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ABSTRACT

Contaminated sediments are present in many of the waterways in the Great Lakes basin
and contribute to the impairment of the beneficial uses of these waterways and the lakes.
This document presents guidance on the planning, design, and implementation of actions
to remediate contaminated bottom sediments, and is intended to be used in conjunction
with other technical reports prepared by the ARCS Program. This guidance was
developed for application in Remedial Action Plans (RAPs) at Great Lakes Areas of
Concern (AOCs), but is generally applicable to contaminated sediments in other areas as
well.

Sediment remediation may involve one or more component technologies. In situ remedial
alternatives are somewhat limited, and generally involve a single technology such as
capping. Ex situ remedial alternatives typically require a number of component
technologies to remove, transport, pretreat, treat, and/or dispose sediments and treatment
residues. Some technologies, such as dredging and confined disposal, have been widely
used with sediments. Most pretreatment and treatment technologies were developed for
use with other media (i.e., sludges, soils, etc.) and have only been demonstrated with
contaminated sediments at bench- or pilot-scale applications.

The feasibility of applying treatment technologies to contaminated sediments is influenced
by the chemical and physical properties of the material. Bottom sediments commonly
contain a variety of contaminants at concentrations far below those at which treatment
technologies are most efficient. The physical properties of contaminated sediments, in
particular their particle size and solids/water composition, may necessitate the application
of one or more pretreatment technologies prior to the processing of the sediment through
a treatment unit.

The evaluation of sediment remedial alternatives should consider their technical
feasibility, contaminant losses and overall environmental impacts, and total project costs.
This document provides brief descriptions of available technologies, examines factors for
selecting technologies, discusses available methods to estimate contaminant losses during
remediation, and provides information about project costs. The level of detail in the
guidance provided here reflects the state of development and use of the various
technologies.

This report should be cited as follows:

U.S. Environmental Protection Agency. 1994. “ARCS Remediation Guidance Docu-
ment.” EPA 905-B94-003. Great Lakes National Program Office, Chicago, IL.
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GLOSSARY

a priori — a predictive technique for estimating losses that is also suitable for planniiy-
level assessments.

alternative — a combination of technologies used in series or parallel to alter the sedim cnt
or sediment contaminants to achieve specific project objectives.

bench-scale — testing and evaluation of a treatment technology on small quantities of
sediment (several kilograms) using laboratory-based equipment not directly similar to the

full-sized processor.

capping — a disposal technology where the principle is to place contaminated sediments
on the bottom of a waterway and cover with clean sediments or fill.

cornponent — a phase of a remedial alternative.

contaminant loss — the movement or release of a contaminant from a remedialion
component into an uncontrolled environment.

demobilization — the process of removing construction equipment from a work site

desiccation limit — a stage of drying where evaporation of any additional water from the
dredged material will effectively cease.

effluent — dilute wastewaters resulting from sediment treatment and handling; this
includes discharges, surface runoff, wastewater, etc. from a confined disposal facilitv or

lardfill.

feasibility study - a study that includes evaluation of all reasonable remedial alternat ves,
including treatment and nontreatment options.

in situ — in its original place.

leachate — includes waters that specifically flowed through the sediment, or precipitation
that has infiltrated sediments in a confined disposal facility or landfill.

mobilization — the process of bringing construction equipment to the work site.
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moisture content — a measurement of the amount of moisture in a soil sample commonly
used in engineering and geological applications, calculated (as a percentage) as follows:

wet weight —dry weight><
dry weight

100

Note: Moisture content is not the complement of solids content.

passive dewatering — dewatering techniques that rely on natural evaporation and drainage
to remove moisture.

pilot-scale — when referring to the testing or demonstration of a sediment treatment

technology, the use of scaled-down but essentially similar processors and support
equipment as used in full-sized operation to treat up to several hundred cubic meters of

sediment.
pontoon — a buoyant collar used to support a pipe section.

pretreatment — a component of remediation in which sediments are modified prior to
treatment or disposal.

process option — a specific equipment item, process, or operation.

remedial investigation — the determination of the character of sediments and the extent
of contamination for a Superfund site.

solids content — a measure of the mass of dry solids/mass of whole sediment or slurry
in percent form.

vadose - the zone of soil above the groundwater level.

value engineering (VE) — a process where cost estimates are used to compare technically
equivalent features during detailed design.

water content — also called moisture content, an engineering term which is determined
as the mass of water in a sample divided by the mass of dry solids, expressed as a
percentage.

windrow — a long row of material that has been left to dewater and air dry.
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1. INTRODUCTION

Although toxic discharges into the Great Lakes and elsewhere have been reduced in the
last 20 years, persistent contaminants in sediments continue to pose a potential risk to
human health and the environment. High concentrations of contaminants in bottom
sediments and associated adverse effects have been well documented throughout the Great
Lakes and associated connecting channels. The extent of sediment contamination and its
associated adverse effects have been the subject of considerable concern and study in the
Great Lakes community and elsewhere. For example, contaminated sediments can have
direct toxic effects on aquatic life, such as the development of cancerous tumors in
bottom-feeding fish exposed to polynuclear aromatic hydrocarbons (PAHs) in sediments.
In addition, the bioaccumulation of toxic contaminants in the food chain can also posc a
risk to humans, wildlife, and aquatic organisms. As a result, advisories against consump-
tion of fish are in place in many areas of the Great Lakes. These advisories have had a
negative economic impact on the affected areas.

To address concerns about the adverse effects of contaminated sediments in the Great
Lakes, Annex 14 of the Great Lakes Water Quality Agreement (1978) between the United
States and Canada (as amended by the 1987 Protocol) stipulates that the cooperating
parties will identify the nature and extent of sediment contamination in the Great Lakes,
develop methods to assess impacts, and evaluate the technological capability of programs
:0 remedy such contamination. The 1987 amendments to the Clear Water Act, in
§118(c)(3), authorized the Great Lakes National Program Office (GLNPO) to coordinate
and conduct a 5-year study and demonstration projects relating to the appropriate
treatment of toxic contaminants in bottom sediments. Five areas were specified in the Act
as requiring priority consideration in conducting demonstration projects: Saginaw Bay,
Michigan; Sheboygan Harbor, Wisconsin; Grand Calumet River, Indiana; Ashtabula River,
Ohio; and Buffalo River, New York. To fulfill the requirements of the Act, GLNPO
initiated the Assessment and Remediation of Contaminated Sediments (ARCS) Program.
In addition, the Great Lakes Critical Programs Act of 1990 amended the section, now
§118(c)(7), by extending the program by one year and specifying completion dates for
certain interim activities. ARCS is an integrated program for the development and testing
of assessment techniques and remedial action alternatives for contaminated sediments.
Information from ARCS Program activities will help address contaminated sediment
concerns in the development of Remedial Action Plans (RAPs) for all 43 Great Lakes
Areas of Concern (AOC:s, as identified by the United States and Canadian governments),
as well as similar concerns in the development of Lakewide Management Plans (LaMPs).

To accomplish the ARCS Program objectives, the following work groups were estab-
lished:

®  The Toxicity/Chemistry Work Group was responsible for assessing the
current nature and extent of contaminated sediments in three of the five
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priority AOCs (i.e., Buffalo River, Indiana Harbor Canal, and Saginaw
Bay) by studying the chemical, physical, and biological characteristics of
contaminated sediments, and for demonstrating cost-effective assessment
techniques that can be used at other Great Lakes AOCs and elsewhere.
Superfund activities have provided good characterizations of Ashtabula
River and Sheboygan Harbor, so the ARCS Program focused the assess-
ment activities on the other three priority AOCs.

®  The Risk Assessment/Modeling (RAM) Work Group was responsible for
assessing the current and future risks presented by contaminated sediments
to human and ecological receptors under various remedial alternatives
(including the no-action alternative).

®  The Engineering/Technology Work Group (ETWG) was responsible for
evaluating and testing available removal and remediation technologies for
contaminated sediments, for selecting promising technologies for further
testing, and for performing field demonstrations at each of the five priority
AOCs.

B The Communication/Liaison Work Group was responsible for facilitating
the flow of information from the technical work groups and the overall
ARCS Program to the interested public and for providing feedback from
the public to the ARCS Program on needs, expectations, and perceived
problems.

APPLICABILITY OF GUIDANCE

This document is focused on the remediation of contaminated sediments in the Great
Lakes, and will provide guidance on the selection, design, and implementation of
sediment remediation technologies. This document has been written for use by profes-
sionals involved in the development or implementation of RAPs for Great Lakes AOCs.
This report will describe the procedures for evaluating the feasibility of remediation
technologies, testing technologies on a bench- and pilot-scale, identifying the components
of a remedial design, estimating contaminant Josses, and developing cost estimates for
full-scale applications.

[t is recommended that this document be used in conjunction with other reports prepared
under the ARCS Program which provide detailed information on specific technologies
(Averett et al., in prep.), contaminant loss estimation procedures (Myers et al., in prep.),
and examples of full-scale remediation plans (USEPA, in prep.b). Also, the U.S. Environ-
mental Protection Agency (USEPA) report Selecting Remediation Techniques for
Contaminated Sediment (USEPA 1993d) is recommended as a reference, particularly for
those sites involving the Superfund program.
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The decision to remediate contaminated sediments in a waterway and the selection of the
appropriate remediation technology(s) are part of a step-wise process using the guidance
developed by the three ARCS technical work groups. The ARCS Assessment Guidance
Document (USEPA 1994a) is used to characterize the chemical and toxicological
properties of bottom sediments. The guidance herein provides tools for evaluating the
feasibility of remediation technologies and estimating their costs and contaminant losses.
The ARCS Risk Assessment and Modeling Overview Document (USEPA 1993a) provides
a framework for integrating the information developed in the other two steps ard
cvaluating the ecological and human health risks and benefits of remedial alternatives,
including no action.

The procedures described herein can be used iteratively within a modeling and risk
assessment framework to evaluate a series of remedial alternatives (which may consist nf
multiple remediation technologies) of varying costs and benefits. These procedures may
a:so be used to determine the most economical option for cases where the scope and
objectives for sediment remediation are already fully defined.

While the ARCS Program was specifically designed for the Great Lakes AOCs, most of
the guidance provided herein is applicable to contaminated sediments in other waterway's.
However, marine and estuarine sediments may have some physicochemical differences
from freshwater sediments that may affect the applicability of some remediation
technologies. In addition, many of the technologies evaluated by the ETWG werc
originally developed for media other than bottom sediments, such as soils, sludges, water,
mineral ores, and industrial waste streams. As a result, the guidance presented herein has
some applicability to the remediation of other media, although the applicability to
contaminated soils is the most direct.




2. REMEDIAL PLANNING AND DESIGN

This chapter presents general procedures for developing sediment remedial alternatives,
evaluating their feasibility, estimating project costs, and estimating contaminant losses that
may occur as a result of remediation activities. Before discussing these procedures, the
decision-making strategies that may be applied to sediment remediation are examined.
The chapter also summaries the various Federal laws and regulations that may be
applicable to sediment remediation activities.

DECISION-MAKING STRATEGIES

Decision-making strategies are pathways for approaching a complex issue or problem in
a logical order or sequence. A strategy can be represented as a flow chart or framework
of activities and decisions to be made. Decision-making strategies are usually developed
for very specific applications. The management of contaminated sediments occurs for a
variety of purposes other than environmental remediation and restoration. Other purposes
include the construction and maintenance of navigation channels, the clearing of sediment
deposits from water supply intakes, construction within waterways, and the operation and
maintenance of reservoirs and impoundments for flood control, water supply, recreation,
or other purposes. There is no single decision-making strategy for the management of
contaminated sediments that suits all purposes. Two established strategies that have been
applied to the management of contaminated sediments are 1) a technical management
framework developed jointly by the U.S. Army Corps of Engineers (Corps) and USEPA
and 2) the decision framework established for Superfund projects. These two strategies
are discussed below.

Corps/USEPA Sediment Management Framework

The Corps and USEPA have developed a management framework for determining the
environmental acceptability of dredged material disposal alternatives (USACE/USEPA
1992). This framework, shown in Figure 2-1, is structured to meet the regulatory
requirements of the Clean Water Act; Marine Protection, Research and Sanctuaries Act;
and the National Environmental Policy Act (NEPA). This framework was developed for
the management of clean as well as contaminated dredged material and has evolved from
earlier decision-making strategies (Francinques et al. 1985; Lee et al. 1991).

The Corps/USEPA management framework is a tiered decision-making process. Informa-
tion about the sediments to be dredged is evaluated to determine the suitability of disposal
alternatives in order of increasing complexity. Sediments that are determined to be




L 4
-8 | Evaluate dredging and disposal needs |
Q St
S =0
ga g
BOQ
3£.5 Yes NEPA/CWA/MPRSA
) g alternatives analysis adequate
>0 g ?
woe
o
______ _(__.______________’_v".._________________VA___*
e EA* No Proposed EIS/SEIS
o5 Required action significant Required
55 !
Rl ‘
= e Coordinate with agencies and/or Initiate scoping
= .
= affected public
o !
=9 l Identify all potential
alternatives and no action
o ﬁerform initial screening of all potential disposal alternatives using available informatioﬂ
£3
c >
s ;
o Altemnatives No —( Eliminate unreasonable
&5 Reas??nable alternatives
P
O
= E Yes
£ O Yy
- I Retain reasonable afternatives l
—_———y T T/ ‘ ___________________
aw — - -
. n
5 Existing data No —>[ Conduct initial evaluation of sediments to be dredged ]
go adequate and timely - y -
3 g ? Fen‘orm appropriate assessments for reasonable a!tematlve(s)J
[ - |
a8 i v y
> Assess open-water and/ Assess confined and/or Assess beneficial
o = disposal alternatives Or | disposal alternatives uses altematives
o -4 | — T -
=% Y
i Yes Retain environmentally
Q acceptable alteratives
I Evaluate socioeconomic, technical, management, and other environmental considerations ]
, Y
Public notice of  [*—— EA ——{_Select preferred altemative |—— EIS —] Notice of availability
EA/Draft FONSI and/or of draft EIS/SEIS and
103/404 coordination 103/404 coordination
o
°3 ! R
S'® Initiate 401 Water Select recommended |, Coordinate Initiate 401 water
‘5 g Quality Certification altemative 45 days quality certification
Q
3= L
@ Final EIS/SEIS and 103/404 evaluation | Coordinate
and 401 certification and other 30-90 days
Yy y
. _| Project compliance with NEPA and all applicable ROD
Signed FONSI or SOF > environmental laws and regulations and public notice
Legend: * if at any time in the EA process, the CWA = Clean Water Act MPRSA = Marine Protection, Research and
Federal action is reassessed as being EA = Environmental Assessment Sanctuaries Act
significant, EIS scoping is initiated. EIS/SEIS = Environmental Impact Statement/ NEPA = National Environmental Policy Act
Supplement EIS ROD = Record of Decision
Source: JSACE/MUSEPA (1992) FONSI = Finding of no significant impact SOF = Statement of findings

Figure 2-1. Corps/USEPA framework for evaluating dredged material
disposal alternatives.
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uncontaminated are suitable for a wider variety of disposal options, and decisions can be
made early in the evaluation process. Sediments that are contaminated require a more
extensive evaluation within the decision-making framework, have additional testing
requirements, and usually have fewer disposal options.

Corps regulations (33 CFR 230-250) require that this framework be used in the manage-
ment of dredged material from navigation projects and in the administration of the permit
program for dredged material disposal under §404 of the Clean Water Act. The Corps/
USEPA framework may be applicable to many sediment remediation projects; however,
the process does not fully address sediment treatment technologies.

Superfund RI/FS Framework

The Comprehensive Environmental Response, Compensation, and Liability Act of 1980
(CERCLA) and Superfund Amendments and Reauthorization Act of 1986 (SARA) estab-
lished and reauthorized the Superfund Program. The decision-making framework for
Superfund projects is shown in Figure 2-2 and is described in detail in USEPA (1988a).

Development
of work plan

I

Site
characterization —

Alternative development
and screening

Treatability — >
investigations l

Detailed analysis
of alternatives

!

Selection of Record of
alternative Decision

Remedial
design

'

Remedial
action

Source: USEPA (1988a)

Figure 2-2. Superfund framework for evaluating contaminated sediments.

The Superfund decision-making framework has two major components: the remedial
investigation and the feasibility study (RI/FS). For a Superfund site with contaminated
sediments, the remedial investigation would identify the character of the sediments and
the extent of contamination, among other information. The feasibility study would
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include an evaluation of all reasonable remedial alternatives, including treatment znd
nontreatment options.

Comparison of Strategies

Either of the decision-making strategies discussed above might be applied to a sediment
remediation project with equal success. These strategies represent two differcnt
approaches to the evaluation and selection of remedial alternatives. In the Superfund
strategy, remedial alternatives are evaluated in a parallel fashion (Figure 2-3) (i.e., a wide
range of possible alternatives are evaluated simultaneously, and then a selection is m.de
among the leading candidates). Another possible strategy is a linear or sequential
approach to evaluating disposal alternatives (Figure 2-3). Portions of the Corps/USEPA
management framework use this approach, in which, for example, disposal options are
examined in order of increasing complexity until a suitable alternative is found.

Each of these approaches has advantages and disadvantages. The advantages of the
parallel approach over the sequential approach can be summarized as follows:

m  The approach has been widely used for RI/FS efforts at Superfund sites
contained in the National Priorities List (NPL) and at other non-Superfund
sites

B Most environmental consultants and regulatory agencies are more familiar
with this approach

® The approach is consistent with the requirements of NEPA

® The approach generally provides decision-makers with more than one
option for consideration.

The primary disadvantage of the parallel approach is that the evaluation of numerous
alternatives may require significant resources and time.

Projects that are on the NPL are required to follow Superfund RI/FS procedures ithe
parallel approach). However, many (if not most) contaminated sediment sites, including
the majority of AOCs in the Great Lakes, are not NPL sites. For projects whcre
resources, funding, or time may not allow a detailed evaluation of numerous alternatives,
a hybrid approach may be considered that incorporates elements of both the parallel and
sequential approaches.

Recommended Strategy for Sediment Remediation

A simple decision-making framework for evaluating sediment remedial alternatives is
shown in Figure 2-4, and contains elements of both of the decision-making stratcgies
discussed above. This framework contains four major activities (boxes) and one decision
point (diamond). The first activity is to define the objectives and scope of the project.

7
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Figure 2-3. Approaches for evaluating potential remedial alternatives.
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The next two activities involve the screening and preliminary design of remedial alter-
natives. The products of these activities are preliminary designs, cost estimates, and
estimates of contaminant loss, which are used to determine if there is a feasible alterna-
tive that meets the project objectives. If there is more than one alternative that meets
these objectives, the preferred alternative is selected. If there are no feasible alternatives
that meet the project objectives, the evaluator must return to the first activity to reevaluate
the project objectives and/or scope. The final major activity, once a preferred alternative
has been selected, is implementation. The elements of this decision-making framework
are described in the following sections, preceded by a brief definition of several relevant
terms used throughout this guidance document.

