale MNR (e g  time-series data, core data
modeling) - .
[ Thln-layer placement ol cleen secllment-may aocelerete'halural-recovery in someé-cases
. Contingency'measures: should be lncluded as part ‘ot an MNR remedy when:there: ls slgnlﬁcant

uncerainty thatthe remedial: actlon objectlves will-be: achleved within-the:predicted time frame
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Chapter 5: In-Situ Capping -
5.0 IN-SITU CAPPING
5.1 INTRODUCT.ION

_ For purposes of this guldancc in-gity cappmg rofors to the placcmcnt of a subaqucous covering or
cap of clean material over contaminated sediment that remains in place. Caps are generally constructed of
granular inaterial, such as clean sedimient, sand, or gravel. A more complex cap design can include
- geotextiles, liners, and other permeable or impermeable elements in multlple layers that may inglude
 additions of material to attenuate the flux of contaminants (e 8., organic carbon). Depending on the

gontarninants and sedlment env1ronment, a cap is designed to reduce nsk through the followmg pnmary
functions: . v .

* - Plysical isolation of the contantinated sedimertt sufﬁcxent tq reduce exj;oéﬁre due to

: direct contact and to reduce the ability of burrowmg orgamsms to move contaminants to
thc surfacc, : :

»  Stabilization of contaminated sedi;ﬁentwan‘d erosion protection of sediment and cap,

+ sufficient to reduce resuspension and transport to. other sites; and/or

e Chemical isolation of contaminated. sediment sufficient to rediice exposure from
dissolved 'a‘nd colloidally bound contaminanis trans’ported into the water column

Caps may be designed with different layers to-serve these primary funct1ons or in some cases a smgle
1a,yer may serve multiple ﬁmctlons

As of 2004, In-situ cappmg has beeri selected as a component of the remcdy for contaminiated
-scdiment at approxunatcly fiftcen Supctfund sites. At spme sites, in-situ capping has scrved as the
primary approach for sediment, and at other sites it has been combined with sediment removal (i.e.,
; drcdgmg or ¢xcavation) and/or monitored natural recovery. (MNER) of other scditment arcas. In-s1tu ‘
* -capping has:been successfully used ata number of: sxtes in the Pacific Northwest, several:of which were
- constructed.over a decade ago (see site list at http:// ov/superfundfresources/sediment/
sites.hti), When hazardous substances left in place are above levels allowimg for unlimited use and
unrestricted: exposure, a five-year review pursuant to the Comprehensive ‘Environmental Response,
- Compensation and Liability Act (CERCLA) §121(c) may be requu'ed JU.S. Environmental Px'otecuon
Agcncy (U.8. EPA. 20011)].

Varigtions of in-situ ca,ppmg inclnde. mstallanon of a.cap. aﬁer partial removal of contammated.
sediment and:innovative-caps, which incorporate treatment: components Capping-is-sometimes -
considered: followmg partial'sediment removal where capping alené is.not feasible. due to.a need.to
preserve a minimum wator, body depth for navigation ot flood-control,.or whore it is desitable fo leave
deeper-contaminated: sediment in:place-to-preserve-bank.or-shoreline stability followingrerioval, There
. are:pilot-studies underway to investigate the effectiveness of in=situ-caps that incorporate various forms of
treatment (see-Chapter 3, Section 3.1.3, In-Situ Treatment and Other Innovative Altematives),

B Appllcamon of thin Iaye.rs of clean matenal may be used to enhance natural récovery through burial and
mixing with clean sediment when natural sedimentation-rates are not sufficient (see Chapter 4, Section
4.5, Enhanced-Natural Recovery). Placement:of a thin layer of clean material is also s_ometjmes used to
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backfill dredged areas, wheie it mixes w:th dredgmg rcs]duals any further reduces risk ﬁ'om
coritamination that remains after dredging. In this apphcauon the material is not often designed to act as’
.. an engineered cap to 1solztte buned contaminants and is, therefore, fiot cons1dered in-sity capping in thls

‘ gmdancc

, ‘Much has bccn wntten about subaqueOus capping of coutammated sedlméut ‘The magomy of this .
work has-been performed by, or in cooperation with; the U.S. Army Corps of Engineers. (USACB)
Comprehensive technical guidanes on in-situ capping of contaminated seditment can be found in the
EPA’s Assessment and Remediation of Contaminated Sediment (ARCS) Program- Guidance for In:Situ
Subaqueous Capping of Contaminated Sediments (U S. EPA 1998d) and the Assessment. .and Remediation.
of Contamingted Sediments (ARCS} Program Remedlaﬁon ‘Guidance Document (U.S. EPA 1994d),
available through EPA’s Web site at http:/ . sdimentfiscmain, -Additional technical
guidance is available from the USACE’s Guldance Jor Subaqueous Dredged Marerial Capping (Pa]ermo
et al. 1998z) ‘

Although -each-of the three potenual remedy approaches (MNR, in-siti cnppmg, and removal)
should be considered at every site at which they might be appropriate, capping should receive detmled
consideration where the site conditions listed in Highlight 5-1 are prcsent

- Suitable types and quantities of cap material are readily avallable
. Anﬂclpated Infrastructure needs (e.g., plers, pilings, buried cables) are compatlble with cap
1 Water-depfh Is adequate to accommodate cap with antieipated uses.(ekg., navigation, flood o,éntrol) .

'Incldehce of cap- &lsrup‘ﬂng human behé\/lor, such as lafge boat énchoring, Is low or cont'r'ollablé

1 -Long-term risk reductlon outwelghs habitat dlsruption, and/or habltat ImproVements are provlded by the i
T cap. o : .
' . Hydrodynamlo cendihons (e.g., floods Ice seour) are not Iukely o cqmpromise cap or can be

accormmodated in design

. Ratés of ground water now In cap-area-are lpw:and not Ilkely to create- unacceptable contamlnent
releases .
. Sediment has sufficlent strengthfo suppor‘c cap (e 9., higher densityfiower watar content dependlng on

" placement methed) .

. Contaminants have-low rates of ﬂux through cap )

- Contamination- covers contiguous:areas. (e g. to slmpllfy cappmg)

5.2 POTENTIAL ADVANTAG‘ES AND LIMITATIONS

Co ’I\avo advantages of inssitu. cappmg are- that it can. qulckly reduce exposure to contammants and
‘that, unlike. dmdgmg or excavatlon it requires;less infrastrucmre in terms of material - handlmg,
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dewatenng, treatment, and dlsposal A 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 surface of the cap. Also, the eap often provides a clean
substrate for recolonization by bottom~dwelling organisms. Changes in bottom elevation caused by a cap
may create more desirable habitat, or specrﬁo cap design elements may enhance or 1mprove habitat |
‘substrate. Another possible-advantage is that the potential-for contaminant resuspensron -and the risks
associated with drspersron and volatilization of contaminated materials during construction are typically
lower for in-situ capping than for. dredging operatrons and risks associated with transport and-disposal of -
contaminated sediment are avoided. Most capping projects use conventional equlpment and locally
available materials, and may be implemented more quickly and may be Iess expenswe than remedies .
- involving removal and disposal or trea.tment of sediment,

_ In-situ cappmg may be less: dlsruptlve of local commumtres than dredging or excavation, .

. Although some local land-based: fucilities are often needed for materials handling, usually no dewatering,

- treatment, or disposal facilities need to be located and no contaminated materials are transported through
‘communities. Where clean dredged ‘material is usedfor cappmg, amuch smaller area of land—based
facilities is needed. .

" The major lnmtatron of in-situ cappmg is the contammated sedrment remains in the ‘aquatic
environment where contaminants could become exposed or be dispersed if the cap is s1gmﬁoant1y
" disturbed or if contaminants move through the cap in significant amounts, In addition, in some
-environments, it can be difficult to place a 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 rehabrlrty, to protect the
" cap from drsturbances such as boat anchoring and keel drag. .

Another potcntlal limitation of in-situ.capping may be in some. situations, & preferred habitat may

. not be provided by the surficial cap materials. To provide erosion protection, it may be necessary to use

~coarse cap materials that are different from native soft bottom materials, which may altér the biological
community. Insome cases, it may be desirable to-select capping materials-that discourage colonization
by native deep-burrowmg organlsms 1o lrmrt bloturbatlon and release of underlymg oontammants

5.3 EVALUATING SITE CONDITIONS

A good understanding, of s1te-speorﬁc conditions typlca.lly is critical to predicting the oxpeoted ‘
feasibility and effectiveness of in-situ capping. Site conditions:can affect all aspects of a.capping project,
including design,.equipment and cap material selection, and‘momtormg and management programs,
Some limitations in site-conditions.can be:accommodated-in-the cap design. General.aspects of site
characterization are discussed-in-Chapter 2, Remedial. Investlgatlon Considerations, Some specific
aspects of site charaoterlzatlon 1mportant for in-situ cappmg aro introduced bneﬂy in ‘the followmg
sectrons -

6.3.1 -PhysicaI‘Enr/IronMent
Aspects of the physrcal envu'onment that. shou]d be considered include water body drmensrons,
depth a.nd slopa (bathymetry) of sediment bed, and: ﬂow patterns, mcludmg tldes currents, and other
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potential dlsturbances in cold clunaies, such as an ice scour, Exlstmg mfrastructure such as bridges,
ut111ty crossmgs and other marine sn'uctures are dxscussed in Sectlon 5, 3 3 .

The bathymietry of the site influences how far cap material will spread- dunng placement and the C

* cap’s stability. Flat bottoms and shallow slopes should allow material to be placed more accurately,
especially if capping material is t0-be placed hydraulically. Water depth also can influence 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 a thinner layer of cap material over a larger
area, . - ’ T : i ’

The energy of ﬂowmg water is also an 1mportant consideration. Cappmg pro_]ects are easierto -
‘design in low energy environments eg., protected harbors, slow-flowing rivers, or micro-tidal estiarine °
systems). In open water, deeper sites are generally less influenced by wind or wave generated currents
- and less prone to erosion than shallow, near-shore environments. However, armoring 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 during.cap placement and
.can influence 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 normal riverine or tidal flows, the project manager should consider the effects of storm-
_induoed Wwaves and other episodic events (e.g., floods, ice scour), :

The placement of an in-situ cap can alter emstmg hydrodynam.lc conditions, In harbor ateas or
estuaries, the decrease in depth or change in bottom geometry can affect the near-bed current patterns, and
thus the flow-induced bed shear strésses. In a riverine environment, the placement of a cap generally
-reduces depth.and restricts flow-and may alter the sediment and flood-camrying capacity of the channel.

- Modelmg studies may be useful to.assess these changes in site conditions: where they are likely to be

- significant,- Project managers are encouraged to draft decision documents that include some flexibility in
requlrements for-how.a cap affects carrying capacity of a water body, while still meeting applicable or - -
. relevant-and appropriate reqmrements (ARARS). Forexample, in some water bodies, a cap may be
“appropriate:even though it:decreases, but not significantly, the flood-carrying capacity. In:depositional
areas, the effect of new sediment likely to be deposited on the-cap should be considered in predicting

. future.flood-carrying capacity, Clean sediment accumulatmg on the cap can increase the isolation

~ effectiveness of the cap over-the long term.and. may also increase. consohdauon of the. underlymg
sedlment bed ‘ .

' 532  Sediment Characterlst:cs

The p_ro_;e‘et.manager sheu]d,detemihxe the physical, chemiical, and biological characteristics of
the.contaminated:sediment:pursuant.to using the-data- quahty objective (PQO) process.during the
. remedial. lnvestlgatlon The results of the characterization, in combination with the remediation goals and
‘remedial action-objectives- (RAOs), should determine the: areal extent or boundanes ofthe areato be -
.capped . ’

Shear strength, especially undramed §hear sﬁ’eﬁgth of contammated -sediment depésxt's is of

o particular importance in determining the feasibility-of in-situ capping. Most contaminated: sediment is'

- finesgrained, and-is usually high-in-water-content and-relatively low in shearstrength, Although a cap: can
. be constructed on-sediment with low- shearvstrengﬂls, the ability of the sediment-to support a cap and the
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need to construct the cap using appropriate methods to avoid displacement of the contaminated sediment
should be carefully considered. The presenice of other materials within the sediment bed, such as debris,
wood chips, high sludge fractions, or other non-mineral-based sediment fractions, can also present special
problems when interpreting grain size and other geotechnical properties-of the sediment, but their
presence can also improve sediment stability under a cap. It could be necessary to remove large debris .
prior to-placing a cap, for example; if it will extend beyond the cap surface and cause’ scouring; Sldc-scan .
sonar can be an effective tool to 1dent1fy debris; -

: The chemical charactenstlcs of the. contanunated sediment are an unportant factor That may affect
design or selection of 2 cap, cspeclally if capping highly mobile or highly toxic sediment.. Capping may -
~ change the uppermost layer of contaminated sediment from an oxidizing to an anoxic condition, which
may change the solubility of metal contaminants and the susceptlblllty of organic contaminents to
microbial decomposition in this upper zone, For example, maay of the divalent metal cations (e.g., lead,
nickel, zinc) become less soluble in anaerobic conditions, while other metal ions (e.g., arscmc) become
more soluble. Mercury, in the presence of pore water sulfate concentrations and organic matter, can
become methylated through-the action-of-anaerobic bacteria, and highly chlorinated, polychlorinated
biplienyls (PCBs) may degrade to less chlorinated forms in an anaerobic environment. These i issues are
also- dlscussed in Chapter 4, Section 4.3 .2, Biological and Chem:cal Processes. ‘

When contammated sedunent is capped, chen-ucal condltlons in the contaminated zone change.

Mercury methylation is gencrally reduced as organic matter deposition and biological processes are.

* reduced, Organic.matter remaining beneath a cap may be decomposed by anaerobic microorganisms and
release methane and hydrogen sulfide gases. As these dissolved gases accunulate, they could percolate
through the cap by convective or diffusive transport. This process has the potcntlal to solubilize some
contaminants and carry them upward, dissolved in the gaseons bubbles. The grain size of the.capping
material controls in part how these avenues are developed. Finer grained.caps may develop fissures
whereas coarser grained- caps such as sands allow gas to pass through However, a compensating factor in

. some cases is-caused by the caps’ insulation ability, which.can cause uudcrlymg sediment to stay cooler
and thus reduce expected decomposition rates. Where gas gencra‘aon is expected to be sxgmﬁcant ‘these

- factors should be considered during cap design. »

53.3 Waterway Uses“andlnfrastructure N

If the mtc under conmderatxon is adjacent to or within a water body.used for navigation, recreation
or flood control, the effect of cap Pplacement on those. uses should be evaluated. As.described in Section
5.3.1, the ﬂood-canymg capacity of a water body could be reduced by a cap, If water depths are reduced
ina. ha.rbor or river channel, some commercial and recreational vessels may have to be restricted or
banned.  The acceptable dra.ﬁ of vessels allowed:to navigate over a capped area: depends.on water level
fluctuations (e.g., scasonal, tidal, and wave).and the: potential effects of vessel groundings-on:the. cap, .
- 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: potcnual for routine
. anchoring of large vessels.. Anchoring by recreational vessels may or may. not compromise the integrity
of a cap, depending on its.design, Such activities may indicate.the need for restrictions-(see Chapter 3,
~Section 3.6, Institutional Controls) or a modification of the cap design to accommodate certain act1v1t1es
It may be necessary to restrict fishing and swimming to prevent recreational boaters from draggmg _
anchors across a cap. In some situations, partial dredgmg prior to cap placemcnt ma.y mmumze these
- ._.hmllatmns of cappmg :
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Other activities in and around the water body may also 1mpaot cap mtegnty and maintenance
needs a.nd should be evaluated. These include the following:

. Water. supply mtakes,
« .. Storm water ot efﬂuent‘discharge'outfalls;
- Utilities crossing.s; o o
° o Constructlon ofbulkheads plers, docks, and other waterfront structures,
. Navrgattonal dredgmg adJacentto the cap area; a.nd
.' ' ‘_ Future development of commercla] navrgatlon channels in the vicinity of the cap.

Uuhtles (e.8., storm drains) and utthty crosgings: (e g., water, sewer gas oil, telephone cable,and
: electnc lines) are commonly located in urban waterways. It may be necessary to relocate. existing ut111ty

~ crossings under porttons of water bodies if their deterioration or. failure might impact cap integrity. More
commonly however, pipes or utilities-are left in‘place under caps; and long-term operation and
maintenance (O&M) plans include repair of cap damage caused by the need to remove, replace, or repair -

- the pipes or utilities, Future constryction or maintenance of utility crossings would have to consider the
cap; and it may ‘be necessary to consider limiting thosé activities through institutional controls (ICs) if cap
repair cannot 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 act1v1ty

: In designing caps to be placed w1t1un federal navlgat:on channels, honzontal and vertlcal
-separation distances may be developed by USACE based on considerations of normal dredging accuracy

- and.depth allowances. This can provide a factor of safety to protect the: cap surface from damage during

- potential future mamtenance dredging,

: To date, environmental-agencies have 11ttle experience with the ability to enforce use resmctlons
necessary to protect. the mtegnty of an in-situ cap (e.g., vessel size limits, bans on anchoring, etc D,
although experience.is growing, ‘Generally, a state.or local enforcement mechamsm isnecessary to -
implement specific use restrictions. Project managers:should. consider mechanisms for-compliance
assurance, enforcement, and the consequences of non-compllance, on-use restrictions when evaluating in~
. sm: capping. ,

8.3, 4 Habitat Alteratmns

In-sn.'u capping alters the aquatm environment and, therefore can affect aquatic organisms.ina

L variety. of ways, As is:discussed:further in Chapter 6, Dredgmg and: Exoavanon, while:a: pro_lectmay be

designed to minimize-habitat loss'or degradation,.or:even to enhance habitat, both.sediment. capping-and
sediment removal do alter the environment, ‘Where:baseling risks are relatively low, it is- importantto
determine whether the potential loss of a contaminated habitat is agreater impact than the benefit of
providing a-new, modified but less.contaminated habitat, Habitat:considerationsare. especially important
when evaluating:materials forthe: uppermost layers.of.g:cap, Sandy:sediment-and stone-armor:layers-are
often used to cap arcas-with existing fine-grained-sediment. Through time, sedimentation and:other
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natural processes will charige the lippermost layer of the cap. At least initially, changes in orgahlc 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 a substrate for recolonization. Where possible,

caps should be designed to prowde habitat for desirable organisms.’ In somie cases it is possible to provide

a habitat layer over an erosion protection layer by filling the interstices of armor stones with materials

such as'orushed gravel, In some cases, natural sedimentation: processes after-cap- placement can-create
 desirable habitat characteristics. For exampleé, placement of a rock cap in some riverine systems.can

- result in a final cap surface that is similar to the previously existing surface bccause the rock may become :

embedded w1th sands/s:lts through natural sedlmentanon

Desirable habitat characteristics for cap surfaces vary by location, Prov1dmg a layer of
appropnately sized rubble that can serve as hard substrate for attached molluscs (e.g., oysters, mussels)
can greatly enhance the ecological value at some sites. Matérial suitable for colonization by foraging’
organisms, such as bottom-dwellmg fish, can also be appropriate: ‘A mix of cobbles and boulders may be-
desirable for aquatlc environments in areas with substantlal flow. In addition, the potential for atiracting
burrowing organisms incompatible with the cap design or. ability to wrthstand additional physical
disturbances should be considered. Habitat enhancements should not impair the function of the cap or its
ability to withstand the shear stresses.of storms, floods, propeller wash, or other disturbances. Project
" managers should consult with local résource managers and natural resource trustee agencies to determine
‘what types of modifications to the ¢ap 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,
‘a remediated subtidal habitat can become intertidal, or lake habitat can become a wetland (Cowardin et al,
1979). Changes in bottom elevation may either enhance or degradc desirable habitat, depending on the
site. e ) '

Project managers should consult EPA staﬁ‘ 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 [see Chapter 3, Section 3.3, Applicable or Relevantand
Appropriate Requirements. (ARARs) for Sediment Altematlves] Where remedies under consnderat:on
degrade aquatic habitat, substantive requirements may include minimizing the. permanent Joss of habitat
and mitigating it by creation or restoration of a similar habitat elsewhere. However, -it.should notbe "
assumed that in-situ.caps result in a permanent loss of habitat; this is a site-specific decision. 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 mdependent of the Natural Resource Trustees’
natural resource damage assessment process

'5 4 FUNCTlGNAL COMPONENTS OF A CAP

. As mtroduced in:Section 5.1 of thxs chapter caps are generally designed to- fulﬁll three pnmary

" functions: physical. isolation, stabilization/erosion: protection,.and:chemical isolation, In some.cases,
multiple layers of different materials are used to fulfill these function and in some cases, a single layer
may serve multlple functions, Project managers are encouraged to consider the use of performance-based
measures for caps in remedy dec1s10ns to preserve ﬂexlbxhty in how the cap may be designed to fulfill
these functlons . _ .
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54,1 Phys:cal lsalatlon Component

The cap should be designed to isolate contaminated sediment from the aquatrc environment orﬂer
to reduce exposure to protective levels. The physical isolation component of the cap should also include
8 component to account for consolldation of cap materials.

“To provxde 1ong-tem1 protection, a cap.should be sufficxently thick to: effectxvely separate .
contaminated sediment from most aquatic organisms that dwell.or feed on, above, or within the-cap. This'
scrves two putposcs: 1) to deercase cxposure of aquatic.organisms to .contaminants, and 2) to.decressc. the
ehility of burrowing organisms to move buried contaminants to the surface (i.e.; bioturbation), To design
. acapcomponent for this secand purpase, the depth of the effective mixing zone (i.¢., the dépth of )
effective sediment mixing due to bioturbation and/or frequent sediment distyrbance) and the-pepulation .
density of organisms within the. sediment profile should be éstimated and considered-in selecting:cap .
thickness. Especially in marine environmerits, the potential for colonization:by deep burrowing
organisms (e.g., certain species of mud shrimp) could lead to a dedision to design. a thicker cap. Measures
toprevent.colonization or disturbance-of the:cap by degp: ‘hutrowing; bettom—dWellmg organisms-can.be
consideredin cap. design, and in developing: blologrcal inonitoring requirements for. the project. Project.
managers-should-refer to Chapter 2, Section.2.8.3 and consult with aquatic biologists with knowledge of
Tocal conditiens. for evaluation of the bioturbation:potential.. In sorie. cases, a site-specifi¢ bialogical
_survey of bioturbators wonld be.appropriate. In addition, the USACE Technical Note Subagueous Cap
‘Design: Selection of Bioturbation Profiles; Depths and Process Rates [Clarke et al, 2001, (Dredging
Operations and Environmental Rescarch (DOER)-C21 at http:/fel.crde.usace.army :nnl/dots/docr/

. teclmote html], provides information on. desrgmng in-situ caps and also provides many useful reférences. ' ‘

on bioturbation. Although not usually a.major pathway for contammant release, project- managets should
also bhe:aware of the potcmtual for wetland/aquatic planis to. penetrate a.cap . and create pathways for some -
coutammant mlgratlon ) , .

_ The pro;ect manager should consider. consolidation when des:gmug the cap, Fme-gramed
‘granular-capping-materials can undérgo consolidation due to-their own: welght The thickness of granular =
cap: material:should have an-allowanice for consolidation so that: tlie minimun: requrred cap thickness is =~
maintained: followmg consolidation. An evaluation.of consolidation is.important in interpreting -
- monitoring-data to differentiate between cha.uges in cap surface elevatlon ;or-cap tlnckness dueto -
consolidation, as. oppo}sed 10 crosnon

* Even if the cap matefial is ot compresmble, most contammated sediment is compressible and
some may be highly compressible. Underlying contaminated sediment will almost always undergo some
consolidation due to the added weight of the capping material or armor stone, The degree.of
consolidation:shauld provrde -an indication.of the volume of poré-water: éxpelled through the - .
. contaminated layér and capping layer to.the: water columnidueto consolidation. The- consohdanon-dnven '
advection-of pore water should be considered-in the evaluation of shorterm confaminant flux. Also, .
conselidation may decrease the vertical.permeability.of the: capped-sediment.and:thus reduce: long-term
flux. . Methods used-to define and.quantify consolidation characteristics.of sediment:and.capping,
materials, such as standard laboratory tests-and. computenzed models ‘are. avallable (U S. EPA 19984,
Palcrmo ct al 1998a, Llu and Znidarcio 1991) '
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" 54, 2 Stabmzatton/Erosmn Protect:on Component

Thls funchonal component of the cap is mtended 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 propertles such as particle sizé, mineralogy and bed bulk density. At some
sites, there is also the potential for seismic disturbance; especxally where contaminated sediment and/or
cap material are of low shear strength, These and other aspects of investigating sediment stability are
. discussed in Chapter 2, Section 2.8, Sediment Stability and Contaminant Fate:and 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 et
al. 1998a) Uncertamty in thc estimate of eros1on potcntlal should be evaluated as-well, °

The dcsngn of the etosion protcc’uon fcatums of an in-sitit cap (i.c., armor layers). should be based
on the magnitude and probablhty of ocourrence of relatively extreme erosive forces estimated at the
capping site. Generally, in-situ caps should be designed to-withstand forces with a probablhty 0f 0,01 per
yeat, for example, the 100-year storm. As is discussed furtherin Chapter 2 (Section 2.8, Sediment
Stability and-Centaminant Fate and Transport), in some circumstances, higher or lower probablhty events |
: should also be considered. - .

Another considsration for capping; especlally cappmg of contaminated sediment with hlgh
organic content is whether. significant gas generation due to anasrobic degradation will occur: Gas
generation in sediment beneath caps, especially those constructed of low permeable materials, could
either generate significant uplift forces-and threaten the physical stability of the overlying capping
material, or carry. some contaminants through the cap. Little has been documented in this area to date, but
the possible influence of this process on.cap-effectivencss presents an uncertainty the pro_|ect manager
should consider in the analysis of remedial altcmauvcs

543 Chemlcal'lsolatlon-.Component

- If a.cap has a properly designed physical isolation component, contaminant migration-associated
" with-the movement of sediment particles-should-be controlled. ‘However, the vertical movement of
dissolved contatiinants 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 penods 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 flyx through the =
«cap; and the long-term fate of capped ¢ontaminants that may transform through time. Slow:releases of
dissolved contaminants threugh a.cap.at low levels:will generally not create unacceptable. exposures, If
reduction of contaminant flux is necessary to-meet remedial action objectives, however, a more-involved
- analysis-to include capping effectiveness-testing.and modeling should be conducted asa: part-of cap
design. Because of the uncertainties involved in:predicting future flux rates.over: very long:time:periods,
 this guidance does not advocate a particular minimum rule of thumb: for the -appropriate time frame for
design with respect to chemical isolation. In general, it is reasonable for the physical isolation component
(i.€., physical stablllty) of a cap design to be based on a shorter time frame (¢.g., a disruptive event with a
more frequent recurrence interval)-than the much longer time frames considered:in.design:for 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 maximum- chemroal ﬂux through the cap), in part because erosion.of small areds of a qap is
easier to rcpzur :

chertheless, botlr advec’ave and dlffuswe processes should be considered in cap desrgn 1€ a

ground water/surface water interaction stndy indicates that advection is not significant overthe‘areatobe

- -capped-(e.g., migration of ground water-upward-through the-cap would-not preverit-attaining the RAOs),
the cap design may need to address only diffusion and the physical isolation and stabilization of the
contaminated sediment, In this case, it may not be hecessary to design for.cotrol of dlssolved and/or
collordally facllltatcd transport duc.to advection (Rvan ot al. 1995) :

: In contrast where ground watcr flow upward through the cap is expectcd to be slgmﬁcant the

~ hydraulic properties of the cap should also be determined and factored into the cap design, These
properties should include the hydraulic conductivity of the cap materials, the contaminated sediment, and

. underlying clgan sedunent ar bedrock. Accerding to a USACE laboratory study, giound water flow

" velocities exceeding 10 em/sec potentially result in conditions-in which equilibrium partitioning
processes important to cap effectiveness could-hot be maintained:(Myers et al. 1991). Such conditions”
should be carefully considered in thie cap design, High rates of ground water flow throught contaminated
sediment may cause unacceptable exposures, In these areas, inzsitu capping may nat-be an effective
remedial approach without additional protective measures. Use of amended caps (caps containing -

-reactive or serptive material to scquester organie or inorganic contaminants) is onc potential measure
undergoing pilot studies.” Project managers should refer to the Remediation Techniologies Development

- Porym (RTDF) Web sitc at http://www.rtdf org for the latest in<situ cleanup developmerits, Morc

~ information on the interactions of ground water and in-situ caps can be found in.the USACE Technical

* Note, Subagueous Capping and Natiral Recovery: Understanding the Hydrogeologic Sattmg ar -

. (‘rmlammale Sedlmenl Slte.s' (Winter 2002).

Where non-aqueous phase liguids (NAPL) faré px‘esant in part of an area to be oapped the process
" for poteatial contamination migration should be-carefully considered. NAPL may bé mobilized by
consolidation-induced or ground water-indiced advective forces. Field sampling-and bench-scale tests
such.asthe Seepage. Induced Consolidation Test ¢an be designed:to test these issues (e.g., Hedblom et al.
'2003), Insituations:where conventronal cap-designs are not likely to be effective; it may be possrble to
cousider impervious materials (¢.g.,. geomembranes, clay, conerete, steel, or plastlc) or. feactive materials
for the cap dosign, Where this-is done, however, care must be: taken such:that licad increases along the _
edges of the impervious-area do not.lead to additional NAPL migration, Project managers are encouraged

10 draw on the experience of-others who haveconducted pilot or full. scale caps.in the presence of NAPL,

Laboratory tosts can be uscd to calculate sedinient- and capping material-specific dﬁusron and

~ chemical partitioning coefficients, Several numerical'models are available to prediet long-tetm.

