5.1

Screening of Remedial
Technologies

Under MTCA, the development of a cleanup plan requires that technologies
capable of meeting cleanup objectives are screened, and then assembled into
remedial alternatives. These are then evaluated, compared and preferred
alternative(s) are identified. Section 3 presented the site cleanup goals and
remedial action objectives for the Whatcom Waterway site. This section
reviews available cleanup technologies, and selects a range of technologies to
be retained for development of cleanup alternatives as described in Section 6.

The screening of remedial technologies provided in this section is performed
using the process defined in the SMS guidance (Ecology, 1991). First, the
range of potential technologies available for remediation of site contaminants
is reviewed. Then, available technologies are screened for overall
effectiveness, implementability and relative cost to identify a short-list of
potentially applicable technologies for further evaluation.

The technologies that can be used to address contaminated sediments, as
discussed in the SMS guidance (Ecology, 1991), and the ARCS (USEPA,
1994) are described in the following sections:

Institutional Controls (Section 5.1)

Natural recovery (Section 5.2)

Containment (Section 5.3)

Sediment Removal (Section 5.4)

Sediment Disposal and/or Reuse (Section 5.5)
Ex situ Treatment (Section 5.6)

In situ Treatment (Section 5.7)

MTCA regulations place a preference on the use of permanent cleanup
methods such as removal, disposal or treatment relative to those that manage
contaminants in place using institutional controls, natural recovery and/or
containment. This preference is reflected in regulatory evaluation criteria
which are described and applied in Sections 6 and 7.

Sections 5.1 through 5.7 describe each of the technologies evaluated during
technology screening, including information on the technology effectiveness,
implementability and cost. Retained technologies to be carried forward in
development of remedial alternatives are summarized in Section 5.8.

Institutional Controls

Institutional controls are mechanisms for ensuring the long-term performance
of cleanup actions. They are applicable to most remedies where contaminants
are not completely removed from the site. Institutional controls involve
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5.2

administrative/legal tools to document the presence of contaminated materials,
regulate the anthropogenic disturbance/management of these materials, and
provide for long-term care of remedial actions including long-term
monitoring. Institutional controls have been successfully applied during
remediation projects at Puget Sound sites including the Foss Waterway in
Tacoma, the Lockheed and Todd Shipyards Operable Units at Harbor Island.

For sediment remediation projects, permitting review procedures constitute
institutional controls. For any aquatic construction project (e.g., dredging in a
berth area) environmental reviews are conducted by permitting agencies
including the Corps of Engineers, the Department of Ecology, and other
resource agencies. These reviews include a review of area files relating to
sediment conditions, and requirements to address materials management and
water quality.

Additional institutional controls may be implemented as appropriate,
depending on the preferred remedial alternative ultimately selected by
Ecology. Such additional controls could include restrictive covenants for
platted tidelands, use authorizations for state-owned aquatic lands, and/or
documenting the site remedial action in County property records, Corps and
regulatory agency permit records and/or records maintained by the State of
Washington for state-owned aquatic lands.

Institutional controls can be highly effective, implementable, and cost-
effective provided that the remedial action for which the institutional controls
are implemented is consistent with area land and navigation uses. In cases
where the proposed remedial action is in conflict with land use and navigation
uses, conflicts can result that jeopardize the effectiveness of institutional
controls or that require mitigation.

Institutional Controls have been carried forward in the Feasibility Study for
alternatives development.

Natural Recovery

Natural recovery of contaminated sediment may occur over time and may
lower the surface concentrations of sediment contaminants. Natural recovery
of sediments in the Whatcom Waterway area has been well documented by
the historical record of declining surface concentrations of mercury over the
past 25 years. Section 6.2 of the Rl Report contains a discussion of site natural
recovery data. Natural recovery includes three processes that contribute to the
cleanup of surface sediments. These processes include the following:

1) Physical processes, such as sedimentation/deposition and mixing

2) Biological degradation processes that cause reductions in the mass,
volume, and/or toxicity of contaminants through biodegradation or
biotransformation
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3) Chemical processes, including oxidation/reduction and sorption.

As discussed in the Remedial Investigation report, natural recovery through
the physical process of sediment deposition has been highly effective at
restoring sediment quality in the bioactive zone throughout much of the
Whatcom Waterway site.

Biological processes include bacterial or fungal degradation or transformation
of organic chemicals into less toxic forms. These processes may be effective
for volatile and semivolatile organic compounds in well-aerated sediments.
Metals concentrations would not be expected to decrease through biological
processes, although the natural production of sulfides may result in the
formation of metal-sulfide complexes, thereby limiting the bioavailability of
certain metals (EPA 2000e). Biological processes may produce long-term
reductions of organic constituents, such as phenolic compounds.

Chemical processes include the preferential sorption of organic compounds to
naturally occurring carbon and humic sources within the sediments, as well as
changes in redox potential and chemical precipitation reactions that
chemically bind contaminants to sediments and reduce their toxicity. For
example, many metal compounds form stable precipitates with hydrogen
sulfides in sediments.

All of these processes (physical, biological, chemical) can occur together and
contribute to overall recovery of sediment systems.