Define project Technology N Preliminary
objectives and scope o screening g design
Iy l

Meets

objectives
?

No

Yes

Select and implement
preferred alternative

Figure 2-4. Decision-making framework for evaluating remedial alternatives.

A sediment remedial alternative is a combination of technologies that is used in series
and/or in parallel to alter the sediments or concentrations of sediment contaminants in
order to achieve specific project objectives (discussed below). The simplest alternative
would employ a single technology, such as in situ capping. However, a more complex
alternative, as shown in Figure 2-5, may involve several different technologies and, in the
process, generate a number of separate residues or waste streams.

A cornponent is a phase of a remedial alternative, such as removal, transport, pretreat-
raent, treatment, disposal, or residue management. Chapters 4-10 of this report discuss
the available technologies for each of these components. Nonremoval technologies (e.g.,
in situ containment), which could be considered components or complete remedial alterna-
tives, are discussed in Chapter 3.
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Air/gas residue
treatment

Removal »| Transport |——| Storage |——| Pretreatment CO";‘:)';}Z;’“’" »| Treatment
-]
Solids
Y Y
Water residue Disposal or .
) |
treatment beneficial use Disposa

Figure 2-5. Example of a complex sediment remedial alternative.

For each component, several technology types may be considered. For example, the
removal component could involve the use of hydraulic or mechanical dredges. A subcate-
gory of a technology type, referred to as a process option, is a specific equipment item,
process, or operation. For example, a horizontal auger dredge is a process option under
the hydraulic dredge technology type of the removal component.

Project Objectives

To simplify the use of this document, a key assumption is made that a decision to
remediate contaminated sediments in some portion(s) of a river, channel, harbor, or lake
has already been made. The reasons for that decision, although critical to the successful
remediation of the impacted area, are not essential to the use of this guidance; however,
the objectives of the remediation project will need to be established to guide the
evaluation of remedial alternatives. In addition, the scope of the remediation effort will
also have to be defined as clearly as possible.

The objectives of a sediment remediation project are usually designed to correct
site-specific environmental problems. In some cases, the objective is in the form of a
statement of the desired results to be achieved by remediation. In other cases, the
objective may be defined in the authority under which the project is initiated. For
example, the objective of the remedial action plans for the Great Lakes AOCs, as defined
in the Great Lakes Water Quality Agreement, is to restore the beneficial uses of each
area.

The objectives of a sediment remediation project can be quantitative, qualitative, or a
combination of both. In some cases, the objectives are fully quantified, such as in the

10




Chapter 2. Remedial Planning and Design

case of an enforcement action where the contaminated material is localized and its source
is known (e.g., an illegal fill or spill). In such cases, the objective might be defined in
quantitative terms, such as to remove sediments exceeding a specified level of contamina-
tion, or to remove a specific quantity of sediment. In this case, the objectives and scope
of the project are virtually the same.

In many cases, however, sediment contamination is widely dispersed and the objectives
of the remediation project are more qualitative. For example, an objective might be to
reduce the human health risk caused by the consumption of fish contaminated by the
sediments, or to enhance the diversity of aquatic life that is depressed by sediment
contamination. Such objectives may become quantified by setting specific targets for
remediation (e.g., fish tissue contaminant concentration).

The objectives of a sediment remediation project may be defined through risk analysis
and modeling methods, as outlined in the ARCS Risk Assessment and Modeling Overview
Document (USEPA 1993a). These methods can be used to determine the environmental
impacts of the no action alternative as well as various remedial alternatives. When the
objectives are established by risk assessment and modeling, the ability of remedia)
alternatives to meet these objectives can generally be determined using the same
procedures.

Defining the objectives of a sediment remediation project is often a very complicated
process, requiring coordination at many levels. It is not always possible to define
specific, quantifiable objectives and proceed directly to the project design and construction
stage. If there is more than one proponent for a remediation project, there may be
different objectives, not all of which may be compatible or feasible. In this case, project
objectives and scopes may need to be formulated in an iterative fashion, as shown in
Figure 2-4. This approach is especially useful when the objectives are less certain or
poorly quantified.

Project Scope

The scope of a sediment remediation project defines the extent of the remediation in
terms of both space and time. The scope is generally an extension of the project
objectives. The scope may be defined through detailed analysis, including risk assessment
and modeling. It may be defined by statute or through a negotiated or adjudicated
settlement. The scope may also be scaled to fit funding or other constraints through an
iterative process, as shown in Figure 2-4.

The spatial scope of a sediment remediation project is typically defined as an area or
reach of a river, channel, harbor, or lake. The scope may be defined in terms of sediment
depth or thickness. For example, the project objective may be to decrease the level of
contamination in fish to some threshold by reducing the exposure to sediment contami-
nants. The scope might then be defined as the creation, in a specific reach of river, of
a new sediment surface with an acceptable level of contamination. This new sediment

11
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surface might be created by removing existing sediments, covering them, or treating them
in place.

The objectives of a project may require that the scope include (or exclude) specific
technologies. For example, project objectives may require the removal of contaminated
sediments or the destruction of a particular contaminant. These restrictions may be
mandated by authorizing legislation or applicable regulations.

The time element of a sediment remediation project may be fixed or open ended. Restric-
tions on the time to complete a remediation project can have significant effects on its
feasibility and cost of implementation.

Screening of Technologies

Once the project objectives and scope have been defined, the next step in the decision-
making framework (Figure 2-4) is the screening of technologies. The purpose of this step
is to eliminate from further consideration technologies that are not feasible or practicable,
using available information. This is best done by first attempting to eliminate broad
categories of options and then focusing on technology types. In the simplest context,
there are two forms of remediation (containment and treatment) that can be performed on
contaminated sediments under two possible conditions (in place or excavated). These
options create the following four modes of sediment remediation:

m Containment in place
m  Treatment in place
m  Excavation and containment

®  Excavation and treatment.

A summary of the containment and treatment technology types for these four modes of
remediation is shown in Table 2-1.

TABLE 2-1. TECHNOLOGY TYPES FOR SEDIMENT REMEDIATION

in Place Excavated

Containment Capping Beneficial use
Capping/confined aquatic disposal
Commercial iandfills
Confined disposal facility

Treatment Bioremediation Chemical
Chemical Biological
Immobilization Extraction

Immobilization
Physical separation
Thermal

12
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The state of development and experience with these modes of remediation are quite
varied. The containment of contaminated sediments in place has been applied on a full
or demonstration scale at a few locations, including the Sheboygan River and Waukegan
Harbor Superfund sites on the Great Lakes. To date, the treatment of sediments in place
has been demonstrated in the Great Lakes on a limited scale with a few technologies, but
the results of these demonstrations are not yet available.

The containment of contaminated sediments dredged from navigation projects has been
practiced for many years, and a significant amount of engineering and design information
and guidance is available on this mode (Saucier et al. 1978; USACE 1980c, 1987b). The
treatment of excavated sediments has been demonstrated on a pilot scale at a number of
locations (including several ARCS AOCs) and implemented on a full scale at only one
site on the Great Lakes. Much of the engineering and design information about treatment
technologies for contaminated sediments has come from applications with materials other
than sediments (e.g., soils, sludges).

The evaluator should begin the screening process by considering the four modes of
sediment remediation listed in Table 2-1 in light of the objectives and scope of the
project. It is possible that one or more of these modes might be eliminated categorically
by the project objectives or scope. For example, if the project area is a navigation
channel, and must be maintained at some depth for recreational or commercial navigation,
in-place (nonremoval) options might be eliminated from further consideration. In some
cases, the project objectives may require treatment of a specific contaminant. This would
eliminate containment options (alone) from further consideration.

For the remaining modes of sediment remediation, the evaluator should next consider the
technology types available for the critical components. In-place remediation is considered
a single-component alternative. It is expected that the critical component of a remedial
alternative involving sediment removal will either be the treatment or disposal component.
In most remediation projects involving dredging, one or both of these components will
largely determine if the alternative is ultimately feasible.

The evaluator should screen technology types for the critical components based on criteria
developed by or with the project proponent. The criteria for screening remedial
alternatives under Superfund are defined (USEPA 1988a) as:

®  Overall protection of human health and the environment

m  Compliance with applicable and relevant regulations

®  Long-term effectiveness and permanence

m  Short-term effectiveness

B Reductions in toxicity, mobility, and/or volume of contaminants

B Implementability

13
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Cost

B State and community acceptance.

These criteria are appropriate for an RI/FS investigation, but require more detailed
information than necessary for the screening level in the sediment remediation framework
described herein. A shortened list of screening criteria for this framework might include:

@  State of development and availability

& Compatibility with sediments and contaminants
® Effectiveness

8 Implementability

Cost.

The initial screening of remediation technologies is conducted using readily available
information on technologies and project-specific information on sediment conditions. No
new data are collected. It is generally not necessary to identify specific process options
at this point. If more than one remediation technology provides the same results, it may
be possible to eliminate those technologies whose costs are greater by an order of
magnitude (Cullinane et al. 1986a). After potential technology types for critical
components have been evaluated based on the project-specific criteria, other components
needed for each complete remedial alternative need only be identified to the extent
necessary to determine the overall implementability and cost. Because of the importance
of this initial screening step, and because the level of information on technologies varies
greatly, screening should be conducted by persons experienced in such evaluations. This
guidance document and the literature review of removal, containment, and treatment
technologies prepared for the ARCS Program (Averett et al. 1990 and in prep.) may be
used as primary sources for this effort.

At the conclusion of the screening step, the evaluator should have identified a limited
number of technology types for the critical components of each remedial alternative.
With the wide diversity of sediment remediation approaches available, it is recommended
that at least one alternative be considered in the next step (preliminary design) for each
of the remediation modes determined to be consistent with the project objectives and
scope. For a majority of cases, at least one nonremoval technology, one confined disposal
option, and one or more treatment technologies should be considered.

Preliminary Design

The next step in the decision-making framework (Figure 2-4) is the development of
preliminary designs for those technologies that have passed the screening-level evaluation.
This step involves the design of a limited number of remedial alternatives in sufficient
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detail to make a selection for implementation. Some additional data on the sediments,
technologies, and locations for implementation may be collected during this step.

The preliminary design is a complex process that involves many separate decisions.
remedial alternative may include a number of components, and the preliminary desig!
process must ensure that the process option selected for each component is technica!ly
feasible, compatible with other components, and capable of meeting applicable envircn-
mental regulations and project-specific constraints.

The following aspects of a sediment remedial alternative and the preliminary design
analysis are discussed briefly below:

B Material characteristics

B Materials handling

®  Compatibility of components/technologies
B How to begin the design phase

®  Information requirements.

Material Characteristics—Sediments are soil and water mixtures transported by
and deposited in aquatic environments. In most cases, the relative amounts of gravel,
sand, silt, clay, and organic matter in a sediment reflect the particle size characteristics
of the soil in the watershed and the sorting that occurred during transport. In a limited
number of waterways, sediment physical characteristics are more influenced by the nature
of the anthropogenic discharges to the system. Chemical contaminants in the sediments
represent only a small portion of its mass and do not, with few exceptions, significantly
alter the grain size distribution. Sediment contaminants tend to be associated more with
silt and clay fractions and less with sand and gravel fractions, because fine-gra:ned
sediments, particularly those with significant organic carbon content, have a higzher
affinity for some contaminants. In addition, sand and gravel deposits are usually present
in areas of high energy (i.e., erosion and scouring) where fine-grained sediments and
contaminants have been “washed away.”

The physical and chemical characteristics of the sediments in a waterway are site specific
and may vary both laterally and vertically. Some sediment deposits have layers with
distinct physical and chemical properties. In other areas, the sediment properties may be
relatively homogeneous. The distribution of contaminants in a sediment deposit may
reflect activities over many years or decades. Evaluators should not expect to be able to
develop contaminant distribution profiles in sediments with as high a level of resohition
as for other environmental media.

Most fine-grained, contaminated sediments have been deposited in recent (geologic) time
and are not well consolidated, particularly in navigation channels that have been dredged
in the past. Sediments may have significant amounts of oversized materials and debris.
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Cobbles, gravel, coal, and other bulk commodities may have been spilled from adjacent
docks or passing ships. Bottles, cans, tires, bicycles, shopping carts, and entire car bodies
have been recovered in dredging operations.

The amount of water in sediments is one of its most important physical properties, but
there is considerable confusion about the terminology for this property (see Glossary for
definitions). This manual will refer to the solids content of a sediment and avoid using
the terms moisture or water content, which have a layman definition at odds with their
engineering definition.

Site-specific analysis of the physical and engineering properties of sediments should
always be obtained before even the most preliminary design is begun. Recommended
physical and engineering properties for analysis are shown in Table 2-2 (detailed
analytical procedures are available in USACE 1970). Also shown are typical values for
contaminated sediments in Great Lakes tributaries.

TABLE 2-2. RECOMMENDED ANALYTICAL METHODS FOR MEASURING
PHYSICAL AND ENGINEERING PROPERTIES OF SEDIMENTS

Property Method Typical Values

Particle size distribution Sieve analysis Variable
Hydrometer analysis

Organic content Total volatile solids 5-25%

Solids content Gravimetric 40-70%

Atterburg limits Liquid limit test 20-210% moisture
Plastic limit test 10-160% moisture

Void ratio Gravimetric 0.25-0.60

Specific gravity (density) Pycnometer 25-2.7 g/cm3

A general rule-of-thumb is that in-place, predominantly fine-grained, contaminated
sediments have a solids content of approximately 50 percent, and that dry sediment solids
generally have a density between 2.5 and 2.7 glem?®. Using these values, a unit of
sediment (in place) is roughly one-third solids by volume. With this solids content,
sediments are only slightly fluid, and would not readily flow. The physical properties of
a sediment can be altered by components of a remedial alternative. In some cases, this
is done intentionally to facilitate handling or treatment. In other cases, changes to
sediment physical properties by a component may increase material quantities and greatly
affect costs.

Materials Handling—FEach component of a sediment remedial alternative (except
nonremoval) involves a significant amount of materials handling. The removal compo-
nent involves the excavation of the sediment from the bottom of the waterway. The
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transportation component involves moving excavated sediment to a location where the
material may be placed into a holding area, moved into pretreatment units, and then
carried into treatment units. In addition to the solids, there are other materials that must
be handled. For example, the residual water from dewatering, effluent, and leachate
systems must be collected and routed. In addition, some treatment technologies create
residues other than solids and water that must be handled.

One of the most important factors that affects materials handling is how the sediments ure
removed. Sediments that are dredged mechanically are generally removed at or near their
in situ solids content. In contrast, hydraulic dredging entrains additional water with the
sediments and produces a slurry that may have a solids content ranging from 10-20
percent. In creating this slurry, the total material volume increases 3-6 times. This
increase in volume affects all subsequent components of the remedial alternative. For
example, the use of hydraulic dredging may eliminate certain transportation options,
increase the size requirements of a disposal area, and necessitate larger and more
sophisticated effluent treatment systems.

A common goal of most sediment remedial alternatives is to separate the solids from the
water fraction of the sediment (i.e., dewater) to the maximum extent possible. This is
done to minimize disposal costs for the solids and is a requirement of some treatment
technologies. Sediments may be dewatered through a variety of processes to a solids
content greater than 50 percent. Depending on the process used, there may be little or
no volume reduction, because water is replaced by air in the voids between the sediment
solids.

Contaminated sediments may be handled and rehandled a number of times during the
implementation of a remedial alternative. The costs and contaminant losses of each of
these handling operations may be significant.

Compatibility—The need for and compatibility of components and technologies is
determined by a number of factors, including physical requirements, material characteris-
tics, rate of processes, and logistical considerations.

The consideration of these factors is best illustrated by example. Assume that the critical
component is treatment, and the technology type being considered is solvent extraction.
Most process options of this technology have similar requirements on the feed material.
Process options could be constructed that are capable of treating 100-500 tonnes per day,
generating three residues: solids, water, and extracted organic compounds. These process
requirements will have the following effects on other components:

®m  The process, even with multiple units, cannot keep pace with dredging. An
area for temporary storage of sediments is necessary.

®  The feed material must have a high solids content. This can be accom-
plished by restricting dredging to mechanical methods or using hydraulic
dredging followed by one or more dewatering steps.
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8  The feed material must have oversized material (i.e., larger than 5 mm)
removed. A pretreatment component, involving screening or other
technologies, must be applied.

® The water from the treatment process and the water from sediment
dewatering must be treated and discharged. Different water treatment tech-
nologies may be needed for these residues, depending on the nature and
concentrations of contaminants present.

B Disposal methods must be identified for the solid and organic residues.
Additional treatment may be required for one or both of these residues
prior to disposal.

As illustrated above, the development of a sediment remedial alternative begins by
describing a single component and identifying its requirements and limitations. The other
components can then be identified and technology types can be considered and evaluated
for compatibility. There is no particular sequence for evaluating components. In most
cases, they must be considered concurrently.

How to Begin the Design Phase—Although subsequent chapters in this
document discuss remediation components in a logical process sequence (i.e., removal is
followed by transport, which is followed by pretreatment, etc.), the formulation of an
overall remedial alternative is not as simple as following this linear sequence to select the
optimal technology for individual components. The preliminary design phase usually
begins with the disposal component because it represents the terminal point of two
components (removal and transport) and the disposal facility location may be used to
implement other components (pretreatment, treatment, and residue treatment). Most
treatment technologies will require a disposal facility and some form of pretreatment to
support the treatment process. The disposal facility (or a secure land area) is needed for
storing, pretreatment, and handling of dredged sediments; as a base for treatment
operations; and possibly for long-term disposal of residues. While it is possible to
perform these functions at different sites, there would be increased difficulties associated
with obtaining lands for managing contaminated materials.

The availability and location of lands for handling or disposing of sediments can often
influence the selection of remediation technologies. For example, if the only available
lands for a disposal site are several kilometers from the removal site, hydraulic dredging
and pipeline transport technologies may not be feasible. Some technologies, such as
confined disposal, gravity dewatering, and land application of sediments, require a great
deal of land. In contrast, most technologies that rely on process equipment (e.g., mechan-
ical dewatering, solvent extraction, thermal treatment) are relatively compact and have
smaller land requirements.

Selection of disposal and/or treatment sites for contaminated sediments may be the most
controversial and time-consuming decision of the entire project. In fact, the public and
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agency acceptability of a project may be determined largely by this decision. In areas
adjacent to urban waterways, land is a limited resource. It is therefore recommended that
preliminary design begin with the identification of suitable lands. A technically feasible
alternative without a site for implementation is of limited value.

Information Requirements—Specific types of information are required to prepar:
a preliminary design, evaluate its feasibility, and develop estimates of project costs and
contaminant losses. A list of the most basic information required to initiate an evaluation
of sediment remedial alternatives is provided in Table 2-3. Potential sources of historical
information are also provided.