* movement.of contaminants:due:to advection and diffusion processes-ints or through Caps; moludmg caps
with engineered components, The models can evaluate the effectiveness.of varying thicknesses of

.. granularcap materials-with differing; properties: [grain size and total.organic carbori (TOC)]. The results

generated by such inodels include flux rates fo overlying water and.sediment and.pore water -
concentrations in the entire sediment.and cap profile as a function of time, These tesults-can be- compared
to scdiment remediation goals or applicablc. wator quality critcria in overlying surface water, or - :
. -interpreted in terms of a mass loss of contaminants as a function of time. Results could.also be compared
. to similar calculations. for othcr remediation tcohnologrcs
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55 .OTHER CAPPING‘CONSIbERATIONS

In preparing a feasnbxhty study to evaluate in-situ capping for a s1te prOJect managers should

. conmderthe followmg

e ldentlfymg candldate cappmg matenals physlcally and chem1cally compatlble wﬂh the
: : envnronment in wh1ch they will be placed,

e ‘ ‘Evaluatng geotechnical consxderahons including consohdahon of comprcssxble matenals

and potenual interactions and compatlb1hty among cap components,

J Assessing placement methods that will minimize short-term risk from release of
contaminated pore water and resuspenslon of contammated sedlment during cap
placcment and :

. ‘ Idenmfymg performance ObJeCtIVCS and momwrmg methods for cap placement and long-
term assessment of cap mtegnty and biota eﬂ‘ects

In addition to evaluation dunng At_he feasibility study, these aspects should be addressed in more detail
during design. These topics are discussed briefly below. In addition, project managers should refer to .
Chapter 8, Section 8.4.2 for a discussion of general monitoring conmderatlons for in-situ cappmg, and to
'Chapter 3, Section 3.6 for a dlscusswn of ICs that may relate to caps

,5.5,1 Identifrcatron of Cappmg Matena!s .

Caps are generally composed of ¢lean granular materials, such as upland sand-rich soils or sandy

* sediment; however, more complex. cap designs could be required to meet site-specific RAOs. The project
manager should take into consideration the expected effects of bioturbation, _consolidation, erosion, and
. “otherrelated processes on'the short- and long-term exposure and risk assoclated with contaminants. For
example if the potential for-erosion of the cap is significant, the level of protection could be raised by
increasing:cap thickness or by engmeenng the cap 1o be more erosion-resistant through use of cap
" material with larger grain size, or by using an ammor layer, Porous:geotextiles do not contribute to
contaminant isolation, but serve to reduce the potential for mixing and. dlsplacement of the underlymg
. sediment with the:cap.material, A cap composed of naturally: occumng sand is generally preferred-over
processed-send because the associated fine fraction and organic carbon content found in natural-sands are
‘more effective in providing chemical isolation by sequestering contaminants migrating through-the cap.
However, sand containing a mgmﬁcant fraction of ﬁner matenal may also increase turbidity during
placement = : :

Speclahzed matenals ma,y be.used to enhance the chechal 1solat10n capacxty or-otherwise -
. decrease thethickness of caps.compared to sand caps, Examples:include engineered:clay aggregate
* materials-(¢.g., AquaBlok™), and reactive/adsorptive materials.such as activated.carbon, apatite; coke,
 organoclay, zero-valent iron-and zeolite, Composite geotextile:mats containing one-or more of these
‘materials (i.e,, reactive core mats) are becoming available commercially. :
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Highlight 5-2 illustrates so‘ﬁ‘le exampleé of cap designs.

"Contaminated Ségﬂment

A. Eagle Harbor, WA -

Geotextile

X v
RREAORS

D ogc(?‘ﬂ&cb?? 0]
QY b) rayel“o e,
ERCI éd&@,ﬁ}@»&%é&&w 5%“‘

Contaminated Sediment

E'. Sheboygan, WI

c—
24" Min,

CQntamIﬁabﬁd'sédlment

C. COhva[r Lagoon, CA .

Source: Modlfedrom.U.S, EPA 1986d
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5.5.2 ' Geotechnical Considerations

. Usua.lly, contaminated sendfment is predominately ﬁne*grairied, and éften has h.lgh water content
and low shear strength, These materials are generally compressible. Unless appropriate controls are- .-
implemented, contaminated sediment can be easily displaced or resuspended during cap placement.

- Following placement; cap stability and:settlement due-to consolidation can become two additional

- geotechnical issues that may be important for cap effectiveness. _

As with any geotechnical problém of this nature, the shear strength of the'..uhderlying 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

P

placement of capping materials over a large area will reduce the potential forlocalized failures.
Information on the behavior of soft deposits during and after placement of capping materials islimited, . -
although some field monitoring data have shown successful sand capping of contaminated sediment with

_low-shear strength. Conventional geotechnical design approaches:should, therefore; be-applied with

~caution (e.g., by building up a cap gradually over the entire area to be capped). Similarly, caps with .

flatter transition slopes at the.edges are not generally subject to a sliding failure normally-predicted by

- conventional slope stability analysis.

5. 5.3 Placement Methods

Various equipmcnf types and placement methods have been used fqr'caﬁpihg projéctbs.i' Theuseof
granular capping materials (i.¢., 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 layeérs is-often necessary to avoid
displacement of or mixing with thé underlying contaminated sediment, Uncontrolled-placément of the

- capping material can also result in the resuspension of contaminated material into the water cblumn and -

the creation of a fluid mud wave that moves outside of the intended cap area.

Granular cap material can be handled and placed in a number of ways. Mechanically excavated

'mﬁterials and soils from an upland site or quarry usually have relatively little free water, Normally, these

materials.can be handled mechanically in a dry state'until released into the. water over the contaminated
site. Mechanical methods (e.g., clamshells or release from:a barge) rely on gravitational-settling:of cap. *-
materials in the water column, and could be limited by depth in their application. Granular cap:materials
can also be entrained in a water slurry and carried to the contaminated site wet, where they canbe .-

discharged by-pipe into the water colurn at the water surface or at.depth. These-hydraulic methods offer

- the.potential for a more:precise:placement; although the:energy required-for:shurry transport could: require

dissipation to prevent resuspension of contaminated sediment, Armor layer materials.can be-placedfrom

 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

o -cap placement are shown in-Highlight 5-3, The Guidance for In-Situ Subagueous Capping of

Contaminated Sediments (U.S. EPA 1998d) contains more detailed information about cap placement

‘techniques,
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_ Momtormg sedlment resuspensmn and conta.mmant releases durmg cap placement i is important,
Cap placement can resuspend some contaminated sediment.” Contaminants can also be released to the -
water column from comipaction or disruption of underlying sediment during cap placement. Both can
lead to increased risks during and following cap placement, Applymg cap material slowly and uniformly
can minimize the amount of sediment disruption and resuspension. Therefore, des1gns should melude
plans 1o minimize and-monitor.impacts during.and a.ﬂer construchon - :

5.6 4 Performance Monltoring

" Performance objectlves for an in-situ cap relate to its ability to prov1de sufﬂclent phystcal and
chemical isolation-and stabilization of contaminated- sedxment to reduce exposure and risk to protective
‘levels. Broader RAOs for the site such as:decreases in contaminant.concentrations in biota or reduced
~ toxicity should-be monitored when.applicable. The following processes:should be considered when -
evaluating- the perfoxmauce ofa cap, and in. developmg a cap momtormg program

. Eroswn or other physmcal dlsturbance of cap; -

L ‘ Conta.mmant ﬂux into cap- matenal and: mto the surface water from. underiymg
contaminated sediment (e.g., ground water advection, molecular d1£fus10n), and

. Recolonization of cap surface and resultmg bloturba.txon

General consnderatlons related to monitoring caps and an examp]e of cap momtormg elements are
presented in Chapter 8 Remedlal Action and Long-Térm Monitoring, :

) Performance momtormg of a cap: -should be related to the design- standards and remedlal action

objectives.related to the site. Generally, physical momtormg is initially conducted on-a more frequent

" schedule than chemical-or biological monitoring because. it is less expensive to perform. Some processes
(i.¢., contaminant flux) are not.generally:assessed- dlrectly ecause they are very difficult to measure, but
are assessed by measuring: contaminant concentrations in bulk .samples: from the.cap: ssurface, in-shallow

' cores into the surface layer of a.cap, and by bathymetric surveys-and:various:photographic techniques, It
is often desirable to-establish several: permanent locational: betichmarks: so-that repeatéd surveys can be
accurately compared In some cases; contaminant flux-and the resulting: contaminant.concentration in
surface sediment,.cap:pore water, or overlying surface-water:canbe: cempared tossitesspecific: sedlment ,
cleanupilevelsor water quality standards (e.g., federal:- water quality. criteria-or'state promulgated -
standards) In addition, the concentration of contaminants accumulating inthe cap material as-a functlon
of time can be compared 10 site-specific target cleanuplevels during lorigsterm cap-performance

" monitoring. Both:analytical and numetical. models:existto predict cap:performance. and-have been
compared-and validated with laboratory:tests.and field results (e.g.; Ruiz:et al. 2000). However, project - -

_managers should be aware that representative:chemical.monitoring of caps is difficult, in-part-because of

~ the need to-distinguish: between:vertical migration into:the;cap-and:the-mixingthat.ocours at:the E

* cap/sedimént interface during placement. In-some cases, physical measurement of cap integrity and water :
eolumn chemlcal measurement may be sufﬁclent for routme momtonng .
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Highlight 5-4 presents some general points to remefmber from this chapter. .

Source control generelly should be Implemented to prevent recentamlnatron

', . In-situ: caps generally reduoe risk through three pnmary functions; physical isolation, stabihzatron and
reductlon of cememlnent transport -

. Caps may be most suitable:where water depth Is-adequate, Slopes are moderate ground water | ﬂow :
gradients are fow or oontaminants:are not mobils, substrates are capable of. suppomng a cap, and an
~adequate source of cap materialls avallable ' :

’ * Evaluation of capping alternatives- and design of caps should consider buried mfrastructure, such as
water, sewer, electric- and phone lines, and fuel plpellnee .

. _ Alteratlon of substrete and: depth from capping should be evaluated for effects on equatlc blota )

. . Evaluation:of-a:capping- projeot In naturat- rlverlne environments; should Include consideration of a fluvl- -
events, end {ee spour

. Evaluatlon of capprng alternatives should Include consideration of cap dlsmptlon from human end natural’
sources, including:at a minlmum, the 100-year. ﬂood and other events such as seismic disturbances with

a slmllar probability of occurrence :

. Sélection of cap placement methods should minimize the resuspension of contamlnated sediment and
releases of dissolved contaminants from compacted sediment

. ‘Use of experienced contractors skilled in marine construction technigues is very lmportant to placement
-of an effective cap - .

- . Monltor In- situ caps durlng and after placement to evaluate Iong-ierm lntegrrty of the cap;, recolonlzaﬂon
by biota, and evidence of. reconiamrnatron - .

Malntenance: of‘rn-sltuv,oap,‘s_;l.s, expected p.e_rlddlpal_ly

516

system's inherent dynamics, especlally the effects of channel mlgretron flow variability including extreme it




Chapter 6 : Dredgmg and Excavatmn .
80 DREDGING AND EXCAVATION
: 5.1 iNTRODUCTION

Dredgmg and excavation are the two most common means of removmg contaminated sedlment
from a water body, either while it is submerged (dredging) or after water has been diverted or drained
(exca,vatxon) Both methods typically necessitate transporting the sediment to a location for treatment.

_ and/or disposal, They also fmquently include treatment of water from dewatered sediment prior fo
“discharge to-an-appropriate receiving water-body. Sediment is dredged by the U.S. Army Corps of

* - - Engineers (USACE) on a routine basis at numerous locations for the maintenance of navigation chamels.
_ 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.drédging” has evolved in recent years t6 characterize dredging: performed specifically for
. the removal of contaminated.sediment. Erivironmental dredgmg is intended to remove sediment © .
‘contaminated above:certain action levels while minimizing the spread of contaminants to the surroundmg '
environment; during dredging [National Research Counc1l (NRC 1997)] : .

~ -Some of the key components to be evaluated when consuiermg dredging or excavation asa
cleanup methodinclude sediment removal, transport, staging, treatment- (pretreatmen'r, treatmient of water
and sediment, if necessary), and disposal (hqulds and solids); Highlight 6-1 provides an sample flow -
diagram of thc possxble steps in a dredging or excavation altemative. The simplest dredging or .
. excavation projects may consist of as few as three of the components shown in Highlight 6-1, Mote - ‘
- complex projects may include most or all of these. components. . Efficient coordination of eacli component
typically is very important for a cost-effective cleanup. Project managets should recogmze in general
fewer sedlment ‘rehandling steps leads to lower implementation nsks and lower cost

Transport Pfeb’eilnienl

. Weler Efiuent-
* Treatmant end/or -
Disposal

of Reuse-
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Sediment removal by dredging or excavation has been the most frequent cleanup method used by
the Superfund program at sediment sites. Dredging or excavation has been selected as a cleanup method
for contaminated sediment at more than 100 Superfund sites (some as an'initial removal ac’aon) At
approximately fifteen to twenty percent of these sites, an in-situ cleanup method [i.e., capping or
monitored natural recovery (MNR)] was also selected for sediment at part of the site. - When dredging is
the selected remedy.and hazardous-substances left in place are above levels that allow for unilimited use -

-~ and unrestricted exposure, a five-year review pursuant to the Comprehensive Environmental Response,
Compensatlon and Llabﬂrty Act (CERCLA) §121(o) may be required (U. S EPA 20011)

_ Pro_lect managers.should also refer to the U.S. Environmental Protection Agency s (EPA s) .
Assessment and Remediation of Contaminated Sediments (ARCS) Program Remediation Guidance

S Document-(U.S. EPA 1994d), and Handbook: Remediation of Contaminated Sediments (US.EPA -

1991¢), the NRC’s Contaminated:Sediments in Ports and Waterways:.Cleanup Strategies and

- Technologies (NRC 1997), and-Operational Characteristics and Equipment Selection Factors for .
Environmental Dredging (Palermo et al, 2004) for detalled d1scuss1ons of the prooesses and tcchnologles '

" available- for dredgmg and excavation, , :

Although each of the three potential remedy approaches (MN R, in-situ capping, and removal)
should be considered at every site at which they might be appropriate, sediment removal by dredging or
excavation should recelve detailed cons1deratlon where the 51te conditions listed in nghhght 6-2 are
present. ' .

Su|tabte dlsposal site(s) Is avallable and nearby

. Suttable area is avallable for staging and handling of dredged material -

. Existing shoreltne -areas and lnfrastructure can accommodate dredglng or excavation needs
maneuverabllity and access not unduly impeded by plers, burled cables or other structures

| R Navlgatlonal dredglng Is scheduled or planned
L Water depth Is-adequate to accommodate dredge but not'sc great as to be Infeaslble or excavatton Inthe |
dry is feaslble = . )
' Long-term risk-r’eductlon of sedlment removal outweighs sediment disturbance and habiltat disruption
. .' Water diverslon Is practical, or current veloctty is low or can be mmlmlzed to reduce resuspenslon and

downstream transport during.dredging
. Contaminated sedlment overlles-.clean or much' c‘leaner aedlment (so thet over-dredgtng Is-feaslble)

o ASedlment contalns low incidence of debris (e.g,, logs, boulders, ecrap materlal) oris amenable to.
" effective.debris:removal. prior to dredglng or excavation

4+ . . High contaminant concentrations cover discrete areas of sediment

. Contaminants.are highly corretated wlth sediment graln slze (to facliitate eeparatlon and: mlnlmlze
- disposal:costs) - - ,
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6.2 POTENTIAL ADVANTAGES AND LIMITATIONS

A * One of the advantages of nemovmg conta:mnaxed sedJment from the aquatic environment often s
that, if it achieves cleanup levels for the site, it may result in the least uncertainty about long-term
" effectiveness of the cleanup, particularly regardmg future environmental exposure to contaminated

- sediment.. Removal-of contaminated sediment can'minimize the: uricertainty-associated withpredictions -
of sediment bed or m-sltu cap stabﬂny and the potent1a1 for future exposure and transport of
contarmnants

- Another potenual advantagc of removing contaminated sediment is the ﬁemblhty it may leave
“regarding future use of the water body. In-situ cleanup methods such as MNR and cappmg frequenﬂy
include institutional controls.(ICs) that limit water body uses. A]though remedies at sites with
" bioaccumulative contaminants usually require the development or continuation of fish consumpuon
advisories for a period. of time after removal, other types of ICs that would-be needed to protect a cap.or
layer of natural sedimentation might not be necessary if contanunaied sedlment is removed.

Anotlier advantage espec:ally where dredgmg residuals are ]ow, concerns the time to achleve

- remedial action objectives (RAOs). ‘Active cleanup methods such as sediment removal and, particularly,
- capping may reduce risk more quwkly and achieve RAOs faster than would be achieved by natural ,

. recovery, (However, in coimparing time frames between approaches it is important to include accurate

. estimates of the time for design and impleméntation of active approaches.)- Also, sediment removal is the

only cleanup method that can allow for treatment and/or beneficial reuse of dredged or excavated

. material, (However, caps thati incorporate treatment measures, sometimes called “active” caps, are ‘under

_ development by researchers. ‘See Chapter 3, Seetlon 313, In-Sltu Treatmcnt and Other Innovative
Alternatives.)

There are also some potent:al sedirnent removal ]1m1tat10ns that can be s1gn1ﬁcant
Irnplementanon of dredging:or excavation is usually more complex and.costly than MNR or in-situ . .
capping because of the. removal technologies themselves (especially in the case-of dredgmg) and-the need’
for transport; staging, treatment (where-applicable), and disposal of the. dredged sediment. ‘Treatment’

- technologies for contaminated sediment frequently offer implementation challenges because of limited
full-scale experience and-high cost. In some.parts of the country, disposal. -capacity may be limited in
existing municipal or hazardous waste landfills, and it may-be-difficult o locate new-local disposal
facilities, ‘Dredging or excavation may also be:more complex.and:costly than other approaches due to.
accommodation of equipment: maneuverability and portability/site access. Operations.and eﬁ‘eotweness
- may be affected by utilities and other infrastructures, surface and submerged structures (¢.g, piers,
bridges, docks, bulkheads or pilings), overhead restrictions; and narrow channel widths.

" Another: poss1ble ]umtaton of sediment’ removal igthe. Ievel ofs uncertamty assoclated with
estimating the:extent of residual contamination fol]owmg nemoval that-canbe: h:gh at:some.sites, For
. purposes:of this guidance, residual ‘contamination is:contamination: remaining:in'the:sedimentafter =~
dredging thhm or adjacént to the dredged .area. The mass and.contaminant.concentration. of residuals is
- generally a'tesult:of ‘many fectors including dredge:equipment, dredge: operator experience, proper
' unplementatlon of best management practices, sediment chatactenstlcs and site condmons

Residual- oontammatlon is:likely to be- grea,'rer in‘'the presence of cobbles boulders or buned debns,
‘ h1gh energy envxronments at.greater: water depths and where- more highly contamlnated sedlment hcs
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riear the bottom of the dredge thlckness or d1rectly overl]es bedrocl( ora hard bottom Resnduals may also )

be greater in very shallow waters and when dredging sediment with high water contents, These )
- complicating factors can make the sediment removal process difficult and costly. The continued
 bioaccumulation of residual contaminants can also affect the achievement of risk-based remediation

‘goals, Dredging residuals have been underestimated at some sites; even when obvious comphcaung

factors-are:not present. For some-sites, this has resulted “innot: meetmg selected- cleanup levels w1thout
~also backfilling with clean matenal o

Another potential l]mltatlon of dredglng effectlveness includes contaminant losses through

_ resuspen_slon and, generally to a lesser extent, through volatilization. Resuspension of sediment from
“dredging normally results in releases of both dissolved and particle-associated contaminants to the water
column, Resuspended particulate material may be redeposited at the 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
resuspensmn generally is much less of a concem during €xcavation, there may be increased concern with
releases-to:air.- Losses en foute to-and/or at the disposal ortreatment site: may include effluent or runoff
* discharges to surface water, leachate discharges to ground water, or volatile emissions to air. Each -
component.of a sediment removal alternative typlcally necessitates additional handling of the matenal
“and presents a poss1blllty of contammant loss, as well as other potential risks to workers and
communmes . . .

Finally, smula.r to'in~ 51tu capping, dredgmg or excavation mcludes at 1east atempmary
‘ destruc’mon of the aquatic commumty and habitat within the remediation area. -

Where it is feasible, excavatl_on oﬁen has advantages over dredgmg-for the followih_g reasons:

L Excavation equipment operators and oversight pérsonnel can much more easily see the
removal operation; Although in some cases diver-assisted hydraulic dredging or video-
monitored dredging can be used, wrb1d1ty, safety and other technological constraints
typically result in dredgmg bemg performed without v1sual assistance;

o Removal of contammated sedlment is usua]ly more complete (1 e. Ies1dual contamma’uon
tends to be lower when sediment is removed after the ateais dewatered),

. Far fower waterbome contaminants are released when the excavation area has been ‘
© dewatered; and » : '

» . Bottom conditions (e. g debns) and sednnent chamotensﬁcs (e.g., grain size and spemﬁc
- gravity). typlcally requme much less consxderatlon : . .

However site. preparatlon for excavation.can be more lengl\:hy and. costly than for.a dredgmg .
~ - project due to'the need for dewatering or water diversion. For example, coffer dams, sheet pile walls, or - -
~ other.diversions/exclusion structures would need to be: fabncated 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 material outside of the area. In addition,
excavation is.generally llmlted to relatlvely shallow-areas. L
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" 6.3 SITE CONDITIONS

6.2 Physical Envlronm?ent“

- Several aspects of the physical énvironment may make sedunent removal more or less difficult to

1mp1ement In-the remedial investigation, the following types of information should-be collected; as rhey -

can affect the type of equrpment selected and poten’ually the feasibility of sedrmcnt removal

. Bathymetry, slope of the sedrment mlrface and water depth

e Currents and tldes
_" - Bottom condmons especxally the presence of debns and large rocks both on top of and
S 'wnthm the- sedunent bed; :

. i ¢ Depth to and (un)evenness of bed.rock or hard bottom (eg., stlff glamal tlll),

e ' Sedtment pamcle size drstnbutlon, degree of consohdatlon, and shear strength
* ' 'Iluckness and vertlcal delmeatlon of contammated seduneut A A
¢ Dlstance between dredgmg and dxsposal locatlons
e ,- The presenee and mamtenance condmon of structures such as piers, pilings, cables, or
pipes; and : .
e Land access to water body

o Addltlonally, sedxment removal may change the hydrodynamlcs and slope stablhty of the -
remediation.area; These changes should.be evaluated to ensure that the removal-activity does nof cause
51g1uﬁcant bank or structural mstabxlrty, shorelme faerhty damages, or other unacceptable adverse effects
inor near the removal operatron _

. Data on both' the horizontal: a.nd verueal charactenzatlon ofthe physwal and.chemical sediment -
 characteristios are generally needed duiring the remedial investigation to evaluate the-feasibility, cost, and
potential efféctiveness of dredging or excavation. The results of this characterization should help
determine the area, depth, and volume to be removed, and the volume of sediment requiring treatment -
~ and/or.disposal. Some: aspects of. sed.rment charactenzatlon are dxscussed in: Chapter 2, Sectron 2.1, Site
Charaetenzamon .

o The project manager should refer to Evaluation of. Dredged Material Propased for Dispasal at-
“Island Nearishore or Upland Corifined. Disposal Facilities - Testing Manual. (USACE2003).and
Evaluation.of DredgedMarerial Proposed:for Discharge in-Waters of the U.S. - Inland Testing Manual
(U.S. EPA and USACE 1998) for further information. In:addition, several:guidance documents on -
estimating.contaminant losses-from dredging.and disposal:have been: developed:by-the EPA.and USACE.
Forexample; the-project manager should:refor to Estimating Contaminant.Losses from Companents of
Remediaﬂon Alrernadves for Contaminated Sediments (U S.EPA 1996e).
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6.3.2 _Watequy Uses and Infrastructures

. Any evaluation of the feasibility of a dredging or éxcavation remedy should consider impacts to-
- existing and reasonably anticipated future uses of a waterway. Waterway uses that may need to be
considered when evaluatmg a sediment removal alternative include the followmg

o _‘ Nav:ganon (e 8 commercnal rmhtary, recreatlonal),
e ‘ Remdentlallcommercla]/mlhtaxy moorage and anchorage,
el Flood control
R | Recreatlon,
. Fishiﬂg (Cr- % subsisténcc, vcomm‘ercia;,l‘, recreational);
.« _Wate.r éupply,‘sﬁéh-és'brescﬁqe.of fixitél‘c.es;' : |
. ' . Storm water or effluent dischargé outfalls;‘
S by fish and wildlife eépeciaﬁy sensitive or hnpoﬁént baqu’aiiq habitats;.
-.. | Waterfront dsvelopment )
e Utlhty crossings; and
. Existing dredge disposal sites.

Evaluatlon of the feasnblhty of a sediment removal remedy should mclude an analysxs of whether

'-unpacts to these potentlal uses may be-avoided or mmm‘uzed both during construction and in the lonig

- term,

6.3.3 Habltat Alteratlon

" The:project manager should cons1der the impact of . habxtax loss or alteration in evaluatmg a
dredging or-excavation alternative, 'As is also- disoussed in Chapter 5, In-Situ. Capping, while-a project.
'may be designed to minimize habitat loss, or even enliance habitat, sediment removal and dlsposal do
- alter the:environment. It is importantto- determme whether the loss of & contaminated:habitat is.a greater -
* impact thanithe-benefit of providing a:new; modified.but less contaminated habitat. For:example, a
sediment removal-altemative may or may not-be: appropnate where extensive darmage to-an: existing -
~ forested:wetland-will-oceur, If the contaminated:sediment in the-wetland is:bioavailable and:may be

g nnpacung::wﬂdlee populanons the short:term disruption of the habitat may be:warranted to limit ongoing
long-term impacts:to wildlife. . Comparatively, if the wetland is-functioning: properly and is notacting-asa = -
contaminant:source.to the biota and the surrounding.area, it may be appropriaie to leavethe wetland- intact -

_ rather.than remove the contaminated sediment, Deliberations to.alter wetland:and: aquatic-habitats should ‘

’ be consmlered in- the remedlal decision-process. - Appropriate coordination with natural- Tesource:agencies
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:wnll typically ass1st the prOJect manager in determmmg the extent of i lmpaots that a’ dredgmg project may
have on aquatxc organisms or their habitat, and how to minimize these Jmpacts

, Another-consideration is av01dance of short-term ecologlcal unpacts dunng dredgmg Thls may
involve- tlmmg the project to avoid water quality nnpacts durmg migration and breeding periods of )

- sensitive species or.designing the dredging project to minimize suspended sediment durmg dredgmg and
dlsposal : .

6.4 EXCAVATION TECHNOLOGIES

-Bxcavation of contaminated sedlment genera]ly involves isolating the contammated sedlment
from the overlying water body by pumping or dlvertmg water from the area, and managing any -
contmumg inflow followed by sediment excavation usmg conventional dry land equipment, However,
" excavation may be possible-without water. diversion-in‘somé areas- ‘siich as wetlands ‘during dry seasonsor " .
while the sediment and water are frozen durmg the winter. 'I‘yplcally, excavatlon is performed in streams,
shallow rivers and ponds or near shore arcas.

,) Prnor to pumping out the water, the .area can be 1solated using one or more of the foﬂowmg
technologles , .

. Sheét piling;
. Earthen dams;

. Cofferdams;

. S Geotubes inflatable dams

o Reroutmg the water body using temporary dams or pipes; or
< Permanent relocatlon of the water body. . .

v Sediment isolation using sheet piling.commonly involves driving interlocking metal plates (i.c.,
sheet piles) into the subsurface, and thereby. either blocking off:designated areas or splifting.a.stream
“down the center. Highlight 63 shows an example of where this- technology has been used. " If a stream is
split down its center, then one side-of the stream may be excavated inthe.dry, after pumpmg out the
trapped watér., When the excavation of the first side of the stream is completed, watér may be diverted
back to the excavated side and sediment on the-other side. may be:excavated. Sheet piling:may not be
feasible where bedrock or hard strata are present.at or-near the bottom surface. Where:sheet:piling.is used -
to isolate a dredgmg or excavation action, project managers should consider: potential hydraulic-impacts
of the-diverted flow, Such:diversion:in-most cases-will-increase:natural flow. veloolty, which.may scour
sediment outside the diversion wall, If the:sediment is also.contaminated, ds is likely to be the case, the
increased dispersion of the sediment should be-considered in design.choices. Temporarily rerouting a
. waterbody with dams is sotnetimes:doné for:small streams or ponds (Highlight 6-4). - This includes the
-use of temporary dams to divert the water flow allowing excavation of now “dry” contaminated:sediment.
The-ability.and costito provide hydraulic isolation.of the:contaminated:area: dunng remedlatxon is:a:major
* factorin selecung the appropnate retmoval technology.
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Oncg isolated, standing water within the excavation area will need to be removed, Although
surface water flows are eliminated, ground water may infiltrate the confined area, The ground water can
be collected in'sumps or dewatering wells. Afiér 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 veisus dry removal techniques. ’

Source: Plna River/Velsicol, EPA Reglon 5.

Isolation and dewatering of the- area is normally followed by excavation using conventional
earthmoving equipment such as a backhoe or dragline. Where sedimerit is soft, support of the 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 accounted for in design, When the excavation activities are complet, temporary dam(s) or
sheet piling(s) are removed, and the water body is restored to its original hydraulic condition.

Another less commen type of excavation project involves permanent relacation of a, water body
(also shown in Highlight 6-4). This, for example, was accomplished at the Triana/Tennessee River
Superfund Sitc in Alabama and ig being implemented at the Moss-Americah Superfund sitc in Wisconsin,
The initial phases of such a project may be.similar to excavatioh projects that temporarily reroute a water
body. However, in a permanent stream relocation project, 2 replacement stream normally is constructed
and then the original water body is excavated or capped and gonverted into an upland area. To the extent
the original water body is covered over, direct exposure to residual contamination is generally eliminated.
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A: Permanent River Relocation — Triana/Tennessee River Site

The Triana/Tennessee River site consists of an 11-mile stretch of two tribufaries, the Huntsville. Spring Branch
(HSB) and Indian Creek, which both emply info the Tennessee River. Remedial actions involved rerouting of the
channel in Huntsville Spring Branch (HSB mile 5.4 to 4.0), the filling and burial in place of the total DDT (dichloro
diphenyi trichloreethane and its metabolites) in the old channel, the construction of diversion structures. at the
upper and lower end of the stream to prevent stream reversion to the former stream chanriel, end the diversion of
storm water runoff t prevent flow acrass the filled channel. Remedial actions for HSB mile 4.0 to 2.4 consiéted of
constructing fodr diversion structures; excavating a new channel hstween HSB mile 3.4 and 2.4; filling three areas;
constructing a diversion ditch around the fill areas; and excavating portions of the sediment frem the channel,

These remedial actions effectively Isolated in place 93% of the tatal DDT In the Huntsville Bpring Branoh-Indian
Cresk system of the Tennessee River. These remedial aotions began on April 1, 1986, and ware completed on
Octeber 16, 1987. Through March 1, 2001, the remedial actiens have bsen inspected yearly by a federal and
state Review Panel, The remedial action has not required any repair of the structures to maintain thelr Integrity,
and monltoring fias shown that total DDT concantrations ih fish and water continue to decling. .