5.2.1 Monitored Natural Recovery

Monitored natural recovery (MNR) relies on natural recovery processes
coupled with monitoring to ensure that recovery achieves stated cleanup levels
and remedial action objectives. Natural recovery is defined as the effects of
natural processes that permanently reduce risks from contaminants in surface
sediments (Apitz et al. 2002) and that effectively reduce or isolate
contaminant toxicity, mobility, or volume. Monitoring of these processes is
conducted to determine their effectiveness within a prescribed time frame.

MNR is a risk management alternative that relies upon natural environmental
processes to permanently reduce exposure and risks associated with
contaminated sediments (Davis et al. 2004) MNR can be implemented as a
sole alternative, but is more frequently combined with other active measures
and institutional controls. MNR differs from No Action in that, by definition,
it must include source control, appropriate assessments including modeling,
and long-term monitoring to verify the remedy effectiveness (Palermo 2002;
Apitz et al. 2002).

The potential for natural recovery of sediment is determined through multiple
lines of evidence related to the biological, physical, and chemical processes
described above. A thorough assessment of natural recovery was performed
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as part of the 2000 RI/FS (Hart Crowser and Anchor Environmental, 2000).
This assessment showed that natural recovery was occurring at the site, which
has since been verified during additional sampling events in 2002, as
evidenced by the decreasing surface sediment concentrations.

Where MNR has been applied successfully, the demonstration of sediment
deposition (burial) and contaminant attenuation (reduction) processes have
been major determinants of MNR. MNR has been applied as a portion of the
remedy in conjunction with active remedies at many Puget Sound sites,
including the Puget Sound Naval Shipyard site in Bremerton, Washington
(Palermo 2002) and portions of the Commencement Bay site in Tacoma, WA
(EPA 1989). Performance at these sites have shown the technology to be
effective and implementable when applied in suitable areas. Costs of the
technology are primarily associated with implementation of institutional
controls and long-term monitoring.

5.2.2 Enhanced Natural Recovery

5.3

ENR involves the placement of a thin layer of clean material over areas with
relatively low contaminant concentrations to speed up, or enhance, the natural
recovery processes already demonstrated to be occurring at a site. Under
ENR, thin layers of clean sand or sediments are placed over areas where
natural recovery processes are occurring. The new material reduces the
restoration time-frame required for natural recovery to be effective and
comply with site cleanup levels (OSWER 2004). ENR has been used in Puget
Sound both as a sole remedy and in conjunction with removal actions to aid in
the management of post-dredging contaminant residuals. ENR frequently also
includes a long-term monitoring component as with MNR. ENR has been
selected as a remedy component at Superfund sites in Commencement Bay
(Tacoma, Washington) and Eagle Harbor (Bainbridge Island, Washington)
(Thompson et al. 2003).

Enhanced natural recovery has been highly effective in managing residual
sediment left following dredging. In this case, the dredging operation is
designed to remove the majority of the contaminated sediment. However, all
dredging technologies leave some residual materials on the dredged surface, at
times resulting in short-term non-compliance with the site cleanup level. ENR
can be used to address this residual provided that the quantity of the residuals
is minimized through the use of best practices during dredging.

For purposes of the Feasibility Study, only MNR has been carried forward for
alternatives development. ENR is retained in the context of post-dredge
residuals management, but not as a discrete remedial technology.

Containment

Containment involves either confining the contaminated sediments in place or
confining dredged materials within a disposal facility after removal.
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Containment technologies have been used extensively in remediation of
contaminated sediments elsewhere in Puget Sound.

5.3.1 Sediment Capping

Capping is a well-developed and documented cleanup alternative in the
Pacific Northwest and nationally. One of the first, and best-documented,
examples of capping occurred in 1984, when contaminated fine-grained
sediment dredged from the LDW navigation channel between Kellogg Island
and the Duwamish Diagonal CSO and storm drain was disposed of in a
borrow pit in the West Waterway; that material was capped with clean sand
dredged from the LDW’s upper turning basin (Sumeri 1984, 1989; USACE
1994). As recently as 1995, monitoring demonstrated that the capped
contaminated sediment remained effectively isolated (USACE et al. 1999).
Numerous other caps have been successfully placed in Puget Sound, including
the capping of the Log Pond during the Interim Remedial Action at the
Whatcom Waterway site.

Capping isolates contaminants from the overlying water column and prevents
direct contact with aquatic biota. Cap placement as a remedial alternative
assumes source control to protect against cap recontamination. If the potential
for scour from river currents or propeller wash exists, the cap must be
designed in a way that protects it from these disruptive forces.

Caps may be used in different ways as part of a remedial action:

e In Situ Capping is defined as the placement of an engineered
subaqueous cover, or cap, of clean isolating material over an in situ
deposit of contaminated sediment (EPA 1994, 2002; NRC 1997,
2001; Palermo et al. 1998a, 1998b). Such engineered caps are also
called isolation caps. In situ caps are generally constructed using
granular material, such as clean sediment, sand, or gravel.
Composite caps can include different types and multiple layers of
granular material, along with geotextile or geomembrane liners.
Reactive caps can include the addition of contaminant-sorbing or
blocking materials. In situ capping may be considered as a sole
remedial alternative or may be used in combination with other
remedial alternatives (e.g., removal and MNR).

e In Situ Capping After Partial Removal iS an option involving
placement of an in situ cap over contaminated sediments that
remain in place following a partial dredging action that removes
contaminated sediment to some specified depth. This can be
suitable in circumstances where capping alone is not feasible
because of habitat, navigation or land use requirements that
necessitate a minimum water depth. In situ capping with partial
dredging can also be used when it is desirable to leave deeper
contaminated sediment capped in place so as to preserve bank or
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shoreline stability, or where dredging of the materials creates
excessive disruption or water quality impacts. When in situ
capping is used with partial dredging, the cap is designed as an
engineered isolation cap, because a portion of the contaminated
sediment deposit is not dredged.

