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U.S. Army Corps of Engineers Research Report Summary, June 1998
Dredging Operations and Environmental Research Program

Dredging:

Contaminate d Sediments

Guidance for Subaqueos Dredged Material Capping (TR DOER-1)

ISSUE: Potentidfor wate colunnand benthic
effects relatal to sedimem contaminatio must
be evaluatel when considemg open-water
placement Managemenoptions aimed at re-
ducing the release & contaminard to the water
column during dacement ard/or subseqient
isolation of the materid from bentht organisms
may control potentid contaminah effects.
Subagueosicappirg is the controlled accurate
placemenof contaminatd dredgel materia at
an appropriatef selectd open-wateplacement
site, followed by a coverirg (cap of suitable
isolating material Although conventional
placemen equipmemn and techniques may be
used fora capping projectthes pradices must
be more predsely controlled in thisapplication.

RESEARCH: Theobjectivewasto develp a
comprehensig approab for evaluatio of sub-
aqueoscappirg projectsincludingthesgoals:

e Refineand adap numericamodels labora-
tory testirg proceduresand engineerig de-
sign approachegfor capping evaluations.

e Develg design requiremerd ard a design
sequene for cappiry.

e Documen equipmemn and placementech-
niques for contaminatd materid and cap-
ping materiplacement.

e Definecappirg projed siteselectio consid-
erations.

e Devel@ guidelines for cap monitoring.

SUMMARY: The researh resultal in techni-
cd guidane for evaluation of subaqueous
dredgel materal capping Guidane includes
level-bottom capping, contained aquatc dis-
posal desigh requirementsa desig sequence,
site selection equipmen and placemen tech-
nigues geotechnickconsiderationsmixing and
dispersim during placementrequireld capping
sedimemthicknessmaterid sprea and mound-
ing during placementcgp stability, and moni-
toring plans This guidane is applicabé to
dredged matéal capping proje&in ocea wa-
tersaswell asinland and near-coastaaters.

AVAILABILIT Y OF REPORT: The reporis
availabkin .pdf format onthe World Wide Web
at http://www.wes.army.mil/el/deand through
Interlibrary Loan Service from the U.S. Army
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purchasacopy of thereport cal NTISat (703)
487-4780.
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cubic yards 0.7645549 cubic meters
feet 0.3048 meters

inches 25.4 millimeters
miles (U.S. statute) 1.609347 kilometers

Xiv



1 Introduction

Background

The U.S. Army Corps of Engineers (USACE) and the U.S. Environ-
mental Protection Agency (EPA) have statutory responsibilities with re-
gard to the management of dredged material placement in both ocean and
inland and nearshore waters. When dredged materials proposed for open-
water placement are found to require isolation from the benthic environ-
ment, capping may be appropriate for consideration as a management
action. The report herein is intended to provide technical guidance for
evaluation of capping projects.

This is one of a series of guidance reports pertaining to dredged mate-
rial management. This series includes a document entitled “Evaluating
Environmental Effects of Dredged Material Management Alternatives - A
Technical Framework” (Framework Document - USACE/EPA 1992). The
Framework Document articulates those factors to be considered in identi-
fying the environmental effects of dredged material management alterna-
tives on a continuum of discharge sites from uplands to the oceans
(management alternatives include open-water, confined, and beneficial-
use situations) that meet the substantive and procedural requirements of
the National Environmental Policy Act (NEPA), The Federal Water Pollu-
tion Control Act of 1972, Public Law 92-500, as amended by the Clean
Water Act of 1977 (CWA), and the Marine Protection, Research, and Sanc-
tuaries Act (MPRSA). Application of the technical guidance in this report
will allow for consistency in decision making with respect to capping
within the Technical Framework.

Potential for water column and benthic effects related to sediment con-
tamination must be evaluated when considering open-water placement of
dredged material. Management options aimed at reducing the release of
contaminants to the water column during placement and/or subsequent iso-
lation of the material from benthic organisms may be considered to con-
trol potential contaminant effects. Such options include operational
modifications, use of subaqueous discharge points, diffusers, subagueous
lateral confinement of material, or capping of contaminated material with
suitable material (Francingues et al. 1985; USACE/EPA 1992).

Subaqueous dredged material capping is the controlled, accurate place-

ment of contaminated dredged material at an appropriately selected open-
water placement site, followed by a covering or cap of suitable isolating

Chapter 1 Introduction



material (a glossary of terms used in this report is found in Appendix A).
Capping of contaminated dredged material in open-water sites began in
the late 1970s, and a number of capping operations under a variety of
placement conditions have been accomplished. Conventional placement
equipment and techniques are frequently used for a capping project, but
these practices must be controlled more precisely than for conventional
placement.

Purpose and Scope

This report provides guidance for evaluation of subaqueous dredged
material capping projects. Design requirements, a design sequence, site
selection, equipment and placement techniques, geotechnical considera-
tions, mixing and dispersion during placement, required capping sediment
thickness, material spread and mounding during placement, cap stability,
and monitoring are included. From a technical perspective, this guidance
is applicable to dredged material capping projects in ocean waters as well
as inland and near-coastal waters.