B: Temporary ReRouting of a River - Bryant Mill Pond Project at the Allied Papet, Inc./Portage
Creek/Kalamazoo River Site

In EPA Reglon 6, an EPA-conducted
removal and onslte containment
action remaved polychlorinated
biphényls (PCBs)-contaminated
sediment frofn the Bryant Mill Pond
area of Portage Creek. During the
removal action, that was conducted
from June 1998 - May 19899, Portage
Creek was temporarily diverted from
its normal streambed so that 150,000
'yds® of the creek bed and floodplain
soils could be excavated using
conventional excavation equipment.
PCB ooncentrations remaining after
the removal agction were below 1 ppm.

Source: U.S. EPA Reglon 5

Excavation may also include excavation of sediment in areas that experience occasional dry
conditions, such as intermittent streains and wetlands, These types of projects genétally are logistically
similar to ypland construction projects and frequently use conventional earthmoving equipment.

6.5 DREDGING TECHNOLOGIES

For purposes of this guidance the term “dredging™ means the rémoval of sediment fror an
underwater environment, typically using floating excavators called dredges. Dredging involves
mechanically grabbing, raking, cutting, or hydraulically scouring the bottom of a waterway to dislodge
the sediment, Once dislodged, the sediment may be removed from a waterway either mechanically with.
buckets or hydraulically by pumping. Therefore, dredges may be. categorized as either mechanical or
hydraulic depending ori the basic means of removing the dredged material. Some di¢dges employ

6-9
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pneumatic (compressed 3.1[‘) systems 1o pump the sedunent out of the waterway (US. EPA l994d),
however, these have not gained general acceptance on envlronmental dredgmg prOJects

6 5. 1 Mechanlcal Dredglng

The fundamental dlfference between mechamcal and hydraulic dredgmg equlpment is how the )
“sediment i is removed, Mechanical dredges offer the advantage of removing the sediment at nearly the -
same solids content and therefore, volume as the in-sity material, Little additional water is entrained
with the sediment as it is removed. Thus, the volumes of contaminated material and process water to be
-disposed, managed, and/or treated are mmlmlzed However, the water that is present in the bucket above
. the sediment must either be collected, managed, and treated, orbe penmtted to leak out, which generally
~ leads to higher contaminant losses during dredging, o

. The mechamcal dredges most comm°nly used inthe U. S -for envrronmental dredgmg are the '
following (Palermo et al. 2004); o .

e - Clamshell: ere supported convent:onal open clam bucket circular shaped cuttmg
© action; , ‘
.. Enclosed bucket Wire sdpported near Waierhght or sealed bucket as compared to

conventional open clam bucket (recent designs also incorporate a level cut capability as-
compared to a circular-shaped cut for conventional buckets, for example, the Cable Am
- and Boskahs Horizontal Closmg Env1ronmental Grab); and .

. Articulated mechamcaz, Backhoe demgns clam-type enclosed buckets hydraullc closmg
- . mechanisms, all supported by articulated fixed-arm (e.g., Ham Visor Grab, Bean -
Honzontal Profiling Grab (HPG), Toa. H.lgh Dens1ty Transport, and the Dry Dredge)

The mechamcal dredge types listed above reﬂect equrpment used for envrronmental dredglng and

* generally are readily available in the U.S. The enclosed-bucket dredges were designed to-address a .
number of issues often-raised relative to remedial dredging including contaminant removal efficiency and .
minimizing sediment; resuspensron However, newly redesigned. dredgmg equipment may not be cost-
effective or preferred at-every site. For example, in- some environments, an enclosed bucket may be most
‘useful for soft sediment but may not close-efficiently on.debris. A conventional clamshell dredge may -
have greater leverage and be-able to close-on or cut debris in some cases; however, material mounded
over the top may be resuspended. An articulated mechanical dredge may have advantage in stiffer
sediment since the fixed-arm arrangement can push the bucket into the sediment to the desired cut-level, .
and-notrely on the weight of the bucket for penetratlon I-hghllght 6 5 shows two examples of
mechamcal dredges . ‘ _ . o

68, 2 Hydreullc Dredglng

C Hydrau.hc dredges remove and transport sedlment in the form of a slurry through the inclusion or .
- addition of high volumes of water at somé point in ‘the removal process (Zappi and Hayes 1991). The

total volume of material processed may be: ;greatly increased and-the solids.content of the slurry may be
' considerably less than that of the in-situ sediment although:solids:content varies bétween dredges (U.S,
EPA 1994d) The excess water is usually discharged as-effluent- at1he treatment or dxspesal srte and often
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Note: A = Cable Arm Corp. dredge (Source: ‘Cable Atm, Corp.).
B =Bean Company Horlzontal Profiling Grab (HPG) dredge, -New Bedford Hatber Site (Source: Barbara Bergen, U.S. EPA)

needs treatment prior to discharge. Hydraulic dredges may be equipped with rotating blades, augers, or
high-pressurc water jots to loosen the sedimont (U.S. EPA 1995b). The hydraulic dredges most
commonly used in the U.S. for environmentsl dredging are the folléwing (Palermo et al, 2004):

. Cutterhead: Conventional hydraulic pipeline dredge, with conventional cutterhead;

o Horizontal auger: Hydraulic pipeline dredge with horizontal auger dredgehead (e.&.,
Mudcat);

. Plain suction: Hydraulic pipeline dredge using dredgehead design with no cutting action,

plain suction (e.g., cutterhedd dredge with no cutter basket mounted, Matchbox
dredgehead, articulated Slope Cleaner, Scoop-Dredge BRABO, etc.);

6-11
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e . Pneyma li A1r opera.ted submersible pump, plpelme transport, either wire supported or
: fixed-arm supported (e.g., Japanese Qozer, Itahan Pneuma, Dutch “d,” Japanese
. Refresher etc.); A .

. Specialty dredgeheads. Oiher hydraulic pipelmé dredéeiwith speeialty dredgeheads or
" pumping systems.(e.g., Boskalis Environmental Disc Cutter, Slope Cleaner, Clcan
Sweep, Water Refresher Clean Up, Swan 21 Systems, etc, ), and .

.": Dlver assisted: Hand-held hydrauhc suction w1th pipeline m'anspozt .

Some of the hydraullc dredges mcluded above have been speclﬁcally dcveloped 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 wnth many of
these modlﬁcatlons nghhght 6-6. presents examples of hydrauhc d.redges i

653 Dredge Equ/pment Select/on o o -

_ The selection of appropnate dredgmg equipment is genera]]y essential for an effective :
_ envirenmental dredging operation, The operauonal characteristics of the three types of mechanical and
‘six types of hydraulic dredges presented in the guldance sections above are listed in nghhghts 6-7a and
6-7b. This information was reviewed by an expert panel and attendees at a special session on :
 environment dredging at the Meeting of the Western Dredging Association (WEDA XXI) and the 337
. Annual Téxas A&M Dredging Seminar in Houston, Texas. ‘The operational. characteristics and identified
selection factors presented in Highlights 6-7a and 6-7b have been drawn from information compiled for
this guidance.as well as earlier published reviews of dredge characteristics. Quantltatwc operational
~characteristies (both capabilities and limitations) are summarized for conditions likely to be encountered
for many envirenmental dredging projects. ' The numbers are not representative of-all dredge designs and
sizes availible, but represent those most commonly used for environmental dredging. Qualitative
selection factors for each dredge type are présented based on the best professional judgment of the panel
-and/ortheir interpretation of readily available data. Site-specifictesults and supporting references are -
-available.in Operational Characrerlsrics and Equipment Selecﬂon Factors for Environmental Dredg?ng
) (Palermo et.al, 2004),

The mformatxon in HJghhghts 6- 7a and 6-7b is intended to help pmject managers make mmal )
screening assessments of general dredge capabilities and identify equipment types for further evaluation
at the feasibility study stage or for pilot field testing, Note that whenever an equipment type receives a
fating of “high,” it means that a particular dredge type should perform better for that selection factor, It is
~ not-intended-as-a guide for final:equipment selection for remedy implementation, There are-miany site-

specific.circumstances that dictate which. equipment type is:most.appropriate-for.any given situation, and
-each type.can:be-applied in different ways to-adapt to site conditions. Project managers should use their
own-experienice-and;judgment in: usmg this information, and:may find: it useful:to-consider other sources - -
- of information: for:purposes-of comparison. In.addition; because new equipment is.being continuously
developcd and-tested, project managers will need to consult with: experts who-are.familiar withithe latest
in-equipment-echnologies, Experience has shown that an effective environmental: dredging operation
 also:depends-on the-use.of highly. skilled dredge operators familiar with the goals of environmental
remedlatlon in:addition to close momtormg and management of the dredgmg operatlon
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5 P sy
e

Note: A= Fox River, Wi; horlzontal auger hydreulio dredge deployment (Source: Jimi Hahnenberg U,S, EPAY
B = Manistique, Ml; closeup. of twin-vortex pump, hydraullc dretige tutterhead (Source; Emie Watkins U.S, ERA)
€ = Clospup ol -swinging ladder hydraullc dredge cutterhead (Sourcs; Eflicott Corporation) :
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- Chaptér 6:-Dredging and Excavation

This table provldes some of the. currenuy avallable general |nformatlon that can help project managers Initially assess. .
dredge capabllities, and screen and select equipment types for evajuation:af the feasibllity study stage or for pllot field
testing, Thistable.ls NOT intended as a gulde for final equipment selection for remedy implementation, and regions may
find:H-useful.to-.consider.other sources.of Information for-purposes-of:comparlgon. Thefe.are.many.site-speciflc;.
sediment-speclfic, and project-specific circumstances that will indlcate which equipment s most appropriate for any given

| situation, and:each-equipment type can be-applled.in different waysto adaptto site and-sediment conditions. In addition,
because new.equipment Is being.continuously developed project managers should coneult with experis: who are. famlllar :

with the latest technologles. .

Equlpment types shown here are consldered the mostcommonly used forenvlronmenlal dredging in the U S, Other
dredge fypesare avallable. ‘Equipment used for environmental dredging s usually smaller in size than that commonly used
for navigation dredging. information presented here Ja-tallored for mechanioal bucket slzes.from 3 to 10 cublo yards (about
2 to:8:m°), and’ hydraullclpneumetlo pump slzes from 6 to 12 Inches: (ebout 1610 30 cm) Larger sizes are evallable for
many equipment types, . .

CIamshell - oonventlonal.olarﬁshelldredgea, wire:supported,.conventional.open olam buoket.

E'ndfosedraucketf- wire:supported; near-watertight or-éealed-buoket usually.incerpordﬂngva level cut capabliity. - -

>

Atloulated Mecharilcal - backhoe deslgns, olam -type enclosed buckets, ydmullc closing mechanisms, all supponed by
artioulated fixed-arm.

Cutterhead-~ oonventional hydraulio pipeline dredge, with conventional-cutierhead.

Horizontal. Auger hydraullc pipeline dredge ‘witty horizontal auger.dredgehead. -

. .Plain Suctlon hydraullc pipeline dredge using dredgehead deslgn with no cuﬂlng actlon,

ojlo |jvlo

quumatlo = air operated submersible pump, pipellne transport, elther wire supported or fixed-arm supporied,

' _sbéclélty'nredgeheeds : otfier hydraulic plpeline dredges with specalty dredgeheads or pumping systems

i

Dlver Asslsted - hand held hydraullc suction wlth plpellne transpon

12

Dry-Exoavation - oonventlonal exoavation equlpment operatlng wlthln dewatered contalnments such as sheet—plle

encloslres or-cofferdams,

VOPERATIGNAL CHARACTERISTICS quantltaﬂve entrles refiecting capabllltles and Ilmlmtlons ofdredge types and are
.alely:afunotion:of the:aquipment itself.

14

Production: Rate  In-situ volume of sediment-removed per unit ﬂme .Rates: shown are for produotlon cuts.as opposad to
“cleanup-passes’ and are for active: periods of operation under.average:conditlons, Rates for two:bucket or pump:sizes are':
showh-for-comparison, For-mechanical dredges;the rates.were-caloulated-assuming-80%:bucket il with-a-bucket cycls
time of 2 milnutes, - For hydraulic dredges, the:rates were: calculated assuming In:sltu-sediment 35%: solids by weight, 5%
sollds by:-welght:for slurry,-and-pump discharge veloclty-of 10-f/sec, The rate:shown for diver-assisted-assumes-a
maximusmpump:size.of 15:cm and roughly-50% efficlency of diver-effort-while working. Production rate for:dry-excavation
Is-would-be Jargely.dictated-by the tinie required to.isolate and: dewater-the-areas targeted for excavation, A variety of
factors'may Infiuence the-effective aperatlng time:per. day. week;-or season, and:should. be consldered In calculating times -
requiredfor-removal, . - - . .

18

Percent Sollds:by: Welght-- ratio of walght-of. dry solids: to tofal waight-of-the dredged material as. removed expressed:as-a
- percentage. Percent solids for mechanical:dredging Is.& functlon of the-In-situ-percent solids and:the eﬁectlve bucket fill
-(expressad:as-a:percentage-of-the:bucket:capactty:filled:by:In-situ-sediment as-opposed-o free- water), and:near-in-situ -
percant:solids ls:possible-for production.cuts. A-wideirange:of peroent:solids:for hydraullc dradges |s-reported, but. 5%

| sallds -can-be-expected for-most-environmental-dredging:profects,
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~ Chapter 6: Dredging and Excavation

| Vertical Operating Accuracy - the abliity to position the dredgehead at a desired depth-or elevatlon for the cut and maintaln
or repeat that vertical position during the dredging operation. Although positioning instrumentatlon ls accurate to within a
few cm, the design of the dredpe.and the-linkages batween the dredgehead and the positioning system will affect the

| accuracy-atiainable:In-pasitioning fhe:dredgehead,-A vertical- acsuracy-of cit .of-approximately-15-cm-(one=half: foot):ls
consldered atialnable for most:project condlions; Fixed arm equipment holds-some advantage over-wire-supported In
maintalning veriical operating accuracy, The accuraces-eichievable for sedimerit characterization-should-be consldered in
selting: perfermance standards:for environmental:dredging:operating- accurecy (both.vertical:and honzontal)

17

Horizontal. Opereﬂng Accureoy - the'abilty to-postion aridoperafe- the dredgehead ata des:red Iocatlon or wl(hln a deslred

| surface.area. Conslderations are-simllar-to those:for vertical. acouracy

18

- equipment:is:generally limited: ‘to.about:16 m: reeich; . Smallerhydrauiie:dredges:

‘Maximum.Dredging Depth - physloallimitation to feach:-below.a-glver:depth. Wire-supported:buckets. orpumps ©an be

deployed et substantlal depths, so tha maximum digging:depth generally:ls Imitad by stabliity-of the-excavation. .Reach of
fixed.amm supported:buckets-or hydraulle:drédges:isdinitted:by:the-length-of the:amm:or:ladder. - Conventional:backhog N

»usually-designed-for a maximum
dredgingidepth-of:about 16:m. . Hydraullo-dredges:usially-alao-have:a:limiting:depth-of-ramoval-of:ahout-50:ft due-to the
limitatlon of-atmospherio:pressure; but this limitation-can.often:be-overeome: by-addition.of a.submerged-pump-on the

- lndder.: Theitable.enttiea:should NQT-be.conbldered aa-hard: and fast:limits. Larger dredge sizes:and: deslgns are

avallable-for: deaper deplhs

19

Minimum- Dredglng Depth constraints:on-draft !Imltatlons of: some !\oa(lng dredges:or potemlal loss:0f:pump.prime for
hydraullo dredges: Suchlimitations can-be managed'If the-dretige - “digs:fts way:Into the:area " For-smaller.dredges, these - ;
limitationsitypleglly-are-at approxlmately the 1m:water depth ‘Pheumatio: dredges requlre a mlnlmum water: depth or about -

‘| 5:m foriefficlent: pump ‘operation, °

3 2

SELECTION FACTORS ~ gyalltative entries; reflecting the potentlal performanoe ofa given-dredge typs, and are a funotlon';
ofboth the:capabliity of.the equipment type and-the slte and/or sedimént conditions. Efitries defined as:follows:, :
" (High) ~Indicating the glven dredge type Is:generally suitable or favorable for-a.given Isstié-or ¢oncem,.
(Medlum) - Indicatingthe glven dredge type addresses:the Issue or concern, but It may not be preferred,.and
(Low) - Indlcating the glven dredge.type.may not be & suitable: selectlon for addrasslng this Issue -or conoarn,

21

Limilt Sediriient: ResuSpenston poient!al of-agven- dredge type in mln!mlzlng sodiment- resuspenslon. -Clamshell (Low) -

Clroular-shaped-cuttirig Zction, cratered bottom-subject-to:sloughing, open bucket design-subject to- washout and splllage,
soows:and:workboats working In shallow areas: -Enclosed:Buoket (High) - Seal-around the'lips:of therbuckef and.an

-enclosed-top-when-inthe:shut posltion; {evel cutdesign-minimizes:sloughing, ArticulatedMeohanica): (High) « Less "~
1. resyspension:as: compared: to-conventional-clamshell: dredges. Cuttarhead/Horzohtal-Auger (Medium)-« Converitional

outterhead:dredges:and-horizontal augers.resultin-less resuspension s compared:to-conventlonal.clamishell:dredges.

May:be-fitted:with-hoods or-shrouds fo: partially ‘control-resuspenslon. Plain Suction/Pneumatic:(High)~ No-mechanical

actlor to dislodge:the material, Specialty:(High) --Although.deslgns vary; all the-so-called spaclalty. dredges have features

spetifically:Intended:to-reduce.resuspsnslon, DiverAsslsted (High) - Precision of.diverasslsted:hydraulic.dredging, the

smaller:size:of the-dredgeheads used; and inherently slow: spead of operation: Dry Exoavatlon (High) - Complalely Isolates: ;

|- the.excavallon-process: from the: water column,:

22

~Control ‘ContaminantiRelease - the inherent: abIth to-control sadiment: resuapenslon and dissolyed-andolatlle releases for|

the:glven-equipment.typeé and-assoclated-operation;. Clamshell.(Low) - Can be:oparated-suoh that the:excavation and
water column:exposure of the: biicketIs within a:silt curtaln contalnment or enclosure; however; high-suspended;eollds
withinithe:silt:curtain‘may:be' releasad when the'ourtain-le moved. Enclosed BuckeVArticulated Mechanical- (Medium) = can
be operatad.such-that theexcavatlon-and:water-column:exposure-of the:bucket-ls within-a:slltcurtaln:enciosure with
relatively small-footprint. - Enclosed:-buckets:act:as a-control-and:greatly:reduce:-resuspenslon:withinthe-enclosuresand
potentlaliforiéleass. Cutterhead/Plaln:Suction/Horlzontal-Auget/Pneumatic/Specialty:Dredgeheads:(Medium) - Capable. of
transporting:the:materlal-directly-by.plpaline; minlmizingrexposure:to:the:water:calumn-and to-volatllization. : Can-be
oparated:within-enclosures; but the:footprint-of-suchi:enclosures.would:be:necessarlly:larger.than hat for:mechanical
dredges. - Diver-asslsted: (ngh) :scale-of-diver-agalsted:dredging:would:seldomirequire:contaminari:releass:controls, Dry .-
Excavatlon (High) ~-Dawaterlng of the:dredging area-effectivaly eliminates dissolved releases. -Sedimant surface.exposed

| to-the.atmosphere:has lower volatile:emission rates 88 oompared o the.same: surface pondéd: wlth elevatad suspended
-sedlmenl concantrations. : .
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Minlmlze Resldual Sedlment . efﬁclency of the dredge is In removing material without leaving a resldual, and potentlally
meeting a cleanup level: Clamshell (Low) - High potentlal to eave residual sediment because of the circular-shaped
cutting action-and the tendency to leave a.cratered bottom subject to sloughing, ‘Enclosed-Bucket/Articulated -

-‘Mechanical/Cutterhead/Horizontal Auger/Plain-Suction/Pneumatic/Specialty-Dredgeheads- (Medium) - All-dredges.with

active dredgeheads.and/or movement in contact with-the botiom sediment will leave some residual sediment. The control -
offered by the articulated -arm provides'an-advantage for removal of thin resldual |ayers, Diver Asslated (High) - Hand-held -
action-of-diver-assisted work has.a low.potentlal for-generating residual-sediment; Dry Excavatlon (High) - Any failback of
sediment excavated.under-dry-condltions ¢an-be-readily observed and managed.

24

Transport by. Plpellne compatiblilty of the dredge with- nubseqUent transport by. plpellne Clamshell/ Enolosed .

- Buoket/Artioulated Meohanical:(Medium) - All mechanioal dredges remove materlal at near In-situ denstty, and additional

reslurry and rehendling.equipment must.be.employed to allow. for pipeline tranapor. Cutterhead/Plain-Suction/Horizontal

‘Auger/Pneumatic/Specialty Dredgeheads/Diver Assisted {High) ~ All hydraulic and.pneumatio dredges are designed for -

pipeline-transport. Dry. Excavatlon (Medlum) Addltlonal resluiry and- rehandllng equlpment must: be employed 1o allow for
plpeline: transport ]

25.

~Tranaporty. Barge « oompatlblllty -of the. dredge ‘with-subsequent trenaporl by barge. Clamshell/Encloeed Buoket/Artloulated:-
- Mechanleal:(High) - Material:excavated:with-mechanieal-dredges-1a close:to:in:sltu:denslty:and-may:be-directly-placed In

barges for transport: Outferhiead/Plain Suetion/Horizontal Auger/Pneumatic/Speclalty Dredgehaads/Diver Aselsted

‘(Medlum)-~-Barge:fransport.of: hydraulically dredged-material Is-inefficlent. Atthough-pneumatio and:some-speclaty

dredges:are-capable:of removing soft-sediment at:high waler content, Intermittent-operation for change-out of barges will
slgnificaritly reduce efficianoy. Dry: Excavatlon (ngh) - Materlaf excavated In the dry may be plaoed direcl(y In-barges using :

.conveyers.or.front-end. loaders. -

| 26

Positlonlng. Contro!:In Currente/Mind/Tides - ablmy of the dredge fo hold'a desired. position of the dredgehead horizontally-
with current; wind, or verlically-with-fluctuating tides, -Clamshell/Enclosed Buoket/Articulated Mechanical (High) - Operate -
with-spuds or jack-up plles and are Inherently.stable-against. movemsnt by normal-winds-and currents. Cufterhéad/Pilain

| 8uotion/Specialty. Dredgetieads-(High) - Equipped with spuds and use “walking:spud"” method of operation inherently stable

agalnst movement by normal winds-and current. Horizontal Auger (Medium).- Free fioating and-operate using an anchor
afid-cable. system, subject to movement with fonger anchor sets, Pneumatlc (HIgh) - Operate from spudded barges or
platforms and are.inherently.stable against movement by normal winds‘and currents, Diver-Assisted (Medium) - Abliity of
divers to maintain a desired posltlon wl(l be‘hampered by currents, Dry Excavatlon (High) - Not affected by wind, and
currents. -

27

: Maneuverabl!tty abll!ty oflhe dredge to: oparate effectively in closs proximity or around utilities and othar Infrastructure,

narrow.channel widths; surface:and-submerged obstructions,'and overnead restilotlons, ClamshellEnclosed .
Buoket/Articulated-Meohanical.(Highy - Buckets:are wire supported or fixed-arm‘articulated-and may.be:operated cloee In to-

. Infrastructure:and-within tightly: restricted-arezs, Cutlerhead/Plain Suction/Horlzontal Auger/Pneumatic/Specialty

Dredgelieads:{Low) - Swihging:action:of the.walking-spud method of.operation for hydraullo-pipeline:dredges-and.the need
for-long:anchor-and-cable setup:for hiorizontal.auger dredges:(Imis thelr-ability to ‘operate near infrastructure-or within .
tightly:restricted:areas, Diver:Aeslsted (High) - Can:-be:conduoted-closeto infraetructure and within tightly restricted areas,”
Dry:Excavatlon (Migh) ~ Contalnments for dry-excavation' can be dsslgned for areas near lnlrastructure and tlghﬂy res(rlctad'»
areas:may:be: oompletely confained, - - . .

28

Portabllity/Access - abluty of the:dredge:to:pass:under bridges, through: namow channels; or to be transported by truck and
eaelly launohedto the:site. ‘Clamehell/Enclosed Bucket/Articulated-Mechanical/Cutterhead/Plaln suction/Horizontal

. | Auger/Pheumatic/Diver-Assisted/Dry-Excavation (High) - Dredge types considered here are the:smaller size and are
.gsneralrytrud(tmnsporlab!e. Spsclahy Dredgeheads (Medium) - Some. spsclaﬂy dredga deslgna are-too large for trick

traneport

28

Avalla blllty this factorrefers:fo-the: potenﬂal avallablitty-ot-dredges:types to contractors and theis potentlal physlcal

‘presence.of the;equipment:in:the U.S. Clamsheli{Enclosed:Bucket/Articulated: Mechanical/Cutterhead/Plaln .

Stction/Horizontal Auger/Prieumatic/Diver-Ass|sted/Dry-Excavation (High) - Most-dredge.types aré:readlly.available.
Speclalty:Dredgsheads:(Mediium) - Soma specialty dredges are-avallable. through only one comractor ormay ba subject to. | B
rssirlctlons under-ths Jonas -Adt, .
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30 | Debris/Loose Rock/Vegetation - susceptiblliity of a glven dredge type fo-clogging by debris and subsequent loss of.

- | operational effiolency. Clamshell/Enciosed Bucket/Articulated Mechanical (Righ) - Mechanical dredges can effectively
remove sediment contalning debris; aithough leakage may resuft; Mechanical equipment is the only approach for -

| debris-removal-passes. CGutterhead/Plain Suctlon/Horlzoral Augel/ Pneumatic/-Specialty- Dredgeheads (Low) - Subject to. -
clogging by debris and are Incapable of removing larger pleces of loose rock and-larger debris: . Loose rock and-large -
debrls can also cause Inefficlent sediment removal. Diver Asslsted (Low) - Presence of logs and large debris may present

‘| dangerous conditions for diver-assisted.dredging. ‘Although divers can.remove sadiment from around large debris or

rocks, this type of.operation would be Inefiiclent, Ory Excavation.(High) - Dry excavation aifows use of conventional .
exeavallon equipment, Leakage from buckets caused by debris is not a conslderation for dry excavntlon.

31 Hardpan/Rock Bottom - ability of a dredge type 1o remove a sedlment layer ovenylng hardpan or rock bottom’ effoiently
without leaving excesslve resldual sediment, Clamsheil/Enclosed Bucket/Articulated Mechanicai/Cutterhead/Horizontal -
Auger (Low) - Closing-action of buckete-and cutting action of dredgeheads result.in problems maintalnirig a deslred verticai .
outting position and would tend to leave behind excessive residual sediment, Powerassoolated with-articulated - ’
meohanical has advantage in removing hard'materials. Plaln Suction/.Pneumatic/ Speolalty Dredges:(Medium) - Lack an -
| aoctive olosing or cutting aotion and can operate over-an uneven hard-surface, although ramoval-efficlenoy may be-low.
"| Dlver Assisted (High) - May be the-most-effective-approach for precise cleanup of.a hard-face; since the-divers:canfeelthe -
surface and:adjust the.exoavation acoardingly. Dry Exoavation (High) = Allows the visual Iocatlon of pockets of residual .
femaining on an uneven hard surface: .

32 | Flexibliity for Varylng Conditions - nex!blmy ofa glven dredge 1ype In"adapting to.differing. conditions, such as sediment . -
stiffness, varlable cut thicknesses, and the overall ablilty totake thick cuts, ClamshelVEnclosed Bucket (High)-- Buokets .
are capable of taking thin cuts or thicker cuts In proportion to the buoket size, and bioket sizes oanbe-easlly switched,

" Articulated Mechanlcal (Medium) - Abllity to change bucket sizes for artlculated mechanloal Is imited. -Cufterhead (High) -
Capable of taking varlable cut thicknesses. by varying the burial depth of the outter. Different cutterhead sizes or designs

"cain be used to adapt to changing cut thicknesses or sediment stifineas. Horizontal Auger (Medium) - Deslgned for a set

:{ maximum cut thickness, and attempts-to remove thick cuts may resulf Inplowing actions with excessive resuspension and- s
Tesidual. Plain 3uctlon/ Pneumatlo (Low) - No cutting aotion limits ablity to take thicker cuts or remove stiffer materials. E B
Specialty Dredgeheads (Low) - Speolalty dredges are designed for a specific applioation and have limited flexibllity. Diver

Asslsted (Low) - Removal Is Hmlted fo thin cuts, Dry Excavatlon (High) - Allows use of a full range of conventlonal
excavation equipment. . .

33 | ThinLIfResldual Removal - ability of a gtven dredge type to removal thin Iayers of oontamlnated material without
. exoessive-over dredging.. Clamshell (Low) - Circular shaped-out not sulted for efficlent removat-of thin layers.. Enclosed -
-| Buoket/Arlloulated Mechanlcal (Medium) - Level.cutting action Is capable of removing thin layers, but the-buckets would be. .
only partlally filled, resulting In Inefficient production and-higher handiing and.treatment costs. Cutterhead/Horlzontal Auger -
{Medium) - Capable of removing.thin layers, but the percent sollds ts:reduced under these conditions, Plain . :
Suction/Pneumatlo (High) - Well-sulted for removal ofthin (Ifts, especlally-loose material such as-residual-sediment, .
Spaclalty Dredgehesads (High) - Some speclalty dredges-are-deslgned specifically for removal of thin-lifis.- Diver Asslsted
(High) - Precislon of diver-assisted dredging-is well sulted for removal of thin layers, especially reslduals, Dry. Excavatlon
(High) - Allows-for & preolse contro! of olit thiokness, amenable to.removal of thin layers,

Source; Palermio et al, 2004

664 Dredgé Positioning

. An 1mportant element of sechment remedlatlon is the precxslon of the dredge cut, both

horizontally and verucally Technological developments in surveying (vessel) and positioning -

* (dredgehead) instruments have nnproved the dredging process. Vertical control may be particularly

- important when contamination ocours in a relatively thin or uneven layer to avoid an unnecessm‘y amount
of over-dredging and excess handling of uncontaniinated sediment. 'Video cameras are sometimes useful
in monitoring dredging operations, although turbidity effscts and lack of spatial references may present
limitations on their use. The working depth of the dredgehead may be measured using acoustic .