Cap Construction Methods

Various equipment types and placement methods have been used for capping
projects, including placement using hopper barges at larger, open-water sites
and both hydraulic and mechanical systems for placement at nearshore or
shallow-water sites.

An important consideration in the selection of placement methods is the need
for controlled, accurate placement of capping materials. Slow, uniform
application that allows the capping material to accumulate in layers is often
necessary to avoid displacement of or mixing with soft underlying
contaminated sediments. Slow application also minimizes the resuspension of
contaminated material into the water column (Cunningham et al. 2001).

Granular cap material can be handled and placed in a number of ways.
Mechanically dredged materials that have been dewatered and soils that have
been excavated from an upland site or quarry have relatively little free water.
These materials can be handled mechanically in a dry state until released into
the water over the contaminated site. Mechanical methods (such as clamshells
or release from a barge) rely on gravitational settling of cap materials in the
water column and are highly effective at shallow and intermediate depths such
as those within the Whatcom Waterway site. Granular cap materials can also
be entrained in a water slurry and carried wet to the contaminated site, where
they are discharged into the water column at the surface or at depth. These
hydraulic methods offer the potential for a more precise placement, although
the energy required for slurry transport must be controlled at the point of
release to prevent resuspension of contaminated sediment. Armor layer
materials (stone materials placed to resist cap erosion) can be placed from
barges or from the shoreline using conventional equipment, such as
clamshells.

Capping Decision Factors

The principal design considerations for capping as a remedial alternative for
contaminated sediments are that the cap must remain physically stable, and
that the contaminants are effectively isolated. The National Research Council
(NRC 1997) provided additional decision factors that encourage use of
capping as a cleanup technology include the following

e Contaminant sources have been sufficiently abated to prevent re-
contamination of the cap

e Contaminants are of moderate to low toxicity and mobility
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¢ MNR is too slow to meet remedial action objectives (RAOS) in a
reasonable time frame

e Cost and/or environmental effects of removal are very high
e Suitable types and quantities of cap materials are available

e Hydrologic conditions will not compromise the cap if designed
appropriately

e Weight of the cap can be supported by the physical properties of
the underlying sediments

e The application of the cap is compatible with current and/or future
navigation and land uses in the cap area

e Site conditions do not necessitate removal of contaminated
sediment.

A well-designed, properly constructed and placed cap over a contaminated
surface, along with effective long-term monitoring and maintenance, can
prevent direct contact by aquatic biota by providing long-term isolation of
contaminated sediments. The cap can also prevent contaminant flux into the
surface water. Incorporation of habitat elements into the cap design can
provide an improvement or restoration of the biological community.

One advantage of capping is that the potential for contaminant resuspension
and the risks associated with dispersion of contaminated materials during
construction are relatively low. With capping, the sediments are contained in-
place, and do not require additional treatment and/or offsite disposal. Most
capping projects use conventional and locally-available materials, equipment,
and expertise. For this reason, in certain cases the in situ capping option may
be implemented more quickly and may have much lower short-term risks than
options involving removal and disposal or treatment. Depending on the
location of the cap, the type of construction, and the availability of materials, a
cap may be readily repaired, or enhanced if necessary.

Capping designs must anticipate and protect against potential disturbance
events such as storm events and propeller wash. These events are factored into
the remedy selection, design, institutional controls, and monitoring to ensure
long-term integrity of the cap. To provide erosion protection, it may be
necessary to use cap materials that are different from native bottom materials.
This can benefit or improve the habitat quality in the cap areas, and the project
design and permitting must consider these potential habitat impacts and/or
benefits.
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5.3.2

Palermo et al. (2002) and the EPA (OSWER 2004) provided additional
considerations to ensure effective and implementable design, placement, and
long-term maintenance of a cap over contaminated sediments that include:

e Evaluation of navigation and land use priorities in the cap area

e The impacts and/or benefits to habitat by cap placement should be
considered, including changes to depth and substrate type

e The composition and thickness of the cap components comprise
the cap design. A detailed design effort for any selected capping
remedy should address all pertinent design considerations

e The cap should be designed to provide physical and chemical
isolation of the contaminated sediments from benthic organisms

e The cap should be physically stable from scour by hydraulic
conditions including currents, flood flow, propeller wash, etc.

e The cap should provide isolation of the contaminated sediments
from flux or resuspension into the overlying surface waters

e The cap design should consider operational factors such as the
potential for cap and sediment mixing during cap placement,
resuspension during placement, and variability in the placed cap
thickness

e The cap design should incorporate an appropriate factor of safety
to account for uncertainty in site conditions, sediment properties,
and migration processes.

Capping costs vary with the design of the cap. Costs of capping are
associated with cap design, construction, institutional controls and
long-term monitoring. Capping has been carried forward in the
Feasibility Study for alternatives development.