Additional information needed to evaluate the feasibility of specific technologies and
estimate their costs and contaminant losses is discussed in subsequent chapters on each
techrology type. To obtain this information may require analysis of the physical and
engineering properties of sediments, bench- or pilot-scale evaluations of treatment and/or
pretreatment technologies, laboratory tests to determine contaminant losses, laboratory
tests that simulate dewatering and residue treatment, and surveys and geotechnical
explorations of lands to be used. Some of these data collection activities may be
postponed until the detailed design phase of the project. Best professional judgment must
be exercised in making this decision.

implementation

Ideally, more than one remedial alternative will be identified that is feasible and meets
the project objectives. In this case, the project proponent must decide which alternative
to recommend and support. The implementation of the selected remedial alternative may
involve a number of activities, including:

@  Securing funding

®  Development of detailed design, plans, and specifications
B Acquiring real estate and rights-of-way

B  Obtaining appropriate permits

®  Contract advertisement, negotiation, and award

®  Construction, operation, and maintenance.
These activities are discussed briefly below.
Funding—While discussion of the sources and methods for securing funding for

implementation is beyond the scope of this guidance document, a few consequences of
the timing of funding are worth mentioning. For large remediation projects, funding may
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TABLE 2-3. GENERAL INFORMATION REQUIREMENTS AND SOURCES FOR
EVALUATION OF SEDIMENT REMEDIAL ALTERNATIVES

Information Requirement

Potential Sources

Volume and distribution of contaminated
sediments

Sediment chemical and physical characteris-
tics

Waterway bathymetry and hydraulic charac-
teristics

Waterway navigation use

Availability of local lands for use

Significant environmental resources to be
protected

State and local environmental regulations

Remedial Action Plans
USEPA or Corps district offices
State resource agencies

Remedial Action Plans
USEPA, Corps, or other Federal agencies
State resource agencies

Navigation charts from the National Oceanic and
Atmospheric Administration, the U.S. Coast
Guard, or the Corps

Flood control/insurance studies by the Federal
Emergency Management Agency or the Corps

State resource agencies

Local harbor/port authorities

Waterborne Commerce of the United States
{USACE 1989)

U.S. Coast Guard offices

State transportation and resource agencies

Local harbor/port authorities

State transportation and resource agencies
Local agencies {departments of planning, zoning,
or economic development)

State resource agencies
U.S. Fish and Wildlife Service

State resource agencies

County departments of health

Local agencies (departments of zoning, transpor-
tation, or environment)
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not be available all at one time but in increments, perhaps coinciding with budgetary
cycles. It may therefore be appropriate to plan the implementation of remediation in
increments. The challenge is to divide the project into increments that can “stand alone”
from environmental and engineering feasibility perspectives should the next funding
increment be delayed or unavailable. For additional information on funding opportunities
for RAP activities, the reader is referred to the series of Apogee Research, Inc. reports
on this subject (Apogee Research, Inc. 1992a,b, 1993a,b).

Detailed Design—This step of implementation involves the detailed design of the
remedial alternative and preparation of plans and specifications for construction. During
this step, extensive data collection may be conducted, including pilot- or full-scale testing
of process equipment, detailed surveys, and geotechnical explorations of lands to be
acquired. It is not uncommon for significant changes in the project design to occur at this
stage: as a result of the new data collected and the application of more sophisticated
design analytical methods. It is quite possible that the alternative recommended by the
preliminary design/feasibility study is determined to be infeasible. By the completion of
this step, virtually every aspect of the construction and operation of the remedial
alternative should be designed and thoroughly reviewed to ensure the technical accuracy
and engineering feasibility of the alternative.

Real Estate—The acquisition of real estate, easements, and rights-of-way for
project construction and operation need to be completed before a construction contract is
advertised. These acquisitions may include land for pretreatment, treatment, and disposal
operations; easements for an area to mobilize dredging equipment; or a right-of-way for
construction equipment and sediment transportation. Easements or rights-of-way may also
have to be obtained from riparian property owners along the waterway.

Permits—Applicable permits and certifications for project construction and opera-
tion should be obtained before a construction contract is advertised. A detailed discussion
of the legal and regulatory requirements for sediment remediation is provided later in this

chapter.

sontracting—Contracting mechanisms and regulations are organization-specific and
are beyond the scope of this guidance document. Parts of the remediation project, or the
entire effort, may be contracted. Superfund remedial planning and design are often
contracted separately from the remediation construction. The most common contracting
approach for remediation construction is to advertise the entire remediation project as a
single contract for a “turn-key” operation. In this case, a prime contractor would be
responsible for obtaining the necessary subcontractors with the specialized equipment or
experience required. An alternative approach is for the project proponent to purchase
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some of the equipment and contract for its operation. This approach may be advanta-
geous If the project is large and must be conducted in a number of operational cycles, or
if there are several project areas that can be remediated using the same equipment.

Modifications are often required in the design and operation of a project after construction
has been initiated because of changes in site conditions, changes in materials, or the
failure of a component to operate as expected. These design and operational modifica-
tions should always be coordinated with the designers and with regulatory agencies.

Construction, Operation, and Maintenance—These activities are discussed in
detail in Chapter 10.

ESTIMATING PROJECT COSTS

This section discusses the development of cost estimates for sediment remedial alterna-
tives to support the decision-making and implementation processes. There is no existing
guidance on estimating costs specifically for sediment remediation projects; however,
there is considerable guidance on estimating costs for general construction and some
guidance for hazardous waste remediation projects. This discussion presents the cost
estimating procedures used by the Corps for civil works projects and those used by the
USEPA for Superfund projects. The appropriate guidance for most sediment remediation
projects would include a combination of these approaches. Additional guidance for
estimating the costs of specific components of sediment remedial alternatives is provided
in subsequent chapters of this document.

Purpose of Cost Estimates

Project cost estimates are required during all phases of a sediment remediation project,
from initial planning, through detailed design, and during construction and operation. The
purpose of the cost estimates will change as the project progresses. During the planning
stages, cost estimates are used as a criterion for screening technologies and selecting the
preferred alternative. At the detailed design stage, cost estimates are often used to
compare technically equivalent features and identify those that may be suitable for value
engineering (VE) studies. Following detailed design and preparation of plans and
specifications, cost estimates are used to evaluate bids on project construction and
operation. During construction, cost estimates are used for scheduling payments, contract
negotiation, and dispute resolution.

The reliability of a cost estimate depends largely on the level of detail available at the
time it is prepared. It also depends on the predictability of variables and factors used to
develop the cost estimate. A thorough knowledge and understanding of the scope of work
and all components associated with site remediation is necessary for the development of
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a reliable cost estimate, including a clear understanding of the construction operations und
techniques that would be used.

Cost estimates should complement the decision path. For civil works projects, such: s
maintenance dredging, there are two types of cost estimates in the decision-maku:g
process: the current working estimate and the government estimate. The current work ing
estimate is an estimate that is prepared and updated periodically during the planning .d
design of a project. The level of detail and reliability of this estimate reflect the cunc it
state of project evaluation and design (USACE 1980c). The current working estimat.: :s
a total project cost estimate, which includes all reasonable costs that will be requircd
during project implementation (i.e., the estimated costs of construction and operaticn
contracts, engineering and design efforts, construction management and real estate easc-
merts, and land acquisition). The current working estimate is used as a tool to support
the decision-making process and control costs, and should be prepared with as much
accuracy as possible, so that the total project cost estimate for site remediation can be
relied upon at the earliest possible stage in the decision-making process.

For virtually all projects that are funded by the Federal government, and for most proje.ts
funded by other governmental agencies, a government estimate or equivalent is developcd
at the end of detailed design and immediately prior to the advertisement of the contract's)
for construction and operation (USACE 1982). The government estimate is used to
evaluate construction contract bids, control negotiations, establish a pricing objective rct
procurement and contracting purposes, and serve as a guide in developing progress
payrment schedules. It is a detailed construction cost estimate and does not include the
other noncontract items of the current working estimate. The development of a govein-
ment estimate for a Federal project must follow the procedures and guidelines of t'ic
Federal Acquisition Regulation (FAR) (48 CFR Chapters 1-99).

Elements of a Cost Estimate

A sediment remediation project has capital, operation, and maintenance costs. Capit.u
costs include expenditures that are initially incurred to develop and implement a remedi:
action (e.g., dredging and transportation, construction and operation of a treatment syster:,
construction of a disposal facility) and major capital expenditures anticipated in future
years (e.g., capping a confined disposal facility [CDF] or decontamination of treatmen!
equipment) (Burgher et al. 1987). The following elements should be considered :n
developing estimates of capital costs (Cullinane et al. 1986a; Burgher et al. 1987):

®  Relocation costs

m  Costs of lands, easements, and rights-of-way
®  Land and site development costs

m  Costs for buildings and services

m  Equipment costs
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®  Replacement costs
®  Disposal costs

®  Engineering expenses

®  Construction expenses

B Legal fees, licenses, and permits

®  Contingency allowances

m  Startup and shakedown costs

®  Costs of health and safety requirements during construction.

Operation and maintenance are post-construction activities needed to ensure the effective-
ness of a remedial action (Burgher et al. 1987). These activities might include treatment
plant operations, surface water and leachate management at a disposal facility, and
monitoring and routine maintenance at disposal sites. The following elements should be
considered in developing estimates of operation and maintenance costs (Cullinane et al.
1986a; Burgher et al. 1987):

®  Operating labor costs

Maintenance materials and labor costs
Costs of auxiliary materials and energy
Purchased service costs

Administrative costs

Insurance, taxes, and licensing costs

Maintenance reserve and contingency fund.

The capital, operation, and maintenance cost data needed for preparing estimates are
divided into two categories, direct costs and indirect costs. The direct costs are those that
are directly attributable to a unit of work. They are generally referred to as labor,
equipment, and material/supply costs. The labor rate, equipment rate, and material/supply
quotes are readily available from many sources, some of which are discussed in later
chapters. However, production rates, hours of work, size of crew, seiection of equipment
and treatment plants, and schedules are estimated largely from site-specific data.

There are some differences between the civil works and Superfund guidance for
estimating indirect costs. The Corps approach considers indirect costs, sometimes referred
to as distributed costs, to include all costs that are not directly attributable to a unit of
work, but are required for the project. These costs might include field office and home
office operations, permits, and insurance. The USEPA guidance for hazardous waste
remediation (Burgher et al. 1987) includes these costs, plus engineering expenses, startup/
shakedown costs, and contingency allowances, as indirect costs. Indirect costs are
typically estimated as a fixed percentage of the total direct costs.
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For preliminary cost estimates, indirect costs (as defined by the Corps) may be estimated
as 10-15 percent of direct costs. The USEPA guidance (Burgher et al. 1987) offers the
following numbers for estimating specific indirect costs:

®  Engineering expenses (7-15 percent of direct capital costs)
B Legal fees, licenses, and permits (1-5 percent of total project costs)
®  Startup and shakedown costs (5-20 percent of capital costs)

®  Contingency allowances (15-25 percent of total capital costs).

When screening-level construction cost estimates are prepared, there are generally few
details available that would warrant a detailed analysis of direct and indirect costs; total
unit price data are often used instead. However, when a detailed construction cost
estimate is required in the later stages of design and implementation, direct and indirect
cost data are estimated separately.

The level of confidence of a cost estimate depends on the level of detail available at the
time it is prepared. One method to improve the confidence in the cost estimate is to
assess and include appropriate contingencies in the estimate. A contingency is a form of
allowance to cover unknowns, uncertainties, and/or unanticipated conditions that are not
possible to adequately evaluate from the available data. Computer software, such as
HAZRISK (Diekmann 1993) and REP/PC (Decision Sciences Corp. 1992), is available
to perform a more formal assessment and assign contingencies. If these programs are not
available, the contingency rates shown in Table 2-4 may be used instead. These rates are
empirical and are only a guide. USEPA contingency allowances for feasibility studies
(between 15 and 25 percent of capital costs) are in general agreement with the numbers
shown in Table 2-4.

TABLE 2-4 CONTINGENCY RATES FOR COST ESTIMATES

Construction Cost Range

Project Stage <$500K $500K-$1M $1M-$5M >$5M

Feasibility

Screening level 30% 25% 25% 25%

Preliminary design 25% 20% 20% 20%
Implementation

Detailed design 20% 15% 15% 15%

Plans and specifications 15% 10% 10% 10%

Contract award 5% 5% 5% 5%

Source: Adapted from USACE (1992a).
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Development of Cost Estimates

Technology Screening

Cost estimates are one of the criteria used to screen remediation technologies for further
consideration. The screening cost analysis for an RI/FS investigation involves order-of-
magnitude costs to eliminate alternatives with costs that are 10 times or higher than costs
for other alternatives (Burgher et al. 1987). The accuracy of costs at the screening level
for RI/FS investigations should be between +100 and —-50 percent (Burgher et al. 1987).

At the screening level, the project cost analysis is very crude and limited to available
information on the sediments, site conditions, and technologies being considered. Because
the level of detail is minimal at this phase, historical data and parameters of similar past
projects are recommended for the development of the cost estimate. Substantial amounts
of historical cost data for some components of sediment remediation (i.e., removal,
transport, disposal, and residue management) are available and are summarized in later
chapters of this document. The USEPA has developed a Remedial Action Cost Compen-
dium (Yang et al. 1987) that shows the range of actual costs at Superfund projects.

Historical cost data on the pretreatment and treatment components are very limited, and
in some cases the only data available are projections made by technology vendors based
on bench- or pilot-scale applications. Cost projections for technologies that do not
already have full-scale equipment with some operating history should be approached with
a certain amount of skepticism. One of the major factors in the cost of many innovative
treatment technologies is the investment required for the development, scaleup,
construction, and testing of full-scale equipment. The amortization of these development
costs greatly affects their unit costs and the degree of uncertainty associated with those
costs. Very few remediation projects are able to bear these development costs alone, and
few companies are willing to make this investment unless there is a clear indication that
there will be a dependable market for the technology at several remediation sites. One
potential solution to this handicap is for interests from several AOCs having similar
sediment contamination problems to join forces in financing the development or
acquisition of a remediation technology.

Preliminary Design

During the preliminary design phase, a limited number of remedial alternatives are
evaluated in sufficient detail to make a selection for implementation. This phase is
comparable to the feasibility study for Superfund projects. The preliminary design should
contain sufficient engineering and design information that could readily lead into the next
phase (the detailed design). The cost estimate should be prepared based on the latest
information available and should include all reasonable costs required in the imple-
mentation phase. The estimate should incorporate costs for additional engineering and
design, real estate easements and land acquisition, and construction costs. This cost
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estimate will serve as a baseline current working estimate for project management through
the implementation phase.

The process for evaluating costs during a Superfund feasibility study includes the
following steps (Burgher et al. 1987):

m  Estimation of costs

W Present worth analysis
m  Sensitivity analysis
m  Input to alternatives analysis.

The accuracy of cost estimates for feasibility studies for Superfund projects should be
within the range of +50 to ~30 percent (Burgher et al. 1987).

Implementation

This phase should include preparation of a detailed design and the plans and specific.i-
tions for contracting the construction and operation of the remedial alternative. During
the detailed design, cost estimates can be used to compare technically equivalent featurcs
:n a process known as VE. VE is directed at analyzing the function of construction,
equipment, and supplies for the purpose of achieving these functions at reduced life-cycle
cost without sacrificing quality, aesthetics, or operations and maintenance capabili'y
(USACE 1987f).

During the development of plans and specifications, a detailed government estimate s
prepared. This government estimate is used to evaluate bids on project construction and
operation contracts. Bids are evaluated for balance as well as dollar amount. Corps
regulations for civil works projects will not allow a contract award if the low bid exceeds
tke government estimate by more than 25 percent. During construction, cost estimatcs
are used for scheduling payments, contract negotiations, and dispute resolution.

Sources of Information

The accuracy of a cost estimate depends on the reliability of the information used in its
development. For some of the components of a sediment remedial alternative there are
a large number of sources of cost data available. A list of a few sources that could be
consulted for cost estimates is shown in Table 2-5.
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TABLE 2-5. SOURCES OF INFORMATION FOR COST DATA

Source Type of Information
R.S. Means Cost Data Unit costs for various construction activities
Dodge Guide Unit costs for various construction activities
Corps Unit Price Books Unit costs for various construction activities
Marshall Stevens Index Treatment plant and equipment costs and cost index
Chemical Engineering Treatment plant and equipment costs
Engineering News Record Construction cost index for updating construction

capital costs

Civil Works Construction Cost Index System Regional adjustment factors for construction costs

U.S. Department of Energy Energy costs, including regional differences
U.S. Department of Labor Labor costs, including regional differences
Federal Emergency Management Admin- Relocation costs

istration

Construction costs may vary significantly from one region of the country to another. To
convert approximate costs, area adjustment factors may be applied. Some Federal
agencies, such as the U.S. Departments of Labor and Energy, maintain regional cost
information. The Corps maintains a Civil Works Construction Cost Index System
(CWCCIS), which may be used as a guide for regional construction cost adjustments.

Several computer software programs have been developed for cost estimating and are in
general use. The Corps has developed a Micro-Computer Aided Cost Engineering System
(MCACES) that is being used worldwide for construction cost engineering. This software
is available commercially from Building Systems Design (1992). The U.S. Department
of Energy has developed a summary of available cost estimating software applicable to
environmental remediation projects (Youngblood and Booth 1992), and the reader is
referred to this document for more information on how to obtain these software packages.
Software has been developed by or for the USEPA (CORA and RACES), the U.S. Air
Force (ENVEST and RACER), and the U.S. Department of Energy (FAST, MEPAS, and
RAAS). If computer software is not available, manual estimating techniques are readily
available (USACE 1980c, 1982).

Cost information provided on sediment remediation technologies in this document has
been adjusted to January 1993 price levels using the indices in the Engineering News
Record (ENR).

ESTIMATING CONTAMINANT LOSSES

No remedial alternative for contaminated sediments is without some environmental
consequence. The balancing of environmental benefit vs. cost is a critical part of the
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evaluation of sediment remedial alternatives. Ideally, the alternative that maximizes this
benefit:cost relationship would be selected. However, the costs, as well as social, legal,
and political considerations, all have important roles in the final decision.

Environmental damages and benefits are not easy to quantify in measures that are readily
comparable. Risk assessment is one of the methods to quantify the environmental effects
of a project or condition. Risk assessment procedures determine the potential harm
caused by exposing humans or other organisms to contaminants. Contaminant exposures
may be measured directly or predicted using mathematical models, and may occur through
various media (e.g., air, water, solids, biota) and exposure routes (e.g., inhalation,
ingestion, dermal contact). A detailed discussion of risk assessment and modeling in
relation to contaminated sediment remediation is provided in the ARCS Risk Assessment
and Modeling Overview Document (USEPA 1993a).

To evaluate risks to human health or the environment, the exposure conditions must be
fully characterized. To use mathematical models to predict the exposure conditions, the
loadings of contaminants must be estimated and used as input to the model(s). The losses
of contaminants from sediment remedial alternatives may be estimated through a number
of techniques that were evaluated by the ARCS Program.