Jinstrumentation and by monitoring dredged slurry densities. In addition, surveying sofiware may be used
- '-to generate pre- and. post-dredgmg bathymetric charts, detc:mme the volume of drcdged sedlment, Tocate
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obstacles a.nd calculate lmear dunensrons of surface areas (see e. g St. Lawrence Centre 1993). Also
- available are digital positioning systems that enable dredge operatoxs to follow a complex sediment
contour (see, €.g., Van Oostrum 1992) ‘ s .

Dependmg on site condmons (e g., currents, wmds trdes), the honzontal posmon of the dredge
may need to be continuously monitored. dunng dredgmg Satelhte— or transmitter-based- posrtlomng
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 very precise
control, it is possrble to use optical (laser). surveymg instruments set up at one or more locations on shore.
These techmques in conjunction with on-vessel instruments and spuds (if water depths are less than
about 50 f) and anchoring systems may enable the dredge operator to more accurately target specr.ﬁc

_ sediment deposits. The effectlveness of anchonng systems dlmlmshes as water depth i increases.

‘The positioning technology described above enhances the accuracy of dredgmg The aécuracies -
achievable for sediment characterization should be considered in setting performance standards for
environmental dredging vertical and horizontal operating accuracy. (Palermo et al. 2004), "However,
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 net be the only factor affecting the accuracy of the dredging operation. Site conditions
(e.g., weather, currents), sediment conditions (e.g., bathymetry, physical characteristics), and the skill of
the-dredge operator are all important factors, In addition, the distribution of sediment contaminants may
be only defined at a crude level and there could be a substantial margin for error. Accurately dredging to
pre-established cut-lines is an iniportant corponent 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 for that purpose. The section below descnbes the equally 1mportant
factors of controllmg dredging losses and re51dual contammatron '

‘6 5.5 Predicﬂng and Mmlmlzmg Sediment: Resuspens:on and Contammant Reiease and
Transport: Durlng Dredglng

Sediment resuspensnon and the resultmg unwanted contaminant release and transport in the water
body arise due to-a variety of activities associated with'a dredging remedy. These frequently include-
resuspension caused by. operation of the dredgeliead; by operation of work boats.and:tug boats, and by
deployment and movement of control measures.such as silt screens or sheet piles, . Contamrnated ‘
sediment may also be lost from barges used during the dredging operation. In environments with ‘
-significant water movement due to tides or currents, resuspended sediment may be transported away from.
adredgmg site; therefore, limiting resuspension or increasing containment (so-that resuspended sedrment
is later: redepos1ted and dmdged) can be:an-important: consideration in-remedy selectron and-désign.

. - Storm events may also result in transport of contaminants: beyond the dredging area. Use of containment
* barriers to limit transport of resuspended contammaxed sedrment is. dlscussed in- Sectlon 6.5.6 ofthrs
chapter .

When evaluatlng resuspensron due to dredgmg, it generally is unportantto compare the degree of
resuspension to the natural sediment resuspension that would continue.to occur if the contaminated
sediment was not-dredged, and the-length.oftime over which increased-dredging-related:suspension
would occur. Typically, two types of contaminant release are-associated with resuspended sediment;
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particulate and dissolved. Particulate release refers to the transport of contaminants associated with the
particle phase. (.., sorbed to suspended sediment); Dissolved refers to the release of dissolved
" contaminants from 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 easily transported away

" from the site.. Consequently, resuspension can result in the release of bioavailable organic and inorganic
‘contaminants into the water column, which-may- cause-toxicity or-enhanced-bioaceumulation:. Researchis .
" 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: dredgmg and to evaluate its.potential effects on
* water quallty Project managers should be aware that most engineering measures implemented to reduce
resuspension also reduce dredging efficiency. Estrmates of produouon rates, cost, and prOJect timé frame
should take- these measures into account. . . .

_ Some contammant release and transport during dredgmg is 1nev1table and should be factored into

- _the altematives evaluation and planned for i the remedy design, Releases.can be minimized by choice of
dredging equipment, dredging less.area, and/or using certain opetational procedures (e.g., slowing the
dredge clamshell descent just before. nnpaet with the sediment bed). Generally, the project manager

~ should assess.all causes of resuspension and realistically pred:ct likely contaminant releases.during a

- dredging operation, The magrutude of sediment resuspension and resulting transport -of contaminants

dunng a dredgmg operatron 1s mﬂueneed by maty factors, including:

. » Physrcal propeities of the sediment [e.g., gram size dlstnbu'aon orgamc carbon content,
' .Acrd Volatlle Sulfides (AVS) coneentratlon] : : r

e Verl:rcal dlstnbuuon of contammants m the sediment;
° Water velocrty and degree of turbulence,

e ' . Typeof dredge

o Methods of dredge operation,
. Skrll of operators
.‘ ~ Extent of debrls;"
T Water salrmty, and’
*  Extentof workboat/tugboax actxvrty

’ To compare various remedies for a slte 10 the extent’ possxble the prqeet manager: should attempt

ot esnmate the downstream mass transport and: the degree of increase (if any) in downstream surface

" water.andsurface.sediment contaminant.concentrations. ‘However, at present, no fully verified-empirical
or predchve tools.are available to quantify the predicted releases.accurately. As.research in-predicting
resuspension:and contaminant release-associated with:dredging:progresses; project managers should

_ watch-for:verified methods:to. be:developed:to:assistin-thisestimate. - Although:the:degree-of resuspension

" will: be site: specrﬁc recent analyses of field studies and available. predlctlve ‘models.of" the mass of
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-sediment tesuspended range ﬁ:om generally less than one percent of'the mass dredged (Hays and Wu
2001, Palermo and Averett 2003) to between 0.5 and 9 percent (NRC 2001). The-methods contained in
EPA’s Kstimating Contaminant Losses from Gomponents of Remediation Alternatives for Contaminated

-Sediments (U.S, EPA 1996g); may be useful fo estimate the dredgehead gomponent. of resuspension
losses. To the extetit possible, the pIO_] ect manager should estimate total dredging 1osses on-a site~ specxﬁo
basxs and censxder them in the companson of’ altcmahvcs dunng the - fea81b1hty study, ..

If convcnﬂonal clamshell dredges may-cause 2 high level of resuspen51on, a special purpose
-dredge may be considered, These dredges gencrally resuspend loss material than conventional. dredgos,

hut associated costs may be greater, and dredges tmay not.be usable in the presence of significant debris or-

obstfuctions. As in the case of conventional. dredgcs the selection of a special purpase dredge will be
likely dictated by site- spemﬁc cenditions, economics, and ayailability (Palermo et al. 1998b). Other
factors unrelated to resuspension, such as maneuverabllity requirements, hydredynamic conditions, or
others listed in Section 6.5.3, Dredge Equlpment Selection, may also dictate the.type. of dred;,e that
should be used, The strategy for the project manager should be to mirimize'the resuspension levels -

genetated by any specific diedge type, while also.ensuring that the project can be implemented in a

" reasonable time frame, Tlte EPA’s Office of Research and Development (ORD) and others aie in the
process of evaluating resuspension and its effects, both in field and modeling studies.. The résults of this
reséarch should lhelp project managers to understand better and control cffcots of resuspensmn durmg
futyrc clcanup acnons

- Another, potcntlal routp of contaminant rclcaso during drcdgmg or cacavatlon may bothe -
volatilization of contaminants, either near the dredge or excavation site or in aholding facility like a
corifined disposal facility (CDF) (Chiarenzeli etal. 1998). At sites with- high concehtrations of volatile
contaminants, dredging or excavation may: present special challenges for monitoring and aperational
" cantrols if they. may pose a potential risk to workers and the nearby commumty "This exposure route may

be raihimized by reducing. dredging: production rates so that resuspensionis. mlmrmzed Covering the,
surface of the water-with a physical barrier-or-an absorbent compound may also minimize volatilization, -
At the New Bedford Harbor site, a‘cutterhead -dredge was modified by placing a cover over the -

dredgehead that retained polychlbnnated ‘biphenyl (PCB)-laden oils, ths reducing the air concentrations -

of PCBs.during dredging to background levels; see Report on the. Effects of the Hot Spot Dredging
Operaﬂons New Bedford Harbor Superﬁmd Szte, New Bedford MA.(U.S. EPA 1997e and avallable
the d:edged sedlmemt ‘was pump"ed mto wa.ns ﬁtted WLﬂxaBlasnccoverthat ;ﬂ'eetlvely reduced air
emissions, To.minimize the-potential for volatile releases further, dredging operations were conducted

during-cogler weather periods and at night. Dunng excavation, volatilization'could be of greater concern -

as contaminated materials may be exposed to air, Care should be taken during dewatering activities to -
ensure that temperatures are not ¢levated (e.g., cautious application of lime or cement for dewatering),
and other control measure should be taken as needed (e g., foam).

6. 5 6 Contalnment Barrlers

, Ttansport of resuSpcnded contarninated sediment released during dredging can often be reduced. -

- by using physical barricrs around the dredging operation, Barricrs commonly uscd to roduce the spread”
‘of contaminants during the removal process include oil booms, silt curtains, silt screens, sheet-plle walls,
‘ coffordams; and-bubble curtaing.(U;S. EPA 1994d, Francmgucs 2003), Undcr favorablo-sitc conditions,
-these barriers-help limit the areal extent of particle-bound contaminant migration resulting from dredging
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resuspension and .enhance the long-term benefits gamed by the removal. process Conversely, because the
- barriers contain resuspended sediment, they may increase, at least temporarily, residual contaminant
. concentrations inside the barrier compared to what it would have been wrthout the barriers,

, - Structural barriers, such as sheet pile walls have been used for sedrment excavation and in some
cases (e &, high current velocities) for dredging projects. The determination of whether these types of

‘barriers are necessary shiould be made based on a thorough evaluation of the site. ‘Thiscanbe -
accomplished by evaluating the relative risks posed by the anticipated release of contaminants from the -
dredging operation absent use of such structurel barriers, the predicted extent and duration.of such. .
releases, and the potentlal for trapping and accumulating resrdual contaminated sediment within the -

barrier, The project manager should consult the ARCS program’s Risk Assessment and Modeling:

- Overview Document (U.S. EPA 1993c) and Estimating Contaminant Losses from Components of .

Remediation Alternatives for Contaminated Sediment (U S.EPA 1996e) for further mformauon about '

evaluatmg the need for struotural barriers,

Sheet prle eontarmnent structures are-more likely to provxde reliable containment of resuspended
sediment than silt screens or curtains, although at significantly higher cost and with different
“technological limitations, Where watet is removed on one side of the wall, project managers should be
aware of the hydraulic loading effects of water level variations inside and outside of these walls. Project
- managers should also be aware of the increased potential for scour to-occur aroynd 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 carrymg capacity of a stream or river and
o1 make it tempomnly more susceptrble to flooding, C D

. 0il booms are appropnate for sedunent that may likely release 011s or ﬂoatables [r e., light non-
aqueous-phase liquids (LNAPL)] when disturbed. Such booms typically consist of a series of synthetic
foam floats encaséd in fabric and connected with a cable or.chains, Oil booms may be supplemented with

- oil absorbent materials, such as polypropylene mats (U.S, EPA 1994d), However, booms do not aid in -
' retaining the soluble portion of floatables [i.e., polycyclic.aromatic hydrocarbons (PAHs) from oils}.-

Silt curtains and silt screens are flexible barriers that hang down from the water surface. -Both .
v systems use a seties of floats on the surface and a ballast chain or anchors along the bottom. Although the
- terms “'silt curtain” and “silt screen” may be frequently used 1nterohangeably, there are fundamental -
differences.” Silt curtains are made of i 1mperv10us materials, such as coated nylon,.and 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 a large fraction of the suspended solids (Averett et al. 1990). Silt
curtains or silt scréens may be appropriate when site conditions. dictate the need for mlmmal transport of
suspended sednnent, for example when dredging hot spots ofhigh oontammant conoentmt:on

Silt curtains have been used at many locations w1th varying degrees of success. For example srlt
- 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'a

- result of tidal fluctuation and wind (Averett et al. 1990). Problems 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 after installation revealed significant:leakage, and the silt curtains were
removed Sheet prlmg was then installed around-the area to.be dredged wrth silt curtems used as
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supplémen-ta.l containment for hot spot area,s.‘ ‘A silt curtain én,d'.silt screen containment system were . . .,
_effectively applied during dredging of the Sheboygan River in-1990 and 1991, where water depths were 2

- ‘morless. A silt curtain was found to rediice suspended solids from approximately 400 mg/L (inside) to 5°- -

- mg/L (outside) during rock fill and dredging activities in Halifax Harbor, Canada (MacKnight 1992) ‘At
* some sites, changes in dredging opcratmg procedures .may offer more effective control of resuspensxon
than containment barriers; - : - : :

The cffectivencss of silt curtains and screens is ﬁrimarily determined by the hydrodMic )
~ conditions at the site. Conditions that may reduce the cﬁ’ec’uveness of these and other types of barners
- include the following: : .

. Sigiﬁﬁcmt currents;

e High'winds;.

o Chdnging water leyels' (i.e., tidal ﬂuctuaﬁoxi);
. Excéssive Wave height, including ship wakes; and R N o~
. antmg ice and debns

, Silt curtams and screens are general ly- most effective in rela‘uvely shallow, undlsturbed water; As
* water depth increases and tirbulence caused by currents and waves increases, it becomes difficult to

- isolate the dredging operation eﬁ‘cctlvely from the ambient water. The St. Lawrence. Centre (1993)

. adv1ses agamst the use of silt curtams in watet deeper than 6.5 m or in currents greater than 50 cm/sec.

The effectiveness of contalmnent barriers is also mﬂucnced by thc quantity and type of

suspended solids, the mooring method; and the characteristics of the. barrier. To be eﬁ‘ecﬂvc, barriers
~ should.be:deployed around the dredging operation and remain in place until the operation is completed,
although it may nieed to be opened to allow transport of barges in-and out of the dredge site, which may
telease some resuspended contaminants, . For large projects, it may be necessaty to relocate the: barners as
. “the.dredge.moves to new areas. Where possible, barriers should not impede nayigation traffic. .

. Containment barriers:may also be- used to protect. speclﬁc areas, for example, valuable habltat, water
mtakes, or reoreatlonal areas, from suspended sedlment oontammatlon

657 Predicting andMImm:zing Dredgmg Reslduals

All drcdgmg opemtlons leave. be}und some: remdual contamma.uon in sediment, usually both
within the dredged area:and spread to'adjacent areas. This residual contaminated sediment is often soft,
‘unconsolidated, has-a high water content, and'may exist, at least temporarily, as a “fluid mud” or nephloid
- layer. The:primary-sources-of the-dredging:residuals typically include: 1) contaminated sediment below

‘the dredge ling:that was not removed, 2) sediment loosened:by the dredge head or buckef butnot -
- captured-and removed, 3) sediment on. steep slopes that fall into the dredged area, and 4) resettling of
sediment from the dredgmg operatlon Similarto resuspension releases discussed in Section 6.5.5, the
éxtent of the remdual contammatxon is. dependcnt on anumber-of factors 1ncludmg '

e Skill of operator and type: and size of dredging equxpment
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. Steepness of dredge cut slopes ‘

° ) Amount of contammated sedlment resuspended by the dredgmg operanon
e . Extent of controls on dispersion of resuspended sediment (e.g., silt eurtams sheet pllmg)
_ - Vertical profile of contammant concentrauons in. sedlment relatlve fo the thlckness of

sedlment to be removed

e Contaminant concentratlons in surroundmg undredged areas,
e Chaxactenstlcs of underlymg sediment or bedrock (e g., whether over-dredgmg 1s
: feasxble), and -
R Extent of debns obstructions, or conf'med operatmg area (e g whlch may. Im-ut

: effecnveness of dredge opemtlon)

Pro_]ect managers should faetor a realistic estimate of dredging residuals into thelr evaluation of
-altematives, Field results for some completed environmental dredging pilots and projects suggést that
average post-dredgmg residual contamination levels have not met desired cleanup Jevels. . However, aside
from past experience, there isno commonly accepted method to predlct accurately thé degree of residual
contamination likely. to result from different dredge types under gwen site conditions, Additional

. guidelines are'needed in this area and are likely to be developed in the future. -Some prehmmary research
~ has shown that the residual concentration may be expected to be similar to the average contaminant
concentration within the dredging pnsm (Desrosiers et al. 2005), In situations where-more hlghly
contaminated sediment is removed in a first dredging pass and deeper lower-lével contamination is

~ temoved dn-a.second dredging:pass, lower residuals may be attainable, Ifithe buried-sediment is
significantly more contaminated than the near-surface sediments, and: if over-dredging.into “clean”
sediment is.not-accomplished or feasible, the residual concentration may be greater than:the-average
baseline surface.concentration although ‘significant contaminant mass:may have been removed. When
. comparing alternatives.and selecting of the best risk reduction alterative for the site; project managem
should:consider whether cendltnons are favorable for: achrevmg desxred post dredgmg 1ésidual

* concentrations. : L :

In cases where resrduals may.cause an unacceptable risk, add.ltlonal passes of the dredge may be
needed to achieve the desired results, Placement of a thin layer (¢.g., 6~24 in) of clean material designed
to'mix with underlying sediment or the addition of reactive/sorptive materials to surface:sediment can
also be-used:to reduce the residudl.contamination.’ Project managers; ;should-considet-developing.a
contingency: remedy if there is:sufficient uncertainty conceming the-ability to achisve low: cleanup levels.
‘Where.a contingency-remedy involves: containment of residuals by-inssitu. cappmg, project managers -
should.considér whether containment thhout dredgmg may be a more appropnate solutlonto manage
' long-term risks'in that area,

It is: generally 1mportant to conduct post-dredgmg sampling to conﬂrm resmiual contamination -
levels. If resuspension-and-transport is expected, generally, itis-alsoimportant to sample:outside-of the -
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dredged area to assess oontammant levels to whrch brota will be exposed ﬁom these areas. These data are‘
) oﬁen needed to assess the likelihood of achrevmg all RAOs ' _—

6.6 TRANSPORT STAGING AND DEWATERING

Afcer removal sedrment oﬁen is transportedto & sta,gmg or rehandlmg area for dewatenng (if
‘necessary), and further processing; treatnient, or final disposal. Transport links all dredging or excavation
‘compenents and:may involve several drfferent modes of transport. The first element in the transport
“process is to-move sediment from the removal site to the-disposal, staging, or. rehandling site. *Sediment
may then be transported for pretreatment, treatment, and/or ultimate disposal (U.S. EPA 1994d). As
noted previously, where possible, pro)ect managers should design for as few rehandlmg operations 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
o address both workers and commumty members

Modes of transportatron may mclude one or more of the followmg waterborme or. overland
" methods: , .

+ ' Pipeline: Direct placement of material into disposal sites by»pipellne is.economical only -
when the disposal and/or treatment site is located near the dredging areas (typically a few
kilometers.or less, unless booster pumps are used). Mechanically dredged material may-
also be reslurried from barges a.nd pumped into nearshore drsposal sites by pipeline;

Cel Barge: A reha.ndlmg facrlrty located on shore isa commonly eonsrdered option. Wrth a
.- rehandling facility, dredging can be accomplished with mechanical (bucket) dredges
where the sediment is excavated at near in-situ density (water content) and placed ina
barge O SCowW for transport to'the rehandlmg facility; - .

. _C_cm_ugz% Conveyors may be used to tove material relatrvely short dlstances Matenals A
: “should be in a dewatered: condition: for transport’ by conveyor; .

e i_RaiIcar Rail spurs may be constructed to link rehandlmg/treatment facilities to the il
: network. Many licensed landfills have rarl links, so. long -distance:transport by rail i is
generally.an option; and/or ‘

e Truck/Tratler: Dredged materral ¢an be rehandled directly from the barges fo roll-off
: containers or dump trucks fortransport to-a.CDF by direct dumping or unloading into.a
chute.or-conveyor, Truck transport of treated material to-landfills may also.be
considered, The material should be dewatered:prior to truck. transport over-surface:streets.
. In some smaller: sites where construction of dewatering.beds may be difficult or the cost
of disposal-is not: great, addmon of non-toxrc absorbent materials such as: lrme or cement
may.-be: feasrble . A :

- ’ A viide variety of transportatron thethods are avarlable for moving sediment and residual wastes
with unique: :physical and-chemical-attributes. In many cases, contaminated sediment is initially moved

using:waterborne: transportation. - Exceptions: -are-the use of land-based-or dry excavation:methods, -

: PrOJect managers should consider the eompatrbrlrty of the dredge with'the subsequent transport of the
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dredged sediment. For example hydrauhc and pnemnanc dredges produce contanunated dredgcd-

. matetial slurries that can be transported by pipeline to either a disposal or rehandling site. Mechanical

* removal methods typlcally produce dense, coritaminated material hauled by barge, railcar, truck/trailer, or
conveyor systetns. The feasibility, costs of transportation, and need for additional equipment are
frequently influenced by the scale of the remedxatxon pro_;ect (Churchward etal, 1981, Turner 1984, U.S.

. EPA 1994f)

- Tcmporaxy storage of oontammated sediment may also be necessary in orderto dewatcr itpriorto -
upland disposal-or to allow for pretreatment and equalization prior to treatment. For example, a
* temporary CDF-may be designed to store dredged material for periods when dredging or-excavation is not
possible due to weather or environmental concerns, while the treatment process may continye on a near
24-hour operating schedule. Storage may be temporary staging (e.g., pumping onto a barge with frequent
. off-loading).or mote:permanent disposal (e.g., moving the sediment to a land=based CDF where 1t may be
dewatered and treated) A typical dewatenng schematc is shown in nghhght 6-8.

o Depending upon the-quality of the water after it is separated from sediment-and upon applicable

or relevant.and:appropriate-requirements (ARARs), it may-be necessary to treat water prior to.discharge,
Where water:treatment is. requtired, it can be a costly- segment of the dredging project and-should be
included in cost-estimates for the alternative, Water treatment costs may also affect choices regarding
dredgng operanon and equipment selecton as both.can aﬁ‘ect the amount of water ennamcd

“The pro;ectmanager should consider potentxal contammant losses to the- water column and
atmosphere: during transport, dewatering, temporary storage, ortreatment. For example, conventional
mechanical dredging methods.and- equipment often rely on gravity dewatering of the sedimenton a
'dredgc scow; with:drainage water-and:associated solids flowing:inte-the surrounding water. Project :
,managers should evaluate what engineering controls-are necessary and cost-effective, and include these -
" controlsin planning-and demgn Implementation risks, bothto workers and to the community, differ

significantly between the various transport:methods listed above. These risks should be evaluated and
included.-when comparmg altemauw:s Best management practices for protectlon of water quahty should
also be: followed . . :
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The risks associated with a temporary storage or staging sites are similar to those associated with
CDFs, as discussed in Section 6.8.2, Sediment Disposal. In particular, in-water temporary CDFscan -
prove to be aftractive nuisancés, especially to waterfowl, by providing aftractive 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 a temporary cover or sequence dredging to allow for -
- coverage of highly contaminated sediment with-cleaner sediment to-minimize short-term exposures. This
method of control has proven effective for minimizing exposures at upland sanitaty landfills, In addition,

because some lolding areas may not be designed for long-term storage of contaminated sediment, ‘ghe risk -

of contaminant transport to ground water may need to be evaluated and monitored.. .
.67 SEDIMENT TREATMENT . - L

_ ~ Forthe 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 size separation t0
distinguish betweeri hazardous and non-hazardous waste disposal options, is common, Although the NCP

. provides a preference for treatment for “principal threat waste,” treatment has hot been frequiently selected

. for sediment., High cost, uncertain effectiveness, and/or (for on-site operations) community preferences
are other factors that lead to treatment being selected infrequently at sediment sites. However, treatment
of sédiment could be the best option in some circumstances and innovations in ex-situ or in-situ treatment

technologies may make treatment a more viable cost-effective option in the future,

The treatment of contaminated sediment is not usually a single process, but often involves a

. combination-of processes or a 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 a widevariety 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, canbe a -
major constraint on their use (NRC 1997). The base of experience for treatment of contaminated
sediment is still limited, Each component of a potential treafment train is discussed in the next section.,

6.7.1 Protreatment

_ Pretreatment modifies the dredged or excavated material in preparation for final treatment or

- disposal." When pretreatment is part.of a treatment 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 of sediment that requires transport, treatment,-or restricted disposal. Pretreatment processes

typically include dewatering and physical or size separation technologies. : :

- Most téatment technologies require that the sedinient be relatively homogeneous.and that
physical characteristics be within a relatively narrow range. Pretreatment technologies may be used to
modify the physical characteristics of the sediment to meet these iequirements, Addiiionally, some
pretreatment technologies may divide-sediment into separate fractions, such as organic matter, sand, silt,
and-clay. Often the sand fractions contain.lower contaminant levels and may be suitable:for unrestricted
disposal and/or beneficial use if it meets applicable standards and regulations. Selection factors, costs,
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prlot-scale demonstratlons and applicability of specrﬁc pretreatment technologres are drsoussed in detarl
in EPA’s Assessment and Remediation’ of Contantinated Sediments MRCSD Program Remedzanon
Guidance Documem (U. S EPA 1994d) . .

-8.7.2 Treatment

Dependmg on the contaminants, thelr concentratrons, and the composmon of the sedrment ,

. treatment of the sediment to reduce the toxxcrty, mobility, or voliume of the contaminants before disposal
may be warranted. Available disposal options and capacities may also affect the decision to treat some
sediment: In gencral, treatment processes have the abilify to reduce sediment contaminant concentrations,
‘mobility, and/or sediment toxicity by contaminant destruction or by detoxification, by extraction of
contaminants ﬁom sedrment, by rcducuon of sediment volume or by sedlment solrdrﬁcatwn/stabrlrzanon

Treatment technologles for sedmrent are generally classified as blologrcal chermcal extraction or

- washing, immobilization (solldrﬁcatlon/stablhzatron), and.thermal (destruction or desorptlon) In some

_ cases, particle size separation is.also considered a treatment technology. The following treatment
technologles dre among those wl'uch mrght be evaluated :

-Bgoremcd@rgg

, Generally, brorernedlatlon 1s the process in whrch mlcrobxologrcal processes are used to degrade
or transform contaminants to less toxic or nontoxic forms, In recent yers, it has been demonstrated as a
technology for destroying some organic compounds in sediment. The project manager should refer to
EPA (1994d), Myers and Bowman (1999), and Myers and Williford (2000) fora summanzatxon of
bioremediation technologies and their apphcatlon under site-specific conditions. .

Chemlcal Treatment

: Generally, chemical treatment refers to processes in which chemical reagents are added to the -
* dredged.or excavated material for the purpose of contaminant destruction, Contaminants may be
destroyed completely, or may be alteredto a less toxic form, Averettand colleagues (1990) reviewed
several general categories of chemical treatment. Of the categories. reviewed, treatments mcludmg
chelatlon, dechlormatron and oxidation (of organic. oompounds) were consrdered most promlsmg

raction/Washing

‘Generally, the primary application of extraction processes-is to remove organic and, in some

cases, metal contaminants from the sediment particles.. “Sediment washing” is anether term used to -

descnbe extraction processes, primarily when water may-be a component of the solvent, In the extraction

process, dredged or excavated material is slurried with a chemical solvent and cycled through a separator

unit, The separator dividesithe slurry.into:the three following fractions: 1) particulate-solids; 2) water;
_and 3) concentrated organic contaminants, - The:concentrated organics-are removed from the separator for -

post-process treatment. Extraction.or washmg may also-generate large volumes of contaminated -

wastewater that generally must be treated prior to dxscharge A
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lmrﬁobilizaﬁon or Soljdjﬁcg,ﬁ og[§tabilizaﬁog

Gencmlly, 1mmoblllzatlon cormnonly referred to as sohdlﬁcatlon/stabxhzatlon alters the physical
and!or chemical characteristics of the sediment through the addition of binders, including cements and'
pozzolans (U.S, EPA. 1994d). Immobilization technologies primarily work by changmg the properties of
the-sediment so cohtaminants-are less prone to leaching, Alteration of the physical character of the

sediment to form a solid material, such as a cement matrix, reduces the accessibility of the contaminants

to water and.entraps the contaminated solids in a stable matrix (Myers and Zappi 1989). Another form of .

immobilization, chemical stabilization, minimizes the solubility of metals primarily through the control of
pH and alkalinity. Chemical stabilization of organic compounds may.also be. p0551ble (Barth etal, 2001,
' Wlles and Barth 1992 Myers and Zappl 1989, Zlmmerman etal 2004).

' ’I‘hermg! Trea@g nt

Generally, thermal technologies mcludc 1ncmerahon, yroly51s, thermal desorption, smtcrmg, and
other processes that requite heating the sediment to hundreds or thousands of degrees above ambient

temperatums Thermal destruction processes, such as incineration, are generally effective for destroying .~

organic contaminants but are also expensive a.nd have significant energy costs. Generally, thenna]
treatment docs not destroy toxic metals. : :

APart:cle Slze Separanog :

Genemlly, partlcle size separation mvolves separatlon of thc ﬁne material from the coarse -
material by physical screening, A site demonstration of the Bergman USA process-resulted in the

successful separation of less than 45 micron fines from washed coarse material and a humic fraction (U S.