Confined Nearshore Disposal

A Confined Nearshore Disposal (CND) facility or a “nearshore fill” is an
engineered containment structure that provides for dewatering and permanent
storage of dredged sediments. CNDs feature both solids separation and
landfill characteristics (EPA 1994a). Containment of contaminated sediments
in CNDs is generally viewed as a cost-effective remedial option at Superfund
sites (EPA 1996b). Interest in CNDs for disposal of contaminated dredged
sediment has led both the USACE and the EPA to develop detailed guidance
documents for their construction and management (USACE 1987, 2000; EPA
1994, 1996; Averett et al 1988; Brannon et al 1990).
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CND facilities involve creation of a sediment containment area that has a final
filled surface located above tidal elevations. CNDs are commonly known as
nearshore fills, because they involve filling of aquatic areas and conversion of
those areas to upland use.

CNDs have a good performance record in Washington State. These include
the Milwaukee Waterway, Eagle Harbor East Operable Unit, and the recent
Blair Waterway Slip 1 Nearshore CND. However, their use has been declining
due to habitat considerations, and the availability of other options such as
Confined Aquatic Disposal that accomplish sediment containment without
eliminating aquatic habitat.

Potential CND facilities were evaluated in the Final Disposal Siting
Documentation Report (Siting Documentation Report; BBWG, 1998) during
the work of the Bellingham Bay Pilot. The Pilot analysis concluded that use of
a CND site would be implementable and effective. The area offshore of the
Cornwall Avenue Landfill and the GP Log Pond were evaluated in this report
as potential locations for a CND.

Use of the Aerated Stabilization Basin (ASB) as a CND was not included in
the original Siting Documentation Report because it was anticipated that the
ASB would indefinitely continue use as a wastewater treatment basin. Since
that time, GP has substantially reduced its operations in Bellingham, including
closure of its pulp mill, chemical plant and chlor-alkali plant. In 2001, GP
identified a portion of the ASB as being available for siting of a CND facility
for containment of dredged sediments from the Whatcom Waterway. The use
of the ASB for construction of a CND facility was identified as an element of
a preferred remedial alternative in a Supplemental Feasibility Study (Anchor,
2002).

If the ASB was used for construction of a CND, a berm would be constructed
across the CND, segregating a portion of the CND which would continue to
be used for wastewater treatment from the portion which would be used for
disposal of sediments. Dredged sediments would be placed inside the disposal
section of the ASB, along with any ASB sludges from the “outer” portion of
the facility. Cleaner sediments and new structural fill soil would be placed
above the sediments to form a cap and working surface above the sediments.
The 2002 Supplemental Feasibility Study identified a proposed fill area that
would occupy approximately 20 acres. The ASB CND option received
significant comment during public review of the 2002 Supplemental
Feasibility Study, including opposition from the Port and City due to land use
considerations.

The ASB nearshore fill option has been carried forward in the Feasibility
Study for evaluation as part of the current Feasibility Study. As described in
Section 4.7.1, the ASB sludges are soft, wet and have very high TOC
contents. If managed as part of a nearshore fill, these sludges would be
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subject to primary and secondary consolidation, and would likely produce
methane during anaerobic decomposition.

5.3.3 Confined Aquatic Disposal

Confined Aquatic Disposal (CAD) facilities are similar to CNDs. Like CND
facilities, CAD facilities are constructed in in-water areas and are used to
contain sediment dredged from other areas. However, the surface of the CAD
facility is constructed so that its final elevation retains overlying aquatic uses.
In some cases the CAD surface is designed with a surface that provides
enhanced habitat conditions.

CAD sites have been successfully applied in the Duwamish West Waterway
for dredged sediments in 1984. In addition, a CAD was recently used as for
the disposal of contaminated sediments dredged from Pier D at the Puget
Sound Naval Shipyards in Bremerton, Washington.

Potential Confined Aquatic Disposal options were evaluated in the Siting
Documentation Report of the Bellingham Bay Demonstration Pilot (BBWG,
1998). This report determined that CADs for contaminated sediments from
Bellingham Bay would be implementable and effective. Three potential CAD
sites were identified, an area offshore of the Cornwall Avenue landfill, the
area within the Log Pond, and an area in sediment Unit 5 offshore of the ASB
facility.

The evaluation of disposal siting alternatives conducted during the
Bellingham Bay Demonstration Pilot developed an option for a CAD facility
located adjacent to the Cornwall Avenue Landfill. Properly constructed, the
CAD option provided a potential method of enhancing the quantity of
premium nearshore habitat in the facility area. If this site were selected, a
containment berm would be constructed near the subtidal portions of the
Cornwall Avenue Landfill. Dredged sediments would be placed behind the
berm, and the site would be capped with approximately three feet of clean fill.
The finished grade of the area inside the berm could range from
approximately -10 to -2 feet MLLW elevation, which would be suitable for
use as subtidal habitat. The CAD surface would be protected from erosion
using a hard leading edge that would reduce the energy of incoming waves,
and allow for potential colonization of the cap surface by eel grass.

A range of CAD facility sizes for the Cornwall area was evaluated, including
containment volumes ranging from approximately 260,000 to 1,000,000 cubic
yards of sediment. The final footprint, costs and habitat benefits of a facility
would vary with its size. The smaller size facilities were generally less cost-
effective than those with larger (i.e., at least 500,000 cubic yard) capacities.
The use of a Cornwall CAD site for containment of sediments dredged from
the Whatcom Waterway was identified as a preferred alternative during the
2000 EIS process.
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5.4

The Cornwall CAD option is retained for further consideration as part of the
current Feasibility Study.