The technical guidance in this report is intended for use by USACE
and EPA personnel, State regulatory personnel, as well as dredging permit
applicants and others (e.g., scientists, engineers, managers, and other in-
volved or concerned individuals).

Regulatory Setting

Capping involves placement of dredged material in either ocean waters
or inland and near-coastal waters (waters of the United States). The pri-
mary Federal environmental statute governing transportation of dredged
material to the ocean for purpose of placement is the MPRSA, also called
the Ocean Dumping Act. The primary Federal environmental statute gov-
erning the discharge of dredged and/or fill material into waters of the
United States (inland of the baseline to the territorial sea) is the Federal
Water Pollution Control Act Amendments of 1972, also called the CWA.
All proposed dredged material placement activities regulated by the
MPRSA and CWA must also comply with the applicable requirements of
the NEPA and its implementing regulations. In addition to MPRSA,

CWA, and NEPA, there are a number of other Federal laws, Executive Or-
ders, etc., that must be considered in the evaluation of dredging projects.

The London Convention (Convention on the Prevention of Marine
Pollution by Dumping of Waste and Other Matter, December 29, 1972
(26 UST 2403:TIAS 8165)), to which the United States is a signatory, is
an international treaty that deals with marine-waste placement, with juris-
diction that includes all waters seaward of the baseline of the territorial
sea. The ocean-dumping criteria developed under MPRSA are required to
“apply the standards and criteria binding upon the United States under the
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Convention, including its Annexes,” to the extent this would not result in
relaxation of MPRSA requirements.

In evaluating proposed ocean placement activities, the USACE is re-
quired to apply criteria developed by the EPA relating to the effects of the
proposed placement activity. The MPRSA criteria are given in 40 CFR
220-227. In evaluating proposed placement activities in inland or coastal
waters, the USACE is required to apply guidelines given by Section 404
of the CWA to ensure that such proposed discharge will not result in unac-
ceptable adverse environmental impacts to waters of the United States.
The guidelines are given in 40 CFR 230. A tiered approach to sediment
testing and assessments is described in detail in the dredged material test-
ing manuals for MPRSA and CWA (EPA/USACE 1991; EPA/USACE
1998).

This report addresses technical and scientific issues associated with
capping and does not address the various regulatory requirements of the
CWA and MPRSA. Whether or not a particular project involving capping
satisfies the relevant regulatory criteria can only be determined by apply-
ing the relevant requirements of the regulation and consulting, as neces-
sary, with legal counsel.

Overview and Description of the Capping
Process

Capping defined

For purposes of this report, the term “contaminated” refers to material
for which isolation from the benthic environment is appropriate because
of potential contaminant effects, while the term “clean” refers to material
found to be acceptable for open-water placement. Capping is the controlled
accurate placement of contaminated material at an open-water placement
site, followed by a covering or cap of clean isolating material. For most
navigation dredging projects, capping alternatives involving armor stone
layers or other nonsediment materials for capping would not normally be
considered.

Level-bottom capping (LBC) is defined as the placement of a contami-
nated material in a mounded configuration and the subsequent covering of
the mound with clean sediment. Contained aquatic disposal (CAD) is
similar to LBC but with the additional provision of some form of lateral
confinement (e.g., placement in natural-bottom depressions, constructed
subaqueous pits, or behind subaqueous berms) to minimize spread of the
materials on the bottom. An illustration of LBC and CAD is shown in
Figure 1.

The objective of LBC is to place a discrete mound of contaminated ma-
terial on an existing flat or gently sloping natural bottom. A cap is then
applied over the mound by one of several techniques, but usually in a series
of placement sequences to ensure adequate coverage. CAD is generally used
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Figure 1.

Schematic illustrating LBC and CAD

where the mechanical properties of the contaminated material and/or bot-
tom conditions (e.g., slopes) require positive lateral control measures dur-
ing placement. Use of CAD can also reduce the required quantity of cap
material and thus the costs. Options might include the use of an existing
natural or excavated depression, preexcavation of a placement pit, or con-
struction of one or more submerged dikes for confinement (Truitt 1987a).

Dredged material capping versus
in situ capping for remediation

Capping is also a potential alternative for remediation of contaminated
sediments in place or in situ. However, a clear distinction should be made
between navigation dredged material capping and capping in the remedia-
tion context. For dredged material capping associated with navigation pro-
jects, the sediment of concern would typically require capping because it
may exhibit potential for toxicity or significant bioaccumulation in benthic
organisms. Often these sediments are only marginally contaminated in
comparison with other sediments in the area. The objective of capping in
this context is to effectively eliminate direct exposure of benthic organisms
to the contaminated sediments and thus virtually eliminate potential ben-
thic toxicity or bioaccumulation.

For in situ capping in the remediation context, the sediments of concern
are sufficiently contaminated to warrant some sort of cleanup action. The
objective of capping in the remediation context may involve objectives
over and above isolation of the sediment from the benthic environment.
Guidance for in situ capping for sediment remediation is presented in
Palermo et al. (1996).