EPA 1994f). As previously noted, particle size separation may serve as a pretreatment step prior to
implementation of a treatment alternative. Many treatment processes reqmre particle sizes of one
cenhmetcr or less for optlmal operation, = : :

Generally, treatment. of proccss efﬂucnts means trca’unent of hqmd gas, or solid rcsxdues andisa
major consideration:during selection, design, and implementation. of dredging or excavation. As shown in
Highlight 6-1, dredging or.excavation may Tequire management of several types of residual wastes from
the pretreatment:and-operational treatment processes that include liquid and/or air/gas effluents from
* dewatering or other. pretreatment/treatment processes, residual solids, and runoff/discharges from active-
CDFs. Generally, these wastes can be handled through the use of convenuonal technologies for water,

" air, and-solids treatment-and disposal.. Howeéver, the technical, cost, and regulatory requirements can be .
1mportant conmderaxlons during thc cvaluatlon of dredgmg ot cxcavatlon asa clcanup mcthod

. Pllot and; full scale treatment pmcesscs have been conducted at a number of sites; although them
is lumted experience at Superfund sites. ‘Where treatment has been used.at Superfund sites, the most
- common:treatment method is itmmobilization by solidification or stabilization. - Additional mfonnauon
concerning:treatment technologies for contaminated-sediment may be found in. U.S. EPA-Office of
Water's Selecting Remediation Technologies for Contaminated-Sedimerit (U.S, EPA 1993d). -Specific -
‘ applicanons, limitations;: specxﬁcatlons, and-efficiencies of many sediment treatment processes-are
: _dlscussed i the ARCS program’s Remedxahan Guidonce Document (U S. EPA 1994d) 'Ihe NY/NJ
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Harbor Project is an example of a large-scale demonstratlon of several dredged docontammatlon
technologies (nghhght 6- 9)

. Thegoalofthe NY/NJ Harbor 8ediment Decontamination.Project Is to assemble.a complate
decontamination system Toi oost effective transformation of dredged materlal (mostly fiom navigational dredglng
projects) into an envlronmentelly aafe materlal that can be used in the manufacturlng ofa variety of beneﬂclal use
products ‘ .

o " The fo!lowing four treatment technologias are belng usad atthe NY/NJ site 1) sedlmentwashlng, 2) -
thermal freatment; 3) solidification; and 4) vitrification.. Each teshnology has a sponsor from the. pnvate seoforthat N
wlll pTOVldB the capltal neaded for faclllty construption and operataon

Sedlment washing (extractlon) uses hl_gh-pressure water Jets and proprietary chemlcal additives to extract_. -
both orgenic-and inorganic ¢ontarninants fromy the sediment. -The resulting:materials.can be used to.produce . -
manufaatureg:soll for-commerclal, and in some cases, residentlal-landscaping-applications. Advahtages to this-
treatment include-modest capltal costs and high throughput .The patented-washing:system has heen
‘demeonstrated capable of deoontamlnatlng sediménts- contalnlng high quantities of silt and clay. -

v - Athermal freatment belng used Is & thermo-chismical manufacturlng process that at high temperatures
will destroy organic contaminants, The process will mielt a mixture of sediment and. modlﬁers and the resulting

1 productis a manufactured grade cement comparab}e to Portland Ceme nt. Thisls a: very effective treatment, but
expenslve _ : . .

A thlrd process isa "treatment train® that includes dewatermg. pelletlzlng, and transport to an exustlng
| light-welght aggregate facllity. Pelletizing Is a type. of soljdification treatment, After the-sediment Is dewatered, It is' 11"
-mixed with shale fings and extruded into paliets. ‘The.péliets.are fed into a rotary kiln, and the erganic matter |
"explodes, - The resulting material can be used as a struatural component In ooncrete lnsulatlon (pipellne) and for -
other. geo{echnlcai uses; '

) Finally, the process moludes a high ternperature vitrification, which Uses afi efectncal curentto heat
“{melt) and-vitrify the soll in place. This.process can destroy organic contaminants:and incorporate metals Into a
plassy matrix that can be used fo produce-an architectural tile,

S,O,l,lme:vf“styem@ﬁial,, 2000, Mulligan ¢t-al. 2001, Stern:2001, NRC 1997

Potential sediment treatment techhologies will c\"olvc as new technologies are developed and -
other technologics arc improved, EPA has-recognized the need: for an up-to- datc list of treatment
alfematwes and has developed the followmg databases

Provxdcs mformatxon on-more-than 750 service: provxders thax offer almost 1,300
mmedlatlon teohnologles and more: than 150 characterjzation: technoiogws (mcludes a
vancty of media, not Just sedtment) More information is aveulable at:

‘Prov1des results of pubhshed troatablllty studles that: have passed the EPA quahty B
asstirance reviews, it is not specific-to.scdiment, and is.availablc ot CD from the EPA’s -
ORD National Risk Management Research Laboratory in Cmcmnan Ohio, Detallecl
contact information is avaxlablc athttp:Hwww. /NRMRL .
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6.7.3 Beneﬂclal Use

. .Although not noxmally consndered a treatment option, beneficial use may. bc an appropriate ..

. management option for treated or untreated sediment resulting from environmental dredgmg prolects .
Significant cost savings.may be realized if pliysical and chemical properties-ofithe sediment allow: for
beneficial use, especially where disposal options are costly, For example at Rouge Rlver/Newburgh

- Lake, Michigan, a Great Lakes Area of Concer, significant cost savings were realized by using lightly

contaminated drodged sediment as daily savor at a local sanitary landfill, wherc it did not-posc risk. within,

the landfill boundary. The Bark Camp Mine Reclamation Project in Pennsylvania. provides another reuse --
example. Informatlon is avaﬂable through the Pennsylvania Department of Bnvironmental Protcctwn
A a.us/dep/DEPUTATE/MINRES/BAMR/bark - camyp/

- barkhomepage htm, However, benoficial use of dredged:or excavated sediment has:been only

impleriented infrequently for temedial prajects, mainly due to lack of eost-effective usesin most

instances. Where beneficial use'is considered, the contaminant levels and’ cnv1romnental exposure, -
mcludlng considetations of future l'md uie, should be asgessed.

Opuons for beneﬁclaluuse may mclude_ the following:

T Construction ﬁll :
- 'Samtary landﬁll covcr as in thc above cxample;
. Mmed lands restoranon
. - Subgrade-cap matenal or subgrade ina restoratlon ﬂll project (topped w1th cIean
: sedlment or other fill); »
. vBuxIdmg matenals (eg., archmectunl tlle see I-hghhght 6-9), and
. j Beach nounshment (for a clean sand fraonon)

' - A scrics of tcchmcal notcs on- bcncﬁcxal uscs-of contammatcd matonal has been dcvclopcd by the
- USACE (Lee 2000), and:the USACE ma.mfams & Web site of beneficial use case studws currently
available-at http: ; '
CDFs (ta include treated: maxsnal) isa magor thrust of the: USA CE Dredgmg Opsratlons and
Environmental Research (DOER):program:(hty://elierde. : il/
d assocmtes evaluated beneﬁelal Teuse usmg an effectweness profoool (Barth 6t, al 2001);

“In'some: cases, a CDF (see descriptmn in‘Bection 6.8.2) can be integrated-with site-reuse plans o
both:reduce-environmental:risk and:simultaneously foster- rcdcvelopmentm urban:areas and brownfields -
sites.” For example, at the: Sitcum: Watsrway cleanup:project in Tacoma, Washington, contaminated ‘
sediment-was- placed in angar-shore fill.in the Milwaukee Waterway, which was:then. developed iftto-a
. container-terminal, Also, there:may:be inhovative: and cnvxromnonw.lly proiceiive waysio-rouse drcdgcd
.contaminated sediments-in habitat restoration. projects:(e.g.,-placement of lightly contaminated-material
ovor:highly contaminatcd: matonals 1o buud up:clcvations: ncccssary for.cventual- crcanon of clcan
emergsnt marshlands)
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6. 8 SEDIMENT DISPOSAL

- For purposes of this gurdance the term “dlsposal” refers to the placement of dredged or excavated
material and process wastes into a temporary or permanent structure, site, or facility. The goal of drsposal
“is generally to manage sediment and/or residual wastes to prevent contaminants associated with them
from impacting human health and the-environment. -Disposal istypically a major 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 lmplementmg a dredgmg remedy and therefore
should be con51dered very. early in the feasrbrhty study

: Hmtoncally, contammated sediment from Superfund sites has been typrcally managed in upland :
sanitary landfills, or hazardous or chemical waste landfills, and less frequently, in CDFs, Contaminated
‘sediment has also been managed by the USACE in contained aquatic disposals (CADs). Also, the
material may have a beneficial use in an environment other than the aquatic ecosystem from w}uch itwas -
‘removed (e.g,, foundation material beneath a newly constructed brownfields site), especially if the - ‘
‘sediment has undergone treatment.. As noted.below, all:disposal options have the- potential to create some
risk, These risks iay result from routine practices (i.e., wotker exposure and.physical risks and
. volatilization), while other risks may result from unmtended events, such as transportation accidents and
contaminant losses at the drsposal site. All potential risks should be considered when comparing .
alternatives. The' ARCS program’s Remediation Guidance Document (U.S. EPA 1994d) provides a
discussion of the available disposal technologies for sediment, in¢luding an in-depth discussion of costs,
design cornsiderations, and selection factors associated with each technology. Averett and colleagues _
1(1990), EPA (1991b), and Palermo and Averett (2000) provrde additional discussion of disposal options
and consrderatrons

-6, 8 1 Samtary/Hazardous Waste Landfllls ,

o Exrstmg commercral municipal, or hazardous waste landfills are the most wrdely used option for
. dlsposal ‘of dredged or exeavated sediment and pretreatment/treatment residuals from environmental ..

dredging and excavation, Landfills also are sometimes constructed onsite for a specific dredging or -

- -excavation prq]ect Landfills can be categotized by 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 regulated-as Resource Conservation and Recovery. Act (RCRA) hazardous waste or Toxic

Substances Control-Act (TSCA) toxic materials. Due to typical restrictions-on liquids in landfills, most

sediment should be dewatered-and/or stabilized/solidified before disposal in a landfill. Temporary

- placement in a CDF or pretreatment usmg mechamcal equrpment may therefore be necessary (Palermo
1995). . A

. : * L
8,-8.2 Conf' nedeIsposaI »Facllities (CDFs)

CDFs are: engmeered structures enclosed by.dikes and speclfically desrgned o contain sedlment
'CDFs have been widely used for navigational. dredging projects :and some combined = - :
navigational/envitonmental dredging-projects but are less.common for-environmental dredging sites, due :
iri part to siting considerations. However, they have been used to.meet the needs.of specific sites, as have
other innevative in-water fill disposal options, for example, the filling of a previously used: nav1gatlonal
waterway or slip to:create new container terminal space (¢.g., Hylebos Waterway- cleanup and -Sitcum
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Waterway cleanup in Tacoma, Washlngton) In some cases, Tew nearshore habltat has also been created
. as mitigation for the fill, .

- Under normal operations of a CDF, water is dlschaxged over a weir structure or allowed to
- ‘migrate through the-dike walls while solids ate retained within the CDF, Typically effluent guldelmes or.
. dlscha:ge permits-govern the monitoring requirements-of the retum-water, Details regarding the use and
engineering design of CDFs are available in the USACE Engineer Manual, Confined Disposal of Dredged
Material (USACE 1987) and the USACE Testing Manual (USACE 2003)

- . A cross-sechonal view of a typical nearshore CDEF dike design is shown in nghllght 6-10. CDFs
‘may be located either upland (above the water table), near-shore (partially in‘thé water), or completely in

the water (island CDFs). There are several documents available containing thorough descriptions, -

-technical considerations, and costs associated with CDFs (U.S. EPA 1996, U.S. EPA 19944, U.S. EPA
1991c, and Averett et al, 1990). . Additionally, USACE and EPA (2003) descnbes a hlstory and
evaluation of the design and perfonnancc of CDFs used for navigational dredging projects in the Great
Lakes:Basin, inciuding a review and dlscussxon of relevant contanunant loss and contaminant uptake- .
studles : :

Disposal Side. . - ‘ : Lake Side

Stee| Shest Piling

Nota: §f, = 0.3m_ :

Note: Adapfed:from US, EPA 1088d
6.8.3 Contalned Aquatlc Dlsposal (CAD)

: Forpurposes of this: guldance contamed aquatic dlsposal is (a typc of subaqueous capping in
- which the dredged sedimerit is placed into a natural or excavated deprossion clsewhere i in the water body.
A related form of disposal, known as level bottom capping; places the dredged sediment on a level-bottom )
 elsewhere in the water body, where. it is capped. CAD has-been uséd for navigational dredging projects
(e By Boston Harbor, Providence Rlver), but has been rarely cons1dered for environmental dredgmg ’
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pro_jects However, there may be instances when nexther dredgmg with land d1sposal nor cappmg

contaminated sediment in-situ is feasible, and it may be appropriate to evaluate CADs. The depression

used in the case of a CAD should prov1de lateral containmeit of the contaminated material, and also

should have the advantage of requiring less maintenance and being more resistant to erosion than level-

bottom capping. The depression for the CAD cell may be excavated using conventional dredgmg

- equipment-or natural-or historically-dredged-depressions may- be-used.  Uncontaminated- matcrlal
excavated from the depression may be subsequently used for the cap. (U S. EPA 1994d)

6.8.4 Losses from Dlsposal Facllltles g

Evaluatlon of a new on-s1tc dlsposal faclhty for placcment of contmnmated sedlment should
include an assessment of contaminant migration pathways and should incorporate management controls in
. the facility design-as needed. . Landfill.disposal options may have:short-term releases, which mclude
- spillages during transport and volatilization to the atmesphere as the sediment is drying. As for any ‘
disposal option, longer-term releases depend in large part on the charazbenstws of the contammants and
_the desrgn and: mamtenance of the: dlsposal faclllty : :

For CDFs contarmnants may belost via. efﬂuent dunng ﬁllmg operat:ons ‘surface Tunoff due to .
precipitation, seepage through the bottom-and the dike wall, volatilization to the air, and‘uptake by plants
and animals. The USACE has developed a sitite of testing: protocols forevaluating each of these
pathways (U:S. EPA and USACE 1992), and these procedures are included in thie ARCS program’s
- Estimating Contaminant Losses from Comporents of Rémediation Alternatives for Contaminated
Sediments (U.S. EPA 1996¢). The USACE has also developed the Testing Manual (USACE 2003),
~ which describes contaminant pathway testing. Depending on the likelihood of contaminants leaching
‘from the confined sediment, a variety of dike and bottom linings and cap materials may be used to
minimize contaminant loss (U.S, EPA 1991c; U.S. EPA 1994d, Palermo and Averett 2000). Depending
* on.contaminant characteristics, CDFs for sediment remediation projects may need control- measures-such

as bottom or sidewall liners or low permeability dike cores. Project managers should. also be- aware that
penneablhty actoss these barriers can decline significantly with time due to the consolidation process and
' b]ockagc -of pore spaces with: fine matenals Thcrefore, sxte-speclﬂc evaluation is 1mportant ,

, Contaminants may be released as a mud wave- outsxde of the boundanes of the CAD ortothe

- water column or-air during: placement of the contaminated-sediment. Seepage of pore water may also
occur-during the initial consolidation of the:sediment following placement.. Other releases.common to in-
situ caps, .such:as through erosion of the.cap.or movetnent of contaminants through the cap (see-Chapter
5, In-Situ Capping) may also occur, Whatever disposal-options. are evaluated, the rate and potential
effects of contaminant losses during construction and in the long term should be considered. .

’ Highh’ght 6-11-presents:some geheralpoints,to remember from this ohapter.t -
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1+ - Source oontrol should be generally Implemented to prevent recontamrnatron

R A dredglng or exoavatron aﬂernative should include details conceming aII phases of the projeot Inoludrng
- sediment removal, staglng, dewaterlngl water treatment, sedlment transport, and sediment treatment
reuse, or drsposal Lo .

e "Transport and dlsposel optlons may: be complex and controverstal options should be |nvest|gated early -
. and drsoussed whh stakeholders .

. In predlctlng rlsk reduiction effects of dredglng or exoavatlon of deeply burled contemlnants exposure and

- sk are related to contaminants that.are accessible to biota.- Contaminants that are deeply buried have

- . noslgnificant figretion-pathway.to the surface,-and are:unlikely to be exposed-in'the future may not need
o removal . .

LI Environmental dredging- should take advantage:of methodg-of-opération;-and- ln Some-oEses speolallzed
equipment, that minimize résuspénsion-of:sediment.and transport.of contaminants, -The:use.of
expenenced .operators:and-oversight; personnel Is'very important to.aneffective oleanup

. *A-slteespeolﬂo-assesament-or pliot:study. of -anticlpated sediment resuspenslon, contaminant release and -,
transpo‘rt and‘its‘potential e‘oolo-glo‘alllmpaots-s'hould be conducted-priorto full scale-dredging :

L Reallstlo slte-specific. predtctlons sholild be made-of residual contamination based on prlot studies or
: data from compareble sltes.” Where residuals aré.a concern thIn layer placement/backiilling, MNR, or
oapprng may also be needed

v ‘_Excavat!on (conducted after waterdrversron) often Ieads to Iowerlevels of resrdual contamrnatlon than §
-~ .dredging (conducted understandlng water) - :

e A dredglng of-excavation.project shotild-be monltored during implementatlon to assess’ resuspenslon and
: transport: of contaminants, immediately after implementation to-assess residuals, and affer
'lmplementatlon to:measure; Iong-term reoovery of biota:andto test for recontamlnatlon B
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Chapter 7: Remedy Selecizan Caustderations

7.0 REMEDY SELECTION CONSIDERATIONS

No two s1tes are identical and therefore the nsk-management strategy will vary from site -
to site... The strategy selected should be one that-actually reduces overall risk; not merely
transfers the risk to another site or another affected populatxon The decision process

" negessary 10 arfive at an optimal matiagsment strategy is oomplex and hke]y to mvolve
numerous s1te-specxﬁe oonsxderatlons

: Management deexslons must be made, even when information is xmpexfect 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 makmg a declsmn o

:  In these two statements from the National Researeh Councll s NRC’s) reportA Risk
_ Managemenr Strategy Jor PCB-Contaminated Sediments (NRC 2001), the NRC identifies some of the key-
challenges faced by: many project: managers atithe remedy. selection stage. The program goal'ofthe: -~ =
Superfund remedy selection process is to select remedies that are protective of humen health and the
~ enviroriment, that:maintain protection over time, and that. minimize untreated waste [Title 40.Code of
*, Federal Regulations. (40°CFR)- §300 430(a)(1)(1)] Supérfund remedies must also be cost-effective and
use permanent solutions to the. maximum extent practicable [Comprehensive Envnronmental Response,
Compensation, and Liability Act (CERCLA) §121(b)]: The best route to meeting these and other
requirements, as well as tlie best route to overall risk reduction, depends on a large number of site-specific
considerations, some of which:may be subject to significant uncertainty. Although final decision: making
in the face of imperfect kriowledge may be necessary, it may be appropriate to postpone a final decision if
 there is significant doubt about the proposed action’s ability to reduce site risks substantially in light of
“the potential magnitude of costs associated with addressing certain sediment sites. Postponing a final
decision'may provide an opportumty to'conduct additional investigation or pilot studies, and wouldnot -
necessanly preclude-carrying: out appropnate interim response actions at the same time.

71 RISKMAN'AGEMENT DEGIS’ION'MAKING

: Consxstent with the. Natlonal Oil and Hazardous Substances Pollution Contmgency Plan (NCP),
. each of the risk-management. priteiples in the U.S, Environmental Protection Agency's (EPA’s) ,
Principles for. Managing Contaminated: Secliment Risks at Hazardous Waste Sites (U.S, EPA 2002a; see -
Appendix A), is important to consider for achieving a.successful sediment cleanup, Several of the
principles apply more directly-to the remedy-selection stage, especially Principle 7, Select Site- Spectﬁc,

- Project=Specific, and-Sediment-Specific Risk Management Approaches that will Achieve Risk-based -
Goals; Any. decision:regardinig the:specific:.choice-of a remedy for a contaminated: sediment site- should: be
. based-on.a careful-consideration:of the-advantages- and limitations.of available approaches -and-a.

' ba]ancmg of tradeoffs-among: altematwes . A

S A nsk management process-should:be- used 40 select aremedy desngned to-reduce the- key human

" and: eeolegloal isks:éffectively. Anotherimportantrisk management function generally is to .compare
and-contrastthe:costsiand ‘benefits of various-remedies, Asnoted in BPA’s Ecological Risk Assessment
Guidanoe for Superfund: Provess for Designing:and Canductmg Ecological Risk Assessment (U.S. EPA
1997d), risk:assessments:should: prov1de abasisfor comparmg, rankmg, and prioritizing risks, The
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hapter 7'R entedy Selectlon Constderatwns -

" tesults can also be used in eost-eﬁ'eeﬁveness analyses that oﬁ‘er addmonal 1ntexpretanon ofthe effects of .
altematwe management optlons i ‘ » ‘
In addmon l‘lSk management goals should be developed that can be evaluated within a reahstlc .
time penod acknowledging that it may not be practical to achieve all goals in the short term. Risk
“ management of contaminated-sediment should comprehensively cvaluate the broad range of risks posed

- by contaminated.sediment and associated remedial actions, whxle recogtizing that some nsks may be

reduced ina shorter t1me frame than others. -

_ EPA’s Rules of Thumb for Supezjhnd Remedy SeIecﬂon (U S EPA 1997e also refen'ed toasthe
“Rule of Thumb Guidance”) is a 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 Conservatxon and Recovery Act (RCRA) Corrective Action Program, For more information on’

the two cleanup programs, the project manager should referto Office of Solid Waste and Emergency

Response (OSWER) Directive 9200.0-25, Coordination Between RCRA Correcnve Action and CIosw‘e

and CERCLA Site Acﬂviﬂes (U.S. EPA 1996f) “

Declsmns regardmg risk management and remedy selection should also consuier pertment
recommendations from stakeholders, which frequently include the local community, local governmient;
 states, Indian tribes, and responsible-parties. Rémediation may significantly impact day-to-day activities
* of residents and recreation-seekers,-and operations of commercial establishments near the water bedy for .
-~ extended periods. - Stakeholders should be irivolved when des1gmng and scheduling remedial operations,
_not just durmg the remedy selection process. Documenting and communicating how and why remedy -
decisions are made are very important tasks at sediment sites, For guidance on documenting remedy
" decisions under CERCLA, project managers should refer to EPA’s A Guide to Preparing Superfund.
Proposed Plans, Records of Decision, and other Remedy SeIecﬂon Documents, also referred to as the
“ROD Guldance” u.s. EPA 1999a) .

| 7. 2 Ncp REMEDY SELECTION FRAMEWORK

In the NCP EPA provides:a series of expectatlons (see nghhght 7-1) to reflect the pnnexpal
requirements under CERCLA §121 and to:help focus the remedial investigation/feasibility study (RI/FS)
on: appropriate cleanup options.  EPA developed nine. criteria for evaluating remedial altematives to
ensure that all important cons1derations are factored into remedy selection decisions. Chapter 3, Section
- 3.2 outlines the NCP’s nine remedy selection criteria, These criteria.are derived from the stamtory :

requirements under CERCLA §121, as-well:as technical and:policy conmderaxlons that have:proven to be
important for selecting: among; the remedial alternatives; In:general, the nme criteria-analysis-comprises.
“the: followmg two steps: 1) an evaluation of all alternatives with respect to-each criterion; and 2) a )
. compunson among the alternatives.to-determine the relative. performance of the alternatives and- Ldentlfy
‘major.trade-offs.among them (i.e., relative. adyantages.and limitations). Generally this: :compatisonis
- -made.on a qualitative basis, although some have:attempted a quantitative analysis (e.g., Linkov et al.

- 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
'solutlons and altematlve treatment technologies or TeSOUICE TeCOVery technologlcs to the max]mum extent .
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practlcable and satisfy a preference for treatment or provrde an explanahon as to why this preference was .

-hot met,

Consistent with CERCLA and the NCP, each remedral action selected should be cost-effectxve
' The NCP provrdes several threshold criteria that should be satisfied (40 CER.§300. 430(t)(11)(D)) Cost--
" effectivencss-is-generally determined-by: evaluating three of the-five balancing. criteria: 1) long-term .
effectiveness and permanence; 2) reduction of toxicity, mobility, or volume of hazardous substances
through treatment; and 3) short-term effoctiveness, A remedy typlcally is considered cost effective when
its cost is proportional to its overall effectiveness. As described in the preamble to the NCP, more than
one altemative may be considered cost-effective (55 Federal Register (FR)'8728, March 8, 1990), The
relationship between overall effectiveness and cost should be examined across all altematlves to identify
which options can best afford effectiveness proportional to their cost. . The-evaluation of an alternative’s
cost effectiveness is usually concerned with the reasonableness-of the relationship between the
effectiveness afforded by each a.ltemahve and its costs when compared to other avm]able optons (U S.
EPA 1999a).

For some complex sedrment sites, there may be ahlgh degree of uncertamty about the predlcted

effectiveness of various remedial altematives,” Where this is the case, it is especially important to identify ‘

-and factor that uncertainty into site decisions., Project managers are encouraged to consider a range of”
probable effectiveness scenanos that mc]udes both optrmrstw and non-ideal srte conditions and- remedy
performance : :

r The NCP llsts six “expectatlons” that EPA generally considers in developmg appropriate -
remedial alternatives at Superfund sites(40 CFR §300.430(2)(1)(iii)). Highlight 7-1 discusses how the

six expectations may be relevant for sites with contaminated sediment. Generally, the expectatrons are.

addrcssed by seekmg the, best balance of trade-oﬁfs among the altematives eva]uated :

7.3 CONS!DERING REMEDIES

- Ifthe baselme risk assessment determines that contaminated sedlment presents an unacceptable
risk to human health-or the environment, remedial altematives should be developed to reduce those risks
to acceptable levels. As discussed in Chapter 3, Section 3.1, Developing Remedial Alternatives for:

. Sediment, due to-the-limited number of approachesavailable for contaminated 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. Dependmg on site-
specific. conditions, contaminant chatacteristics, and/or health'or environmental risks at issue, certain
methods or combinationg of methods may prove more promising than others. Each site.and the various- .
sediment:areas within:it presents a unique combination.of circumistances:that should be considered

carefully in‘selecting a.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
‘particular eleanup methods rather than a s1mp1e one-sxze-ﬂts-a]l cholee between approaches for the entire
site, : .

Pro_]ect ‘managers. should keep in mmd that deeper conta.mmated sedlment that is not currently
bioavailable or bioaccessible, and that analyses have shown fo be stable to a reasonable degree, do not

‘neocessarily contribute to site risks, In evaluating whether to leave buried contaminated sediment in plac, A

' pro;ect managers should include an analysis of several factors, mcludmg the depth to wluch srgmﬁcant

3




Chapter 7: Remedy Selection Conslderations

EPA expects to use treatment to address the principal, threats posed by a site, wherever practicable:

o in general wastes including contamlnated sediment, may be’ considered a principal threat where toxicity
and mobllty combine to pose a potential human health risk of 10? or greater for carcinogens (U.S. EPA .
1801d). For these ares, project managers should evaluate an alternative that Includes treatment.
However, the practicabliity of treatment, and whether a freatment alternative should be selected, should

_ be evaluated against the NCP's nine remedy selection oriterla. Based on available technology, treatment
Is not considered practicable at most.sediment sites

EPA expects fo use. engineering controls, such as contalnment for waste that poses.a relatlvely low Iong-term
.threat or where treatment is lmpractlcable

1 . Contalnment optlons for sediment generally focus on In-siu oapplng A projeot manager should evaluete }
’ “In-situ capping for-every sediment sife-that includes low-level threat waste. Where a.cantainment -
alternative Is clearly not appropriate for & detalled evaluation, project managers should evaluate ex-sltu
containment (i.e,, disposal withouit treatment) It should be reccgnized that in-situ containment can also-
be effectiva for pnnclpal threat.wastes, where that approach represents the best balance ol’ the NCP nine .
rémedy seléction criteria . '

EPA: expecte touse'a comblnatlon of methods, as approprlate, to achieve protectron of human heaith-and the :
environment:

. ~ Large or oemplex contaminated sedlment sites or operable unlts frequently requlre development of
alternatives that combine various-approaches for different parts of the site, For a broader discussion on
-this toplc, refer to-Chapter 3, Section 3.1.1, Alternatives that Combine Approaches

| EPA expects to-use institutional controls, such as water use and deed restrictions, to supplement englneenng
controls -as appropriate for shott- and long-term management to prevent or limit exposure fo hazardous
-substanoes, poliutants, or contaminants:

* - Institutional controls such as fish consumption advlsorles fishing bans, Shlp draft/anchorlng/wake .

controls, or strictural malntenance requirements.(e.g., dam or breakwater malntenance) are frequently a |

_pait of sediment-alternatives, especially where contamlnated sedimant is left in placs, or where remedial
goals-In fish tissue cannot be ‘met for some time. See Chapter3 Section 3.6, Instltutlonal Controls for

additional-discussion - . :

EPA expeots to-consider.using.innovative lechnology when suoh technology offers the potential for comparable or
“superior-treatment performance or implementablilty, fewer or lesser-adverse Impaots:than other-avallable - |
approaches, or fower.costs forslmtlar levels of performance than demonstrated technologles :

. Innovative technologies: are technologies whose limited -number of applications may resuft in less cost and
performance-data, frequently due tc limited-field appllcatlon Adulitional'cost and.performance data may
be needed for many.sediment remedies, and field-demonstrations of new'techniques.and:approaches
may be espeolally needed, Including hoth Innovative In-situ and ex-situ technologles. Although.most
innovations for sediment remedres are currently in the- research phase, as they become avallable, project
mahagers should aonsider using them )

EPA expeots to return reusable ground-waters.to.their beneficlal uses: wherever practicable, within a time frame

thatis:reasonable.given the circumstances:for-the site. When restoration of-ground water. to beneficial uses:ls not -
practicable, EPA expects to prevent further migration of the plume prevent exposure to the contamlnated ground
water;-and evaluate- further risk reduotion:

+ - Ground water may be a continuing souros of sediment and surfece water contamlnatron Where thls is
the case, ground water migration prevention may be very important to a successful sediment cleanup and
_ to protect benthic blota, Ground water restoration may also be needeu o return the ground waterto a
"~ beneficlal use
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populations of organisms burrow, the potcntlal for erosion due to natural or anthropogenic (man-made)
forces, the potential for contaminant movement via ground water, and the effectiveness of any
institutional controls (ICs) to limit sediment disturbance.. In some cases, the most appropnatc approach
may be Iong-tenn monitoring, w1th conhngency actlons if necessary.

" Toassist project managers in evaluating cleanup options, two summary hlghhghts are presented
below Highlight 7-2 provides general site, sediment, and contaminant characteristics or conditions
especially conducive to each of the three common sediment approaches. This highlight is intended as a
general tool for project managers as they look more closely at particular approaches when most of these
- characteristics are present.- Project managers should note that these characteristics are not requirements.