Contaminant Loss Pathways

Contaminant loss is the movement or release of a contaminant from a remediation compo-
nent into an uncontrolled environment. Examples of loss include spillage or leakage
during dredging and transport, seepage from a capped in situ site or from a CDF, and
residual contamination in the treated discharges from a disposal facility or sediment
treatrnent unit. Contaminants that remain within a controlled area or process stream, or
are modified or destroyed by a process, are not considered losses. The term “loss” is
reserved for the uncontrollable or unintentional discharge of contaminants.

Contaminant loss can occur during each component of a sediment remedial alternative
through one or more pathways. For example, the potential pathways for contaminant loss
from a CDF include surface runoff, effluent, seepage, leachate, volatilization, dust, and
uptake by plants and animals (Figure 2-6). The contaminant loss from a component is
the sum of the individual losses through the various pathways, and the contaminant loss
from a remedial alternative is the sum of the losses from each component.

The magnitude of contaminant loss may vary greatly between remedial components and
pathways and is influenced by the type of contaminant being considered. The losses
through one pathway may be thousands or hundreds of thousands of times greater than
the losses through other pathways in the same component. The losses through some path-
ways or from some components may be considered insignificant for specific evaluations.
As a result, it is worthwhile to assess the relative importance of different pathways of
contaminant loss before proceeding with detailed estimates. The contaminant losses
discussed in this document are not meant to be the final determinant in the complete
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Figure 2-6. Potential contaminant loss pathways from a confined disposal facility.
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environmental efficacy of a particular sediment remedial alternative, however. The losses
are intended to be used as loadings in the implementation of a contaminant fate mocl
as described in the ARCS Risk Assessment and Modeling Overview Document (USE"
1993a).

Estimating Techniques

A detailed investigation of contaminant losses from sediment remediation components v-as
conducted for the ARCS Program (Myers et al.,, in prep.). This study identificd
contaminant migration pathways, examined existing predictive techniques for estimating
contaminant losses, and evaluated their applicavility and reliability. This study (Myers
et al., in prep.) should be used as the primary reference for developing contaminant
loss estimates for sediment remedial alternatives. Key points from this study .re
summarized below.

Predictive techniques for estimating contaminant losses generally fall into one ot two
categories: a priori techniques and techniques based on pathway-specific laboratory te sr-
ing. A priori techniques are suitable for planning-level assessments. Techniques that 1ise
pathway-specific test data provide state-of-the-art loss estimates.

The state of development of predictive techniques for estimating contaminant losses from
remediation components varies with the component and the loss pathways. For sone
remediation components there are no pathway-specific tests available. In these cases. 2
priori techniques may be the only techniques available; however, a priori techniques .re
not always available for all pathways of all components.

The confidence and accuracy of the contaminant loss estimates depend on the state cf
development and the amount of field verification data available. In some cases, there
may be a substantial amount of field data available, but predictive techniques are 1ot
designed to produce data that are directly comparable to field data. In this ca-e,
confidence is low and accuracy is unknown. For the prediction of contaminant los-es
during dredging, field data on turbidity and suspended solids downstream of dredging
operations may be available; however, predictive techniques are used to estim.ite
contaminant flux in the water column at the point of dredging. In some cases, predict ve
techniques (e.g., prediction of leachate losses) have a sound theoretical basis, but fw
field verification data exist. In this case, confidence is high and accuracy is unknown.

Losses During Dredging

Predictive techniques for sediment losses during hydraulic and mechanical dredging arc
available for conventional dredging equipment. Predictive techniques are not available
for innovative dredging equipment options. The available predictive techniques provide
estimates of sediment losses in terms of mass loss per time at the point of dredging.
Exposure concentrations are not estimated. To estimate exposure concentrations, the
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predicted fluxes of sediments and the associated chemical contaminants must be
incorporated into water quality or exposure assessment models.

Techniques for estimating contaminant losses during dredging are still in the early
development stage. Techniques have been proposed, but field validation data are scarce.
The available techniques are inherently a priori, although laboratory tests have been
considered. Efforts are ongoing in the Great Lakes to develop predictive techniques for
estimating contaminant losses during dredging, at the point of dredging. As previously
discussed, confidence is low for the prediction of losses during dredging, and accuracy
i1s unknown.

Losses During Transportation

Techniques for estimating losses of sediments and the associated chemical contaminants
during the transportation of dredged material are not available for most transportation
modes. Pipeline breaks, scow spillage, and truck accidents can be expected to occur, but
the frequency of such occurrences associated with dredged material transportation has not
been documented, and there has been little effort to quantify the associated losses.
Predictive techniques for losses from scows due to volatilization of contaminants are
available, but have not been field verified.

Losses During Treatment

The limited database for treatment of contaminated sediments and the strong influence of
sediment characteristics on treatability preclude the use of a priori loss estimates for most
treatment technologies. Laboratory techniques are available for estimating losses for most
treatment technologies. Most treatment technologies will generate waste streams that,
unless decontaminated, constitute a loss pathway. Even destruction technologies will have
some estimable loss because no treatment process is perfect. Treatment process losses
can be in the form of contaminated solid residuals requiring disposal (with attendant
losses) or in the form of contaminated fluids. Fluid losses include gaseous emissions,
discharged process wastewater, and other liquid releases.

Predictive techniques for contaminant losses during treatment are based on a materials
balance of the process treatment train. A process flow chart should identify waste streams
through which contaminants can escape treatment or control. However, detailed
information is not usually available until after treatability studies have been completed.
The technical basis for using data from treatability studies to estimate contaminant losses
is well developed, but there are few verification data for full-scale dredged material
treatment processes.

Loss estimates based on treatability studies are anticipated to be reliable and accurate.
A high degree of confidence is expected for those treatability studies with good materials
balance. If the materials balance is poor, then confidence will be low.
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Losses During Disposal

Predictive techniques are available for most of the key pathways by which contaminants
are lost from CDFs and confined aquatic disposal sites. Predictive techniques vary in
their stage of development, depending on the disposal alternative and pathway. A priori
techniques are available for estimating losses from confined aquatic disposal sites;
however, there are few field verification data for these techniques. A priori and
test-based techniques for estimating effluent losses during hydraulic filling of confined
disposal sites are well developed, but techniques for estimating losses during mechanical
disposal at in-water and nearshore CDFs are more crude and have only been conducted
at a few sites (USACE Chicago District 1986).

Scientifically sound a priori and test-based techniques are available for estimating losses
from CDFs by leaching. Predictive techniques for leachate loss have not been ficld
verified. Well-developed, test-based techniques are available for estimating runoff losses
at CDFs, but there are no a priori predictive techniques available for runoff. The only
predictive techniques available for estimating volatile losses from CDFs are a priori
techniques. Estimation techniques for volatile losses from dredged material are available,
but have not been field verified.

Confidence and accuracy for a priori loss estimates from CDFs and confined aquatic
disposal sites are low. Confidence and accuracy for test-based loss estimates vary with
the stage of development of the test and interpretation procedures. Confidence and
accuracy are high for estimating effluent loss during hydraulic filling of CDFs.
Confidence is high for test-based estimates of leachate losses, but accuracy is unknown.
Confidence and accuracy are high for estimation of test-based runoff loss.

Preparing Loss Estimates

i.evel of Effort Required

A priori techniques require less effort than the test-based techniques for estimating
contaminant losses. The computational frameworks for both types of techniques are
similar so that computations performed using a priori techniques usually do not have to
be reconstructed for the test-based techniques. The major difference in effort is the time
and money required for test-based loss estimates. A priori loss estimates can be used to
guide resource allocation for pathway- and remediation component-specific testing.

Most a priori techniques can be implemented using spreadsheet software for desktop
computers. Some aspects of leachate loss estimation require running the Hydrologic
Evaluation of Landfill Performance (HELP) computer model (Schroeder et al. 1984).
This model runs on desktop computers and is required for both a priori and test-based
estimates of leachate losses. Obtaining appropriate coefficients for the a priori equations
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can be a significant effort. A standardized default database for model coefficients is not
currently available.

Test-based predictive techniques require substantial time and money if a full suite of tests
are conducted. Resource requirements are relatively small for some key pathways such
as effluent losses. Other pathways, such as runoff losses, currently require a large volume
of sediments and the tests take several months to complete.

Type of Data Required

The minimum data required for most a priori techniques are bulk sediment chemistry and
project-specific design information. The project-specific design information needs are
numerous, but this information is usually available at the preliminary design phase. For
CDFs, for example, a dredging schedule, dredge production rates, site geometry,
foundation conditions, dike design, disposal mode (hydraulic or mechanical), and other
similar types of information are needed.

For remedial alternatives involving treatment, data from bench- or pilot-scale treatability
studies are needed. If sediment-specific treatability data are not available, the data for a
similar sediment and treatment process can be used. Pilot-scale data should be
considered, if available. Information on anticipated processing rates and pretreatment
and/or storage facility designs will also be needed.

Protocols for pathway-specific tests identify data requirements. A complete program for
estimating contaminant losses for an array of alternatives and components should be
carefully planned and coordinated to reduce replication of effort and ensure comparability
among the various pathways evaluated.

REGULATORY AND LEGAL CONSIDERATIONS

When conducting a sediment remediation project, it may be necessary to obtain various
permits or certifications as required by existing environmental laws and regulations, from
appropriate Federal, State, or local agencies. For example, permits may be required for
specific remedial activities or for discharges that may result from these activities. A
summary of activities and discharges that may require a permit or other form of
authorization under Federal law are listed in Table 2-9.

The discussion that follows focuses on Federal environmental regulations. For some of
these regulations, the permitting and enforcement authority has been transferred or
delegated to the State. In addition, many states have other laws and regulations that may
be applicable to one or more sediment remediation activities. The regulations discussed
herein and listed in Table 2-6 are not all inclusive, and the proponent of a sediment




TABLE 2-6. POTENTIALLY APPLICABLE FEDERAL ENVIRONMENTAL LAWS
AND REGULATIONS

Federal Lead Agency
Statute Regulation Potentially Applicable Activities
Clean Air Act (44 U.S.C. §7401 40 CFR 52-61 USEPA? Emissions from pretreatment and
et. seq.) treatment processes
Clean Water Act (33 U.S.C.
§1251 et. seq.)
Section 307 40 CFR 403 USEPA? Discharges to municipal sewer
Section 401 40 CFR 121 State Dredged and fill discharges
Section 402 40 CFR 122 USEPA® Discharges from pretreatment and
treatment processes; storm water dis-
charges from construction
Section 404 33 CFR 320-330 Corps® Dredged and fill discharges tc waters
of the United States.
Coastal Zore Management Act 15 CFR 923 State Dredging, /n situ capping, and any
(16 U.S.C. §1455b et. seq.) construction in the coastal zone
Comprehensive Environmental 40 CFR 300-373 USEPA Any construction in or near a
Response, Compensation and Superfund site
Liability Act, and Superfund Am-
endments and Reauthorization
Act (42 U.S.C. §9601 et. seq.)
National Environmantal Policy Act 40 CFR 1500-1508 USEPAP Any Federal action significantly

(42 U.S.C. 84321 et. seq.)

Occupationel Safety and Health
Act

Resource Conservation and Re-
covery Act (42 U.5.C. §6301 et.
seq.)

Rivers and Harbors Act of 1899
Section 10 {33 U.5.C. §401 et.

seq.)

Toxic Substances Control Act
(16 U.S.C. §2B601 et. seq.)

29 CFR 1910

40 CFR 257-258,
260-268

33 CFR 403

40 CFR 761

U.S. Department
of Labor

USEPA?

Corps

USEPA

affecting the human environmenr, in-
cluding Federally funded remediation
and actions requiring a Federal permit

Any remedial construction activit:es

Storage, treatment, and disposal of
any hazardous materials

Construction or obstruction in a navi-
gable waterway of the United States

Transport, handling, and disposal of
polychlorinated biphenyl-contamina-
ted sediments or residues

@ Program responsibility may be delegated to the State.

b Document preoaration is the responsibility of the proponent(s) or permitting agency.
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remediation project should ensure that the requirements eof all applicable Federal, State,
and local laws and regulations are addressed.

Construction in Waterways

Any structure or work that affects the course, capacity, or condition of a navigable water
of the United States must be permitted under §10 of the Rivers and Harbors Act of 1899
(33 U.S.C. 403). This permit program is managed by the Corps, and the regulations
addressing this program are contained in 33 CFR Parts 320-330 (Regulatory Programs of
the Corps of Engineers). Activities associated with a particular sediment remedial
alternative that would likely require a §10 permit include the placement of an in situ cap
on contaminated sediments in a waterway, dredging activities, the mooring of vessels, and
the construction of any structure in the waterway. Permits issued under the authority of
§10 of the Rivers and Harbors Act of 1899 and §404 of the Clean Water Act (see below)
are typically handled concurrently by Corps district offices. The Corps coordinates §10
permits with the U.S. Coast Guard, which issues a notice to navigation of when and
where the construction activities will take place.

Any development activities in an approved State coastal zone must be consistent to the
maximum extent practicable with the State plan developed under the Coastal Zone
Management Act of 1972 (16 U.S.C. §1455b et. seq.). Federal funds for Coastal Zone
Management (CZM) plan development are administered by the National Oceanic and
Atmospheric Administration (NOAA). Activities associated with a sediment remediation
project likely to require a CZM consistency determination by the State include dredging,
in situ capping, and construction and operation in the coastal zone of facilities for
sediment rehandling, treatment, and disposal. Four Great Lakes states (Michigan, New
York, Pennsylvania, and Wisconsin) have approved CZM plans.

Discharge of Dredged or Fill Materials

The disposal of dredged or fill materials to waters of the United States is regulated under
the Clean Water Act (33 U.S.C. §1251 et. seq.). Clean Water Act §404 in particular
designates the Corps as the lead Federal agency in the regulation of dredged and fill
discharges, using guidelines developed by the USEPA in conjunction with the Corps.
Regulations addressing this permit program are again contained in 33 CFR Parts 320-330
(Regulatory Programs of the Corps of Engineers). Activities associated with a particular
sediment remedial alternative that would likely require a permit under Clean Water Act
§404 authority include the placement of an in situ cap on contaminated sediments in a
waterway or wetland, the discharge of any dredged sediments or treatment residues into
a waterway or wetland, and the discharge of effluent, runoff, or leachate from a disposal
facility for sediments.

As noted above, Clean Water Act §404 permits for the disposal of dredged or fill
materials into waters of the United States are issued through Corps district offices. Some
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nationwide and regional permits have been issued to cover specific types of discharges.
Only one state (Michigan) has been delegated Clean Water Act §404 permitting
responsibilities as provided under Clean Water Act §404(g). Permit applicants must
provide sufficient information for the permitting office to complete an evaluation of the
discharge under the authority of §404(b)(1) of the Clean Water Act. The Clean Water
Act §404(b)(1) evaluation considers the overall impacts of the proposed discharge,
including ecological, social, and economic effects.

Finally, Clean Water Act §401 authorizes states to issue a “water-quality certification”
for proposed dredged and fill disposal activities. Issuance of this certification indicates
that the proposed dredged or fill disposal will not violate State water quality standards,
after allowance for dilution and dispersion of contaminants. A dredged or fill discharge
§404 permit may not be processed without a Clean Water Act §401 certification or
waiver.

Discharges of Water

Woeter discharges resulting from a sediment remedial alternative may be regulated under
various sections of the Clean Water Act. The administration of regulations developed
pursuant to the Clean Water Act is the responsibility of the USEPA, the Corps, or the
State, depending on the applicable section of the act.

Clean Water Act §307 directed the USEPA to develop pretreatment standards for
industrics. The National Pretreatment Program was subsequently established to ensure
that major industrial and commercial users of municipal sewer systems pretreat their
discharges so that the discharges from publicly owned treatment works remain in
compliance with their discharge permits. Technology-based standards were developed by
the USEPA (40 CFR 403) to be implemented at municipal publicly owned treatment
works.

The responsibility for the administration of the pretreatment program has been delegated
by the USEPA to four of the Great Lakes states (Michigan, Minnesota, Ohio, and
Wisconsin). Local municipalities and sanitary districts are responsible for the manage-
ment of pretreatment programs for their wastewater systems and must issue pretreatment
permiits to significant users. One activity associated with a sediment remedial alternative
that could require a pretreatment permit would be a discharge of water from a sediment
disposal facility or treatment system into a municipal wastewater treatment facility
through a sanitary sewer.

Clean Water Act §§404 and 401 apply to the discharge of effluent, runoff, or leachate
from a disposal facility for sediments. These regulations were discussed above.

Clean Water Act §402 is the National Pollutant Discharge Elimination System (NPDES).
This is the principal program for the regulation of point-source discharges of pollutants
and is managed by the USEPA. The responsibility for NPDES permitting has been
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delegated by the USEPA to all of the Great Lakes states (Illinois, Indiana, Michigan,
Minnesota, New York, Ohio, Pennsylvania, and Wisconsin). Activities associated with
a sediment remedial alternative that would likely require an NPDES permit include a con-
tinuous point-source discharge of water from a sediment treatment system and the storm
water discharge from a sediment disposal or treatment site. As discussed above, the
discharge of water from a dredged material disposal facility is regulated under Clean
Water Act §§404 and 401. The USEPA Region 5 has stated that a point-source discharge
of leachate from a CDF should be regulated under the NPDES program.

Storm water discharges from disposal and treatment sites during initial construction would
also be regulated under the NPDES program. Most states have general permits that may
cover these construction activities. The storm water runoff inside an operating CDF or
treatment site would most likely have to be captured, routed, and treated before discharge.
This runoff might be combined with other water discharges from pretreatment and
treatment processes or effluent or leachate collection. In this case, the storm water
discharge would be regulated as part of these other discharges under the NPDES program
or §8404 or 401 of the Clean Water Act.

Solid Waste Disposal

The Resource Conservation and Recovery Act (RCRA; 42 U.S.C. §6901 et. seq.) broadly
defines solid waste as:

.. . any garbage, refuse, sludge from a waste treatment plant, water supply plant
or air pollution control facility and other discarded material, including solid,
liquid, semisolid, or contained gaseous material resulting from industrial,
commercial, mining, and agricultural operations, and from community activities,
but does not include solid or dissolved material in domestic sewage, or solid or
dissolved materials in irrigation return flows or industrial discharges which are
point sources subject to permits under §402 of the Federal Water Pollution
Control Act, or source, special nuclear, or byproduct material as defined by the
Atomic Energy Act of 1954, as amended.

Subtitle D of RCRA authorizes states to issue solid waste disposal permits. As illustrated
above, the RCRA definition of solid waste is very general, and few states have regulations
that specifically identify sediments or dredged material as a category or class of solid
waste. The Corps has a policy that dredged material is not a solid waste and is not
subject to solid waste regulations. However, some Federal and State agencies do not
concur with this policy. As a result, the application of solid waste regulations to
contaminated sediments is still open to question.