Design issues for capping
Capping is a contaminant control measure to prevent impacts. However,

dredged material capping requires initial placement of a contaminated

Chapter 1 Introduction




material at an open-water site. Several issues, therefore, must be carefully
considered within the context of a capping project design. These include
the following:

a. Potential water column impacts during placemeiissessment
should consider evaluation of potential release of contaminants to
the water column, evaluation of potential water column toxicity,
and evaluation of initial mixing. Elutriate test procedures for
water quality, water column bioassay tests, and computer models
for dispersion and mixing are available to address these require-
ments. The mass loss of contaminants during placement (fraction
dispersed offsite and remaining uncapped) may also be predicted
using these same tests and models.

b. Efficacy of cap placementAssessment should consider available
capping materials, methods for dredging and placement of both
contaminated material and cap material, compatibility of site condi-
tions, material physical properties, and dredging and placement
techniques. Guidance on selection of appropriate methods, com-
patibility with site conditions and material properties, and com-
puter models for predicting mound development and spreading
behavior are available.

c. Long-term cap integrity Assessment should consider the physical
isolation of contaminants, potential bioturbation of the cap by ben-
thos, consolidation of the sediments, long-term contaminant flux
through the cap due to advection/diffusion, and potential for physi-
cal disturbance or erosion of the cap by currents, waves, and other
forces such as anchors, ship traffic, ice, etc. Test procedures for
contaminant isolation and consolidation and computer models for
evaluation of long-term contaminant flux, consolidation, and resis-
tance to erosion are available.

Each of these issues must be appropriately addressed by the project design.

Viability of capping as an alternative

Capping is only one of several alternatives that may be considered for
dredged material that is excessively contaminated and would need isola-
tion from the benthic environment if proposed for open-water placement.

If the issues described above can be satisfactorily addressed in the project
design for the specific set of sediment, site, and operational conditions un-
der consideration, capping is a technically viable option.

Capping is not a technically viable option for a specific set of sediment,
site, and operational conditions described below:
a. Contaminant release and dispersion behavior of the contaminated

material (even with consideration of controls) results in unaccept-
able water column impacts during placement.
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b. Spreading or mounding behavior of the contaminated material
or cap material (even with consideration of controls) indicates that
the required cap cannot be effectively placed.

c. Energy conditions or operational conditions at the site are such that
the required cap thickness cannot be effectively maintained in the
long term.

d. Institutional constraints do not provide the ability to commit to the
long-term monitoring and management requirements.

Under such circumstances, other options for placement of the contaminated
sediments must be considered.

Organization of this Report

The main body of this report describes specific procedures for all as-
pects of capping-project evaluation and design. A number of appendixes are
also included that provide detailed information on specific testing proce-
dures, predictive models, etc. Chapter 2 describes the recommended se-
guence of design activities, and specific design steps are organized into
flowcharts as necessary.
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2 Design/Management
Sequence for Capping

Design Philosophy for Capping

Capping is not a form of unrestricted open-water placement. A cap-
ping operation is an engineered project with carefully considered design,
construction, monitoring, and maintenance to ensure that the design is ade-
guate. A successful capping project requires a team approach with input
from engineers, biologists/ecologists, chemists, and dredging operations
experts. The basic criterion for a successful capping operation is that the
cap thickness required to isolate the contaminated material from the envi-
ronment be successfully placed and maintained.

Dredged Material Capping Functions

A dredged material cap can serve three primary functions:

a. Physical isolation of the contaminated dredged material from the
benthic environment.

b. Stabilization of contaminated material, preventing resuspension and
transport to other sites.

c. Reduction of the flux of dissolved contaminants into the cap and
overlying water column.

If a dredged material is unsuitable for open-water placement due to po-
tential contaminant impacts, physical isolation of the dredged material
from the benthic environment and from resuspension and transport offsite
would normally be primary functions of a dredged material cap. Control
of contaminant flux may be a desired function, depending on the sediment
characteristics, site conditions, and other factors.
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Summary of Design Sequence for Capping

The flowchart shown in Figure 2 illustrates the major design require-
ments for a capping project and the sequence in which the design require-
ments should be considered. There is a strong interdependence between
all components of design for a capping project. For example, the initial
consideration of a capping site and placement techniques for both the con-
taminated and capping materials strongly influence all subsequent evalu-
ations, and these initial choices must also be compatible for a successful
project (Shields and Montgomery 1984). Each step in the process must be
clearly identified and documented before a decision can be made to proceed.

When an efficient sequence of activities for the design of a capping
project is followed, unnecessary data collection and evaluations can be
avoided. General descriptions of the various design requirements are
given below corresponding to the recommended design sequence (Palermo
1991a). Each block in the flowchart (Figure 2) is numbered, and a descrip-
tion of each block is referenced by the number in parentheses in this chapter.
More detailed guidance on various aspects of the design is provided in
Chapters 3 through 9 and Appendixes B through | of this report. Chapter 10
describes capping case studies and field experience for major capping projects
under a range of project conditions. Chapter 11 summarizes the guidance
provided in this document.