Sediment Removal

Contaminated sediments can be removed, typically through dredging or
excavation. After removal, the sediments must be managed, a process that
can include dewatering, treatment and/or disposal. In some cases, the physical
and chemical properties of sediments allow them to be beneficially reused.

Dredging is commonly used for both maintenance of navigation channels and
removals of contaminated sediments. Dredging is typically either mechanical
dredging, which removes sediments by digging them using a bucket, or
hydraulic dredging, which mechanical means to loosen sediments and then
uses water suction to remove and transport the loosened sediments.
Excavation of sediments is a variant of mechanical dredging, and is typically
used in certain situations where it may be more effective than other means of
dredging.

Dredging is such a commonly used technology, and has been applied to
multiple sediment remediation projects in Puget Sound, such as the Hylebos
Waterway in Tacoma and the Duwamish Waterway in Seattle. After removal
of sediments, the sediments must be appropriately managed using
containment, beneficial reuse, disposal, or treatment.

Removal refers to excavation or dredging of sediments. The discussion of
removal process options herein integrates site knowledge, practical dredging
experience, dredging sediment case studies, and demonstrated successful
application under similar conditions. The following documents include
practical information relating to sediment remediation projects in the United
States:

e Assessment and Remediation of Contaminated Sediments (ARCS)
Program, Remediation Guidance Document (EPA 1994b)

e Review of Removal, Containment and Treatment Technologies for
Remediation of Contaminated Sediment in the Great Lakes
(Awverett et al. 1990)

e Removal of Contaminated Sediments: Equipment and Recent Field
Studies (Herbich 1997)

e Innovations in Dredging Technology: Equipment, Operations, and
Management, USACE DOER Program (McLellan and Hopman
2000)

e Dredging, Remediation, and Containment of Contaminated
Sediments (Demars et al. 1995).

PORTB-18876 5-11



Draft Supplemental RI/FS: Volume 2 — Whatcom Waterway Site

Dredging has been used for remediation at many Puget Sound projects of a
similar scale to the Whatcom Waterway Site. Some recent projects include:
the 2004 Duwamish/Diagonal Way Combined Sewer Overflow (CSO) and
Storm Drain Early Action Removal Project, the 1999 Norfolk CSO Early
Action Removal Project, both located in the Duwamish Waterway, and the
2004 Harbor Island East Waterway Sediment Phase 1 Cleanup Project,
located at the mouth of the Duwamish. The latter project was a relatively
large-scale removal project, dredging from a 20-acre area, with disposal of
200,000 cubic yards (cy) of sediment to an upland landfill and another 59,000
cy to the Elliott Bay Disposal Area. Two additional sediment remediation
projects located within the Harbor Island Superfund Site involve dredging
contaminated sediments using a closed bucket, with landfill disposal of wet
sediments. These are the Lockheed Shipyard Sediment Operable Unit
(dredging 130,000 cy with disposal at an upland landfill and capping of
deeper sediments) and the Todd Shipyard Operable Unit (dredging 200,000 cy
with disposal at an upland landfill and capping of under-pier areas). Finally,
the cleanup of the Hylebos Waterway within the Commencement Bay
Superfund site includes dredging combined with multiple forms of sediment
management including upland disposal and confined nearshore disposal.

5.4.1 Overview of Removal Options

For the purposes of this FS, dredging is defined as the removal of sediment in
the presence of overlying water (subtidal and intertidal) utilizing mechanical
or hydraulic removal techniques and operating from a barge or other floating
device. Excavation is defined as the dry or shallow-water removal of
sediment using typical earth moving equipment such as excavators and
backhoes operating from exposed land or wharves. Depending on the location
of the sediments being removed, there may be some overlap in the equipment
used for dredging and excavation. For example, a barge mounted excavator
could reach over into a shallow area to remove sediments, or a shore-based
crane with a long boom could reach out into deeper water and dredge these
sediments.

There are two major types of dredges, mechanical and hydraulic. Mechanical
dredges function by digging into the sediments with a bucket, similar to a
land-based process. Hydraulic dredges function by loosening sediments with
a mechanical device, and then “vacuuming” the sediments along with large
quantities of entrained water, and transporting the resulting dredge slurry in a
pipeline to an area where the solids and liquids can be separated for
subsequent management.

Mechanical dredges remove material at near in situ conditions, with lower
levels of water entrainment. The dredged material is taken up through the
water column to a barge for transport. Mechanical dredges may be used for a
wide range of material types (loose to hard consolidated and compacted
material). A subset of mechanical dredges, excavators, are often used to pre-

PORTB-18876 5-12



Draft Supplemental RI/FS: Volume 2 — Whatcom Waterway Site

remove large debris prior to dredging, or are used in difficult to access,
shallow, and backwater areas.

Hydraulic dredges remove material as a low-density slurry; with water
entrainment ratios commonly exceeding 10 to 1 (i.e., 10 cubic yards of water
are entrained during the removal of 1 cubic yard of in-place sediment). The
slurried dredged material is transported through a pipeline to a selected land-
based dewatering facility. Hydraulic dredges are typically used for relatively
loose, unconsolidated material with little debris, and where the slurry can be
separated and the generated water can be managed in a cost-effective and
environmentally sound manner.