A technical framework for designing disposal facilities for dredged material has been
developed jointly by the Corps and USEPA and is discussed in Chapter 8 (USACE/
USEPA 1992). This framework identifies potential pathways for contaminant loss and
migration and uses testing procedures developed specifically for sediments to evaluate the
contaminant losses or impacts through these pathways. Environmental controls, such as
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barriers, caps/covers, and leachate collection systems are used only when sediment-
specific testing and site-specific evaluation demonstrate a need. This strategy is quite
different from the minimum technology approach that is used under RCRA and miost
State solid waste regulations. The minimum facility requirements for solid waste disposal
identified in RCRA (40 CFR 257-258) were structured for municipal solid waste. These
requirements include a minimum design for liners, caps, and leachate collection. They
also include restrictions on disposal of liquids in landfills that may be difficult to apply
directly to dredged sediments containing substantial amounts of water.

Because of the uncertainty about the applicability of State solid waste regulations to
contaminated sediments, most disposal site designs will reflect a compromise between «
sediment-specific design and the design dictated by a State’s municipal solid waste
requirements.

Hazardous and Toxic Waste Disposal

RCRA and the Toxic Substances Control Act (TSCA; 15 U.S.C §2601 et. seq.) provide
for the regulation of materials that are classified as hazardous and toxic, respectively.
Regulations developed pursuant to RCRA address the storage, treatment, and disposal of
hazardous wastes (40 CFR 260-270). The USEPA is responsible for the administration
of RCRA and has established three lists of hazardous wastes under Subtitle C. If a waste
is not listed as hazardous, it may still be covered by RCRA if it exhibits one of four
hazardous waste characteristics: ignitability, corrosivity, reactivity, or toxicity.

A low percentage of contaminated sediments will meet the regulatory definitions of
hazardous or toxic materials. In some remediation projects, isolated areas or “hot spots”
of sediments containing TSCA- or RCRA-regulated materials may be located and require
different handling than the remainder of the less-contaminated sediments. Contaminated
sediments, except for sediments and sludges from specific industrial processes, are not
listed as hazardous wastes under RCRA. The USEPA policy is that sediments containing
one or more listed hazardous wastes require handling as a hazardous waste. The Corps
policy is that dredged material is not a solid waste and is not subject to RCRA regulat-
ions. As a result of this policy disagreement, there is some confusion about the
application of RCRA regulations to contaminated sediments. The USEPA Region 5 and
the Corps are currently preparing guidance for the construction of disposal facilities for
contaminated sediments that will address the regulatory intent of RCRA and TSCA.

Sediment remedial activities that might require a RCRA permit include the storage,
treatment, and disposal of contaminated sediments (or the residue from a pretreatment or
treatment process) that are defined or characterized as hazardous under RCRA. The
owner/operator of a facility that generates RCRA-hazardous materials must obtain a
permit. Stztes are delegated RCRA permitting authority by the USEPA in a piecemeal
fashion as the State regulations are adopted. Some Great Lakes states do not have the
authority to issue RCRA corrective actions.
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RCRA and its amendments include a ban on the land disposal of specific wastes
(including dioxin), requiring adequate treatment prior to land disposal. The design and
operating requirements for a RCRA-hazardous landfill are defined in 40 CFR 264,
Subpart N and in USEPA (1989d).

TSCA regulates the manufacture, use, distribution, handling, and disposal of a very
limited number of materials defined as toxic substances. In effect, this Act regulates the
disposal of only two substances, asbestos and polychlorinated biphenyls (PCBs). The
latter of these is generally more relevant to contaminated sediment remediation. TSCA
is applicable to any material, specifically including dredged material, that contains 50 ppm
or greater PCBs. Sediment remedial activities that are regulated under TSCA include the
handling, transport, treatment, and disposal of a sediment or treatment residue that
contains 50 ppm or greater PCBs.

TSCA is managed by the USEPA, and this authority cannot be delegated. TSCA
regulations (40 CFR 761.60) specifically identify three disposal alternatives for PCB-
contaminated sediments and municipal sewage sludges: incineration, disposal in a
licensed chemical waste landfill (40 CFR 761.75), or other alternatives accepted by the
USEPA Regional Administrator. Some states have additional regulations addressing PCB-
contaminated materials independent of TSCA.

The permitting requirements of TSCA vary with the remediation technology to be applied.
Some technologies have been preapproved for treatment of PCBs, and no additional
permitting may be necessary. The remediation target for treatment technologies under
TSCA is to reduce the levels of PCB contamination to less than 2 ppm.

Atmospheric Discharges

The 1970 amendments to the Clean Air Act (44 U.S.C. §7401 et. seq.) directed the

USEPA to establish National Ambient Air Quality Standards (NAAQS) that would

provide safe concentrations of specific pollutants. NAAQS have been established for six ;
pollutants: sulfur dioxide, particulate matter, ozone, carbon monoxide, nitrogen dioxide,

and lead. In addition, National Emission Standards for Hazardous Pollutants (NESHAPS)

have been established for seven pollutants: beryllium, mercury, vinyl chloride, asbestos,

benzene, radionuclides, and arsenic. The USEPA regulations for the air program are

codified in 40 CFR 52-61.

Under the 1990 amendments to the Clean Air Act, 189 hazardous air pollutants are to be
regulated. Sources of these pollutants will be identified and regulations developed
according to source categories. These sources will be required to use the maximum
achievable control technology. Maximum achievable control technology standards for air
emissions from solid waste storage and disposal facilities are to be developed in 1994.

The development of discharge regulations and permitting of point-source emissions are
the states’ responsibilities. States are required to develop State implementation plans,
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which assess the extent of air quality degradation and include plans for meeting the
NAARQS in nonattainment areas (areas that are not in compliance with the standards) and
for maintaining the NAAQS is areas that are in compliance. Regional plans for
improving air quality in nonattainment areas are typically developed and managed by
county or municipal governments, in cooperation with State regulatory agencies.
However, the USEPA can enforce an approved State implementation plan. Sediment
remedial activities likely to be subject to these regulations would be the point-source
ernissions from a pretreatment or treatment process to the atmosphere. Area emissions
from disposal facilities may become regulated in the near future.

Health and Safety

The Occupational Safety and Health Act (OSHA; 29 U.S.C. §651 et. seq.) authorized the
Secretary of Labor to set mandatory occupational safety and health standards. The
secretary directed OSHA to develop these standards and administer their compliance.
OSHA has established minimum safety and health requirements for general construction
(29 CFR 1926). The Corps has developed a Safety and Health Requirements Manual
(USACE 1987e), which is used to assure that Corps personnel and contractors maintain
compliance with OSHA regulations. These include requirements for personnel training,
medical surveillance, allowable exposure limits, and personal protective equipment (PPE).

Section 126 of SARA directed that standards be developed to protect the health and safety
of workers engaged in Superfund remediation activities. OSHA standards for hazard
communication, set forth in 29 CFR 1910.1200, require employers to provide information
to workers exposed to hazardous chemicals. This information consists of lists of all
hazardous chemicals at the site (workplace) and material safety data sheets. Workers at
sites with hazardous wastes are also required to be trained to recognize the health effects,
proper handling, spill control, PPE, and emergency procedures.

Environmental Assessments/Impact Statements

Section 309 of the 1970 amendments to the Clean Air Act and the NEPA of 1970 (42
U.S.C. §4321 et. seq.) require preparation of a detailed statement when a Federal action
may significantly impact the quality of the human environment. One of two types of
NEPA documents must be prepared for any major Federal action: an environmental
assessment (EA) or an environmental impact statement (EIS). The more detailed EIS is
required when significant impacts to an important resource are anticipated.

The USEPA administers the NEPA program, but the agency that has the lead in the
Federal action is responsible for preparing and coordinating the NEPA document. The
NEPA document is filed with the USEPA, which publishes a notice of availability in the

Federal Register.

A sediment remediation project conducted by a Federal agency or with Federal funds
would require NEPA compliance. In addition, the issuance of a permit under a Federal
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regulatory program requires NEPA compliance. The permittee is required to provide the
information and data required for a NEPA document to the permitting agency, which then
prepares the EA or EIS.

Other Regulations

There are many State and local regulations that may have to be addressed as part of a
sediment remediation project. These regulations include, but are not limited to:

Zoning ordinances
Transportation restrictions
Riparian authorities
Right-of-way restrictions
Utility easements

Water withdrawal regulations

Floodplain/floodway construction restrictions.

The applicability of these and other State and local regulations would need to be
addressed on a site-specific basis.

For example, the owners of properties adjacent to a waterway may have certain riparian
rights, which can impact sediment remediation activities. These may include the rights
to any lands or fill constructed in the waterway, the rights to water withdrawal, and the
“ownership” of any materials below the ordinary high water mark. The riparian doctrine,
a development of English common law, is followed in most Great Lakes states. The
permission of all riparian owners would be required for virtually any sediment remedial
alternative.

42



3. NONREMOVAL TECHNOLOGIES

Nonremoval technologies are those that involve the remediation of contaminated
sediments in situ (i.e., in place). Nonremoval technologies for contaminated sediments
include in situ capping, in situ containment, and in sifu treatment.

Nonremoval technologies are single-component remedial alternatives. They do not require
sediment removal, transport, or pretreatment. As a result, nonremoval technologies are
often less complex and have lower costs than multicomponent alternatives (e.g.,
combinations of removal, transport, treatment, and disposal). In some cases (e.g., in sitit
treatment), nonremoval technologies may be similar to the treatment and disposal
technologies used with dredged sediments.

This chapter provides descriptions of sediment remediation technologies that have been
demonstrated, designed, or considered for application in situ. Discussions of the factors
used to select from the available technology types and techniques for estimating costs and
contaminant losses are also provided.

DESCRIPTIONS OF TECHNOLOGIES

In situ Capping

In situ capping is the placement of a covering or cap over an in situ deposit of con-
taminated sediment. The cap may be constructed of clean sediments, sand, or gravel, or
may involve a more complex design using geotextiles, liners, and multiple layers. An
arnotated bibliography prepared for the Canadian Cleanup Fund (Zeman et al. 1992)
summarizes most of the capping projects and studies that have been completed to date.

Capping is also a viable alternative for disposal of contaminated sediments that have been
dredged and placed in another aquatic location (this type of capping is discussed in
Chepter 8). Much of the technical information and guidance provided herein has been
adapted from that developed for dredged material capping in ocean waters. The guidance
provided in this section focuses on in situ capping of contaminated sediments in riverine
and sheltered harbor environments such as those commonly found in the Great Lakes
region.

A limited number of in situ capping operations have been accomplished in recent years
under varying site conditions. In situ capping has been applied in riverine, nearshore, and
estuarine settings. Conventional dredging and construction equipment and techniques can
be used for in situ capping projects, but these practices must be precisely controlled. The
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success of projects to date and available monitoring data at several sites indicate that in
situ capping may be an effective technique for long-term containment of contaminants.

In situ capping of contaminated sediments with sand has been demonstrated at a number
of sites in Japan (Zeman et al. 1992). Demonstration projects conducted at Hiroshima
Bay evaluated various types of placement equipment. More recent studies have examined
the efficiency of sand caps in reducing the diffusion of nutrients.

At the Denny Way project in Puget Sound, a layer of sandy sediment was spread over a
contaminated nearshore area, with water depths of 6-18 m, using bottom-dump barges
with provisions for controlled opening and movement of the barges (Sumeri 1989). This
was accomplished by slowly opening the conventional split-hull barge over a time frame
of 30-60 minutes, allowing the gradual release of the material in a sprinkling manner.
A tug was used to slowly move the barge laterally during the release, and the material
was spread in a thin layer over the desired area.

At the Simpson-Tacoma Kraft mill project in Puget Sound, an in situ capping project
involved spreading hydraulically dredged sediment with surface discharge through a
spreading device (Sumeri 1989). Hydraulic placement is well-suited to placement of thin
layers over large surface areas. Specialized equipment and placement techniques
developed for dredged material capping and in situ capping are shown in Table 3-1
(Palermo 1991b).

In situ capping using an armoring layer has also been demonstrated at a Superfund site
in Sheboygan Falls, Wisconsin. This project involved placement of a composite cap, with
layers of gravel and geotextile, to cover PCB-contaminated sediments in the shallow water
(<1.5 m) and floodway of the Sheboygan River. The cap was placed using land-based
construction equipment and manual labor. A typical cross section of the in situ cap for
this project is shown in Figure 3-1.

A variation of in situ capping would involve the removal of contaminated sediments to
some depth, followed by capping the remaining sediments in place. This method is
suitable when capping alone is not feasible because of hydraulic or navigation restrictions
on the waterway depth. It may also be used where it is desirable to leave the deeper,
more contaminated sediments capped in place (vertical stratification of sediment
contaminants is common in many Great Lakes tributaries).

In situ Containment

While in situ capping isolates the contaminated sediments from the water column
immediately above the sediments, in situ containment involves the complete isolation of
a portion of the waterway. Physical barriers used to isolate a portion of a waterway
include sheetpile, cofferdams, and stone or earthen dikes. The isolated area can be used
for the disposal of other contaminated sediments, treatment residues, or other fill material.
The area may have to be modified to prevent contaminant migration (e.g., slurry walls,
cap and cover).
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TABLE 3-1. SPECIALIZED EQUIPMENT FOR /N S/TU CAPPING

DERRKICK

ODISCHARGE UNE =

. WINCH

E& ® Specially designed flange, placed at the
7 WITER SURFICE L. V4 - end of a hydraulic discharge pipeline to
N DISCHARGE BARGE reduce exit velocities {Neal et al. 1978)
PNOT-B00M SYSTEM

® Developed by the Corps and demonstrated

SUBMERGED DIFFUSER inoi
OREDGED UATERW € at Calumet Harbor, lllinois (Hayes et al.

1988)
FLUID MUD MOURD
ANCHOR _— L
ﬁ\ Em .........................
Submerged Diffuser Source: Palermo (1991b)
4 ® Spreader pipe that hydraulically discharges

sand through a perforated head

] 5 5— - —
BARGE UNIDADER AND SAND SPREADERX

® Specialized equipment for spreading sand
SPREADER PIPE cap used in Japan (Kikegawa 1983; Sand-
erson and McKnight 1986)

Sand Spreacder Source: Kikegawa {1983)

® Gravity-fed downpipe for placement of
capping material

_(_—' CONVEYOR BARGE

® Exit velocities may disturb sediments
® Used in Japan with conveyor unloading

barge (Togashi 1983; Sanderson and
McKnight 1986)

Tremie Tube Source: Togashi (1983)
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Figure 3-1. Cross section of in situ cap used at Sheboygan River.

Perhaps the largest sediment remediation project undertaken to date has been at Minamata
Bay, Japan, where 58 hectares of the bay with the highest levels of mercury-contaminated
sediments was isolated using cofferdams, and 1.5 million m> of contaminated sediments
from other areas of the bay were hydraulically dredged and placed into the enclosed area
(Hosokawa 1993). The contaminated sediments were capped with volcanic ash, sand, and
geotextile, and the area has been filled to grade.

On a far smaller scale, remediation at the Waukegan Harbor Superfund site included the
isolation of a boat slip containing the highest levels of PCB-contaminated sediments. The
slip was isolated using a double bentonite-filled sheetpile cutoff wall across the open end
and a bentonite slurry wall around the landward perimeter. About 15,000 m> of contami-
nated sediment was hydraulically dredged from other areas of the harbor, placed into the
isolated slip, and capped with clay and topsoil. A series of drawdown wells were
installed around the perimeter of the isolated slip, and will be operated indefinitely to
maintain an inward hydraulic gradient.

in situ Treatment
Some treatment technologies have been developed specifically for in situ application,

while others have been adapted from ex situ treatment applications, including some of the
technologies discussed in Chapter 7, Treatment Technologies. Most in situ treatment
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technologies could also be applied to sediments that have been dredged and placed in a
disposal area.

In situ treatment has several limitations. One such limitation is the lack of proc.«s
control. Process control is contingent upon effectively monitoring conditions at the s: ¢,
typically by performing sampling and analysis at appropriate frequencies, before and afier
treatment. The efficacy of in situ treatment of sediments is difficult to determine becat s..
of the nonhomogeneous distribution of contaminants, sediment physical properties, a:d
treatment chemicals. One of the limitations of in situ treatment is the difficulty :r
ensuring uniform dosages of chemical reagents or additives throughout the sedimenis o
be treated. Areas of sediment within the site may receive varying levels of treatmer:t,
with some areas of sediment being untreated while others are overtreated relative to the
intended treatment goal. In situ treatment may be less cost effective than ex siti
treatment when these factors are considered.

Among the most significant limitations to in situ treatment is the impact of the proces.
on the water column. Processes that would release contaminants, reagents, or heat, o;
produce other negative impacts on the overlying water column, are not likely to be
acceptable for in sifu sediment remediation. A suitable in situ treatment technology is,
in most cases, one that can be applied with minimal disturbance of the sediment-water
interface or one in which the process is physically isolated from the water column. There
are two general methods of applying in situ treatment that address this limitation: surface
application and isolation of the sediments prior to treatment. Several types of treatment
processes might be used within these applications.

Surface application is the introduction of one or more materials (e.g., reagents, additives,
nutrients) onto the sediments by spreading and settling, or injecting them into the
sediments through tubes, pipes, or other devices. Researchers at the Canadian National
Water Research Institute have developed and demonstrated equipment that is capabile of
injecting solutions of oxidizing chemicals into uncompacted sediments at a controlled rate
(Murphy et al. 1993). A schematic of this apparatus is shown in Figure 3-2.

The second method for applying sediment treatment in place is by isolating the sediment
from the surrounding environment. This method allows the use of reagents or process
condlitions that might otherwise cause deleterious effects to the waterway. Various types
of equipment might be used for isolating the sediments, including a caisson, sheetpile cell,
tube, or box. A hypothetical application using a sheetpile caisson is shown in Figure 3-3.
Within the enclosing caisson, the water may be removed or left behind (if needed to
support the process). One proprietary system (MecTool, Millgard Environmental Corp.)
uses a bladder to isolate the sediments (and the treatment process) from the overlying
water. Within the enclosed caisson, sediments can be mixed and treatment reagents can
be added. After the treatment is completed, the caisson can be removed and reset at an
adjacent area.

Three types of sediment treatment technologies that have been demonstrated or at least
considered for in situ application will be discussed below: chemical, biological, and
immobilization.
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Figure 3-2. System for injecting chemicals into sediments.
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Figure 3-3. In situ treatment application using a sheetpile caisson.

In situ Chemical Treatment

Sediments in lakes and reservoirs have been treated in sifu to control eutrophication or
other conditions (USEPA 1990i). Aluminum sulfate (alum) has been used to control the
release of phosphorus from bottom sediments and thereby limit algal growth (Kennedy
and Cooke 1982). The alum is typically spread over a large area of the lake, and allowed
to settle through the water column and deposit on the sediment surface. Alum treatment
is recommended for lake restoration in well-buffered, hard-water lakes (USEPA 1990i).
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The injection of calcium nitrate into sediments to promote the oxidation of organic matter
has been demonstrated in conjunction with lime and ferric chloride additions to promote
denitrification and phosphorus precipitation (USEPA 19901). Calcium nitrate injection is
discussed below as part of a bioremediation application.