Gather project data and select design criteria (1)

The first step in any capping project design is to gather and evaluate
the existing project data, which normally include surveys of the dredging
area, physical and chemical characteristics of the contaminated sediment,
equipment used for dredging and placement, and characteristics of potential
placement sites (i.e., area erosion trends, wind-wave resuspension, wave-
current interaction effects). Since capping is under consideration, data on
the suitability of the material to be dredged for open-water placement may
exist. These data may include results of physical, chemical, and biological
tests required under Section 404 of the CWA or Section 103 of the MPRSA.
Data on potential placement sites may vary. Bathymetry, currents, storm
frequencies, wave heights, and bottom-sediment characterization are nor-
mally available for open-water sites under consideration.

Once the existing data have been gathered, the design functions of the
cap can be determined and design criteria selected. Specific design crite-
ria will depend on the selected design functions for the cap, i.e., physical
isolation, stabilization, or reduction of contaminant flux. Design criteria
may be developed in a number of ways: providing cap thickness for isola-
tion of benthic organisms to a given bioturbation depth; reducing contami-
nant flux rates to achieve specific sediment, pore water, or water column
target concentrations; specific storm or flood flow return periods for cap
stability; limits on mound elevation to meet navigation or erosion constraints;
placement of all material within given site boundaries, etc. Such criteria
should be defined prior to starting design of the capping project. Three
main aspects of capping design must be examined: aspects related to
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Figure 2. Flowchart illustrating design sequence for dredged material capping projects (after
Palermo 1991a)
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characterization and placement of the contaminated material, aspects re-
lated to the characterization and placement of the capping material, and as-
pects related to the capping site under consideration. Each of these
aspects must be initially examined in a parallel fashion (see Blocks 2, 3,
and 4 of Figure 2). Further, the interrelationship and compatibility of

these three aspects of the design are critical.

Characterize contaminated sediment (2)

The contaminated sediment must be characterized from physical, chemi-
cal, and biological standpoints. Physical characteristics are of importance
in determining the behavior of the material during and following place-
ment at a capping site. In situ volume (to be dredged), in situ density (or
water content), shear strength, compressibility, and grain-size distribution
are needed for evaluations of dispersion and spread during placement,
mounding characteristics, consolidation, and long-term stability and resis-
tance to erosion. These data should be developed using standard techniques.

Some chemical and biological characterization of the contaminated
sediment is normally performed as a part of the overall evaluation for suit-
ability for open-water placement. Guidance on characterization of con-
taminated sediments is found in Chapter 3.

Select a potential capping site (3)

The selection of a potential site for capping is subject to the same con-
straints and tradeoffs as any other open-water placement site. The major
considerations in site selection include bathymetry, bottom slopes, cur-
rents, water depths, water column density stratification, erosion/accretion
trends, proximity to navigation channels and anchorages, bottom-sediment
characteristics, and operational requirements such as distance to the site
and wave climate. However, in addition to normal considerations, the cap-
ping site should ideally be in a relatively low-energy environment with
little potential for erosion or disturbance of the cap. While capping at a
low-energy site is desirable, such sites are not always available. Higher
energy sites can be considered for dredged material capping, but a de-
tailed study of erosion potential is required; increases in cap thickness to
account for potential erosion or use of a coarser grain-size material may
be required.

Consideration should be given to the following factors during selection
of a potential capping site. Bathymetry forming a natural depression will
tend to confine the material, resulting in a CAD project. Placement of ma-
terial on steep bottom slopes should generally be avoided for a capping
project. Water column currents affect the degree of dispersion during
placement and the location of the mound with respect to the point of dis-
charge. Of more importance are the bottom currents, which could poten-
tially cause resuspension and erosion of the mound and cap. The effects
of storm-induced waves on bottom-current velocities must be considered.
For some sites, other processes such as prop wash may need to be consid-
ered. The deeper the water is at the site, the greater the potential is for
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water entrainment and dispersion during placement. However, deeper
water depths also generally provide more stable conditions on the bottom
with less potential for erosion. Numerical models for prediction of water
column behavior, mound development, and long-term stability against ero-
sion may be used in evaluating site conditions. Guidance on site selection
for capping is found in Chapter 4.

Select and characterize capping sediment (4)

The cap sediment used in a project should be carefully selected. How-
ever, for economic reasons, a capping sediment is usually taken from an
area that also requires dredging or is considered advanced maintenance
dredging. If this is the case, there may be a choice between projects.
Scheduling of the dredging is also an important consideration. In other
cases, removal of bottom sediments from areas adjacent to the capping
site may be considered.

The capping sediment is characterized as described above for the con-
taminated sediment. However, the capping sediment must be one that is
suitable for open-water placement (i.e., a clean sediment). The evaluation
of a potential capping sediment for open-water placement acceptability
must be accomplished using appropriate techniques under either CWA or
MPRSA. Physical characteristics of the capping sediment are also of par-
ticular interest in capping design. Density (or water content), grain-size

distribution, and cohesiveness of the capping sediment must be evaluated.