Ttis important to remain flexible when evaluating sediment alternatives and when consxdenng approaches
- that at first may not appear the most appropriate for a given environment, When an approach is selected
for a site-that has one or-more site characteristics or conditions appearing problematic, additional .
engineering or 1Cs:may be availdble to-enhance the remedy. Some of these situations are dlscussed in the
' remedy-spemﬁc chaptcrs (Chapters 4,5, and 6)

General Site’ Antlclpated»land.u'aes or Sultable types and Sultable disposal sites are
Characteristics - new structures are not quantities of cap material | available -
) ’ incompatible with natural are avallable : R . j |
recovery - . | Sultable areals avallable for - £f
: - | Anticipated infrastructure staging and handling of
-1 'Natural recovery needs (e.g., plers, pllings, dredged material .
:pfocessesthave a | buried cables) are g -3
reasonable degree.of compatible with cap EX|stIng shorehne areas and
_certainty.{o continue at T infrastructure.(e.g., plers,
“rates-that-will contain, Water depth is adequate »plllngs;-buried'cables)-can .
-destroy, orreduce the to-acoommodate cap with | accommedate-dredging or
bioavalllabliity or toxicity of ‘| anticipated uses (e.qg., excavation needs
-contaminants within an . | navigation, flood control) ) S
acceptable {ime frame - . | Navigational dredging is
: : : In¢idence of cap- . 1| scheduled or-planned
disrupting human : :
behavior, such as large
"boat anchoring, s low or
. controllable - 3
Human and Expected.human Expected human- - | Expected human-exposure Is, :
| Ecological exposyre:is low:and/or - exposure |s-substantial | substantlal-and:not-well-
- | Environment reasonably controlled by | and not well control!ed by | oonfrolied by ICs -
1 . ICs - iCs i
: : - ) . Long-term ﬂsk- reduction of -~ ‘H1.
-Slte-Includes sensltive, Longaterm risk-reduction sedimentremoval-outwelghs - -f{
unique-enviranments-that | outwelghs habitat ' sediment.disturbance.and
could be irreversibly disruption, and/or habitat  § habitat disruption
.damaged-by capplng or . Improvements are :
dredging : -| provided by the .cap
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Hydrodynamic
Conditions -

Deposition of sediment Is
occurming in the areas of
contamination

| Hydrodynamic conditions
| (e.g., floods, ics scour)

are not fikely to .. .
compromise netural
recovery

Hydrodyriamic conditions
(e.g., floods, ice’'scour)
are not Ilkely to
oompromise-cap or-can
be accommodated in
deslgn

Rates.of ground water -
flow In cap area are low
and not likely to create-

unacceptable oontamlnant

releases -

Water diversion is practical, or
current velocity is low or can
be minimized to reduce .

-resuspension-and downstream-

{ransport during dredging - -

‘Sediment
Characteristics

Sediment is resistant to.
resuspension (e.g., .
cohesive or wall-armored

-sediment)

Sediment has sufficlent
| strength to support cap

(e.g., has high densltylluw
water content)

Contaminated.sediment is
underlain by clean sediment
(sothat over=dredging is

| feasible)

Sediment contains low

' _Incidence of debris (s.g., logs, -

boulders, scrap material) or Is

“amenable to effective debris -

removal prior to dredglng or

-excavation . e

" contaminant
Characteristics

Contaminant

-] concentrations in biota

and-in the-blologlcally
aotive zone of sediment
are moving fowards risk-

-based goals

{ Contaminants readily

blodegrade or transform
to lower toxicity formis

Contaminant o
concentrations.are low
and cover diffuse‘areas

Contamlnants have low
abllity to bioaccumulate

Contamingnts have low
rates of flux through cap

Contamination covers
contlguous areas (e.g., to
simplify capping)

H!gher contaminant -

- concentrations cover discrete

areas .

‘Contarninants are highly

correlated with sediment grain

| size (l.e,, tofacllitate

separation and minimize
disposal costs) -

nghhght 7-3 may assist pro_]ect managers in eva.luatmg cleanup options, For convenience, these -
. comparisons.are:organized-around the NCP’s nine. remedy selection.criteria. This highlight.is. mtended
~ only-to-identify some of the.general differences between these:thres:remedy types, not.as:an: exampleof
an actual comparative-altematives analysis-for a-site. An-actual-site alternatives analysis-would typically
include more complex altematives-and-many site-specific details, as described in the'ROD Guidance -
(U.S. EPA 19992)-and EPA’s Guidance for Conducting Remedial Investigations and Feasibility Studies
under CERCLA-(U:S. EPA 1988a, commonly referred.to as-the “RI/FS‘Guidance™). The example
criterion. components column used in Highlight 7-3 below are adapted:from the:RI/FS Guidance-and are -
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. mtended only as examples of some of the components tha,t may be: cons1dcrcd whcn evalua’ang each -
remedy selectlon criterion, P

w't

msd;,ﬁmgﬁ:, ; ;
‘Overall - C ~ |@enetally.relies.upon  |Generally, rélies.upon Generally, relies upon
Protective-: S ‘Inatural processes for -|adeguate cap placement |effective removal and low’
ness | ‘|protection - and maintenancs for- remdual levels for protechon
R . “. el .. |protection . ,
May provide low level | o May provide-moderate to
- |of-short-term. May provide moderate to..|high: level of protection,
protection, but may high level of protection,  Idepending on residual, or-
provile:potentlally . |depending upon-areal - -|where remedy-is- comblned :
acceptable long-term - |extent, design of cap, and jwith baokfiliing, capping, or
) ‘ protection ‘ long-term maintenance  [MNR
Compliance - ) . |@enerally, only . |Generally, the Clean Generally, CWA §404 and- |
with . chemical-specific  * |Water Act (CWA) §404  [the Rivers and Harbors Act
Applicable . " |ARARs apply (these  |(regulates discharge of |are ARARs. Generally, .
| orRelevant . ‘|would also-apply to dredged or fil-materlals  |treatment facllities and In- . |
and: . B _fother approaches) _linto waters of the U.S.)  |water disposal sites shouid *
Appropriate . : S o and the Rivers and - |meet substantive - .
Requlre- i . ' . Harbors Act (prohibits requirements of the ,CWA
| ments ‘ . . obstruction or alteration  [§§404 and 401 for
| (ARARS) . ‘ : of a navigable waterway) |discharge of effiuents into

-lare ARARs . - waters of the U.S,

See Chapter 3, Section |Generally; state solid
. 183, for addftional -|hazardous waste rules and
examples of ARARs- - |RCRAs an ARAR for
: . .. . - |disposalin solid or
hazardous waste landfills

See Chapter 3, Section 3.3,
for additional examples of

“|ARARs. o
Long-Térm Magnitude of  |May provide low to high May provide moderate to Méy pfo_vide moderate to -
-Effective- - .| Risk’ . leveliof risk reduction - |high level.of risk : high level of risk reduction
‘hess-and Reduetlan.and- |and-residual:risk, - reduction-and low to -fand low to-moderate -
Permanence | Residual-Riske |depending.on . -|moderate-residualrisk,  |residual:risk, depending on

processes belng-relied. [depending. on.cap.design, |effectivensss of dredging
upon:and:slte-specific [placement;-construction, land.use of backfiil meterial :
characteristics:that. ~ fand maintenance to. S '

. |might:enhance.or . |address:site May provide low (uplend).to |
-|prevent long:term characteristics that might imoderate (in-water) residual
solatiori-or destruction |otherwise preventlong- |risk jor-sediments and
of.contaminants - |term isolation of treatment residuals -

contaminants . |contalned at controlled
o dlsposal sltes
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Long-Term
Effective- -
‘ness and.
Permanence
- | (cont.y -

Adequacy and

‘| Reliability-of-
| Controls-for .
‘Residual Risk

May provide low -
control;-but:potentially
acceptable; depending
on processes-being
relied-upon and site-

{specific: condltlons

May provlde foderate

|ability to-control

physital.disturbance

‘|dueto-human:activity
- viasinstitutionrial '

controls;-may provide
|litle:ablity-t6:control

physleal disturbarice.
due to-natural-forces.

-|May provide no abilty -

to control-advection
and.diffusion: of
cortaminants: through :
overlying:cleaner
sediment; where this Is

of-concem -

" |May provide moderate to
‘|high-control; depending

on cap stabllity and.
contaminant mlgraﬂon

. through cap

May prowde Jowto .

moderate abllity to .control |-

physloal disturbance due

" jto_ human-and natural

forces-and to control
effects of advective. flow
and-dIffuslon:through cap-

[design ahd moderate
. |abliity to.control disruption}
. |through institutional )

controls

IR

May provide high control

~1duetoremoval of .

contaminants, if-residuai

. contamlnation Is below

cleanuplevels or:addressed

" [threugh backfilling, or

GaPP‘“Q o

May leave restdual risks- at
upland disposal sites that
are-easlly controllad; at In- -
water sltes control can be
mbre compiex

Need for Five- .

YearRevlews

Five-year reviews
generally wolld-be -

required for most sltes
‘Jdue:to-waste left in

place-and:possible .
continuing:need for use

restrictions

Five-year reviews
generally would be
required-for most sites

|due-to waste left in place

and-posslbie continuing
nesd for use resfrictions

Five-year review may be
generally required until :
remed|al-action ‘objectives "I
are met

|Reviews generally required: [
_|for on-site disposal fac!lrtles\- :

Reduction.of
Toxleity,

Volume
{TMV)
-Through
Treatment

Mabllity;-and

No treatment is
involved )

‘ Typlcally, no treatment s -
" linvolved

o Resear’ch'ls ongoing -
_[eoncerning the .

combination of innovative’
In-situ treatment
components within a cep

Sediment is treated In some:f -
cases If practical-and cost-
effective; stabilization is
most.common form

Péténtial exists for .
beneficlal reuse of. dredged :
sediment :

Water treatmant can reduce;
TMV: éf oontamilnants- where-
significant quantities of -
toxics.are removed from tha'l i’
water
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1 hess ~

Short-bTarbm ) .
-Effective- -~ -

Environ-.

| There should b no

Méy provid'a'high‘»lmpact

, May.'providé high impact to -

achleyed

.|May provide moderate -

abllity to ¢contro
community Impacts -

-Hronyfish/shélifish

ingestion-and, where
applicable;.difect

" |contactwith

contaminated

sediment, through
consumptlon-advisories
and.use:restrictions -

Thére should'be
minimal:impacts on

‘Iworkers.and .community

from monitoring

minimize these releases;
worker protection .
generally available

Increased truck or rail. -
traffic for.transport of cap’
material-may:impact
warkers and the
community

Staging-needs for cap
placement:may:disrupt -
local.community- during
placement

“mental- ‘ladditionalimpact to- - [to-hettonrhabltetin-area: - |bottom-habitat-in“dredged- [ -
impacts bottom-dwelling |of cap. Capdesign.can |area; Backiill design-can
During . ecologleal community - |facltate recolonlzation In facllltate recolonization In
Remedy - |fromthe remedy itself, some cases. some cases : -
implemen- butimpactsof * - ‘
_taﬂgn contaminated sediment Ma_y prowda low potential |May pravide moderate
’ fon environment for impacts from releases [potential for impacts to biote
continue-until to the enviranment during |from release-during . -~ -
protection Is-achleved  |cap.placement-and Initial - |dredging;.releases partiaily -
"'+ .Jconsolldation confrollable:by:physleal . -
- barrlers:and by-selection
and-operation. of dredglng £
_ equlpment :
Community . |Theré-shouldbeno  |There should be Jow Th,ere'should-be;lowto .
and’Warker - |additional:health - potential:for heaith ‘Imoderate:potentlal for
_Protection Jimpaets to: communhy impacts'to:community health impacts to
‘Durlng from the retviedy itself, :[and workers-from . |community and workers
Remedy |any:pre-existing” contaminant releases - [from contaminant release
Implementa- impacts.wolild contmue during. cap-placement.  |during.dredging, staging,
“tion funtil protection s’ Engineering controls may |transport, and disposal,

.|Engineering controls may -

minimize these releases;
worker protection generauy :
avallable .

Increased truck of rall trafﬂo‘v
for transport of dredged
material may Impaot
workers and the community:

, Dredged materials and

water handling or treatment :
needs may disrupt.local
community during dredging -

S

activities
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Short-Term

Generally, shortest time

{Time to achleve protection

Rellablllty canbe
uncertain in'some
envlronments due to

" |uncertain rates of

natural-procésses.and

- Juncertainties

conceming sediment
stabliity- ~ ~

Where stte-speclﬁc
conditions.aliow;, should;
be-relatively easy-to

implement:a different

‘Irernedy:if MNR Is:not

effective -

Msthods for.mohitoring
sediment-cleanup

levels are relatively well’

established -

{removal If cap ls not

. |established; ability to

construct:a cap- depends
on a number.of factors -

“lincluding-water depth-and

currents, slope and
geotechnical stability of -
underlying-materials, and
stability. of the cap itself
during and after
construction

Reliaﬁilﬂy generally high,

‘|depending:on-site-
- ispecific'conditions, and

degree of monitoring and
malnienance

Relatlvely easy to repair

- leap-in case ofocallzed

erosion or-dlsruption, but
can be: difficult or costly to
implement sediment

effective -

" Methods..for monitoring

cap-integrity and .
contaminant-migration -
within.cap:are relatively
woell-established

Time Until Generally, longest time
‘Effective- “Protectionis = “|[to-achleve protection, |todchleve protection. - verles‘depen'dlng onthe
ness {cont.)- | Achleved - dependingonratesof |-~ size and complexity of the
A1 - : - natural-procasses and |Complete biota recovery project R
bloavaliability ofthe - cou|d take several years :
* jeontaminants Complete blota- recovery
. o GaneraIIy, most certalnty could take several years . .
- [Timeto achleve concerning time to
protection Is-frequently lachieve protection Time frame generally more-
highly. uncertaln - : : uncertain:than.for.capping.®.
_|due to:dlffloulty of- predlctmg
. |resldual contamination ~
Implement- | Technical Generally, nc Cap placement methods Dredgsng.and excavation 4
abillty Feasibility constrLictlon Is required |are.generally well- - methods.are.generally well-

established; technical
feasiblity of-dredging
depends on-a number of
factors including
accessibility, extent of

. {debris, and the ability to

ovepdredge

Disposal in upland landfills
is a well-established - :
technique; in-water disposal:
methods areless well-
established-and-may requirg
greater monitoring; :
technical feaslbllity
generally-depends-on
distance to the disposal
site, ease of dewatering,
and-slope and-geotechnical:.
stability of disposal site

May. be necessary to re-

- |dredge, cap orimplement: :

MNR If dredging alone-does:i
not meet cleanup standards:fit

Monitoring:methods:for
sediment cleanup levels -
and short:term:releases
from:dredging-are.relatively-

|well established
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ability-
' {cont.)

Implement- -

Administra-
tive Feasibility

Staia—regula‘te’d‘ICs,‘
Including fish
consumptieh advisorles
where contaminants
are bioaccumulative,
may be-needed-fora
longer period than for
other remedies -

Containment in public
waters can-require:long-
term.coordination with
state-and local reguletors
due to potential need for
long-term-centrels on”
waterway use

Where contammants are
bloaceumulativs, fish’
consumption.advisorles
frequently needed for a
period-of years. . Length

“1of time.generally:depends:

on resldual oontamination
outside of capped area

Dredging and-excavation -

plan should-be-coordinated:
with other agencies to -
ensure compatiblility with
other waterway uses and -
habltat concerns during the
removal operatlon

[Where’ contamlnants are

bicaccumulative, fish .
consumptlon advisories :
frequently needed for a
perlod of years. Length.of
time-generaliy depends on
resldual contamination

. |within and:outside of
~|dredged area .

: DIspoAsalAsitihg often

requires extensive

" lcoordination-with several

government agencies and "
the public

Availability of
‘Services,
Materlals,

Capacities,
and

‘| Equipment -

Monitoring and
analytical services are
generally readily
avallable

|Location and sutability of

cappling material source

- {is critical and.can be

problematic If not
available locally

Specialized cap

- |placement equipment

may-be-needed in some
environments, but-are
generally-available

1 Availabllltyof suftable cap

materlel staging areas.Is

"|critical-and canbe

problematic for some
sites (e.g., some urban

|ereas)

Enwronmental dredging and
excavatlon equipment Is”

-{generally available,

although availabllity may be:
a problem for.large projects..
Specialized squipment- may:

- {need:to be constructed-for

speclal situations

Avallabillty of sultable
dredged-materlal staging,
separation, and, where
required; water treatment
capaclty Is critical and can .
be problematic for.some -
sltes (e.q., some urban

) areas)

Availability of 8 sultable
disposal facility Is.critical
and-can ba:problematic for
some sites (s.g., where
local-dispasalis infeasible
or high volumes are -
involved)
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AT

“|Generally, fio capltal
“eost

Long-term monltoring -

- |costs typically continue
‘{untitcleanup levels-and-

remedial action
cbjectives are met,
Length of long-term
menltoring Is generally -
dependenton -
assurance of sedlment
stablllty

‘|higher than MNR and -

untll-cleanup:levels.and

-|maintenance (O&M)

“Inecessary to-verify long-

- through cap

Capital costs genetalfy -

lowerthan dredging/ .-
excavation

Long-term maintenance
and-monitoring-costs .~
generally higherthan
MNR and dredging/
excavation

Long.~termmonltoﬂng ’
costs-typically continue

remedlal action-ohjectives
are'met. Length of long-
term:operation'and

petlod dependént on time
term stabllity-of cap and’

lack of significant
contaminant fluxes

ﬁﬁal costs generally
hlg

er than MNR or capping

Long-term monlforing costs..

"|generally fower than. MNR i B

and capp|ng

Long-term monltorlng costs
typledlly continue unti!
cleanup levels and: remedlal’
actien objectives-are: met.
Length of:long:term -O&M- -
period-dependent on exte i
of-residual-contamination :

and.use of on-slte disposal. -

State

and -

Acceptance -

1. Community -
Acceptance

Commonly Identifled
benefits-include lack of
distuption to local . -
residerits; lack-of -

- {distuption to-aquatic

and terrestrial animal
and:plantiife; and low
cosf

Commanly identified- - -
benefits include use of an-
active remedy with-no
disposal Issues;.generally-
moderate.cost; and
potentially fasterbiota
recovery-than MNR or
dredging due to rapid
placement of exposure
barrier .

Commonly Identifled -
benefits include removing
contaminants-from
waterway; possible
treatment of contaminants,
faster biota-recovery-than
MNR, increased/restored
navigatwnal depth,

- |decreased flooding, and -

lack:of use:limitations-after.
completion i
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Chapter 7: Retnedy Selection Considerations

State '
| Acceptance-
| and
Community
Acceptance
“{cont:)

Commonly Identified

-|Jeoncems include -
" |objactions fo & "do

nothing” remedy, .-
leaving contamination
in‘place, possibla
spread of contaminants
during flooding or other.

*|disruption;

uncertaintles of . -

[predicting rates of

natural burial; and.a
potentlally lengthy -

Iperlod of fish

cansumption advlsorles

"7 4 COMPARING NET RISK REDUCTION

Commonly-identified - -

‘|eoncerns Include’leaving:

contamination in placs,. .
temporary disruption-to
local residents and .
businesses, Increased

truck; rail or barge traffic |

during capping;.
temporarily reducsd

‘|recreational access;

potentially long-term -
reduction of navigational
waterway.access;
reduced-access to buried
utilities, possible long-
term anchoring.or other

- [waterway use restrictions,

and costs to potentially
responsible parties
{PRPs) and/cr state .

dun_ng O&M

Cemmonly identified

concerns Include temporary-
disruption to local reSIdents
and buslnesses,
contaminant. releases .
during-dredging; temporary-
reduction of recreational .

- {and navigational waterway- .
access during dredging;

siting of and risks from local-
disposal faclitles; and .

Increased truck, rall or kB
barge traffio durlng dredglng ’

Each approacb to: managmg contammated sedlment has its own uncenamtles and potentlal
relatlve risks. . The-concept of comparative net risk reduction was discussed by the NRC as a method to
_ensure:that:all positive-and negative aspects of each sediment management approach were appropriately
considered at-contaminated-sediment snes The Committeé on Remedla’aon of PCB~Contammated

L Sedunents states that (NRC 2001)

All remediation: technologles have advantages and dlsadvantages when apphed ata
particular:site; -and-it-is: critical to the risk: management that these be identified .
individially: and as-completely as possible for-each site. Forexathple, managing risks
from contaminated:sediment in the aqueous environment might result in the creation of-
additional risks:inboth: -aquatic and terrestrial environments.... Removal of contaminated
. materialscan-adversely impact existing. ecosystems.and can nemobﬂlze contaminants,
resulting.in:additional:risks to humans and the environment. Thus, management.
-decisions:at:a:contatninated:sediment site-should be based on the relative risks of each

 altemative/management action..,
nsk in: additien 270} speelﬁc risks, -

. For asite, it is unportantto conSIder “overall” or “net”

Pro_]ect managers are: encouraged to use ﬂme concept of companng net risk reduction between
alternatives-as:part of their:decision-making process for contaminated sediment sites, withis the overall
framework of the-NCP remedy-selection critetia, Consideration should be given not only to risk
reducuon ‘assoclated with: reduced human' and ecologlcal exposure to contammants but also to risks -
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Chapter 7: Remedy Selecuon Con.wderatwm

introduced by 1mp1ementmg the. altematlves The magmtude of nnplementatlon risks assoclated with

* each alternative generally is extremely mte-spemﬂc as is the time frame over which these risks-may: apply

1o the site. Evaluation of both’ implementation risk and resxdual risk are existing important parts-of the

" NCP rémedy selection process.. By evaluating these two concepts in tandem, .additional information may

be gained to help in the remcdy selection process. Highlight 7-4 provides examples of elements that
could be evaluated: by pro_] ect managers. in ‘this comparatxve ‘svaluation. - .

* Elements Potentlally Reduclng Risk

° " Reduosd exposure.to bldavailablé/bloacceSsible centaminants
* Removal of bloavailable/broacoesslble comamlnants ’ .
¢ Removal or-contalnment of burled contamlnants that- are erly to beeome bloaccesslbie

/ Elements Potentially chﬂnulng or Increaslng Risk-

L

'For MNR:
1 Continued exposure to contammants already at sedlment surface and in food chaln
' . Potentlal for undesirable’changes in the site's natural processes (e.g., lower sedlmentation rate)

. Potenﬂal for contaminant exposure due to erosion or human dlsturbance
For In-Sltu Capping: ‘

Cohtaminant releases during capping .
Continued exposure to contaminants currently in the food cham )
Other-community impacts (e.g.,-accidents, noise, residential or commercial dlsrupﬂon)
. Worker.risk durlng: transport of cap materials and cap placement
" Releases from contaminants:remaining otitside of oapped area
Potential contaminant movement through cap .
Disruption of benthic- commumty

e » 0o o @ .9 =

_For Dredging or Excavation;

Contaminant releases during sedlment removal, transport ‘or disposal

Continued:exposure to contaminants currenﬂy in the food chain

- Other community Impacts-(e.g., accldents, -noise, residential or commercnal dlsruptlon)
Worker.risk:during-sediment removal-and. handling

Resldual contamination:following sedimentremoval = - - - .
Releases from-contaminants retnalning outside- dredged/excavated area ...
Disruptlon of -benthic:community : ,

o o » o @ 9 @

75 COZNSIBERING%INSTITUTIGNAL CONTROLS (ICs)

_ Insumtxona.l controls (ICs) such as: ﬁsh consumpnon adv1sones ﬁshmg bans, or: Shlp :
" draft/anchoring/wake. controls are-common parts of sediment remedies. (see Chapter 3, Section 3. 6
Institutional Controls), Structural mairitenance agreéments.arc another legal nechamsm that may be
important: forprotecting some-remedies. 40-CFR.§300.430(a)(1)(iii)(D) containsthe: followmg general
_EPA expectations:with respect to-ICs. These. expectatlons generally apply to all Superfund sites,
. mcludmg sedxment sites:
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e -~ EPA ekpect,s to.use institutional controls-such as water ise 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 may be used during thie. conduct of the RI/FS and _ ‘
 implementation of the remedial action and, where necessary, as a component of
the completed remedy; and ‘ » CL o
e The use of institutional controls shall not be substituted for active response

measures (¢.g., treatment and/or containment of source material, restoration of -

- ground waters to their beneficial uses) as the sole remedy unless such active
measures are determined not to be practicable, based on the balancing of trade-
offs among alternatives that is conducted during the selection of remedy.

.. - EPA policiés conceming ICs are explained in Institutional Controls: A Site Manager's Guide to
Identifying, Evaluating, and Selecting Institutional Controls at Superfund and RCRA Corrective Action
* Cleanups (U.S. EPA 2000f). In addition to considering the NCP expectations conceming 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 IC. 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 a conclusion that

- effective implementation of the ICs can be reasonably expected, For some federal facilities in the’
CERCLA program, the IC implementation details (i.¢., the specific IC mechanism) should be placed in
the:ROD, The program manager should refer to EPA’s Guidance on the Resolution of the Post-ROD

‘Dispute'(U.S..EPA 2003d) for guidelines describing and documenting ICs in Federal Facility RODs,
Remiedial: Designs, Remedial Action Workplans, and Federal Facility Agieements/Interagency

~ Agreements, : . - : - I

Reliability and effectiveness of ICs are of particular concem with sediment alternatives, whether
they:are used.alone or in combination with MNR, in-situ capping, or'sediment removal. Project: managers
should recognize that, generally, 1C$ cannot protect ecological receptors.or prevent disruption of an in-
situ. cap: by-bottom-dwelling organisms, In addition, in many. cases. ICs have been only partially effective
in modifying human behavior, especially in the case of voluntary or advisory controls. Although fish -
consumption advisories can be an important component of a sediment remedy, it should be fecognized

‘that they:-are unlikely to be entirely effective in eliminating-exposures: Where advisories or bansate
relied-upon to-reduce human health risk for long periods, public education, and where applicable,

- enforcement by the-appropriate-agency, are critical, This point is emphasized in EPA’s risk management

- Principle 9; Maximize the Effectiveness of Institutional Controls-and-Recognize Their Limitations (U.8.
EPA 20022; see Appendix A), SRR ’ _' S

-Implementing and.overseeing ICs can often be more difficult at sediment sites where control of
the:water: body may involve multiple.entities and a single landowner is not present to provide oversight
and:enforcement. As for othertypes of sites, at.sediment:sites, project managers:should review ICs
during the five-year review. Where a water body is owned.or controlled by local, state, or federal

s




Chapter 7: Remedv Selectzon Cansuieratwns .

government enutles, the1r regulahons and guidance 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 a restriction. In complex situations, it may be usefutl to layer a number of different ICs as
discussed in the ICs site manager’s guide (U S.EPA 20001) Additional guldance on other aspects of ICs
is under development by EPA. -

7. 6 CONSIDERING NO-ACTION

As presented in Sectron 8 1 of the ROD- Guldance ano-action decrslon may be appropnate in the
followmg srtuatlons '

L When the srte or operable umt poses no current or potentlal threat to human health or the .
' envtronment ’

e : When CERCLA does not provrde the authonty to take remedla] actlon or

¢ Whena prev1ous response(s) has ehmmated the need for further remedlal response [oﬁen
" calleda “no-further actron” alternative), :

Generally, 1f ICs are neoessary to-control risks caused by a contaminant of concemn at a site, & no-

. action decision is not appropriate. For example, if fish consumption advisories or fishing bans are

. necessary to control risks from contaminants of concem at a site, a no-action.decision for sediment is not

__ appropriate, even if the advisories or bans are already in place. Instead, a remedy should be considered
-that includes at least the institutional control (e .£., advisories.or bans) and if appropnate other actions -
for sedrment or other medla ‘

. * Ano-action. decrsron however ‘may include monitoring, For example sedrment may- pose 1o .
unacceptable risk to human health or the environment; however, uncertainties concerning that evaluation

- may make it-wise to continue-some level of monitoring. In this case, a no-action decision ‘that-includes
‘monitoring may be appropriate. ‘It is important to note that this is drﬂ'erent from a MNR remedy where

current or.expected future risk is unacceptable and natural processes:are being relied upon to reduce that

. risk to an acceptable level within a reasonable time frame. Although a no-action decision may require -~ -

- long-term monitoring, a MNR remedy generally needs'more intensive monitoring to show that
.~contammant concentratlons are bemg reduced by anticipated mechamsms at the predloted rates

7.7 CONCLUSIONS -

The focus of remedy selectron should be on: seleetmg the: a]tematwe best representmg the overall
risk reduction-stratepy for the site: according:to the NCP nine remedy selection criteria.. As. digcussed in
the OSWER Directive 9285.6-08, Principles Jor Managing Contaminated Sediment Risks atHazardous
Waste Sites (U:S: BPA:20022), EPA’s policy has:been and:continues to be that thete isno presumptive -
_ remedy for any contaminated: sediment.site, regardless.of the. contaminant or level of risk. . Generally, as
diseussed:in‘Chapter 3, Feasibility:Study: Consrderatrons proJect managers-should-evaluate-each of the -

. three:potential remedy approaches (i.e., MNR, in-situ eapping; and removal through dredging or
. excavation)atevery-sediment site. ProJect managers-should-develop:a conceptual site model that
' consxdem *key.site-uncertainties, Such a model:can-be used within'an: adap’uve management approach to
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~ control sources and to implement a cost-effeetrve remedy that wrll achieve ]ong-term protectron Whllc
" minimizing short term impacts (refer to Chapter 2, Section 2.2 on concepmal site models)

‘ Controllmg any conﬁnumg sources of contaminants is an 1mpommt factor for any sedtment .
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 consider-the potential for recontamination and-factor that

. 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 be wise.

* Early actions in some areas may be-appropriate as part of a phased approach to address site-wide '
contamination even if sources are not fully controlled initially; in such situations, careful consideration
should be glven as to whether the uneontrolled sources will cause the early actlon to be metfeetlve

At many sites, but espeela].ly at Iarge srtes the prOJect manager should consider & comblnatlon of

sediment approaches as the most effective way to rhanage the risk. This is because the characteristics of -

the contaminated sediment and the. settmgs in which if exists are not usually hemogeneous throughout a
water body. (NRC 2001), As.discussed in the remedy-speclﬁc chapters of this document, when evaluating
altenatives, project managers should include realistic assumptions conceming residuals and contaminant .
feleases from in-situ and ex-situ remedres, the potential effects ofthose resrduals and releases, and the -

* length of time a nsk may persist, ' .