A detailed discussion of treatment technologies for toxic contaminants is provided in
Chapter 7. Perhaps because of the limitations associated with in situ treatment, develop-
ment in this area of treatment has been limited.

In situ Biological Treatment

Effective in situ bioremediation of fine-grained, saturated soils and sediments (as opposed
to more porous groundwater aquifers or soils within the vadose zone) poses a major
challenge. While delivery and transport of nutrient and electron acceptor amendments to
and through groundwater aquifers is a demonstrated technology, movement of these
materials through fine-grained sediments is difficult.

Contaminated sediments removed from the Sheboygan River Superfund site have been
evaluated for biodegradation of PCBs in a confined treatment facility (CTF). These
experiments as well as efforts to measure PCB dechlorination in sediments capped in situ
in the Sheboygan River have been inconclusive as of early 1994.

A form of bioremediation has been demonstrated on PAH-contaminated sediments in
Hamilton Harbor, Ontario (Murphy et al. 1993). Dissolved calcium nitrate was injected
into sediments over 1.4 hectares using the system shown in Figure 3-2. The chemical
injection oxidized about 80 percent of the hydrogen sulfide and stimulated the subsequent
biodegradation of low molecular weight organic compounds (79-percent reduction). More
moderate reductions in PAHs (25 percent) were shown.

In situ Immobilization

Immobilization alters the sediment’s physical and/or chemical characteristics to reduce the
potential for contaminants to be released from the sediment to the surrounding environ-
ment (Myers and Zappi 1989). The principal environmental pathway affected by in situ
immobilization for sediments is leaching of contaminants from the treated sediment to
groundwater and/or surface water. Solidification/stabilization is a commonly used term
that covers the immobilization technologies discussed herein.

Binders used to immobilize contaminants in sediment or soils include cements, pozzolans,
and thermoplastics (Cullinane et al. 1986b). Many commercially available processes add
proprictary reagents to the basic solidification process to improve effectiveness of the
overall process or to target specific contaminants. The effectiveness of an immobilization
process for a particular sediment is difficult to predict and can only be evaluated by
laboratory tests conducted with that sediment.

40



ﬁ

Chapter 3. Nonremoval Technologies

Ex situ solidification/stabilization processes are readily implemented using conventional
mixing equipment. However, injection of a reagent to achieve a complete and uniform
mix with in situ sediments is considerably more difficult and has not been demonstrated
on a large scale. Reagents for the solidification process can be injected into the sediment
in a liquid or slurry form. Porous tubes are sometimes used to distribute the reagents to
the required depth. Available commercial equipment includes a hollow drill with an
injection point at the bottom of the shaft. The drill is advanced into the sediment to the
desired depth. The chemical additive is then injected at low pressure to prevent excessive
spreading and is blended with the sediment as the drill rotates. The treated sediment
forms a solid vertical column. These solidified columns are overlapped by subsequent
borings to ensure sufficient coverage of the area (USEPA 1990e).

In situ solidification/stabilization has been demonstrated in sediments at Manitowoc
Harbor in Wisconsin, where a cement/fly ash slurry was injected through a hollow-stem
kelly bar using a proprietary mixing tool (MecTool) and slurry injector. This process
formed treated vertical columns 6 ft (1.8 m) in diameter to a depth of 6 m below the river
bed, using a 6x25-ft (1.8x7.6-m) steel cylinder placed 1.5 m into the sediments in 6 m
of water (similar to the setup shown in Figure 3-3). This demonstration experienced
difficulties in solidification of some sediments and management of liberated pore water
(Fitzpatrick 1994).

SELECTION FACTORS

The nonremoval technologies discussed in this section represent single-component
remedial alternatives, and are not as comparable as different technology types or process
options of a multicomponent alternative (e.g., different types of dredges). Most
nonremoval technologies are in the development stage and have only been applied at a
small scale at a limited number of sites. As a result, guidance on their feasibility, design,
and implementation is very limited. Factors for selecting nonremoval technologies, shown
in Table 3-2, are not intended for comparison purposes, but to screen these technologies
for overall feasibility at a particular project site.

In situ Capping

The primary technical considerations that affect the feasibility of in situ capping are the
physical and hydraulic characteristics and the existing and future uses of the waterway.
The suitability of in situ capping to a contaminated sediment site is less affected by the
type or level of contaminants present, because it physically isolates the sediments and
their associated contaminants.
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TABLE 3-2. SELECTION FACTORS FOR NONREMOVAL TECHNOLOGIES

Technology

Applications

Limitations

In situ Capping

In situ Containment

in situ Treatment

Most favorable conditions are in areas with
low currents and no navigation traffic; cap
may have to be armored to prevent erosion

Cap design must provide contaminant
isolation and address bioturbation (Palermo
and Reible, in prep.)

Special equipment for cap placement has
been developed (Palermo 1991b)

Abandoned slips and turning basins are
well suited

Enclosed area can be used for disposal of
contaminated sediments from other areas
of the waterway

Oxidation and enhanced biodegradation of
low molecular weight organic compounds
appears promising. Other treatment tech-
nologies need substantial development

Cap will decrease water depth and po-
tentially limit future uses of the waterway

Potential impacts on flooding, stream-
bank erosion, navigation, and recreatior

Portion of waterway to be filled must be
expendable

Potential impacts on flooding, stream-
bank erosion, and navigation

Potential impacts of process, reagents/
amendments, and sediment disturbance
on water column and aquatic environ-
ment

both in process and application tools Ability to control process in situ and

effect a uniform level of treatment

Effectiveness of process under satu-
rated, anaerobic conditions at ambient
temperatures

Ability to treat deeper sediment deposits

The ideal area for in situ capping would be sheltered and not exposed to high erosive
forces, such as currents, waves, or navigation propeller wash, or to upwelling from
groundwater. Depending on the erosive forces present at a site, an in situ cap may have
to be armored with stone or other material to keep the cap intact. Areas on five tributaries
of the Great Lakes were examined under the ARCS Program in developing guidance on
the hydraulic design of in situ caps (Maynord and Oswalt 1993). River currents were the
dominant erosive force in only one of five areas. The scour caused by navigation
(recreational as well as commercial) was the dominant force in the other areas studied.
The potential scour caused by large commercial vessels would necessitate very large
armor stone, making in situ capping difficult in or near most active navigation channels
(Environmental Laboratory 1987; Maynord and Oswalt 1993). '

For some waterways, in sifu capping may not be consistent with local or regional plans
for waterway use. For example, if a reach of a river with contaminated sediment deposits
is already shallow, an in situ cap may further reduce water depths to levels that are not
safe for existing and planned recreational boating. Removal of some contaminated
sediments and in situ capping for the remaining portion may be an option in this case.
In all cases, the construction of an in situ cap represents a deliberate modification to the
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morphology of the bottom of a waterway. Future uses of the waterway may be limited
by this modification.

Design Process for In situ Capping

Capping is a dredged material disposal technology that has been used by the Corps for
over 10 years (discussed in detail in Chapter 8). Although there are many differences
between in situ capping and dredged material capping, some of the design guidance for
this disposal technology (Palermo et al., in prep.) is appropriate to in situ capping and is
presented herein.

An in situ capping operation should be treated as an engineering project with carefully
considered design, construction, and monitoring to ensure that the design is adequate.
The basic criterion for a successful in sifu capping operation is simply that the cap
required to isolate the contaminated material from the environment be successfully placed
and maintained. The elements of in sifu capping design are listed in Table 3-3. The
design considerations for in situ capping include selection and evaluation of capping
materials, cap thickness, equipment and placement techniques for the cap, cap stability,
and monitoring.

TABLE 3-3. DESIGN CONSIDERATIONS FOR /N SITU CAPPING

Design Element Design Considerations
Characterization of contaminated Level of contamination, grain size distribution, shear strength, resistance to
material in situ erosion, consolidation, plasticity, and density
Site characteristics Location and area to be capped, constraints on access, water depths, cur-

rents, wave climate, navigation traffic, flood flows, aquatic resources, ground-
water flow patterns

Capping material Dredged sediment from navigation projects, sediments from adjacent areas,

geotextiles, sand/stone/gravel, grout matiresses

Cap thickness Thickness components must account for chemical isolation, bioturbation,

erosion, gas formation, and consolidation

Equipment and placement tech- Placement by barge, pipeline, diffusers, spreaders, clamshell, or land-based

niques

equipment

Monitoring Monitoring plans should be designed to ensure cap is placed as intended

and is effective in the long-term

Data Collection—A variety of information about the project site and sediments is
needed to prepare an in situ capping design. The areal extent and thickness of the
contaminated sediment deposit should be defined by surveys of the area. The site
conditions should also be defined to include bathymetry, currents, water depths, bottom
sediment characteristics, type and draft of adjacent navigation, and flood flow. The
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contaminated sediment deposit to be capped must be characterized for both physical and
chemical parameters.

Physical characteristics are important in determining the suitability of placement of
various capping materials. In situ density (or solids content), plasticity, shear strength,
consolidation, and grain size distribution are needed for evaluations of resistance to
displacement.

Capping Material—Various types of capping material may be used for in siiu
capping. If available, dredged sediment from navigation projects can be used. Thss
option could be considered a beneficial use of material that might otherwise require
disposal elsewhere. In other cases, removal of bottom sediments from areas adjacent to
the capping site may be considered. Material other than sediments is also an option for
the cap, such as clean fill from offsite sources, geotextiles, stone/gravel, and grout
mattresses. In general, sandy sediments are suitable for use as a cap at sites with
relatively low erosive energy, while armoring materials may be required at sites with high
ergsive energy.

Cap Thickness—The cap must be designed to chemically and biologically isolate
the contaminated material from the aquatic environment. For sediment caps, the determi-
nation of the minimum required cap thickness is dependent on the physical and chemical
properties of the contaminated and capping sediments, the potential for bioturbation of
the cap by aquatic organisms, the potential for consolidation and erosion of the cap
material, and the type(s) of cap materials used. Laboratory tests have been developed to
determine the thickness of a capping sediment required to chemically isolate a contami-
nated sediment from the overlying water column (Sturgis and Gunnison 1988). The
minimurm required cap thickness for chemical isolation is on the order of 30 cm for most
sediments tested to date. Bioturbation depths are highly variable; however, in Great
Lakes sediments they are typically on the order of 10 cm. The minimum thickness of
capping sediment for most projects will therefore be determined by constructability
constraints. Conventional equipment and placement accuracies will dictate minimum cap
thicknesses of 50-60 cm.

Geotextiles may be incorporated into in situ caps for a number of purposes, including:
stabilizing the cap, promoting uniform consolidation, and reducing erosion of the granular
capping materials.

Geotextiles and synthetic liners might also be incorporated into the cap design to limit
bioturbation and provide contaminant isolation (Palermo and Reible, in prep.). A
geotextile was incorporated into the cap used at the Sheboygan River (Figure 3-1), and
a geotextile has been used as part of a contaminated sediment cap in Sorfjord, Norway
(Zeman 1993).
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An armoring layer for resistance to erosion can also be considered in the cap design
(Environmental Laboratory 1987; Maynord and Oswalt 1993). For caps composed of
armoring layers, the chemical isolation would be dependent on a filter, while the armor
layer would normally prevent any disturbance of the cap by bioturbation and would be
designed to resist erosion. Consideration must be given, however, of the potential
attraction to benthic species of the new surface provided by the armoring layer.

Equipment and Placement Techniques—For sediment caps, the major con-
sideration in the selection of equipment and placement of the cap is the need for
controlled, accurate placement of the capping material (and the associated density and rate
of application of the capping material). In general, the capping material should be placed
so that it accumulates in a layer covering the contaminated material. The use of
equipment or placement rates that would result in the capping material displacing or
mixing with the contaminated material must be avoided.

Pipeline and barge placement of dredged material for in situ capping projects is ap-
propriate in more open areas such as harbors or wide rivers. Specialized equipment and
placement techniques developed for dredged material capping that might be considered
for in situ capping are shown in Table 3-1 (Palermo 1991b). In constricted areas, narrow
channels, or shallow nearshore areas, conventional land-based construction equipment may
be considered.

Once the equipment and placement techniques for the cap are selected, the need for land-
based surveys or navigation and positioning equipment and controls can be addressed.
The survey or navigation controls must be adequate to ensure that the cap can be placed
(whether by land-based equipment, bargeload, hopperload, or pipeline) at the desired
location in a consistently accurate manner.

Monitoring—A monitoring program should be considered as a part of any capping
project design (Palermo et al. 1992). The main objectives of monitoring for in situ ‘
capping would normally be to ensure that the cap is placed as intended and the required
capping thickness is maintained, and that the cap is effective in isolating the contaminated
material from the environment.

Intensive monitoring is necessary at capping sites during and immediately after con-
struction, followed by long-term monitoring at less frequent intervals. Based on Corps
experience at dredged material capping sites in New England, long-term monitoring
should include bathymetric surveys, camera profiles, and occasional core samples
(Fredette 1993). In addition to physical and chemical monitoring, biological monitoring
may be conducted to track recolonization of benthos and evaluate contaminant migration.
In all cases, the objectives of the monitoring effort and any remedial actions to be
considered as a result of the monitoring should be clearly defined as a part of the overall
project design.
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In situ Containment

The technical feasibility of using in sifu containment is determined primarily ty tne
physical conditions of the site. Areas that may be suitable for in situ containment inclule
backwater areas, slips, turning basins, and some wide areas of rivers. Areas within ac i-¢
navigation channels are generally not suitable.

The primary factors limiting the feasibility of in situ containment are the potential impa.is
of the new fill on flow patterns, flooding, navigation, and habitat. Slips and turning
basins are especially well suited, because they only need to be isolated at one end and c.u
generally be filled without reducing the hydraulic capacity of the adjacent river channc].

In situ containment will require structural measures and environmental controls to isolate
the containment area from the adjacent waterway and prevent unacceptable contaminant
migration. Testing and evaluation to determine the appropriate controls is discussed :n
Chapter 8, Disposal Technologies.

It may also be possible to completely reroute waterways with contaminated sediment:..
The waterway can then be dewatered, and the sediments removed, treated in place, or
confined in place. This is an extreme measure and is only likely to be feasible for small
waterways with limited flows.

In situ Treatment

There are three primary considerations in evaluating the suitability of in situ treatment.
The first consideration is whether the treatment process can work effectively under the
physical conditions of in sifu sediments (i.e., saturated, anaerobic, and ambient tempera-
tures). Treatment technologies that require greatly different conditions are less likely to
be feasible for in situ application. Bench-scale testing of proposed treatment technologies
should be performed to determine if the process can operate effectively under in situ
conditions. Treatment technology testing is discussed further in Chapter 7.

The second consideration is the level of control needed to apply the treatment technology.
Some technologies require well-mixed systems in order for reagents and sediment
contaminants to react effectively. Specialized equipment may be needed to introduce
reagents and manipulate the sediments. The development of such equipment may require
pilot- or full-scale testing. Technologies that require greater levels of sediment manipula-
tion are less likely to be feasible for in situ applications.

The third consideration is the environmental impact on the water column and aquatic
environment. Suitable treatment technologies must be able to operate without dispersing
the sediments, releasing toxic reagents or contaminants, or creating conditions more
harmful to aquatic life than already exist. Examples of specialized equipment to isolate
the treatment process from the water column are shown in Figures 3-2 and 3-3.
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ESTIMATING COSTS

There is little detailed cost information in the literature about in situ remediation
technologies, even for those that have been implemented. Available information about
applications that have been implemented or proposed is summarized in Table 3-4.

in situ Capping

Capital costs for in situ capping include costs of capping materials, construction
equipment, and labor. These costs will be influenced by the complexity of the cap
design, accessibility of the capping site, water depth, and other factors. If clean dredged
material (e.g., from a navigation project) can be used in a capping application, capital
costs could be greatly reduced.

Operation and maintenance costs include monitoring and periodic cap replenishment.
Based on the experience of the Corps’ New England Division with dredged material
capping, the costs for a routine long-term monitoring cycle (bathymetric surveys and
camera profile) are about $30,000 (Fredette 1993). This basic physical monitoring cycle
is conducted every 2-3 years. More extensive monitoring (including sediment cores and
biological monitoring) is conducted on a less frequent cycle.

In situ Containment

Capital costs for in situ containment include the materials, equipment, and labor needed

to construct the caisson, bulkhead, dike, or revetment, which isolates a portion of the

waterway. Typical costs for marine sheetpile construction in the Great Lakes are

$12-17/ft% ($130-180/m?) (Wong 1994). Additional capital costs may be related to the

filling of the enclosed area with contaminated sediments (or other materials) and the
environmental controls necessary for the enclosed site. These dredging and confined

disposal costs are discussed in Chapter 4 (Removal Technologies) and Chapter 8 (Disposal ‘
Technologies). Operation and maintenance costs for in situ containment include

monitoring and routine maintenance of the structure.

In situ Treatment

Capital costs for in situ treatment include the costs of equipment, materials, reagents, and
labor necessary to treat the sediments. The development and fabrication costs for the
application equipment may be significant. A substantial amount of development cost may
also be required for the treatment process itself, if it has not been applied in - situ.

ESTIMATING CONTAMINANT LOSSES

The loss of contaminants from sediments in situ is a primary rationale for remediation.
The amounts of sediment contaminants lost during and after remediation need to be
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TABLE 3-4. COSTS FOR /N S/ITU TECHNOLOGIES

Application

Description

Cost?

In situ capping at Sheboygan
River, Wisconsin (Eleder
1993)

In situ capping at Denny
Way, Seattle, Washington
(Sumeri 1989)

In situ capping demonstra-
tion at Hamilton Harbour,
Ontaric (Zeman 1993)

In situ containment at Mina-
mata Bay, Japan (Hosokawa
1293)

In situ containment at Wau-
kegan Harbor, lllinois
{Albreck 1994)

In situ chemical treatment
with alum (USEPA 1990i)

/n situ bioreamediation with
calcium ritrate (Murphy et
al. 1993)

In situ solidification {Chapp
1993)

Cap design as shown in Figure 3-1
Capped surface area of 2,000 m?
Cap installed using land-based equipment

Dredged material removed and transported
from navigation project for use as cap at
no cost

Cap applied by slow release from split-hull
barge

Capping expenses related to precise posi-
tioning required

Demonstration proposed

Cap design is 0.5 m sand

Capped surface area is 10,000 m?
Cap placed using tremie tube

Project enclosed 582,000 m? of bay with
watertight revetment

Dredged 1,500,000 m? of sediments from
other areas of the bay and disposed
them to the enclosed area

Boat slip cutoff with double sheet pile wall,
filled with bentonite

22,000 m? sediments placed in slip

New slip constructed for displaced users

Treatment effective for 6 years
Cost estimated for 40-hectare area of lake

Calcium nitrate injected using system
shown in Figure 3-2

Costs based on demonstration in Hamilton
Harbour (Murphy et al. 1993)

Equipment development costs not included

Solidification performed using system
shown in Figure 3-3

NA

$4/m3 of capping
material (costs of dredg-
ing and transporting
capping material not
included)

$648,000 demonstration
costs?