Selection of the capping sediment should be carefully considered because
the capping material must be compatible with the contaminated sediment
and this compatibility is related to dredging and placement equipment and
techniques. Previous studies have shown that both fine-grained materials
and sandy materials can be effective capping materials. Guidance on se-
lecting and characterizing capping sediment is found in Chapter 3.

Select equipment and placement technique for contaminated
sediment (5)

A variety of equipment types and placement techniques have been
used for capping projects. The important factors in the placement of con-
taminated material are reducing water column dispersion and bottom
spread to the greatest possible extent. This minimizes the release of con-
taminants during placement and provides for easier capping. For LBC the
dredging equipment and placement technique for contaminated sediment
must provide a tight, compact mound. This is most easily accomplished
with mechanical dredging and barge release (point dumping). If CAD is
under consideration, hydraulic placement of the contaminated material
may be acceptable.

Specialized equipment and placement techniques can also be consid-
ered to increase control during placement and reduce potential dispersion
and spread of contaminated material. These might include use of sub-
merged diffusers or submerged discharge points for hydraulic pipeline
placement, hopper dredge pump-down with diffuser, or gravity-fed tremie
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for mechanical or hydraulic placement or use of geosynthetic fabric con-
tainers. Guidance for equipment and placement techniques is found in
Chapter 5.

Select equipment and placement technique for capping
sediment (6)

The major design requirement in the selection of equipment and place-
ment of the cap is the need for controlled, accurate placement and the re-
sulting density and rate of application of capping material. In general, the
cap material should be placed so that it accumulates in a layer covering
the contaminated material. The use of equipment or placement rates that
might result in the capping material displacing or mixing with the pre-
viously placed contaminated material must be avoided. Placement of cap-
ping material at equal or lesser density than the contaminated material or
use of placement methods to spread thin layers to gradually build up the
cap thickness usually meets this requirement.

Specialized equipment and placement techniques can be considered to
increase control of capping material placement. The movement of sub-
merged diffusers, energy dissipaters, submerged discharge points, or tremies
can be controlled to spread capping material over an area to a required
thickness. Incremental opening of split-hull or multicompartment barges
along with controlled movement of the barges during surface release, di-
rect pump-out through pipes, and direct washing by hoses have been used
for placing mechanically dredged sandy capping material. Energy dissipat-
ers for hydraulic placement of capping materials have been successfully
used. Guidance on selection of equipment and placement techniques is
found in Chapter 5.

Select navigation and positioning equipment and controls (7)

Placement of both the contaminated and capping material must be
carefully controlled, regardless of the equipment and placement technique
selected. Electronic positioning systems, taut-moored buoys, mooring
barges, various acoustical positioning devices, and computer-assisted,
real-time helmsman'’s aids should be considered in selecting the equipment
and placement technique. Guidance on selection of navigation and posi-
tioning equipment and controls is found in Chapter 5.

Evaluate compatibility of site, materials, and equipment

At this point in the design, the contaminated material has been charac-
terized; a site has been identified and characterized; a capping sediment
has been selected and characterized; equipment and placement techniques
have been selected for both materials and navigation; and positioning
needs have been addressed. These essential components of the design
(Blocks 2, 3, 4, 5, 6, and 7 in Figure 2) must now be examined as a whole,
with compatibility in mind, to evaluate the efficacy of cap placement for
the sediments, site conditions, equipment availability and capabilities under
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consideration, and cost. The primary concern with compatibility relates to
geotechnical considerations and the ability of the contaminated material to
support the cap, considering the material characteristics and dredging and
placement techniques.

Guidance on the compatibility of various dredging and placement tech-
niques for differing material types has been developed based on field expe-
rience and knowledge of the resulting dispersion and spreading behavior
and physical stability of the materials. If the various site, sediment, and
selected equipment components are compatible, additional and more de-
tailed design requirements can be addressed. If there is a lack of compati-
bility at this point, a different capping site (3), a different capping
sediment (4), or different dredging and placement equipment and tech-
nigues (5,6) must be considered. A close examination of the project de-
sign components at this decision point is essential before performing the
more detailed and costly evaluations that come later in the design process.
Guidance on evaluation of sediment, site, and equipment compatibility is
found in Chapter 5.

Predict water column mixing and dispersion effects of
contaminated sediment during placement (8)

If water column effects during placement of the contaminated material
are of concern, an evaluation of the suitability of the material from the
standpoint of water column effects must be performed. This evaluation
involves the comparison of predicted water column contaminant concentra-
tions with water quality criteria and predicted water column dredged
material concentrations with bioassay test results. Use of available mathe-
matical models and/or case study field-monitoring results to predict the
water column dispersion and concentrations is an integral part of such
evaluations. In addition, the prediction indicates what portion of the con-
taminated material is released during placement and thus is not capped.
Evaluation of initial deposition and spread of material is used in determin-
ing the mounding characteristics for the entire contaminated material
volume to be placed. If water column release is unacceptable, control
measures need to be considered to reduce the potential for water column
effects, or other dredging equipment and placement techniques (5) or use
of another capping site (3) must be considered. Guidance on prediction
of water column effects during placement is found in Chapter 6 and
Appendix D.