Dredging in the United States is typically conducted by one of these basic
methods (i.e., mechanical, hydraulic or excavation) depending upon
accessibility, the volume of sediment to be removed, the disposal option
selected, and site conditions. Dredging operations use not only the dredging
equipment, but also significant other equipment for work over the water and
management of the removed sediment. A typical dredge system includes:

e Point of dredging components include the cutterhead, auger screw,
dustpan, and matchbox of hydraulic dredging systems, as well as
various mechanical means, such as clamshell or backhoe excavator
buckets for mechanical dredging systems.

e Support components include the support barge or pontoon, jack-up
platforms, amphibious systems, monitoring and confirmation
sampling equipment, and positioning systems.

e Discharge components include pumps, pipelines, dewatering and
water treatment facilities, barges, and transport.

Selection of dredging equipment and methods used for a site depend on
several factors, including: physical characteristics of the sediments to be
dredged, the quantity and dredge depth of material, distance to the disposal
area, the physical environment of the dredge and disposal areas (especially
tidal range), contaminant concentrations in the sediment, method of disposal,
production rates required for removal, equipment availability, amount and
type of debris present, ability to manage produced waters, and cost (EPA
2004).

5.4.2 Mechanical Dredging

A mechanical dredge typically consists of a suspended or manipulated bucket
that bites the sediment and raises it to the surface via a cable, boom, or ladder.
The sediment is deposited on a haul barge or other vessel for transport to
disposal sites. Mechanical dredges have been the principal tool used for
environmental dredging in Puget Sound.
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Under suitable conditions, mechanical dredges are capable of removing
sediment at near in situ densities, with almost no additional water entrainment
in the dredged mass and little free water in the filled bucket. A low water
content is important if dewatering is required for ultimate sediment treatment
or upland disposal, as well as to minimize water quality impacts at the point of
dredging.

Clamshell buckets (open, closed, hydraulic-actuated), backhoe buckets,
dragline buckets, dipper (scoop) buckets, and bucket ladder are all examples
of mechanical dredges. Dragline, dipper (scoop), and bucket ladder dredges
are open-mouthed conveyances and are generally considered unsuitable where
sediment resuspension must be minimized to limit the spread of sediment
contaminants (EPA 1994a).

e Clamshell Dredges: The clamshell bucket dredge, or grab dredge,
is widely used in the United States and throughout the world. It
typically consists of a barge-mounted floating crane maneuvering a
cable-suspended dredging bucket, with or without teeth. A heavy
bucket with teeth can dig harder sediments than can a lighter
bucket without teeth. The crane barge is held in place for stable
accurate digging by deploying vertical spuds into the sediment.
The operator lowers the clamshell bucket to the bottom, allowing it
to sink into the sediment on contact. The bucket is closed, then
lifted through the water column to the surface, swung to the side,
and emptied into a waiting haul barge. When loaded, the haul
barge is moved to shore where a second clamshell unloads the
barge for rehandling and/or transport to treatment or disposal
facilities. Clamshell dredges work best in water depths less than
100 feet to maintain production efficiency. Using advanced
positioning equipment (e.g., differential global positioning systems
[DGPS]), dredging accuracy is on the order of 1 foot horizontally
and 0.5 foot vertically. Clamshell buckets are designated by their
digging capacity when full and range in size from less than 1 cy to
more than 50 cy. A conventional clamshell bucket may not be
appropriate for removal of contaminated sediments in some areas.
Conventional buckets have a rounded cut that leaves a somewhat
“cratered” sediment surface on the bottom. This irregular bottom
surface increases the need to overdredge to achieve a minimum
depth of cut, and multiple passes to achieve adequate removal.
Furthermore, the conventional open clamshell bucket is prone to
sediment losses during retrieval. Recent innovations in bucket
design have reduced sediment resuspension potential by enclosing
the bucket top. Also, buckets can be fitted with tongue-in-groove
rubber seals to limit sediment losses through the bottom and sides.
Finally, local Puget Sound dredging contractors have recognized
the need to minimize resuspension while using a clamshell bucket,
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and have developed modifications to both their equipment and to
the operations to reduce sediment loss.

e Environmental Dredge: A recent development in the environmental
dredging field has been the advent of specialty level-cut buckets.
These buckets offer the advantages of a large footprint, a level cut,
the capability to remove even layers of sediment, and, under
careful operating conditions, reduced resuspension losses to the
water column. A level-cut bucket reduces the occurrence of ridges
and winnows that are typically associated with conventional
clamshell buckets. The Cable Arm™ bucket is one such
environmental bucket that has been successfully demonstrated for
contaminated sediment removal. Several of the Puget Sound area
dredging companies own and use Cable Arm closed buckets
(Wang et al. 2003). Local projects where the closed buckets have
been used include Pier D at the Puget Sound Naval Shipyard in
Bremerton, and at the East Waterway of the Duwamish River.
Environmental buckets have been shown to be effective in loose
sands and in low-solids soft-sediments. The light construction of
the bucket makes it unsuitable for dredging dense or native
material (Wang et al. 2003).