$388 million total project
costs®

$360,000 for slurry wall
$2,000,000 for new slip

$86/hectare {materials
only)

$7,800/hectare®

$20-45/m3
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TABLE 3-4. COSTS FOR /N S/TU TECHNOLOGIES (continued)

Application

Description

Cost?

In situ capping at Little Lake
Butte des Morts, Wisconsin
(Fitzpatrick 1994)

/n situ capping at New Bed-
ford Harbor, Massachusetts
(USEPA 19901

/n situ solidification at Little
Lake Butte des Morts, Wis-
consin (Fitzpatrick 1994)

Proposed capping of deposit "A," having
area of 17 hectares

Cap has two 30-cm layers of fill and cob-
bles and two geotextile layers

Temporary diversion of river during con-
struction

Silt curtains around site during construction

Proposed capping of approximately
76 hectares of estuary

Cap has a 1-m layer of sand on top of a
geotextile

A temporary hydraulic structure would be
built to maintain adequate depths in the
estuary during construction

Proposed solidification of deposit "A,”
having 48,000 m? sediments using
shallow soil mixing technology

Temporary diversion of river during con-
struction

Silt curtains around site during construction

$7,738,500 estimated
project cost or approxi-
mately $445,000/hectare

$32,70,000 estimated
project cost or approxi-
mately $432,000/hectare

$10,133,300 estimated
project cost or approxi-
mately $210/m?

Note: NA - not available

@ Costs adjusted to January 1993 prices using ENR’s Construction Cost Index, except where noted.

b Costs converted to U.S. dollars using exchange rates as of January 1993, and adjusted to January 1993
prices using ENR’s Construction Cost Index.

¢ Costs converted to U.S. dollars using exchange rates as of January 1993.
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estimated to determine the benefits of remediation and to evaluate the impacts of remediai
alternatives. The mechanisms for contaminant losses associated with nonremova!
technologies are summarized in Table 3-5.

TABLE 3-5. MECHANISMS OF CONTAMINANT LOSS
FOR NONREMOVAL TECHNOLOGIES

Technology Contaminant Loss Mechanisms

In situ Capping Resuspension/advection during
placement of cap
Long-term diffusion/advection
Long-term bioturbation
Long-term erosion

In situ Containment  Resuspension during construction
Loss during dewatering/filling
Long-term seepage/leaching

In situ Treatment Resuspension during treatment
Long-term diffusion
Long-term bioturbation
Long-term erosion

Estimating contaminant losses for nonremoval technologies is difficult because of the lack
of field monitoring data and standard procedures for assessing nonremoval technologi.s.
Predictive models based on diffusion are conceptually applicable to most nonremo al
technologies. The seepage/leaching losses from an enclosed area constructed for i situ
containment can be estimated using the predictive models developed for CDFs («ce
Chapter 8, Disposal Technologies). However, predictive techniques are not availablc that
account for any of the other mechanisms of contaminant loss associated with nonremoval
sechnologies.

Contaminant losses during placement of a cap, construction of an isolation wall, or the
injection of reagents or additives for chemical treatment or immobilization can resul: in
highly localized, but transient disturbances of contaminated sediment. For examnle,
during in situ immobilization, contaminant losses occur at the point of additive inject on,
and injection-related losses last only as long as additives are being injected. These highly
localized and transient disturbances can be as important as long-term diffusion !osses.
At present, highly localized, transient contaminant losses associated with the implementa-
tion of nonremoval technologies cannot be predicted. In addition, nonremoval technolo-
gies involving several processing steps, especially those involving mixing of the
contaminated sediments, will have more contaminant loss mechanisms to consider than
simpler nonremoval technologies, such as in situ capping.

Orcce the implementation phase of a nonremoval technology is completed, diffusion is the
major contaminant loss pathway. Advection, bioturbation, and biodegradation can also
be important in some cases, but can be avoided by careful planning, design, preproject
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testing, and monitoring. For example, sites with significant groundwater movement
through the sediment (and associated significant contaminant losses) are not good
candidates for nonremoval technologies. Controls for bioturbation should be part of
engineering design, and the potential for biodegradation of solidified matrices following
immobilization processing should be evaluated in a laboratory testing phase.

The application of diffusion models to certain nonremoval technologies, such as in situ
capping and in situ immobilization, is better established than the application of these
models to other nonremoval technologies, such as in situ chemical treatment. The
diffusion models are described in detail in Myers et al. (in prep.). Cap thickness, sorption
properties of the cap, contaminant chemical/physical property data, and sediment
chemical/physical property data are variables needed to evaluate in situ capping
effectiveness. For in situ immobilization, process-specific physical and chemical data are
needed, including bulk density, contaminant concentration after processing, effective
diffusion coefficients, and durability data. For other nonremoval technologies, there may
be additional information needs.
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4. REMOVAL TECHNOLOGIES

The removal or excavation of sediments from a water body, commonly known as
dredging, is a process that is carried out routinely around the world. The term “environ-
mental dredging” has evolved in recent years to distinguish dredging operations for the
primary purpose of environmental restoration from those operations for the purpose of
simply removing sediments. The most common purpose of dredging is to construct or
rmaintain channels for navigation or flood control (Hayes 1992). Environmental dredging
operations usually involve relatively small volumes of sediment, with the objective of
effectively removing contaminated material in a manner that minimizes the release of
sediments and contaminants to the aquatic environment. Other objectives may be
established for specific projects.

As noted by Hayes (1992):

The primary purpose of routine dredging operations is usually to remove large
volumes of subaqueous sediments as efficiently as possible within specified
operational and environmental restrictions. Environmental dredging operations,
on the other hand, would attempt to remove sediments with some known contam-
ination as effectively as possible. An effective method would include complete
removal of the desired sediment with as little environmental risk and consequence
as possible. The important distinction is that economics play a secondary role to
environmental protection in environmental dredging operations.

The loss of contaminants to the surrounding waters, or into the atmosphere, is of
particular concern when dredging contaminated sediments. Because contaminants are
generally bound to the fine particles, which are most easily resuspended, most efforts are
focused on minimizing the amount of resuspension through innovative equipment design
and operational controls. Further reductions in the transport of contaminants can be
accomplished with barriers such as silt curtains, silt screens, and oil booms.

The various types of mechanical and hydraulic dredges, as well as barriers, are described
in this chapter. Discussions of the factors used to select dredging equipment and
techniques for estimating costs and contaminant losses (e.g., via resuspension) are also
provided.

Different types of dredges were reviewed in the literature review prepared for the ARCS
Program (Averett et al., in prep.). Other general references on the subject of dredging
include the Handbook of Dredging Engineering (Herbich 1992), Fundamentals of
Hydraulic Dredging (Turner 1984), and Dredging and Dredged Material Disposal
(USACE 1983).
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DESCRIPTIONS OF TECHNOLOGIES

Dredging involves mechanically penetrating, grabbing, raking, cutting, or hydraulically
scouring the bottom of the waterway to dislodge the sediment. Once dislodged, the
sediment is lifted out of the waterway either mechanically, as with buckets, or hydrauli-
cally, through a pipe. Thus, dredges can be categorized as either mechanical or hydraulic
depending on the basic means of moving the dredged material. A subset of the hydraulic
dredges employs pneumatic systems to pump the sediments out of the waterway. These
are termed pneumatic dredges.

The most fundamental difference between mechanical and hydraulic dredging equipment
is the form in which the sediments are removed. Mechanical dredges offer the advantage
of removing the sediments at nearly the same solids content as the in sifu material. That
is, little additional water is entrained with the sediments as they are removed, meaning
that the volume of the sediments is essentially the same before and after dredging. In
contrast, hydraulic dredges remove and transport sediment in slurry form. The total
volume of material is greatly increased, because the solids content of the slurry is
considerably less than that of the in situ sediments. (The relationship between the volume
of in situ sediment with various slurries is discussed in Chapter 6 in the Dewatering

Technologies section.)

The two general types of dredges most commonly used to perform navigation mainte-
nance and construction-related dredging, mechanical and hydraulic, are shown in
Figure 4-1. Both dredges are available in a wide variety of sizes, including small,
portable hydraulic dredges. The various types of dredges and dredging equipment, vessel
positioning systems, contaminant barriers, and monitoring requirements applicable to
sediment removal technologies are discussed below.

Wechanical Dredges

Mechanical dredges remove bottom sediment through the direct application of mechanical
force to dislodge and excavate the material. The dredged material is then lifted
mechanically to the surface at near-in situ densities (Averett et al., in prep.). As noted
above, this feature is significant because it minimizes the amount of contaminated
material to be handled. Mechanical dredges can be particularly effective for those
locations where dredged sediment must be transported by a barge to a disposal or
treatment facility (Zappi and Hayes [991).

Production rates for mechanical dredges are typically lower than those for comparably
sized hydraulic dredges. However, high productivity is typically not the main priority for
environmental dredging projects. Mechanical dredges can operate in constricted areas and
do not interfere with shipping to the same extent as hydraulic dredges (Zappi and Hayes
1991). Mechanical dredges are often selected for small dredging projects in confined
areas such as docks and piers. They provide one of the few effective methods for
removing large debris (Averett et al., in prep.) and are adaptable to land-based operations.
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Mechanical dredge

Hydraulic dredge

Source: USACE/USEPA (1992}

Figure 4-1. General types of commonly used dredges.

Major types of mechanical dredges include the following:

®  Clamshell bucket

®  Backhoe

®  Bucket ladder

®  Dipper

®  Dragline.
Although it has not been proven by field or laboratory measurements, it is commonly
thought that the bucket ladder, dipper, and dragline dredges operate in a manner 'hat
would lead to high sediment resuspension rates, making them unsuitable for drcdging

contaminated material (Zappi and Hayes 1991). The clamshell bucket and backiine
dredges are described below.

Clamshell Bucket Dredges

The clamshell bucket dredge, also known as the grab dredge, is the most commonly used
mechanical dredge in the United States, if not the world (Zappi and Hayes 1991). 'This
dredge may consist simply of a crane mounted on a spud barge, although most bucket
dredges have a crane/barge system specifically designed and constructed for dredizing
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(Figure 4-1) (Zappi and Hayes 1991). Buckets are classified by their capacities, which
range from <1 to 50 yd® (<0.8 to 40 m>), with 2-10 yd3 (1.5-7.5 m®) being typical.
Bucket dredges are available from a wide variety of sources throughout North America.

A bucket dredge is operated similarly to a land-based crane and bucket. The crane
operator drops the bucket through the water column, allowing it to sink into the sediment
on contact. The loaded bucket is then lifted, causing the jaws to close, and raised through
the water column. Once above the water surface, the operator swings the bucket over the
receiving container (usually a barge) and lowers the bucket to release its load (Zappi and
Hayes 1991). The bucket dredge usually leaves an irregular, cratered sediment surface
(Herbich and Brahme 1991). The bucket has been used at numerous sites throughout the
Great Lakes for removing both contaminated and clean sediments. It is estimated that 77
bucket dredges are stationed in Great Lakes ports.

A variation of the conventional dredge bucket, the enclosed dredge bucket, has been
developed to limit spillage and leakage from the bucket. Although originally designed
by the Japanese Port and Harbor Institute and produced in Japan by Mitsubishi Seiko Co.,
Ltd., variations of this design have been produced by several U.S. manufacturers (Zappi
and Hayes 1991). The operation and deployment of the enclosed dredge bucket is
identical to that of the conventional clamshell bucket discussed above.

The original enclosed dredge bucket (Figure 4-2) features covers designed to prevent
material from spilling out of the bucket while it is raised through the water column. The
design also employs rubber gaskets or tongue-in-groove joints that reduce leakage through
the bottom of the closed bucket. An alternative design, developed by Cable Arm, Inc.
(Figure 4-2), offers several advantages over the standard clamshell design, including the
ability to remove sediment in Jayers, leaving a flat sediment surface.

Enclosed bucket dredges have been used routinely in various Great Lakes ports for the
maintenance of navigation channels. They have also been used in sediment remediation
projects in the Black River near Lorain, Ohio, in 1990, and in the Sheboygan River,
Wisconsin, in 1990 and 1991. The Cable Arm bucket was demonstrated by the Contami-
nated Sediment Removal Program (CSRP) on contaminated sediments in the Toronto and
Hamilton Harbors in Canada in 1992 (Environment Canada 1993) and has been used for
navigation maintenance dredging in the Cuyahoga and Fox Rivers.

Backhoes

Backhoes, although normally thought of as excavating rather than dredging equipment,
can be used for removing contaminated sediments under certain circumstances. Backhoes
are normally land based, but may be operated from a barge, and have been used
infrequently for navigation dredging in deep-draft (20-ft [6-m]) channels. Backhoes have
received limited use for removing PCB-contaminated sediments from the Sheboygan
River. A backhoe was recently used to remove 13,000 m> of contaminated sediments
from Starkweather Creek in Madison, Wisconsin. Sediment resuspension from the
dredging was monitored and found to be no greater than that expected with other types
of dredging equipment (Fitzpatrick 1994).
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Enclosed Bucket Cable Arm Bucket

Source: Herbich and Brahme (1991). Source: Cable Amm, Inc.

Figure 4-2. Specialized mechanical dredge buckets.

Specialized backhoes include closed-bucket versions and a pontoon-mounted model
especially adapted to dredging applications (see “WaterMaster” described in St. Lawrence
Centre 1993). The latter may be equipped with a suction pump as well.

Hydraulic Dredges

Hydraulic dredges remove and transport sediments in the form of a slurry. They are
routinely used throughout the United States to move millions of cubic meters of sediment
each year (Zappi and Hayes 1991). The hydraulic dredges used most commonly in the
United States include the conventional cutterhead, dustpan, and bucket-wheel. Certain
hydraulic dredges, such as the modified dustpan, clean-up, and matchbox dredges, have
been specifically developed to reduce resuspension at the point of dredging.

Hydraulic dredges provide an economical means of removing large quantities of
contaminated sediments. The capacity of the dredge is generally defined by the diameter
of the dredge pump discharge. Size classifications are: small (4-14 in., 10-36 cm),
medium (16-22 in., 41-56 cm), and large (24-36 in., 61-91 cm) (Averett et al., in prep.).
The dredged material is usually pumped to a storage or disposal area through a pipeline,
with a solids content of typically 10-20 percent by weight (Herbich and Brahme 1991).
Souder et al. (1978) indicated that slurry concentrations are a function of the suction
pipeline inlet velocity, the physical characteristics of the in situ sediment, and effective
operational controls. The slurry uniformity is controlled by the cutterhead (if one is
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employed) and suction intake design and operation. The cutterhead (both conventional
and innovative) should be designed to grind and direct the sediment to the suction intake
with minimal hydraulic losses. Water jets can also be used to loosen the in situ material
and provide a uniform slurry concentration. The dredgehead and intake suction pipeline
should be designed to maintain velocities that are capable of breaking the in situ sediment
into pieces that the pump can handle while minimizing entrance and friction losses.

The dredge pump and dredgehead (e.g., cutterhead) should work in tandem so that the
entire volume of contaminated sediment comes into the system, while maintaining a slurry
concentration that the dredge pump is capable of handling. The pump must impart
enough energy to the slurry so that the velocities in the pipeline prevent the solids from
settling out in the line prior to reaching the next transport mode or remediation process.
A properly designed and operated dredgehead, suction intake and pipe, pump, and
discharge pipeline system can minimize sediment resuspension while significantly
reducing system maintenance and the likelihood of pump failure.

Fundamentally, there are four key components of a hydraulic dredge:

®  The dredgehead is the part of the dredge that is actually submerged into
the sediment

B The dredgehead support is usually a “ladder” as shown in Figure 4-1, but
may instead be a simple cable or a sophisticated hydraulic arm

®  The hydraulic pump provides suction at the dredgehead and propels the
sediment slurry through a pipeline (It may be submerged or deck-mounted.)

® The pipeline carries the sediment slurry away from the dredgehead to the
receiving area (e.g., CDF, lagoon).

Dredgeheads

Various types of dredgehead configurations are used to facilitate the initial loosening and
gathering of bottom sediment. Most hydraulic dredges are usually identified by the type
of dredgehead (e.g., bucket wheel dredge). Various types of dredgeheads are discussed
below.

Cutterhead Dredges—Conventional cutterhead dredges are the most common
hydraulic dredges in the United States. According to Averett et al. (in prep.), there are
300 such dredges operating in the United States today. A conventional “open basket”
cutterhead is shown in Table 4-1.

Cutterhead dredges are usually operated by swinging the dredgehead in a zig-zag pattern
of arcs across the bottom, which tends to leave windrows of material on the bottom
(Herbich and Brahme 1991). Innovative operating techniques, including overlapping
dredge or step cuts, can reduce or eliminate windrows. Cutterhead dredges can be




TABLE 4-1. CUTTERHEAD DREDGES

LADDER HEAD

SFDIMEA‘)':

Loose
& waTEmIAL
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W CHANNEL 80TTOM

Conventional (Open Basket)

Dredgehead Source: Zappi and Hayes (1991)

® One of the most versatile and efficient
dredging systems (Zappi and Hayes 1991)

® Capable of dredging nearly all types of
material, including clay, silt, sand, hard-
pan, gravel, and rock

® Widely available; commonly used for main-
tenance dredging

SCNAR -~

CAMERA

Clean-up Dredgechead Source: Zappi and Hayes (1991)

® Developed by TOA Harbor Works (. iapan)

® Six dredges in operation in Japan (as of
1991)

® Features: Auger cutter (to provide a slurry
of uniform density to the pump); ¢ ver
with moveable shutters (tc prevent the
escape of resuspended sediments ard
minimize inflow of excess water}; scnar
and TV camera ({to monitor elevation and
turbidity around the dredge, respectively);
grates (to keep large debris from clogging
the dredgehead)

UNDERWATER TV CAMEM\

Esis

MONITOR PLATE

\§ TURBIDEIENSOR\

Refresher Dredgehead Source: Zappi and Hayes (1991)

® Developed by Penta Ocean Construction
Company, Ltd. (Japan)

® Three such dredges operate in Japan (two
medium to large and one small scale—for
narrow areas)

® Features: Helical auger (to cut and guide
material into suction pipe); cover and
shutter (to prevent sediment resuspen-
sion); positioning equipment (to maintain
the cutterhead parallel tc bottom); check
valves (to prevent backflow of sediment
slurry during emergency shutdown of
pump)
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operated to reduce resuspension or losses of volatile contaminants using additional
equipment such as sediment shields, gas collection systems, underwater cameras, and
bottom sensors.

Innovative dredgehead designs have been developed specifically for removing con-
taminated materials. Such dredgeheads put a premium on minimizing sediment resuspen-
sion and on accurate control of the depth of sediments removed. Two such dredgeheads,
the Clean-up and the Refresher, are shown in Table 4-1.