Determine cap design (9)

The cap must be designed to adequately isolate the contaminated mate-
rial from the aquatic environment and achieve the intended cap functions.
The composition and dimensions (thickness) of the components of a cap
can be referred to as the cap design. The composition of caps for dredged
material projects is typically a single layer of clean sediments because
relatively large volumes of cap material are involved; clean sediments
from other dredging projects are often available as cap materials; and
dredged material capping sites with low potential for erosion can be
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selected. Guidance on dredged material cap design therefore focuses on
the thickness of the cap as the major design criterion.

The determination of the required cap thickness is dependent on the
physical and chemical properties of the contaminated and capping sedi-
ments, the potential for bioturbation of the cap by aquatic organisms, the
potential for consolidation and the resultant expulsion of pore water from
the contaminated sediment, and the potential for consolidation and erosion
of the cap material. The minimum required cap thickness is considered
the thickness required for physical isolation plus any thickness needed for
control of contaminant flux. The integrity of the cap from the standpoint
of physical changes in cap thickness and long-term migration of contami-
nants through the cap should also be considered. The potential for a physi-
cal reduction in cap thickness due to the effects of consolidation and
erosion (12,13) can be evaluated once the overall size and configuration
of the capped mound is determined. A precise calculation of the erosion
thickness component requires consideration of mound shape, mound
height, and water depth. Since these parameters also depend on the total
capping thickness, some iterative calculations may be required. The de-
sign cap thickness is the required cap thickness for isolation plus that re-
quired for consolidation and erosion and operational considerations.
Guidance on cap design is found in Chapter 7, and details on specific test-
ing and evaluation procedures and models to support cap design are found
in Chapters 6 and 8 and Appendixes B, C, E, F, G, and H.

Evaluate spread, mounding and site geometry (10,11)

For LBC sites, the mound geometry, including contaminated material
mound and cap, will influence the design of the cap and volume of cap-
ping material required. The smaller the footprint of the contaminated
material as placed, the less volume of capping material is required to
achieve a given cap thickness. The spread and development of the con-
taminated material mound is dependent on the physical characteristics of
the material (grain size and cohesion) and the placement technique used
(hydraulic placement results in greater spread than mechanical place-
ment). Assuming that the material from multiple barge loads or pipeline
can be accurately placed at a single point, mound side slope and the total
volume placed dictate the mound spread. The formation of a thin layer or
apron surrounding the central mound must also be considered in defining
the footprint to be capped for LBC.

For CAD projects, in which lateral containment prevents spreading and
apron formation, the footprint will be determined by the site geometry.
However, the volume occupied by the sediments will govern the capacity
of the CAD site and must be considered as a factor in site design. If the
mound geometry or CAD site geometry is unacceptable, an alternative
site (3), alternative capping sediment (4), or alternative placement tech-
nigques (5,6) can be considered. Guidance on mound spread and develop-
ment and site geometry is found in Chapter 6 and Appendixes E and H.
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Evaluate stability, erosion, and consolidation (12,13)

The deposit of contaminated dredged material must also be stable
against excessive erosion and resuspension of material before placement
of the cap. The cap material must be stable against long-term erosion for
the required cap thickness to be maintained. The potential for resuspen-
sion and erosion is dependent on bottom current velocity, potential for
wave-induced currents, sediment particle size, and sediment cohesion.
Site selection criteria as described above normally results in a site with
low bottom-current velocity and little potential for erosion. However, if
the material is hydraulically placed (as for a CAD site) or a site with
higher energy potential is considered, a thorough analysis of the potential
for resuspension and erosion must be performed, to include frequency con-
siderations. Conventional methods for analysis of sediment transport can
be used to evaluate erosion potential. These methods can range from sim-
ple analytical techniques to numerical modeling.

Consolidation of contaminated material needs to be examined for its ef-
fect on LBC mound slopes and volumes and on the volume occupied
within CAD sites. In general, consolidation of the contaminated dredged
material will result in more stable conditions. The same is true for con-
solidation of the cap material. However, consolidation of the cap results
in a reduced cap thickness. Therefore, the potential for cap consolidation
must be accounted for in the overall design of the cap thickness.

If the potential for erosion and consolidation of either the contaminated
material or cap is unacceptable, an alternative site (3), alternative capping
sediment (4), or alternative placement techniques (5,6) can be considered.
Guidance on evaluating long-term cap stability is found in Chapter 8 and
Appendixes F, G, and I.

Develop a monitoring program (14)

A monitoring program or site monitoring plan is required as a part of
any capping project design. The main objectives of monitoring normally
are to ensure that the contaminated sediment is placed as intended and with
acceptably low levels of contaminant release, the cap is placed as intended
and the required capping thickness is maintained, and the cap is effective
in isolating the contaminated material from the environment. Monitoring
plans for capping projects need to include a more intensive effort during
and shortly after placement operations and immediately after unusual
events (e.g., severe storms), with a declining level of effort in future years
if no adverse effects are detected. Physical, chemical, and biological ele-
ments may be included in a monitoring plan. In all cases, the objectives
of the monitoring effort and any remedial actions to be considered as a re-
sult of the monitoring must be clearly defined as a part of the overall pro-
ject design. Guidance on monitoring considerations for capping is found
in Chapter 9. Case studies of capping projects including conclusions
drawn from field monitoring efforts are described in Chapter 10.