" . The project mailager should include a scientific analysis of sediment stability in the remedy
selection process for all sites where sediment erosion or contaminant transport is a potential concern,
‘Typically, it is not sufficient to assume that a site as a whole is depositional or erosional, Generally, as
. discussed in Chapter 2, Remedial Investigation Considerations, project managers should make vse of
. available empirical and modeling methods for evaluating sediment stability and fate and transport
especrally when there are significant differences between altematrves )

~ The project manager shou]d include in the remedy selection process a.clear analysrs of the
uncertainties involved, including uncertainties concerning the predicted éffectiveness of various -
. alteratives and the time frames for achieving cleanup levels and remedial action objectives. Project
managers should quantify, as far as possible, the uncertainty of the factors-that are most* important to the
remedy decision. Where it is not possible to quantify uncertainty, the project manager should use a
sensitivity analysis to determine whrch apparent dlf‘ferences between alternatives are most hkely to be-
s1gmﬁcant .

The project manager should momtor all sediment remedles during. and after unplementanon to
determine if the actions are effective and if all cleanup levels and remedial action objectives are met.
Sediment remedies:should not only iriclude: monitoring of surficial sediment immediately following
- implementation of the action, but also long-term monitoring of sediment to.assess.changes.in residual

contamination and-possible recontamination, as well-as monitoring:of fish or other relevant biota: recovery
~ data. Withoutthese data, an:assessment of the long-term effectiveness-of the remedy is: difficult; andfive-
year reviews may be difficult to pefform accurately. Additional moniteting data: may help net only 10-
assess the site but to help build a body of knowledge that will decrease uncertainties in decision- makmg at
future sites, Chapter 8, Rémedial Action and Long-Term Monitoring, dlscusses these and other general
. momtonng consrderatlons for contammated sediment sites.
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Chapter 8: Remedial Action and Long-Term Maniforing

8.0 REMEDIAL ACTION AND LONG-TERM MONITORING

ThlS chapter prowdes a recommended approach to developmg an eﬂ"ectlve momtonng plan at
~ contaminated sediment sites. A 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 a variety of reasons, including: 1) to assess compllance with design and performance standards; 2) to
assess short-term remedy performance and effectiveness in meeting sediment cleanup levels; and/or 3) to -
-evaluate long-term remedy effectiveness in achieving remedial action objectives (RAOs) and in reducing -
“human health-and/or-envitonmental risk. In addition, monitoring data -are usually needed to. complete the
_ ﬁve-year rev1ew process where a review is- conducted BRI

A fully successful sedlment remedy typlcally is one where the selected sedlment ‘chemical or
; blologlcal cleanup levels have been met and maintained over time, and where-all relevant risks have been
‘reduced to acceptable levels based on the-anticipated future uses of the water body-and the goalsand -
objectives stated in the record of decision (ROD). Due to the significant post-remedial residual
" contamination at:some sites; or the. mablhty to control-all sources of contamination to the water body,
reactiing sediment or biota levels 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 longsterm risk reduction, Highlight 8-1 presents
" four measures that should be considered for all Superfund sediment sites where the remedy includes -
* active remediation such as dredging, excavation, and/or capping. At sites where achieving protection
_relies-upon institutional controls (ICs) such as fish consumption adv1sones and/or on.monitored natural
recovery (MNR), only measures 2 and 4would typically apply. A momtonng plan that addresses the
appropriate measures generally should bé developed and 1mple_mented at.every sediment site. The term
“remedy effectiveness” as used in Highlight 8-1 of'this guidance addresses the potential role of
monitoring in measuiing progress, not as.one of the nine criteria provided in Natlonal Qil. and Hazardous.
~ Substances Pollutlon Contingency Plan (NCP) to evaluate- al’rematlves :

Interim Measures;

1 - Short-term'remedy performance (e.g., Have the sedlment cleanup levels been achleved? Was the cap plaeed
as Intended?) . .

12~ Long-term remedy performanoe (e.g., Have the sedlment cleanup levels beenreached and ‘maintained for at
| least five years. and thereaftsr as appropnate? Has the cap withstood significant erosion?)

- |3 Shortterm. nsk reduction (e g. Do data.demonstrate-o.at least suggest.a raduction In fish tissue levels, a .
decrease in-benthlc toxiclty, or an increese In specles: diversity or-othér community indices after five yeers?)

| Key-Measure;

*| 4 - Long-term risk-reduction (e g; Have the remedlatlon goals In fish tissue been reached or has eco[oglcal
tecovery been accompllshed?) :

For Fund-lead sites subjectto a.state cost: shaxe it may be neeessaiy to dlsungmsh momtonng
thatls part of the remedlal action phase of the: remedy from: momtormg that is associated W1th the .

8-1




Chap!er & Remedral Action and Long-Term Monn‘orzmgr

operation and mamtenanoe O&M) phase of the remedy Drsnngurshmg these two momtormg actlvmes
is a site-specific decision. Project managers may find it useful to refer to Chapter 3, Section 3.5.2,
Operation and Maintenance Costs, for suggestions about whal types of activities are frequently associated
with long-term O&M as compared tcr smnlar activities typically eondueted durmg the Iemedral action,

_ Thrs chapter is based in part on thie framework presented inthe U.S. Envrronmental Protection.
Agcncy s (EPA’s) ncw “Monitoring Guidance,” Office of Solid Wastc and Emcrgency Rosponse
(OSWER) Directive 9355.4-28, Guidance Jor MonHoring al Hazardous Wasie Siles: Framework for
Monitoring Plan Development and Implementation (LS, EPA 2004c). This chapter presents more
specific guidanee for monitoring of sediment sites, however, many technical details are outside the scope
of this chapter. More specific guidance on. partrcular nionitoring fopics is-under development by EPA to

- assist project managers. In addition, the “triad approach” ta systematic planning, dynamic work plans and.
real-tithe measurement technologies may have strategies that can be frultﬁ.xlly apphed to sedlment site
_ momtonng (see hanjmw,epa£0d1101tnad) : '

8.1 INTRODUCTION

As descnbed in EPA’s Momtonng Gurdanoe (US. EPA 2004c) morutonng may be viewed as
the collection and.analysis of repeated pbservatiohs ot measurements to evaluate changes in condition.and
progress toward meeting a management objective. Monitoring should include the collection of field data
* (L., chemical, physical, and/or biological) over a sufficient period of timé and frequéncy to detérmine the -
‘status at a particular peiuit intime and/or trend over a period of time in a particular environmental -
. parameter or.characteristic, relative to clearly defined management objectives. The data; me*chods2 and
endpomts should be drrectly related to the, RAOs and cleanup levels or reriiediation goals for the site,

Env1ronmenta1 samplmg and analysis is typrcally conductcd dunng all phases of the Superfund
procgss to address vatious questions. By the time a project managet is: implemeénting a remedial action of
‘writing a mohitoring. plan, a considerable.amount.of bascline sitc-data should have been collceted during
+the remedial investigation or site characterization phase. In the site characterization phase, sampling is
* performed to determine the nature and extent of contamination, to-develop-the information: necessary to
assess risks to human health-and the environment,.and to assess the foasibility of remedial alternatives.
During site-charactgrization, the project manager should anticipate expectcd post-remedy- momwnng -
needs to ensuresthat-adequate baseline-data are cullected to allow: comparisons to future data sets.
Monitering plans-should alsp be dcsrgned to allow companson of results with model predrctlons that
supported-remedy selection, L . r

) Pro;ect managers should ensute that agreements wrth eontractors or responsrble partles
conceming remedial.design.and remedial action include: requirements for development.ofian. appropnatc
monitoring-plan, Thenced for cnvironmontal monitoring and how the. data-will be.uscd to- “measure
+  petformance against cleanup levels.and RAQsshould be consideted:in the ROD and digoussed further
 early in the-remedial design process. ‘Where ICs:are part of thé remedy, this discussion-shouldalso
include implementation.and, where.appropriate, ‘monitoring; plans for-those.controls, Having an. early

discussion of the monitoring needs as they telate to any engineering performance standards for the

particilar remedies should allow the prowct manager sufficient time to resolve logistical or other
“implementation issues. long:before the monitoring program is put in place. This.discussion. during

remedial design:is also important to determine whether sufficient baseline-data have been:coliected so that
" both the remedial-action and long~tcrrm momtormg data can:be easrly compared to pre-remedy condltlons
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At sediment sites, it is also frequently necessary to continue collecting background data from -
upstream or other refetence 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 possxble contmumg sources of contammanon‘
could impact a remiedy:.

Durmg the remedial desrgn phase, it is also important to develop a clear understandmg of how the
‘monitoring data will be used in the post—remedratlon decision process, and to ensure that reviews of the
" monitoring results are. conducted in a timely fashion so ‘'additional actions can b taken when necessary.
In this way, the monitoring data should become a key element of the decision process botli in terms of .
- whether the cleanup levels and RAOs are bemg met and whether additional management actlons are
: warranted

Hrghhght 8-2 lists some key questxons the proj ect manager should answer before developmg a
monitoring p]an )

\Nhat Is the purpose of the monitoring?
°. Are detectron limits adequate to meet the purpose of the monltorlng?

K Are there likely to be other factors, such as non site-related releases besides the cleanup that wil
influence the: monltorlng resuits, and are these well understood?

. How often should monitoring take place, and how long should it contlnue?

1 i Can the monltorlng results be readily pleced Into searohable electrome databases and made avallable to
o ‘the project team-and others? - : :

’ - Is.it clearwho is responsible for- revlewmg the monltormg data and what the trrggers are for identifying
© - Impertanttrends (posltive or negative) In the results? B .

’ ‘What ar are the most.appropriate methods for analyzlng the monltorlng data? Should these be based on

statlstical tests or other quantiative analysrs? WII there-be sufficient data to support these statlstrcal
measures? _ ‘ } )
. .' Is there agreement on What ectlens will be teken bes_ed on:the results of the monltoring data?

How will the results bercomrhunicat_e'dto the public, and who is responsible for doing this? -

Although sedlment sites vary w1de1y in size and complexfcy, monitoring typlcel]y requires a
higher degree of p]anmng than at some other types of s1tes for the followmg reasons; - '

e : 'SedJment sites oﬁ:en involve more ‘rhan one aﬂ'ectcd medlum (e g., sedlment surﬁa.ce
water, bxota ﬂoodplam soils, and ground water) and multlple contammants of concen;

. Contamrnants at sediment sites are often from a vanety of sources,- some of whxch may be
: outside-of the s1te in questlon :
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° ‘Sediment sites may require monltonng over large areas and ina vanety of physmal and
ecologlcal settings; ol

. Spa’ual and tempora] vanabxlmes of aqua’uc sedunent and biota can be great; and
e * Risk goals, for- s1tes w1th bioaccumulative contammants generally relate 10 eonta.mmants
' in biota and the relationship between contammant levels in sediment and biota is
frequently complex, .

- An especially important issue for project managers at large sites with more’ than -one 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 ars different. For
_ example, where-contaminants from multiple sources are indistinguishable, it may be necessary 1o use. .
-+ unique parameters for monitoring effectiveness of individual actions. However, it also may be very .
important to monitor- parameters (1 ¢., some fish specles), which may be rcspondmg to multlple SOUTCes oF
areas of a site, : ‘

8.2 ~SIX-"RECO'M:MEND-ED STEPS FOR S SITE «MGNITORING

When developmg a monltormg plan 1t is mportant to review the ROD and supporung documents N A

' ~ forthe site. The ROD generally should contain numerical cleanup levels and/or action levels for
sediment and. sometimes for other média, and namative RAOs that relate more directly to reducmg risk.
fGeneraIly, these fori the'basis of the monitoring plan, ' RODs or other site documents may also contain

" specific performance criteria or objectives for the short-term and long—tenn performance of the Temedy

that should be mcorporated into the monitoring plan

. EPA’s Momtormg Guidance (U S.EPA 20040) describes six key steps that.are recommended in
- developing and-implementing a monitoring, plan, These steps are listed in Highlight 8-3 and explamed
briefly along with sediment site examples iti the following text, This gu1dance was developed for use at
all hazardous-waste sites; not just. Superfund sites, and therefore, uses the term “site activity” to apply to

. nnplementatlon of removal actions, remedial actlons, ICs or habitat mmgatlon

Generélly, the mostimportant element in developmg an effective monitoring plan is for the

project manager to identify.clear and specific monitoring. objectives. Identifying:appropriate monitoring. ...

objectives.normally includes:examining the intended:outcomes of the action and.the methods.used to

- achieve:that.outcome atthe site, Inadoquate:or vague monitoring, objectives can lead:to uncertainty about
why-the. momtormgis being:conducted:and how the data will-be used. -Furthermore, funding. for
monitoring:is.often limited. Specifying objectives can help-to focus the expenmental design.and.ensure
‘that the-mostuseful information is collected, When identifying monitoring objectives other-than those
already established in decision.or enforcement documents, the: project.manager. should involve - i

. participants from:all concerned. stakeholders (e.g., public, natural resource trustees, state a,genoxes, ‘

. potentlally responstble partiés),
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BRRornERIa:

. Step 1, ldentlfy Monitoring Plan Objeotlvea '

" |» " Evaluste the site activity
1 - Identify the activity objectives
~ Identify the activity endpoints .
) —  |dentify the"activity mode of action -.
.. Identify monltoring objectives
* . Obtain stakeholder input

Step 2. Develop Monitoring Plan Hypotheses

+ ° Develop monitoring conoeptual models .
. - Develop monltoring hypotheses and-questions

- Step 3. Formulate Monitoring Declslon_Rul_es

Step 4. Design the Monttoring Plan

. |dentify data needs

. . Determine monltoring plan bouridarles

. Identify data collection methods

. Identify-data analysls methods

. Finalize the decislon rules

. Prepare monitoring quality assurance project plans (QAPPs)

. "sﬁgp 5. Conduct Monltorlng Analyses and Charaoterize Results. -

» - Conduct data collection and analysls . -
. Evaluate results per the monltoring of data qualily obJectlves (DQOs), developed In Steps 1-4, and revise

‘ . déta collection and analysls as necessary . ;
. Characterize analytical resuits and evaluate relative to the declsion rules

Step 6. Establish the Management Declslon

. Monltorlng résults support the decislon rule for site activity success -
- .. = . Contlude-the site activity and monitoring .
. Monltering results do not support the. decislon rule for site ectivlty success but are trending toward
. support . .
- -Continue the site actlvlty and monitoring

| Monitoring resufts do not support the deoision rule and- are not trendlng toward support
C= Conduct causative factor:and uncertalnty.analysls = = ... .. U

- Revise site actlvsty and/or monltonng plan-and: implement :

Sourca: U.8, EPA 20040

‘ Physwal chemlcal and/or blologlcal endpomts should be: 1den11ﬁed to help evaluate each
monitoring objective. In general, physical-and: ‘chemical:endpoints-are less:costly and:more easily
measured. and:interpreted than biological- endpoints and; therefore;, may-be more:appropriate where qule
~decisions are needed. . However, the ability of physical: audzchcmncal :endpoinis to:quantify changes in
ecological risk reliably-may be less ditect than biological:measurements,for.example:where risk is.due to
. direct contact with multiple contaminants. -In this case; toxicity-tests-or:bioassessments:may pmwde an
. integrated measurement of the cumulative effects of al] contaminants: and, therefore can be & bettcr
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v ‘assessment of ecological risks in some: sntuatlons Conversely; where the primary risk is due to humans S

and wxldhfe cating ﬁsh chemmal endpomts m ﬁsh may be most appropnate

When identifying appropnate endpomts, it is unportant for the project managcrto ensure that the
measure employéd matches the time frame established for the criteria.. For example, acute toxicity tests
-quantify short-term-effects-on an-organism; therefore, this type of test may be appropnate for operational
monitoring (e.g., monitoring during remedial dredgmg), ‘where it can be performed in a short period of
time, Other biological endpoints, such as ehanges in species diversity, typically occur over long periods:
of time and may be more appropnate for use iir a long-term monitoring program designed to look at
ecological recovery,. Although no single endpoint can quantify all possible risks, a combination of
physical, chemical, and blologlcal endpomts usually prov1des the best overall appnoach for measunng nsk
reduction, - , o

'Example' In the ROD EPA established a RAQ of reducing: polychlonnated b1pheny1
(PCB) concentrations in fish tissue to levels that would eliminate the need for a fish
consumption.advisory for PCBs-(for this sits, 0.05 ppm). To achieve this objective, EPA
 selected a cleanup level of 0.5 ppm total PCBs in sediment. The short-term objective of
the momtonng program is to monitor PCB concentrations in sediment until the cleanup
level is met and'the long-term ob_]ecttve of the monitoring progxam is to monitor PCB
conccntra.tlons in ﬂsh tlssue until the RAO is met. : :

,Sjgp 2, Dgyg op Mgmtgrmg Plag ﬂypgm. eses

Typtoally, monitoring hypotheses represent statements and/or questions about the rela’uonshlp
between a site activity, such as sediment remediation, and one of more expected outcomes (U.S. EPA
2004c). -The development of the monitoring hypotheses is analogous to the problem formulation step
(Step 1) of the DQO. process (U. S.EPA 2000a), - The monitoring hypothesis may be generally stated as
“The site activity has been successful in reaching its stated goals and objectives,” or in question form, as
“Has the site activity reached its stated goals arid objectives?” As described in EPA’s Monitoring .
Guidance (U S. EPA 2004c), the concept of a monitoring conceptual model may be helpful in identifying
.and orgamzmg appropriate hypotheses. This model, frequently a flow chatt or graphical display, consists
of a'series.of working hypotheses that identify the relatlonshlps between gite. actlvmes and expected ‘
outcomes

Example hypotheses* The PCB concentrauon in sedlment has. reached the cleanup level
of 0.5 ppm The PCB concentratlon in fish tissue has reached the remedial goal of 0. 05
ppm, ‘ . :

- Once momtonng ObJGUlZlVBS -and hypotheses are agreed upon.and stated expllcltly, the next step
_ should-be to identify specific decision rules that will be used to assess.whether the objectives are met. A
decision rule is normally an “if... then...” statement that defines'the conditions that would cause the
‘decision maker to choose an action. In a monitoring plan, the decision rules:should establish criteria for
. continuing, stopping, or modifying the monitoring -or for taking.an additional response-action. “Four main N
-elements of a decision rule-usually are: 1) the parameter of interest; 2) the expected-outcome of the
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remedral action; 3) an action level the basis on which a momtormg decision will be made and 4)
altemauve acttons the momtormg decision chorces for the specified action (U S, EPA 2004c)

: Another factor the project manager should consider when developmg decrsron rules is the ttme
~frame under which they will operate. For example, when dredging highly contaminated sediment, a real-
time monitoring program conld be-established-to analyze water samples before proceeding with: the next
* day’s dredging. In contrast, the time frame required to assess a long-term monitoring objective (e.g., to
lower fish tissus concentrations) would be longer. In either case, the time- frame should be explrcrtly
stated and understood by all the partlcrpants ‘ _

ExampleS° A decision rule could be estabhshed to require certain actions if suspcnded
sediment or contaminant concentration in'the surface water due to releases from- dredging
‘exceed certain criteria. A decision rule could be established to assess whether the
‘sediment cleanup level of 0.5 ppm BCBs has beet reached, defined ag an average of 0.5
ppm PCBs in each of ten grids over the site. A-decision rule could be established to -
assess whether. progress is:being made toward the remedial action objective of reduced
PCB concentrations in fish tissue by estabhslung an interim goal of achieving 0.8 ppm in’
fish tissue within five years, after which monitoring frequency will be-revisited. PCB
concentrations in fish species “A” will be measured on a speerﬂc frequency (e.g.,
annually) that is commensurate wrth the relevant species’ uptake and depurauon rates.

- Step 4 Dgsrgn the Mgmtgrmg Pl@

'I'he fourth recommended step for the project manager is to rdentlfy the momtonng design for
oollectmg the necessary data. Design considerations include identifying data needs; determining
monitoring boundaries (frequency, location, duration); identifying data collection methods and
identifyingdata-analysis:methods, including; uncertainty analysis. . EPA recommends that a- systematrc
planning.approach: be used to develop- acceptanoe or performance. criteria for all environmental data’
~ collection-and-use. The Agency’s DQO-process is a planning approach normally appropriate for sedrment
sites(U.S.EPA 2000a). Quality assurance-project plans (QAPPs) or thelr equlvalent are also
recommended: for envrronmental data collectlon and use, - v

The spatial-and temporal- aspects of a'monitoring. plan typically.define where and when to collect
samples. In general, sampling locations.should be:based on the-areal extent and magnitude of the
contaminated sediment and the propensity for.the contaminants to:move, either through transport (e.g., A
remediation, natural events) or through the food chain. Generally, the more dynamic the conditions, the

" more frequently sampling is necessary to represent conditions accurately. However, a less costly
alternative can be to use data: endpoinits which respond to cumulative, longer-term conditions, where

- .appropriate, Additional factors that should be considered:in. establrshmg samplmg locations: 1nclude

locations of baseline or pre-remediation sampling stations and spatial gradients in concentration, For
’ example generally greater sample density is ueeded where conoeutra,tlon gradients are high.

Seleotmg a: stansncal approach to use in eva]uatmg the data is another important aspect of the

. monitoring program-.design. Data are sometimes collected in a manner that is.incompatible with or..
 insufficient for the statistical tests used to analyze the data, Although:the amount of data-needed to

- compare;point«in<time: data:may be less: than:that needed to reliably establish-a trend-in-data, both types-of
- analyses may be: needed to draw conclusions reliably. Especrally for ontlcal decrslons project. managers
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.should seek expert advice in order to desrgn a samplmg program that will yreld stanstlcally defensible .
results, One poteritial method, power ana]ysrs is described in Bzostahsﬂcal Analysis (Zar 1999)

Another crucial element of developing a momtormg plan typrcally is cost, Generally, itis more
- cost-effectiveto collect less data, providing they are the “correct” or most useful data than it is to collect -

- more of the “wrong™ data, Following the key steps outlined in this guidance to-design a- ‘monitoring plan :

should help project managers determine what are the “correct” data, Project managers may also find it -
useful o consider the use of indicator or surrogate parameters that correlate with those of primary -
mterest asa supplement to pnmary parameters that ate espec1a.lly oostly or problemaxrc to collect.

Fma.lly, this step of monitoring plan development should ensure mechamsms are m place for |
‘ modifying the plan based on new information. ’

Example: From the remedial investigation data we know that smallmouth bass spend

- most of their time in the contaminated area and spawn in late spring. The proposed
sampling;plan would consist of overlaymg an unbiased samplibg grid onto a map of the-
contaminated area-of River X as well as in the areas upstream and downstream of the site.
It ig decided that 30 four-year old female bass will be collected in the early spring, before
spawning; in éach of these areas. A power analysis on béseline data indicated 20 fish
would allow the project team to discern_a 0,5 ppm or greater change in tissue
concentration with 0.25 ppm confidence intervalg (90 percent). However, given cost
considerations, only ten samples will be ana.lyzed 1mmed1a1ely and the other 20 archrved
for further analyses pendmg the results

Step 5. Conduct-Momtonng Analyses and Charagterlze Reggl:

The next recommended step in developmg a momtonng plan includes data collectlon and

_ -analysls, evaluatrng analytical results, and addrossing data deviations from the menitoring. DQOs. At this
point, the-project manager should evaluate the data with regard to the monitoring hypotheses, the DQOs,

- and the:monitoring: decision rules developed in- previous steps. At this step, the project manager should

implement decision rules that may call for contmumg, stoppmg, or modrfymg the monitoring or for takmg ‘

addrtronal action at the site.

In addition, the pro;eet nanager should communicate data and results to the appropriate
audiences. Frequently, the importance of. commumcatmg the results isunderestimated, Because
information is often provided to individuals with various levels of technical expertise, it should be
* -comprehensible at multiple lévels of understanding., Complex scientific data are not often easily .
understood by those without atechnical baekground and-ineffective data communication often leads to
skepticism about the conclusions. Therefore, it is important that.the project manager consider-the

- audierice and present results in multrple formats, To those less familiar with the technical presentation of

. data, .information can-be-presented in easrly understood-visual formats-[e.g., geographle information
system. (GIS)]. This-approach maximizes the effective dissemination of information to the.greatest
number of individuals, thus i moreasmg the probability that the conclus1ons will be- understood and
belreved : :

. Example: At this point, three ‘yearsuof fish tissue .data:have -beenrcolleoted,s.ainalyzed,,vand
validated. The decision ¢riterion for thig:monitoring objective was toreduce the PCB
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concentranons in fish tissue to. 0 8 ppm within ﬁve yea.rs The data-show that after the
third year, fish tissue concentrations have decreased significantly but the averages-are -
still above 0.8 ppm; however, the higher levels are restricted to a relatively small area and
most fish are below 0.8 ppm. The results are summarized and presented to the
 stakeholders. “Due to the declining trend, the decision is made that the monitoring -
.~ objectiveis expected to-be: mot: w1thm five years -and the-fourth year- momtormg effort can. -
© be sklpped

* The final step of a momtonng p]an should be an- extenswn of Step 5,t0 evaluate momtormg )
results and uncertainties and come to a decision regarding any changes in site-activities or changes in the-
'momtonng plans that.may be.appropriate. at this time. Developing. contmgency plans in adva.nce for
' actlons that may need tobe taken in response to monitoring results is recommended

Example' Due to.the. declmmg txend the declswn is made thatthe momtonng objectlve
is expected to be met w1th1n five years and the fourth year momtonng effort can be
skipped. :

An outlme of the six steps and- suggested subparts is shown in I-hghhght 8-2. It should be noted
that the followmg outline essentially follows BPA’s DQO process; with modification for ease of '
apphcanon to a-contaminatéd sediment site. Project managers should refer to the DQO process guidance
- (U.S/EPA 2000a) to supplement this ouﬂme when preparing a sedlment site monitoring program '

'.‘8 3 POTENTIAL MONITORING TECHNIQUES

ThlS section provides abrief overview of the types of monitoring techmques and data endpoints
. that the project manager could consider when. developing.a monitoring 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 discussedin - . -~ - ... ...

" previous sections.. For complex sites, frequently a combination of physical, chemical, and: blologlcal
‘methiods:and a tiered monitoring plan (Highlight 8-3), is the best approach.to: detem'une whether a
sediment .femedy: s meeting: :sedithent: cleanup:levels; RAOs orgoals;.and associated performance criteria
both during remedial-dction:and in the:long;term. Momtenng, samplmg, ;and ariatysis.methods-are being
constantly:improved-based-on résearch:and:increased field experience. Project.managers:should watch
for new methods-and, where they offer-additional accuracy or lower costbut. also allow for. data to be

: compared to-existing: daxa, con51der usmg them,

‘ Generally, physmal and:chemical: endpomts are: eas1erto ‘measure-and: mterpret than biological -
 endpoints. .In the.case of humnan health risk, chemical méasuréments are commonly:used-to.assess:risk,

. In:contrast,:measurement:ofthe-biological.community.is:a direct but:often complex:measurement-for

‘ monitoring.changes:i in.ecological:risk:. Caged:-organisms:(e:g;, Macoma, or mussels):atthe site-overa -

defined time:frame-can-identify changes inbioavailable-concentrations-of: many contaminants, Collection
of fish-and tissue analysis can:addréss:both human-health-and-ecological response of the- systém, if both
needs are considerod during: design-of the: sampling-and:anatysis:plan. The:project manager-should-refer
to EPA’s Ofﬁce of Water: Methodsfor Collection, Storage;and: Manipulation of Sedimem‘s for Chemical
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and Toxicalogical Analyses (U, S. EPA 200 1k) and Managzng and Sampling and Analyzmg Cantaminamr -
in Fish and Shellfish (U.S, EPA 2000h) for more detailed mformaﬁon L .

"Biological endpoints (e &., toxicity tests) typrcally provide an mtegrated measurement of the
cumulative effects of all contaminants, When using biological endpoints, it is important for the project..
manager to ensure-the-biologicaltost employed. fits the intended:criteria. ‘For example; acute toxicity tosts-
“are designed to quantify short-term effects on an organism; therefore, this type of test may be appropriate
when monitoring for short-term impacts of a remedy. However, for toxicity tests to be useful, itis -
important to have demonstrated during site chatacterization a significant relationship between the
contaminant.and 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 a long-term monitoring progratm

- designed to look at ecological recovery, While no single endpoinit can quantify all possible risks, project

managers should consider a combination of pliysical, chemical, and biological endpomts to provide the -
- best overall approach for assessmg the long-term effeotlveness of a remedial actioh in achlevmg the
RAOs : .