Suction Dredges—This category includes those hydraulic dredges that do not
employ a cutterhead. Such dredges may use water jets to help loosen sediments.
Examples of three dredgehead designs used for such dredges are provided in Table 4-2.

Hybrid Dredges—These dredges use a combination of mechanical action and
hydraulic pumping, but would not be considered cutterhead dredges. Examples of
dredgehead designs used by hybrid dredges are shown in Table 4-3, and include the
bucket wheel, screw impeller, and disc-bottom dredgeheads.

Dredgehead Support

The physical support for the dredgehead, or ladder, is largely interchangeable among the
various dredges and will not be discussed further in this document.

Hydraulic Pumps

The three main applications of hydraulic pumps in the dredging process are:
B Dredge plant pumps—used to remove in situ sediments
®  Booster pumps—used to maintain slurry velocities

®m  Pumpout stations—used to rehandle sediment from hoppers, barges, and
railcars.

Dredge plant pumps are discussed in this section. The other two types of pump
applications are discussed in Chapter 5, Transport Technologies.

Fundamentally, pumps are used to convert mechanical or pumping energy into slurry
energy. Usually they are driven by electric or diesel motors, although air-driven (pneu-
matic) pumps have also become popular. Energy put into a slurry by a pump is used to
maintain pipeline velocities while overcoming elevation heads and friction and entrance

losses.
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Plain Suction Dredgehead

Simply a pipeline hydraulic dredge without
a cutterhead

Generates low levels of turbidity

Limited to dredging soft, free-flowing
granular material such as sand (Averett et
al., in prep.; Herbich and Brahme 1991)

May be supplemented by water jets at
suction point mouth, but may then gene-
rate significant turbidity at the botiom

\

\\ ROLLOVER
SUCTION L
PIPING ~—

PLATE
LADDER -

SPLITTER
PLATE

WING

PLATE HEAD ENTRANCE

Modified Dustpan Dredgehead Source: Zappi and Hayes (1991)

Developed by the Corps specifically for
dredging free-flowing granular material

Used almost exclusively in the Un'ted
States, especially for removing large sand
deposits in the Mississippi River (Zappi and
Hayes 1991; Herbich and Brahme 1991)

The dredgehead, resembling a vacuum
cleaner or dustpan, is nearly as wide as
the hull of the dredge

Equipped with high-pressure water jets for
agitating the material (Herbich and Brahme
1991)

Matchboix Dreadgehead Source: Zappi and Hayes (1991)

Developed by Volker Stevin Dredging
Company (Netherlands)

Used to remove highly contaminated sedi-
ment from First Petroleum Harbor

Features: Triangular cover (to prevent
dispersion of sediments and inflow of
excess water, and to contain released
gases); funnel intake (to guide sediment
toward the suction intake); hydraulic pis-
tons (to maintain the dredgehead parallel
to sediment bottom regardiess cf depth);
grates (to prevent large debris from clog-
ging the intake)
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© Designed by Dutch and American engi-
neers combining the positive aspects of
the conventional cutterhead and bucket-
line dredges

© Consists of numerous overlapping bottom-
less buckets that excavate the sediment
and immediately guide it into the suction
intake (Zappi and Hayes 1991; Herbich
and Brahme 1991)

O The Japanese have developed an "air-
tight” bucket wheel dredge

© Dredged sediments are conveyed to the
surface via a combination of a feed screw
and pneumatic pump

3
I ~4 5 6 7
o o o Designed by the Japanese, this technology
? = = - S was recently demonstrated at the Shin-
[ Moji Port in Japan
2 —
o Description: The dredgehead is forced
1 Agitator below the surface of the sediment where
2 Screw .
3 Pressurizing device an a'g|tator (located at the bottgm of the
4 Compressed air vertical screw) loosens the sediment and
1 5 Compressed air nozzle conveys it upward to a centrifugal pump;
6 Plug flow . . L .
3 7 Delvery line the pressurized sediment slurry is deliv-

A

Screw Impeller Dredgehead

ered, via pipeline, with the aid of com-
pressed air

Source: Randall (1992)

Disc-Bottom Dredgehead

¢ Designed at Delft University in the Nether-
lands in the 1970s; a field test of a "modi-
fied" disc-bottom cutter was conducied
near Rotterdam

® Consists of a flat-bottom plate and top
ring with vertically oriented cutting blades;
the suction mouth is located inside the
cutter
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The two general classes of dredge plant pumps are kinetic and positive displacemcrt
(Lindeburg 1992). A summary of the characteristics of selected examples of these 1.1 1>
types is provided in Table 4-4.

Pipelines

Details on slurry pipelines are provided in Chapter 5, Transport Technologies.

Portable Hydraulic Dredges

Portable hydraulic dredges are relatively small machines that can be transported over landl.
They are convenient for isolated, hard-to-reach areas and are economical for small jcbs.
These dredges are also capable of operating in very shallow water (approximately 0.5 ).
Two such dredges are the horizontal auger dredge and the Delta dredge (Delta Dredge «nd
Pump Corp.). These two dredges are shown in Table 4-5. Two examples of horizontal
auger dredges are the Mudcat, manufactured by Ellicott Machine Co. and the Little
Monster, manufactured by the H & H Pump and Dredge Co. A Mudcat dredge v ith
several equipment modifications was demonstrated by the CSRP in November 1991 at the
Welland River, Ontario (Acres International Ltd. 1993).

A third type of portable dredge is the hand-held hydraulic dredge. This dredge can be
as simple as a hose connected to a vacuum truck, such as the one used to remove P('B-
contaminated sediments from the Shiawasee River in Michigan (USEPA 1985b). In
ancther example, diaphragm sludge pumps were used by the USEPA’s Inland Respcnse
Team to remove PCB-contaminated sediments from the Duwamish River Waterwa: in
Seattle, Washington (Averett et al., in prep.). The primary application of such drecges
is the removal of small volumes of contaminated materials that can be easily accessed
from the surface or by divers.

Self-Propelled Hopper Dredges

A self-propelled hopper dredge operates hydraulically, but it is often described s a
separate type of dredge because the dredged material is retained onboard rather than b::ing
discharged through a pipeline (Figure 4-1). Self-propelled hopper dredges are well suited
for dredging large quantities of sediments in open areas. They are not well suitec for
small dredging projects, especially in close quarters. For these reasons, they are not likely
to be used for sediment remediation projects around the Great Lakes and will not be
discussed in further detail in this document.

Vessel or Dredgehead Positioning Systems
A critical element of sediment remediation is the precision of the dredge cut, both

horizontally and vertically. Technological developments in surveying and positicning
instruments have improved both aspects of dredging.
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Air Lift Pump

® Operates by the release of compressed air into a riser pipe with open top and bot-
tom; the slurry is then dragged through the riser pipe and separated from the dif-
fused air with special discharge equipment

@ Has no moving parts
® Can be fabricated reiatively easily

® Sensitive to suction and discharge head variations in addition to depth of buoyant
gas release

® Slurries of 25-percent solids (average) achieved using this pump (d’Angremond et al.
1978)

® Cannot operate economically in water depths of less than 7 m (Hand et al. 1978);
not suitable for moving dredged sediments long distances in pipelines (Averett et al.,

in prep.)
Water Eductor Pump

® Uses a suction force (vacuum) by passing high-pressure water through a streamlined
confining or venturi tube

® Has no moving parts
® Convenient for solids that must be slurried

® Cannot pump slurries with a particle size greater than 5 cm
Radial-Flow Pump

® Most common type of dredge and booster pump

® Impeller vanes capture the influent slurry and throw it to the outside of the pump
casing where the velocity imparted by the vanes is converted to pressure energy

® Has a screened suction intake

® Capable of passing large solids without clogging yet small enough to prevent over-
dilution with transport water (Lindeberg 1992)

® Operates well only if pumping head is within a relatively narrow range (USEPA 1979)

Axial-Flow Pump

® Uses rotating impellers to impart a spiralling motion to the fluid entering the pump
® More reliable and lasts longer
® Relatively inefficient compared to radial flow centrifugal pumps

® Size of particles is limited by the diameter of the suction or discharge openings and
by the spiral lift provided by the impeller (USEPA 1979)

{continued)
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Diaphragm Pump (Generic)

® Reciprocating diaphragm pumps use a flexible membrane that is operated on a two-
stroke cycle that pushes and pulls the membrane to contract or enlarge an enclosed
cavity or pump chamber

® Can be mechanically (push rod or spring) or hydraulically (air or water) operated

® Has few moving parts, thus minimizing operator attention and maintenance require-
ments and simplifying equipment operation

® Power required to drive a hydraulic driven diaphragm pump is typically double that
required to operate a mechanically driven pump of similar capacity; however, hydrau-
lically driven pumps generally last longer than mechanical pumps

® Two or more pump stations operated in sequence can increase system capacity and
smooth out flow (USEPA 1979)

PNEUMA® Pump

© Developed in Italy, the PNEUMA® pump uses compressed air to convey sediments
through a pipeline; may be suspended from a crane or barge, or mounted on a
ladder, which operates like a cutterhead dredge

o Used extensively in Europe and Japan (Averett et al., in prep.), on a lirnited basis in
the United States, and demonstrated by the CSRP in 1992 at Collingwood, Ontario

o Features: Three submerged pressure vessels {to collect sediment in cyclical fashion);
air compressor{s) and compressed air distributors; vacuum system (to aid dredging in
shallow water); dredging attachments (to penetrate and collect sediments)

® Normally suspended from a crane and pulled into sediments with second cable

Qozer Pump
® Japanese version of the PNEUMA® pump (but has two pressure vessels rather than
three)

® Used throughout Japan

® Mounted on a ladder and operated like a conventional cutterhead; the Japanese
dredge, Taian Maru, obtained a maximum production rate of 350 m3/hour dredging
nearly 1.4 million m® of contaminated sediment between 1974 and 1980

® | ow-power efficiency compared to conventional centrifugal pump (applies to the
PNEUMA® pump as well)

(continued)
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Plunger Pump

@ Consists of pistons driven by an exposed drive crank

@ Eccentricity of the drive crank is adjustable, offering a variable stroke length and
hence a variable positive displacement pumping action

® Plunger pumps require daily routine servicing by the operator, but overhaul mainte-
nance effort and costs are low (USEPA 1979)

Piston Pump

® Similar to the plunger pump in its action, but consists of a cable guide and a fluid
powered piston

® Capable of generating high pressures at low flows

® More expensive than other positive displacement pumps, and as a result used only
for special applications {(USEPA 1979)

Progressive Cavity Pump

® Consists of a single-threaded rotor that spins inside a double-threaded helix rubber
stator

® Total head produced by the pump is divided equally between the number of cavities
created when the threaded rotor and helix stator come into contact

® Because the wear on the rotors is high, the maintenance cost for this type of pump
is the highest of any slurry pump

o Although expensive to maintain, flow rates are easily controlled, pulsation is minimal,
and operation is clean (USEPA 1979)

Lobe Pump
® Uses two rotating synchronous lobes to essentially push the slurry through the
pump; the lobe configuration can be designed to fit the type of slurry being pumped

® Rotational speed and shearing stresses are low

® Lobe clearances are set by the manufacturers according to the slurry solids to ensure
the pump lobes do not contact each other and to minimize abrasive wear (USEPA
1979).
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TABLE 4-5. PORTABLE HYDRAULIC DREDGES

| Horizontal Auger Dredge

Source: Ellicott Machine Co.

A small, portable unit rated betweer 40
and 90 m3/hour (50 and 120 yd®/hour)
{Herbich and Brahme 1991)

Solids concentration ranges from 1C to 30
percent (Herbich and Brahme 1991)

Features: Horizontal cutterhead/auger
(cuts and removes sediment laterally
toward a suction pipe in the center of the
cutter); retractable mud shield (redures
turbidity but may cause clogging)

Can remove a layer of material 0.5 m thick
and 2.5 m wide, leaving the dredged
bottom flat

Used to maintain industrial lagoons and
small waterways
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Delta Dredge

Source: Barnard (1978)

Features: Two counter-rotating, low-
speed, reversible cutters and 30-cm
diameter pump

Capable of making a relatively shall::w
2.3-m wide cut
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Chapter 4. Removal Technologies

Vertical control is particularly important where contamination occurs as a relatively thin
or uneven layer. Video cameras can be used to continuously monitor dredging operations.
The depth of the dredgehead can be measured using acoustic instrumentation and by
monitoring dredged slurry densities. In addition, surveying software packages can be
used to generate pre- and post-dredging bathymetric (water depth) charts, determine the
volume dredged, locate obstacles, and calculate surface areas (St. Lawrence Centre 1993).
A digital dredging method, which enables dredge operators to follow a complex sediment
contour, has been developed in the Netherlands (van Oostrum 1992).

The horizontal position of the dredge may be continuously monitored during dredging.
Satellite- or transmitter-based positioning systems (e.g., global positioning system,
SATNAV, LORAN C) may be used to define the dredge position. In some cases,
however, the accuracy of these systems is inadequate for precise dredging control. Very
accurate control is possible through the use of optical (laser) surveying instruments set
up at one or more locations onshore. These techniques, in conjunction with on-vessel
instruments and control of spud placement, can enable the dredge operator to target
specific sediment deposits.

The positioning technology described above may enhance the accuracy of dredging in
some circumstances. However, planners and designers should not develop unrealistic
expectations of dredging accuracy. Contaminated sediments cannot be removed with
“surgical” accuracy even with the most sophisticated equipment. Equipment is not the
only factor affecting the accuracy of a dredge. Site conditions (e.g., weather, currents),
sediment conditions (e.g., bathymetry, physical character), and the skill of the dredge
operator are all important factors. In addition, the distribution of sediment contaminants
can, in many cases, only be resolved at a crude level and with a substantial margin for
error. The level of accuracy required for environmental dredging should reflect the
accuracy at which the sediment contamination distribution is resolved.

Containment Barriers

When dredging contaminated sediments, it may be advisable to limit the spread of
contaminants by using physical barriers around the dredging operation. Such barriers may
be appropriate when contaminant concentrations are high or site conditions dictate the
need for minimal adverse impacts. A number of physical barriers commonly used in the
construction industry may be adapted to this purpose. Structural barriers, such as
cofferdams, are not generally applicable as temporary barriers, but are options for in situ
containment (see Chapter 3, Nonremoval Technologies). The determination of whether
these types of barriers are necessary, aside from regulatory requirements, should be made
based on a thorough evaluation of the relative risks posed by the anticipated release of
contaminants from the dredging operation, the predicted extent and duration of such
releases, and the long-term benefits gained by the overall remediation project. The ARCS
Risk Assessment and Modeling Overview Document (USEPA 1993a) and the Estimating
Contaminant Losses from Components of Remediation Alternatives for Contaminated
Sediment (Myers et al., in prep.) should be used to make this determination.
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Chapter 4. Removal Technologies

More commonly, nonstructural barriers, such as oil booms, silt curtains, and silt screens,
have been used to reduce the spread of contaminants during dredging. Oil booms are
appropriate for sediments that are likely to release oils when disturbed. Such booms
typically consist of a series of synthetic foam floats encased in fabric and connected with
a cable or chains. Oil booms may be supplemented with oil absorbent materials (e.g.,
polypropylene mats).

Silt curtains and silt screens are flexible barriers that hang down from the water surface.
Figure 4-3 shows a typical design of a silt curtain. Both systems use a series of floats
on the surface, and a ballast chain or anchors along the bottom. Although the terms s:lt
curtain and silt screen are frequently used interchangeably, there are fundamental
differences. Silt curtains are made from impervious material such as coated nylon and
primarily redirect flow around the dredging area rather than blocking the entire water
colurnn. In contrast, silt screens are made from synthetic geotextile fabrics, which allow
water to flow through but retain a fraction of the suspended solids (Averett et al., in

prep.).

Silt curtains have been used at many locations with varying degrees of success. For
example, silt curtains were found to be ineffective during a demonstration in New
Bedford Harbor, primarily as a result of tidal fluctuation and wind (Averett et al., in
prep.). Similar problems were experienced when Dokai Bay (Japan) was dredged in 1972
{Kido et al. 1992). Barriers consisting of a silt curtain/silt screen combination were
effectively applied during dredging of the Sheboygan River in 1990 and 1991. Water
depths were generally 2 m or less. A silt curtain was found to reduce 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). A silt curtain was employed
during a dredging demonstration at Welland, Ontario (Acres International Ltd. 1993). The
curtain minimized flow through the dredging area, although there were problems in the
installation and removal.

Monitoring
Monitoring may be conducted during environmental dredging for a number of purposes,
including:
m  Measure contaminated sediment removal efficiency
m  Determine dredged volumes
m  Measure sediment resuspension at dredge
m  Track contaminant transport

m  Check performance of barriers and other controls.

During maintenance dredging, monitoring is generally focused on the quantity of material
dredged because the contractor is paid according to this quantity. The quantity of dredged
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Chapter 4. Removal Technoiog es

rmaterial may be estimated from bathymetric surveys conducted before and after the
dredging, or from other measurements, such as barge counts or pumping rates aid
duration.

Measurements of turbidity or suspended solids are made during sediment remediatioi a + :
during some maintenance dredging operations to monitor the level of sediment resuspe 1
sion caused by the dredge. Water samples are typically collected at one location upstiez m:
and several locations downstream from the dredging site. Additional water qu.altv
monitoring around the dredging site may be required by the State or other reguluto:y
agencies. Monitoring programs for tracking contaminant transport and checking thc
efficiency of barriers and other controls are site-specific. During remedial dredgiig
projects, sediment samples may be collected and analyzed after dredging to monitor the
removal efficiency and to determine if additional passes by the dredge are needed.

SELECTION FACTORS

A number of publications on the selection of dredges for environmental applications hac
been published, including the Guide to Selecting a Dredge for Minimizing Resuspensicr
of Sediment (Hayes 1986) and Selecting and Operating Dredging Equipment: A Guide
to Sound Environmental Practices (St. Lawrence Centre 1993). Generally one of the key
considerations in any dredging project involving contaminated sediments is the
minimization of sediment resuspension. While this subsection focuses on the selection
of dredging equipment, it should be noted that the operation of the dredge also has a
profound effect on the rate of sediment resuspension (Hayes 1986). Selection of specialiy
dredges designed for minimal sediment resuspension does not guarantee superior results.
The keys to an effective and environmentally safe dredging operation are:

W Selection of equipment compatible with the conditions at the site and the
constraints of the project

m  Use of highly skilled dredge operators

m  Close monitoring and management of the dredging operation.

Conventional dredging equipment, employed in a careful and efficient manner, can
achieve results comparable to specialty dredging equipment.

Dredge Selection

The operational characteristics of selected dredges are summarized in Table 4-6. These
characteristics may be used to help narrow the range of dredges potentially suited to a
given remediation project. Other factors that can be used to guide the selection of an
appropriate dredge for a site are discussed below.
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