Chapter 2 Design/Management Sequence for Capping
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3 Characterization of
Contaminated and
Capping Sediments

Need for Sediment Characterization

Characterization of both the contaminated sediment and potential cap-
ping sediments is necessary for evaluation of the environmental accept-
ability of sediments for open-water placement and to determine physical
and engineering properties necessary for prediction of both short- and
long-term behavior of the sediments. Some characterization data may
have been obtained as a part of a more general investigation of disposal
alternatives prior to consideration of capping.

Characterization of Contaminated Sediment

The contaminated sediments to be capped are likely to have been char-
acterized to some degree prior to consideration of capping. In any event,
the contaminated sediment must be characterized from a physical, chemi-
cal, and biological standpoint.

Physical characterization

The physical characteristics of the contaminated sediment are of impor-
tance in predicting the behavior of the material during and following place-
ment at a capping site. Physical characterization is needed for evaluations
of dispersion and spread during placement, mounding characteristics, and
long-term stability and resistance to erosion.

Physical tests and evaluations on sediment should include visual classi-
fication, natural (in situ) water content/solids concentration/bulk density,
plasticity indices (Atterberg limits), organic content, grain-size distribution,
specific gravity, and Unified Soil classification. Standard geotechnical
laboratory test procedures, such as those of the American Society for Test-
ing and Materials (ASTM), the American Association of State Highway
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Transportation Officials (AASHTO), or the USACE, should be used for

each test. Table 1 gives the standard ASTM and USACE designations for

the needed tests and also cross-references these procedures to those of sev-
eral other organizations that have standardized test methods.

Table 1
Standard Geotechnical Laboratory Test Procedures
Designation
Test ASTM AASHTO COE’ DoD?? Comments
Soils
Water content D 2216 T265 | Method 105, 2-VII
Grain size D 422 T88 \% 2-111, 2-V, 2-VI
Atterberg limits D 4318 T89 T90 1 Method 103, 2-VIII
Classification D 2487 1
Specific gravity D 854 T100 \Y 2-1vV
Organic content D 2974 Use Method C
Consolidation* D 2435 T216 VIl
Permeability® D 2434 T215 VII
Shear tests D 2573 Field test

B w NP

Department of the Army Laboratory Soils Manual EM 1110-2-1906.
Department of Defense Military Standard MIL-STD-621A (Method 100, etc.).

Department of the Army Materials Testing Field Manual FM 5-530 (2-Ill, etc.).

Do not use the standard laboratory test for determining consolidation. Instead, use the modified standard consolidation
test and the self-weight consolidation test as described in USACE (1987).
One value of permeability must be calculated from the self-weight consolidation test.

Additional geotechnical data should also be collected on contaminated
sediments for capping projects, including consolidation, and shear
strength data. These data are useful for geotechnical evaluations of stabil-
ity of the capped deposit and the development of mound or deposit geome-
tries. Detailed information on consolidation testing is presented in
Appendix I.

Physical analysis of dredging site and/or disposal site water may also
be required to include suspended solids concentration and salinity. Poten-
tial stratification due to temperature and salinity differences should be
considered. These data must be developed using standard techniques.

Chemical/biological characterization

Capping as a control measure is normally considered only after a
sediment to be dredged is found to be contaminated. In order to make
such a determination, some chemical and biological characterization of

Chapter 3 Characterization of Contaminated and Capping Sediments
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the contaminated sediment is normally performed as a part of the overall
evaluation for suitability for open-water placement (EPA/USACE 1991;
EPA/USACE 1998). It should be noted that even though capping is being
considered because of a determination of potentially unsuitable benthic ef-
fects, the data necessary for evaluation of potential water column effects are
still required.

Chemical characterization of contaminated sediment may include a
sediment chemical inventory and standard elutriate test results. The
chemical sediment inventory is useful in determining contaminants of con-
cern and in the development of appropriate chemical elements of a moni-
toring program to determine capping effectiveness. Elutriate data are used
in estimating the potential effects on water quality due to placement of the
contaminated material. Biological characterization may include water col-
umn bioassays, benthic bioassays, and bioaccumulation tests. The results
of these biological tests are useful in determining potential water column
effects during placement and acceptable exposure times before placement
of the cap begins. If these data have not been developed for the contami-
nated sediment, additional testing may be required.

Selection of Capping Sediment

The capping sediment used in a capping project may be a matter of
choice. For economic reasons, a capping sediment is usually taken from
an area that also requires dredging. If this is the case, there may be a
choice between projects, and scheduling of the dredging is an important
consideration. In other cases, removal of bottom sediments from areas ad-
jacent to the capping site may be considered. If CAD is under considera-
tion, removal of material to create CAD cells may be stockpiled and used
later in the capping operation (Averett et al. 1989; Sumeri 1989).