8.3.1 Phys:cal Measurements
Phymcal testing at a site may mclude measurements of erosion B.nd/or deposrtron of sediment,

» ground water-advective flow, particle size, surface water flow rates, and sediment
homogeneity/heterogeneity. Potential types of physical data and their uses 1nelude the followmg

.  Sediment Geophysical Properties: Uses include fate and transport modehng,
determination of contammant bioavailability, and habltat charactenstrcs of post—cleanup
sediment surface;

e Water Column thsical Measuremenrs (e.g.. turbidifv total suspended solid ds): Uses

_include monitoring the a.mount of sediment resuspended durmg dredgmg and during
placement of in-situ caps; : . :

o Bdthymetgy Data: Uses include evaluaﬁng post-capping or post-dredging bo’&om

“elevations. for comparison to desrgn spec1ﬁcatrons and evaluatmg sediment stability. ___ _ ... ..

dunng natural recovery;

e Side Sean Sonar Data: Uses include remote sensmg to momtor the distribution of
. edrment types and bedforms ‘

. Settlement Plate. Data: Uses include monitoring changes in cap ﬂnclmess over tlme and
: measunng cap. consolidation,

e Sediment Profile Camera Data: Uses include monitoring of charrges mtﬁm layering ‘
within sediment profiles, sediment grain slzes, bloturbatron and oxidation. depths and the
presence of gas bubbles; and

L ubbatram &oﬁlez Data: Uses include remote sensmg measurement of changes in
: sediment:surface and subsurface layers; bioturbation: and oxrdatlon depths ‘and: presence
-of. gas bubbles. :
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8.3.2 Chemlcal Measurements

Chemical testing may include sedlment chem1stry (both the upper blologmal surficial zone and/or
deeper sediment), evaluating biodegradation, contaminant partitioning to the pore water, and
. conicentrations of total organic carbon. Potential:sampling:tools and: enwromnenta.l momtonng methods.
'used in support of chemical measurements include the followmg ‘

§ediment Grab Sjmglers, Uses include collecuon of samples for measurement of surface

. sediment chemistry;

oring Devices fe.g. vibracore, gravity. stton, or drop tube samglers) Uses mclude
obtaining a vertical profile of sediment chemistry, or detection: of contaml_nant movement.

through a-cap or through a layer of" naturally deposited clean sedunent

 Direct Water Column Measurements (probes): Uses mclude measurement of parameters

such as pH and d1ssolved oxygen in the water column;

urtace Zater Samglers Uses molude measurement of chemlcal coneentratxons
(dissolved and particulate).in Water or contammant releases to the water column during
constructlon :

Semi-Permeable Membrane Devices: Uses include measurement of dxssolved
contaminants at the sediment-water interface; and

Seepage Mete ers: Uses include measurement of contaminant flux into the water column,

8, 3.3 Blologlcal Measurements

B1ologlca1 testing-can. include toxicity bioassays, examining changes in the blologxeal
assemblages at sites, either to document problems or evaluate restoration. efforts, and/or determining
toxicant bioaccumulation and food chain effects. Potential types of bxologlcal monitoring data and their
uses also include the followmg

°

Vsis: Uses mclude evaluiation of population size and dlversnty,
and momtormg of recovery following remedia’uon

oxicim Testing: Uses mclude measurement of acute: and long:-term lethal‘or sublethal
effects of oontanunants on orgamsms to help establish-a; proteetwe range of remediation -
goals;

Tissue Samglzng Uses include measurement of bloacoumulamon, modelmg troptuo '

- transfer potenttal and esumatmg food web.effects;

Cdged Fish/Inver teb afe. jes; Uses molude momtonug change in uptake of
contaminants by biota from:the:sediment or water-column to- measure. The effect of the
remedy on bioaccumulation rates; and -
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. Sediment Profile Camera Studies: Uses include indirect measurement of
. macroinvertebrate recolonization, for example, measuring population density of
.- polychaetes by counting the number of burrow tubes per linear- cent1meter along the
sed1ment—water interface. :

. The interpretation of fish tissue results and their relatlonshlp to sedlment contammant levels can

“be espec1ally 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 relationship between trends in sedxment
“and blota concenh'atlons especlally difficult, -

Fact sheets are undcr development at EPA concemmg bxologlcal momtomng at sedlment sites,
moludmg I . , . :

e o An approaeh for using bxologlcal measures to evaluate the short-term and long-term
"~ remedial effects at Superfund sites; and -

« . An approach for using bloaocumulanon information from biota: sed1ment aocumulatlon
factors (BSAFs)-and food chain models to assess ecological risks andto develop
sediment remediation goals '

84 REMEDY-SPECIFIC MONITORING APPROACHES

“Thefollowing sections dlseuss momtonng issues partlcular to MNR; in-situ capping, and
dredginig or.excavation. Many sediment remedies involve a combination of cleanup methods, and for
these reimedies; the-monitoring plan-will likely include a combination-of techniques to.measure short- and
longsterm success. At many sediment s1tes, momtonng of source control actions is an' xmportant first
step. :

8.4.1 Mo'nitoringNatural»Recdver'y '

_ Momtonng of natural:recovery- remedxes often tests the hypothesis that natural processes are,
continuing to- operate at.a rate.that is expected to reduce contaminant concentrations in:appropriate: media
such-as-biota to an'acceptable level in a reasonable time frame. Other measures of reduced risk may also

‘be: appropriate for-asite.” In most cases, monitoring involves. measunng natural processes indirectly or

measuring the-effects.of those processes.” As a sound: strategy for momtonng natural recovery the pro;ect

manager. should consider the. followmg

Te Momtormg direct or indirect measures of natural processes (e.g;, sednnent accumulauon
»rates, degradahon products; sediment. and contammant transport),

. Momtonng contamuwnt levels in surface sedlment surface water, and blota and
E _'. 4 Momtonng measures of biota: necovery (e 8., sediment tox1c1ty, enthlc commumty size
' and/or diversity). .
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When momtonng natural recovery, 1t is usually important to monitor sediment, surface water and
biota, The water column is typically important because it integrates the flux of contaminants from
sediment and is not typlcally subject to as large a spatial variability as sediment. B:ota momtonng is-

» nnportant because it is frequently dxrecﬂy related to risk.

Momtormg continued eﬁ'eehveness of source- control actions can be espeolally important at MNR
sites, Depending on the-quality of existing trend data, MNR remedies may réquire more intensive
monitoring early in the recovery period, which may be relaxed if predicted Tecovery rates-are bemg
.atwmed Also, there may be a need: to collect addmonal data,after an-intensive disturbance event.

. EPA’s Sclenee Adv1sory Board (SAB), in its May 2001 xeport Monirored Natural Atfenuaﬂon
USEPA Research. Program An EP4 Seience Aavisory Board Review (U.S. EPA 2001;j), Section 3 4,
Summary of Major Research Recommendations, indicates the need for the development of addxtlonal
. monitoring methods-to quantify atténuation mechanisms, contaminated sediment transport processes, and
bioaccumulation to support footprint documentation and analy sis of permanence, EPA is aware of these
research: needs -and: plans to address some of these topics in ongomg and future work,

For areas that may be subject to: sed1ment d1srupt1on the project manager should conduct more

extensive monitoring when specified distuptive events (¢.g., storms or flow stages of a 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 qulek turnaround times needed .
1o 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
concentmtxons . . ‘

: The project manager should mclude penodlc comparisons of monwonng data to rates of recovery
expected for the.site-in an MNR nrionitoring program. Where predictions were-based on modelmg, the
project manager should make monitoring:results available to the-modeling teain or other researchers to
. conduct field-validation of the model, Where. contingency remedies or triggers for additional work are

pattof'a remedy: decision, the project manager should: design the monitoring plan to help determine
whether those.triggers-are:met. For example, a-contingency-for additional evaluation or-additional work
-‘may betriggered by an.increasing or insufficiently. decreasing trend in contaminant. concentrations in -
sediment, surface:water; or biota:at specified locations. Where contingencies-for additional work are
triggered, the: project manager may need to include measures such as-additional source control, additional
. ICs, the placemient of athin layer of clean sedunent to enhance natural recovery, or an. aetlve cleanup (1 e,
dredging.or capping). . .

: Following-.attainment of oleanup'le’vels:and 'remedial action objectives; mom‘toring:may: still be
needed-at some MNR sites, For sites-where natural recovery 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 pro;ect team has xeasonable
" confidence in the contmued effeotweness of'the remedy :
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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 performance during an initial period. It may also include moititoring 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." In some cases (¢.g., Fund-lead sites) it may bé necessary
- to distingnish monitoring that is part of remedial action from monitoring that is part of O&M. This
. should be a site-specific decision, Highlight 8-4 lists sample elements of monitoring.an in-situ cap. It is

* 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. o e

As shown in Highlight 8-4, a variety of monitoring equipment and methods can be used for -
capping projects during both remedial action and long-termi monitoring, The extent of any necessary .
‘menitoring:should be a 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
* chemiical isolation and test for recontamination, and some form of biological monitoring are usefiil for -
most capping projects. Specialized equipment, such as seepage meters, diffusion samplers (e.g., peepers
-and serni-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 in the placement of the cap and to monitor the extent.of any contamiinant .
- releases during cap placement. During cohstruction, monitoring results can be used to identify-
-modifications to design or construction techniques needed to 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 profiling 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. = . T : -

_ 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 are bioaccumulative, fish or other biota edible tissue or.whole. . .. .
body monitoring are also likely t6 be needed. o o B :

. Longsterm monitoring of in-situ. capping sites typically is important to ensure that:the-cap is not
. being eroded or significantly compromised.(e.g., penetrated by submerged aquatic vegetation, ground . -
. water recharge, or bioturbation) and:that. chemical contaminant. fluxes.that-ultimately -do:move througli the

~ cap to surface:water.do so atthe low projected rate and.concentration. Xt.may be-also.desirable.to include
" ongoing monitoring for recontamination of the cap surface and non-capped areas from other sources.

.8-14
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© For areas that may be subject to cap disruption, thore extenswe momtormg should be tnggered
." when spemﬁed disruptive events (e.g., storms, flow stages, or earthquakes of a specified recurrence
interval or magnitude) oceut, to evaluate whether the cap was disturbed and whether any disturbance

. caused a significant release of contaminants and increased risk, Additional momtormg for the effects of

" tidal and wave pumping and boat propeller wash is also recommended where these are expected o be
- . important:factors.- In-general, the project-manager- -should-monitor cap integrity both routmer and
) followmg storm/flood events that approach the design storm magnitude envisioned by the.cap’s
" engineers. As for other types of sediment remedies, the project manager should design the monitoring -
plan 10; handle the relatlvely quick tumaround times needed to effectlvely monitor dxsruptwe events,

Cap mamtenance is genera]ly limited to the- repaJr and replenishment of the erosnon -protection -

' layer in potentially high erosion areas whers this is necessary Project managers should considet the

- ability to detect-and respond quickly to a loss of the erosion protection layer when evaluating a capping -
- alternative. - Seasonal limitations, such as ice formation or closure:of: navigation structures (locks),.can
affect the ability to momtor and mamtam in-situ caps and should be accounted for in monitoring plans,

Capping remedxes frequently mclude provisions for actions to be taken in the case that one or.

.. more cap functions are not being.met. Options for- modxfymg the.cap design may or.may not be available,

If monitoring shows that the stabilization component is being eroded by-events of lesser magnitude than

planned, or the erosive energy at the capping sife was underestimated, thén eroded material canbe -

replaced-with more erosion-resistant cap materidl. If monitoring indicates that bottom-dwellmg

© 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 optiors are usually feasible where additional cap
thickness, and the resul‘ang decrease in water depths at the site, does not conflict with other waterway

“uses. Where a cap has been closely designed to a thickness that will not limit waterway use (i.e.,

- recreational or commercial navigation), the optxons for modifying a cap design after construction can be
limited, :

84.3 'Monitoring-fDredging or Excavation

Mom’oonng for. dredgmg or excavation remedies generally mcludes constructlon and. operatloua.l
monitoring of the dredging or excavation, transport, dewatering, any treatment, transport, and any on-site
disposal placement. Following: dredging or excavation, the residual sediment contamination should also-

* be monitored.: Additional monitoring following’ sedunent removal-may include monitoring of sediment
toxicity-or benthic community recovery or, for bioaccumulative contaminants, tissue concentrations in
fish or shellfish, as well as continued monitoring of any on-site dlsposal faclhtles and momtonng
sedlment and/or ‘biota for recontammahon _ .

‘ Dependmg on the levels of contammatlon and the selected methods of dmdgmg/excavatlon -
transport, treatment or disposal, potenual constmotlon and operatxonal momtonng may mclude the
N followmg

. Surface water momtonng at the dredgmg site and any in-water d1sposa1 sites (e g. total

suspended solids, total and dissolved contaminant concentrations, caged ﬁsh toxicity,
caged mussel mtake),
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L Dredgmg/excavanon residual momtonng atthe sediment surface to determine whether

cleanup levels are met;
. Efﬂuent quahty momtormg after sedrment dewatenng and/or treatment
e - Air momtormg atthe dredge transport on-srte disposal, and treaxment sites; and
. " On-srte disposal rnomtormg of dredged sedlment or treatment resrduals

A thorough monitoring plan will norma]ly enable project managers to make desrgn or .
construction changes to ensure that the.spread of contamination to uncontamiriated areas of the wa,ter
- body, sensitive habitats, or adjacent human populations is minimized during dredging, transport,
. treatment, or drsposal Depending on the contaminants: present and their tendency to volatilize or
bioaccumulate; the prOJect manager | should consrder water, air, and brologlcal sampling in fhe momtonng
plan, . v , .

Generally, a rnomtonng plan for dredgrng should include collectmg data to test the. effectlveness
of silt curtains, dredge operating practices, and: any other.measures used to.centrol sediment resuspension -
or sediment or contaminant transport. In most cases the project manager should include 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 A

_ cases it may be a appropriate to use a tiered approach with analysis of dissolved compounds triggered by
“exceedances of. threshold criteria for total compounds or for suspended solids. Also, where contaminants .
' may be volatile, project managers should consider the need for air sampling. At hlghly contaminated
‘sites, it may be necessary for the project manager to-conduct a pilot study on a small area to determine if
the- sediment can be removed without causing unacceptable risks fo adjacent human populationsor
adjacent benthic:habitat. This information can help to'determitie what containment barriers.or- dredgmg
methods work best.and.what performance standards are-achievable at the site. ‘The pro;eetmanager
should: compare momtormg results-with baséline data for contaminant concentrations in water and, where
appropriate, in-air.- This-should ensure.that effects due:to:dredging. may be separated and: evaluated from
natural perturbations caused by tides and storms. The project manager should-develop contmgency plans
to guide:changes.in: opemtron where perfonnance standards are not met. -

: Followmg dredging, it is: usually essentlal for pIOJect managers to conduct momtormg tb
determine whether cleanup levels in.sediment are.achieved. Initial sampling should be-analyzed rapldly,
so-that contingency actions, such as additional dredging, excavauon or backﬁllmg, can be 1mplemented
quickly if cleanup levels. have not been met. .

Followmg sedlment removal, it is: usually necessary for.the pro_]ect manager to conduct long-term
" monitoring to ensure that:the dredged or:excavated area is.not recontaminated by-additional seurces-or by
disturbance of any residuals-that remain‘above-cleanup:levels, Long:term monitoring is usually ‘necessary
to provide-data todetermine whether RAOs:are met,.and: may be. nécessary fora penod of time following
remedra.l actron to: provrde confidence that the objectives:will remarn met. :

Ifam: 1n-water or upland dlsposal facrhty is constructed onsite.as: part of the remedy, 1t should
-also-be:monitored:to:ensure-that it remains-intact-and:that:there.are no unaeceptable-contaminant releases

in the long-term. - Monitoring is recommended to determine whethér-contaminants:are leaking: throughthe

bowom or-walls of the on-site conﬁncd disposal facility (CDF) or landfill, and to determine if any surface
8-17
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cap rema.ms intact to ensure pmtect:on from mﬂltrauon Dependmg on the typc of disposal site and the
nature of the contam_matlon long-term disposal site monitoring may include the following:

L F'Seepag:e from the CDF containment cells to surround'ing‘surfa_ce ‘water;
. Ground»-wafer ’monito'ring; : |
v Supface water runoff monitoring; .
. Didposa] aiea cap integrity monitorhxg; dnd
: . ‘ Rcvegetatton or recolonization by plant and animal commumtles momtpnng, and thelr

" potential uptake of contammants

' Hig_hhght -5 llsts_nnportan_t points to remember related to ;nonitpring»sedunent 'sites.

Presentatlon ofa mcnltorlng plan 8 important forall types of: sedlment remedles both dunng and
" following.any physlcal conskructlon to ensure that ekposure pathways end risks- have been adequately
managed ‘ . . ‘

. A Development of monitoring.plans should followa systemahc planning process that ldentuﬁes momtonng
objectives, -declslon criterlg, endpolnts and data collectlon and data Interpretatlon methods

e ‘Before lmpiementlng a. remedlal actlon, project managers.should determine If data adequate basel!ne
[ data exists for companson fo future monitoring data and if not collect addrﬂonal data -

° Where background condltions may be changing or where uncertalnty exists concernlng contlnumg oﬂ‘-SIte
- contarminant: contributions:to-a site, k may:be necessary to continue collecting data from upstream or
othar reference areas for. oompanson to site monitoring-data

| ) Momtorlng needs-include both monltonng of construction.and operation and-monitoring intended to

measure‘whether cleanup levels in-sediment-and remedial actlon objectives for biota or other media have -
beenmet v . .
’ . Monﬂorlng plans should be designed to-evaluate whether per‘formance standards of the-remedial action .

are.bsing:met-and shou|d be ﬂexlble enough to: allow revlslon If operating procedures are revised

* Fleld measurement methods-and quick tumaround: analysls methods wlth real-tlrne feedback are
especlally useful during capping and: dredglng operaﬂons to Identify potential problems which may be
_ corrected-as. the work progresses

. Atfter: completlon of remiedial: action,. Iong-tenn monitormg shauld:- be used to Identlfy recontamtnatlon to
: assess.contliued.contalnment of buried or capped contaminants, and to-monttor. dredglng reslduals and
onssite; dtsposal facliities
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. .Appendix A: 11 Principles

UNITED STA'I‘ES ENVIRONMENTAL PROTECTION AGENCY

«eoau,% WASHINGTON, D.C. 20460
5 Vo % % , . Feb. 12, 2002 -
\\/ : .

S,

OFFICE OF -

SOLID WASTE AND EMERGENCY -

RESPONER
R ' OSWER Directive 9285.6-08
- MEMORANDUM o
- SUBJECT: Pnnclples for Managmg Contammated Sedlment Risks at Hazardous Waste Sl’res

FROM' Marlanne Lamont Hormko /%4 Mananne Lamont Hormko
Ass1 stant Admlmstrator

-~ TO: | “SuperfundNatmnal Pohcy Managers Reglonsl 10
L : RCRA Semor Policy Adwsors Regmns 1-10 .

L PURPOSE

ThJs guldance will help BPA. site managers make. scwntlﬁcally sound and natlonally
consistent risk:management decisions at contaminated sediment sites. It presents 11 risk
management principles that Remedial Project Managers (RPMs), On-Scene Coordinators
(OSCs), and RCRA Corréctive Action project- managers should: carefully consider when
- planning-and-conducting site mvesugatlons mvo]vmg the affected parties, and selectmg and
' 1mplementmg a-response,

This: guldanoe recommends that EPA: site managers make risk-based site declsrons using
an iterative decision process, as appropriate, that évaluates the short-term and long-term risks of
*all potential cleanup alternatives consistent with the National Oil-and Hazardous Substances

Pollution-Coritingency. Plan’s (NCP’s) nine remedy selection criteria (40 CFRPart 300. 430).
'EPA site:-mandagers-are. also-encouraged to. consider the societal-and: cultural impacts of existing
“sediment contamination and-of potential remedies:through: meanmgful mvolvement of affected
‘stakeholders

This guidance;alsorespends in part .to tfxe_ :econnnendetiohs contained in the National
‘Research Council (NRC) report discussed below,
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IL BACKGROUND .

‘ " On March 26, 2001, the NRC pubhshed 3 report entitled 4 szkManagement Strategy for

PCB-Contaminated Sedzmem‘s Although the NRC report focuses primarily on assessmentand

remediation of PCB-contaminated sediments, 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 hitp: e are. edu,

- Inaddition to developing these prmclples OSWER, in coordmatlon with other EPA
offices (Office of Research and Development, Office of Water, and others) and other federal
_ agencies (Department of Defense/U.S. Army Corps of Engineers, Departmerit of
Cotimerce/National Oceanic and Atmospheric Administration, Department of the Intérior/U.S.
Fish and Wildlife Servioe, and others) is developing a separate guidance, Contaminated
Sediment Remediation Guidance Jor Hazardous Waste Sites (Sediment Guidance). The .
Sediment Guidance will prov1de more detailed technical guidance on the process that Superfund
and RCRA project managers should use to evaluate cleanup altematww at contaminated -
sedunent sntes ‘

While this directive applies-to all-contaminants at sediment sites addressed under
CERCLA or RCRA, its implementation at partlcular sites should be tailored to the size and
' complex1ty of the site, to the magnitude of site risks, and to the type of action contemplated,
These principles can be apphed within the framework of EPA’s existing statufory and regulatory ,
requ1rements

HI. RISK MANAGEMENT PR]NCIPLES
1, Control:Smmces Early '

As ear]y in the proceSs as poss1ble site managers shou]d try to 1dent1fy all dlrect and
1nd1rect continuing-sources:of significant contamination to the sediments under investigation,
These:sources might include dischatges from industries or sewage trestmient plants, spills,
precipitation. runoff, erosion of contaminated soil from stream banks or adjacent land,
contarhinatéd groundwater and non-aqueous phase liquid. contributions, dis¢hatges from stom:l
. water and combined. sewer outfalls, upstream contnbutlons and air deposmon

, Next site managers should assess which contmumg sources: can be- ccmtrolled and by
what mechamsms It may be helpful to-prioritize sources according to their relative
contributions to site risks, In theidentification and-gssessment process, site managers should
solicit-assistance from- those with relevantinformation, including regional Water, Air, and PCB
: Programs (where appllcable), state-agencies (especially those responsible. for setting Total
Maxlmum Daﬂy Loads (TMI)LS) and those that issue Na’uonal Pollutant Dlscharge ‘Elimination
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System (NPDES) perrmts), and all Natural Resource Trustees. Local agencies and stakeholders
. may also be of assrstance in assessing Wthh sources can be controlled

~ Site’ managers should evaluate the potential for future recontamination of sed1ments when
selecting a'response action, If a site includes a source that could result in significant’
‘recontamination, source control measures will hkely be necessary as part of that response action.
However, where EPA believes that the source can be controlled, or where sediment remediation
‘will have benefits to human health and/or the environment after considering the risks caused by
the ongoing source; it may be appropnate for the' Agency to select a response action for the
- sediments prior to completing all source control actions. This is consistent with principle #5
- below, which indicates that it may be necessary to take phased or interim actions (e.g., 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 .
control actions have not been undertaken or completed. ~

2. Involve the Commumt-y Early and Often,

. Contaminated sediment sites often involve difficult technical and social issues. As such,
itis especially important that a project manager ensure early and meaningful community .
- involvement by providing community members with the technical information needed for therr
‘informed participation. Meaningful community involvement is a critical component of the site
characterization, risk assessment, remedy evaluation, remedy selection, and remedy A
implementation processes Community involvement enables EPA to obtain site mformatlon that:
may be important in identifying potential hiiman and ecological exposures, as well as in

- understanding the societal and cultural impacts of the contamination andof the potential

response options. The NRC report (p. 249) “recommends that increased efforts be made to
provide the-affected parties with the same information that i$ to be used by the decision-makers
- and toinclude, to the extent possible, all affected parties in theentire decision-making process at
a contaminated site. In addition, such information should be made available in such a manner
- that allows adequate time for evaluation and comment on the information by-all parties.”
- Through Technical Assistance Grants and other mechanisms, project managers.can prov1de the
community with'the tools and information necessary for meaningful: partlclpatlon, ensunng their
' early and contmued mvolvement in the cleanup process

Although the Agency has the responsrbrlrty to make the final: cleanup dec1s1on at
CERCLA and RCRA sites, early-and frequent community involvement facilitates acceptance of
Agency.decisions, even at sites ' where there may be drsagreement among: members ofthe
commumty on the most approprl ate remedy : :

Site managers and commumty mvolvement coordinators should rake into consideration
the followmg six practmes, which were recently’ presented in OSWER Directive- 9230 O 99 Early
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and Meanmgﬁ/l (.ommum{y Invalvement (October 12 2001) This dtrccnvet also mcludes alist ‘
of ather useful Tesources and is avaxlable at W.epa. gov/s ertund/

(). Energize the commumty mvolvement plan.
(2) Provide eatly, proactwe community support,
(3) Get the community more involved in the risk assessment,
" (4) Seek early community mput on the scope of the remedlal mvestlgauon/feasnbxhty
- study (RI/F8). -
(5) Encourage community involveniert in ldenttﬁcatnon of future land use
(6) Do more to involve commumtles dunng removals, - :

3. ,Coordmate with States, Local G0vemments, Trlbes, and Natural Resource
' _Trustees:”

Site managers should commumcate and coordinate early with: states local govemments
tribes, and all Natural Resource Trustees. By doing so, they will help ensure that the most
relevant information.is. considered:in. de51gn1ng site studies, and that state, local, tribal, and

. trustee viewpoints.are considered inthe remedy selection: process.. -For sites that mclude

- waterbodies where TMDLs are. bemg ar have been-developed, it is especially important to
coardinate site investigations-and monitoring or modeling studies with the stafe and with EPA’s
water program. In addition, sharing information early with all interested parties often leads to
quicker and more efficient protection of human hea!th and the envxronmem through a
coordmatcd cleanup approach »

Superfund’s statutory mandate is o ensure. that response actions will be. protective of
human health and:the: environment. EPA. recognizes; however, that in-addition to. EPA’s
- Tesponse. action(s), restoration-activities by the:Natural Resource Trustees may be-needed. It is
important that Superfuttd site thanagers:and the Trustees coordinate both the EPA i investigations
- of risk and the Trustee investigations: of resource injuries in‘order to'most- efﬁmently use federal
and state-tesources:and to.avoid.duplicative efforts. :

Addmonal information.on coordinating w1th Trustees-may. be found in OSWER, Directive
9200.4-22A CERCLA Coordination with Natural Resource Trustees (Tuly 1997), i in the 1992
ECO Update The Rale uf. Naiural Res vuree Trustees inthe Superfund Process

. : berama/risk/tooleco:htm); and in the 1999 OSWER Directtve
9285 7-28 P Ecologvcal Risk Assessment and stkManagement Principles for Superfund Sites
- (also availableat the: -above: web:site): -Additional-information on.coordinating with:states and
: tnbes can: be found in OSWER Dlreotxve 93 75 3 ®3P ]he Pldn to Enhanae the Role of States and
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4. Develop and Reﬁne a Conceptual Slte Model that Cons:del‘s Sedlment Stablhty

A conceptual site model should identify all known and suspected sources of
contamination, the types of contaminants and affected media, existing and 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 shoutd be prepared early and used to guide site
investigations and decision-makinig, However, it should be updated periodically whenevet new
information becomes available, and EPA’s understanding of the site problems increases. In

i addltlon, it frequently can serve as the centerpiece for commumcatlon among all stakeholders,

A oonceptual site model is espec1ally 1mportant at sedlfnent snes-beca,use' the
interrelationsHip of soil, surface and groundwater, sediment, and ecological and human receptors
is oftenr complex. ‘In addition, sediments may be subject 10 erosion or transport by natural or
_ man-made-disturbances such as floods or engineering changesin a. waterway, Because
sediments thay experience temporal, physical,.arid cheinical changes, it is.especially important to
understand what contaminants. are ourrently available to-humans and wildlife, and whether this is
‘likely to-change in the future under various scenarios. The risk assessor and project manager, as
“well as pther members of the site team, should communicate early and often to ensurs that they
 share a common understanding of the site and the basis for the present and fisture risks, The May
1998 EPA. Guidelines for Ecological Risk Assessment (Federal Register 63(93) 26846-26924,
: htt‘: ://www.ena;gov/suoerfund/pronrams/nsk/tooleco hin), the 1997 Superfund Guidance
- Eeological Kisk Assessment Guidance for Superfund: Process for Designing and Conducting
- Keological Risk Assessments (EPA. 540-R-97-006, also available at the above web site), and:the -
_ 1989 ‘Risk Assessment (zuzdance for Supery‘ima’ (RAGS) Volume 1, Part 4 (BEPA 540-1-89-002,
' : v/su 'agsa) provide gmdance on developing conoeptual

' 51te models
5. = DUsean Tteratiife =Appr!oa'ch‘ in a Risk-Based Framework.

-~ The NRC repott (p. 52) reoommends the use of a risk-based framework based on the one
* developed by the Presidentlal/Cong,ressmnal Commission on Risk Assessment and Risk

* Management (PCCRARM, 1997, Framework for Environmental Health Risk Managenient, Vol,
1, as cited by NRC 2001),. Howeve, as recognized by the NRC (p. 60): “The framework is
mtended 0. supplement, not Supplant the CERCLA remedral process mandated by law for
Superfund mtes "

Although there isnio umversally aceepted, well-deﬁned nsk—based framework or strategy
~ for remedy evaluation at sediment sites, there-is wide-spread agreement that risk assessment
should-play a critical role in-evaluating options for sediment remediation. The Superfund
program:uses a flexible, risk-based framework as part of the CERCLA and NCP processto. -
-adequately charaoterize ecological and human health site risks. The guidances used by the

AS
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'RCRA Corrective Action brogr,am (http://www epa. ; v =) lidarice) also-
recommend a flexible risk-based approach to selecting response actions appropriate for the site.

' EPA encourages the use of an iterative approach, especially at complex tontaminated
- sediment sites. As used here, an iterative approach is defined broadly to include approaches
which incorporate testing of hypotheses and conclusions and foster re-evaluation of site-
assumptions as new information is gathered. For example, an iterative approach might include
pilot testing to determine the effectiveness of various remedial techtiologies at a site. - As noted
- inthe NRC report (p. 66): "Each itetation might provide addifional certainty and infarmation tp
- support further risk-management decisions, or it might require a course correction," S

.. Aniterative approach may also incorporate the use of phased; early, or interitn actions.
At complex sediment sites, site mahagers should congider the benefits of phasing the .
- remediation. At some sites, an early action may be needed to quickly reduce risks or fo control .
~ the ongoing spread of contamination. In some cases, it may be appropriate to take an interim
action fo contol 4 source, or remove or cap a hot spot, followed by a period of mionitoring in
order to evaluate the effectiveness of these interim actions before addressing less contaminated _
areas. ' ‘

. Thie NRC report miakes an important point when it notes (p. 256); “The committee
cautions that the use of the framework or other risk-management approach should not be used to
‘delay a decision at a site if sufficient information is available to make an informed decision. '

Partjcularly in situations in which there are immediate risks to human health'or the ecosystem,
waiting:until more:information is gathered:might result in more harm than making a preliminary
deciston in the absence of a-complete set.of information, The committee emphasizes thata
‘wait-and-see’ or ‘do-nothing’ approach might result in additional or different risks at a site.”

6. Carefully Evaluate-the Assumptions and Uncertainties Associated 'wit'h-:SVite
Characterization Data and-Site Models. ’ ' ' :

The uncertainties and limitations of site characterization data, and qualitativeor =
. quantitative models (e.g., hydrodynamic, sediment stability, contaminant fate.and transport, or
‘food-chain models) used to extrapolate site data to futuré conditions should be carefully ‘
evaluated.and described. Due to the complex nature of many large sediment sites, a quantitative
model.is oftenwsed to help:estimate and understand.the current and future risks at the site atid to
- predict the efficacy of varioys remedial plternatives. The.amount of site-specific.data. required
~and-the complexity of modelsused to support site-decisions should depend ori the:complexity of
‘the site and the significance.of the desision (e.g;, levél of risk, response cost, comifiunity
interest), All new models and the calibration of medels at largs or complex sites should be peer-
reviewed consistent with the Agency’s peer review process as described in its Peer Reyiew ‘

- Hardbook:(EPA 100-B-00-001, hitp://
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