Characterization of Capping Sediment

All dredged material capping projects to date have utilized dredged ma-
terial that is suitable for open-water placement for the capping material.
Use of other materials for caps or for components of a multilayer cap such
as quarry sand, soil materials, geotextiles, or armor stone are possible and
have been implemented in in situ capping projects. Guidance (Palermo et
al. 1996) on selection and use of such materials for caps is available. This
section focuses on use of dredged material as capping material.

Physical characterization

Physical characteristics of the capping sediment are similarly determined
as described above for the contaminated sediment. Visual classification,
natural (in situ) water content/solids concentration, plasticity indices (At-
terberg limits), organic content, grain-size distribution, specific gravity,
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and Unified Soil classification as well as geotechnical data should be
evaluated as necessary.

The characteristics of the capping sediment should be compatible with
the contaminated sediment, considering the placement technique for both.
Previous studies have shown that both fine-grained materials and sandy
materials can be effective capping materials.

Chemical/biological characterization

The capping sediment must be one that is acceptable for unrestricted
open-water placement (that is a clean sediment). Further, the capping sedi-
ment must be acceptable for open-water placement from the standpoint of
both potential water column and potential benthic effects. In order to
make such a determination, some chemical and biological characterization
of the contaminated sediment is normally performed as a part of the over-
all evaluation for suitability for open-water placement (EPA/USACE 1991,
EPA/USACE 1998).

Sampling and Testing Plans

Samples of sediments must be obtained for physical, chemical, or
biological characterization as described above. Samples may also be re-
quired for other engineering or environmental testing such as the capping
thickness testing described in Chapter 7 and Appendix C.

General guidance on design of sampling plans is available (EPA/USACE
1991; EPA/USACE 1998), but most sampling plans will be site specific.
The full range of anticipated testing must be considered in developing
sampling plans. Appropriate sampling equipment, sampling techniques,
and sample preservation procedures should be used.

Variability can be exhibited in vertical as well as horizontal location of
specific samples. Sampling should define material to the total depth of
dredging. Grab samplers or box corers are generally appropriate for shallow
thickness of sediment, while core samples (by vibracore or conventional
coring equipment) are normally required for thicker sediment deposits or
deposits in which stratification must be defined. Detailed guidance on
sampling equipment and procedures is available (Mudrock and McKnight
1991))

Testing of samples from specific locations is usually done for charac-
terization purposes. Compositing should be considered for some engineer-
ing or environmental testing (e.g., consolidation tests, elutriate tests,
bioassays, capping effectiveness tests). Administrative agreement be-
tween all concerned regulatory agencies regarding the acceptability of the
sampling and testing plan should be obtained prior to sampling and testing.
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4  Site Selection
Considerations
for Capping

General Considerations for Site Selection

The selection of an appropriate site is a critical requirement for any cap-
ping operation. Since the cap must provide long-term isolation of the con-
taminated material, capping sites should generally be characterized as
nondispersive sites, where material is intended to remain in a stable de-
posit. Therefore, the considerations for site selection for a conventional
nondispersive open-water disposal site also apply to capping sites
(Palermo 1991b).

Sites in ocean waters are regulated by MPRSA. For MPRSA sites, a
formal site designation procedure includes a detailed evaluation of site
characteristics. Sites in inland and near-coastal waters (inland of the base-
line of the territorial sea) are regulated by CWA. The specification of dis-
posal sites under the CWA is addressed specifically in the Section 404
(b)(1) guidelines. Any capping project in waters of the United States must
occur at a specified 404 site.

A number of site characteristics must be considered in designating or
specifying an open-water disposal site. These characteristics include the
following:

* Currents and wave climate.

» Water depth (including consideration of navigable depth).

» Bathymetry (particularly slopes).

* Potential changes in circulation or erosion patterns related to refrac-

tion of waves around the disposal mound.

e Groundwater flow (consideration for some nearshore sites).

e Bottom sediment physical characteristics, including sediment grain-
size differences.
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e Sediment deposition versus erosion to include seasonal and long-
term trends.

e Salinity and temperature distributions.

* Normal level and fluctuations in background turbidity.

e Chemical and biological characterization of the site and environs
(for example, relative abundance of various habitat types in the vicin-
ity, relative adaptability of the benthos to sediment deposition, pres-
ence of submersed aquatic vegetation, presence of unique, rare, or
isolated benthic populations, contaminant concentrations in sedi-
ments, background water quality).

» Potential for site recolonization

e Previous disposal operations.

¢ Availability of suitable equipment for disposal at the site.

< Ability to monitor the disposal site adequately and economically for
management decisions.

* Technical capability to implement management options should they
appear desirable.

» Ability to control placement of the material.
* Volumetric capacity of the site.

» Other site uses and potential conflicts with other activities (i.e., sport
or recreational fisheries).

» Established site management or monitoring requirements.
* Public and regulatory acceptability to use of the site.

The in