e Excavator Dredges: This is a subset of mechanical dredges, which
includes barge-mounted backhoes and/or excavators, both of which
have limited reach capability (maximum depth typically less than
40 feet). Excavators can also be used for dry excavation after the
overlying water is removed. Special closing buckets are available
to reduce sediment losses and entrained water during excavation. A
conventional excavator bucket is open at the top, which may
contribute to sediment resuspension and loss during dredging,
although careful operation can minimize losses. Various improved
excavating buckets have been developed that essentially enclose
the dredged materials within the bucket prior to lifting through the
water column. A special enclosed digging bucket, the Horizontal
Profiling Grab (HPG), was successfully used on the large
excavator — the Bonacavor (C. F. Bean Corp.) for remediation of
highly contaminated sediment at the Bayou Bonfouca Site (Slidell,
Louisiana) (NRC 1997), and was recently used for dredging
contaminated sediments in the Hylebos Waterway in Tacoma. The
bucket has a capacity of 4.5 cubic meters and can operate in water
depths up to 13 meters. Dredged material removed by backhoe
exhibits much the same characteristics as for clamshell dredging,
including near in situ densities and limited free water.
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5.4.3 Hydraulic Dredging

Hydraulic dredges remove and transport large quantities of dredged materials
as a pumped sediment-water slurry. The sediment is dislodged by mechanical
agitation, cutterheads, augers, or by high-pressure water or air jets. The
loosened slurry is then vacuumed into the intake pipe by the dredge pump and
transported over long distances through the dredge discharge pipeline. A key
difference between hydraulic dredging and mechanical dredging is the
generation of a high volume of contaminated water during hydraulic dredging.
That water must treated before discharge to ensure that the quality of the
surface-water body is not compromised by the dredging activity, and to
protect against sediment recontamination.

Common hydraulic dredges include three main categories: the conventional
pipeline dredge (round cutterhead, horizontal auger cutterhead, open suction,
bucket wheel, dust pan, etc.), the self-propelled hopper dredge, and
sidecasting dredge (EPA 1994; Herbich 2000). A sidecasting dredge takes
dredged material excavated from the sediments and “side casts” the material
from the dredge to adjacent shoreline areas. It can be used to replenish
beaches, but is not used for environmental dredging.

Hydraulic dredges have four key components: the dredgehead, which is in
contact with and digs the sediment, a support structure (wire or ladder) for the
head assembly, the hydraulic pump to provide suction, and the pipeline that
carries sediment slurry away from dredging operations. Specialty hydraulic
dredges are available that limit resuspension losses at the dredgehead and
increase the solids content of the dredged slurry. These include the auger-,
cleanup-, airlift-, and refresher-type dredges. Hydraulic dredges are rated by
discharge pipe diameter, ranging from smaller portable machines in the 6- to
16-inch category, to large 24- to 30-inch dredges. Two commonly used
hydraulic dredges are the pipeline and cutterhead types.

e Suction Dredge: Suction dredges are open-ended hydraulic pipes
that are limited to dredging soft, free flowing, and unconsolidated
material. Because suction dredges are not equipped with any kind
of cutting devices, they produce very little resuspension of solids
during dredging. However, the presence of trash, logs, or other
debris in the dredged material will clog the suction and greatly
reduce the effectiveness of the dredge (Averett et al. 1990).
Suction dredges have been used with limited success in the
Northwest for difficult access areas such as the underpier areas of
the Sitcum Waterway Superfund Site (Tacoma, Washington) and
at the Port of Portland T4 Pencil Pitch Removal Project (Portland,
Oregon), often with diver assistance.

e Cutterhead Dredge: The hydraulic pipeline cutterhead suction
dredge is the most commonly used method in the United States,
with approximately 300 operating nationwide. The cutterhead is
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considered efficient and versatile (Averett et al. 1990). It is similar
to the open suction dredge, but is equipped with a rotating cutter
surrounding the intake of the suction pipe. The combination of
mechanical cutting action and hydraulic suction allows the dredge
to work effectively in a wide range of sediment environments.
Resuspension of sediments during cutterhead excavation is
strongly dependent on operational parameters such as thickness of
cut, rate of swing, and cutter rotation rate. Proper balance of
operational parameters can result in suspended sediment
concentrations as low as 10 milligrams per liter (mg/L) in the
vicinity of the cutterhead. More commonly, cutterheads produce
suspended solids in the 50 to 150 mg/L range (10 to 20 percent
solids by weight) (EPA 1994b). Slurry uniformity and density are
controlled by the cutterhead and suction intake design and
operation. By pivoting the spuds used to anchor the barge in place,
the dredge “steps” or “sets” forward for the next swing.
Cutterhead dredges have been used at numerous sites in the
Northwest and nationally, including the Sitcum Waterway
Superfund Site (Washington), Lower Fox River (Wisconsin), and
New Bedford Harbor (Massachusetts). Dredge residuals with
cutterheads can be as much as a foot in thickness, and are
frequently greater than %2 foot.

e Auger Dredge: The horizontal auger dredge is a relatively small
portable hydraulic dredge designed for projects where a small (50
to 120 cy/hr) discharge rate is desired. In contrast to a cutterhead,
the auger dredge is equipped with horizontal cutter knives and a
spiral auger that cuts the material and moves it laterally toward the
center of the auger, where it is picked up by the suction. There are
more than 500 horizontal auger dredges in operation. A
specialized horizontal auger dredge has been used at the
Manistique Harbor Superfund site (Manistique, Michigan), the
Marathon Battery Superfund site (Massena, New York), and the
Lake Jarnsjon sediment remediation site (Sweden)

e Specialty Dredges: A number of specialty hydraulic dredges have
been used at cleanup sites, including but not limited to the
following:

» The Toyo™ pump is a proprietary electrically driven compact
submerged pump assembly that is maneuvered into position
using a derrick barge. This pump is capable of high solids
production in uncohesive sediment and can be equipped with a
rotating cutter or jet ring to loosen sediment. This is a lower
head pump that typically discharges through 6- to 12-inch-
diameter pipes and may require a booster pump for long
pipeline distances. Typically, slurry discharges are at a density
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of approximately one-third the in situ density. This specialty
dredge was used at the mouth of the Hylebos Waterway
(Tacoma, Washington, Area 5106) to remove 32,000 cy of
contaminated sediment and pumped into the Blair Slip 1 CND
between October 2002 and March 2003.

» The Pneuma™ pump is a proprietary pump developed in Italy
that uses a compressed air and vacuum system to transport
sediments through a pipeline. It may be suspended from a
crane or barge and generally operates like a cutterhead dredge.
This specialty pump was used at the Collingwood Harbor
Project (Ontario, Canada) demonstration dredging project
(EPA 1994a).

» The Mudcat™, a proprietary dredge device, was fitted with a
vibrating auger head assembly and positive displacement pump
specifically designed to excavate difficult, very soft material
from the Sydney Tar Ponds (Nova Scotia). The dredge unit
was modified to float in very shallow water and was moved
using onshore winching cables and pulleys. Mudcats™ are one
of the most commonly employed dredging units in the country,
and have been used at various environmental dredging projects
including the Manistique Harbor, Michigan; SMU 56/57 in the
Lower Fox River Wisconsin; and at the New Bedford PCB
remedial action site.

5.4.4 Dewatered Excavations

Excavation refers to the removal of sediments in the absence of overlying
water, as with upland excavation. This often involves the use of conventional
excavating equipment, and is generally restricted to removal of contaminated
sediment and debris in shallow-water environments, dry excavations (areas
that are bermed, then dewatered for access by land-based equipment), or
during low tides. Dewatering of an area for dry dredging involves hydraulic
isolation/removal of surface water using: (1) earthen dams, (2) sheet piling, or
(3) rerouting the water body. Although normally land based, excavators can
be positioned on floating equipment (e.g., spud barge) for dredging in shallow
environments.

Various track-mounted excavators have been developed to access shallow
water marsh environments for dike construction, dredge material disposal
operations, pipeline crossings, and have been adapted for intertidal dredging
excavation. Conventional backhoes, crane buckets, dragline, and other
excavator types have been adapted to self-propelled, tracked assemblies that
can travel over low bearing capacity soils and shallow water environments.
These systems work optimally in shallow water depths and emergent shoreline
and tide flats. The production capacity of these excavators is generally
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limited, and depends upon the bearing capacity of the intertidal sediments and
the size equipment needed for the dredge areas.

Two specialty excavators are the Amphibex and Adquarius amphibious
excavators. These are barge-mounted backhoes, capable of turning 360
degrees. These systems work optimally in water depths of 8 to 13 feet, but
can also work on emergent shoreline and tide flats, according to the
manufacturers. The excavators are mounted atop barges that have been fitted
with “legs” with cylindrical wheels that provide mobility. The Amphibex
amphibious excavator can operate in either straight mechanical or hydraulic
transport modes. The Aquarius amphibious excavator only operates in
mechanical dredging and transport modes. The DRE Technologies — Dry
Dredge integrates a closed bucket mechanical dredge with a positive
displacement pump for high solids dredged material transport.

5.4.5 Dredging Decision Factors

Selection of the appropriate type of dredging technologies and their potential
effectiveness is dependent upon more than one variable. Significant operating
parameters and constraints considered in selecting and applying appropriate
dredging equipment include sediment characteristics, site conditions, potential
for sediment resuspension and transport, use of turbidity barriers, amount and
type of debris, equipment availability, and removal accuracy. As noted
previously, production rates, and water management will be key in
determining the size of equipment selected. @ Work sequencing and
management are also important factors to consider during the remedial design.
Each of these variables is discussed below.

Sediment Characteristics

The physical characteristics of the sediments, including particle size, density,
cohesion (strength), and plasticity (stickiness), interact and affect dredge
performance and efficiency (USACE 1995). These factors should be
considered when selecting dredge types, designing sediment dewatering
facilities, calculating settling rates, and planning other aspects of remedial
activities. Rocks and debris, if present, can interfere with dredging and delay
the cleanup process, often creating more water quality resuspension problems.
A combination of hydraulic and mechanical dredging has been used for some
cleanup projects (Sitcum Waterway, Washington; Black River, Ohio;
Marathon Battery, St. Lawrence River, New York; Lake Jarnsjon, Sweden)
where debris interfered with large-scale dredging or access was difficult.
Recent sediment dredging projects have incorporated pre-removal of boulders,
wood timbers, and other debris using excavator equipment prior to initiating
dredging (Grasse River, Massena, New York; GM Foundry/St. Lawrence
River, New York). This requires a complete investigation (debris survey) to
identify where debris is present.
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Sediment Accessibility

Difficult to access areas (i.e., near pilings, floating docks/marinas, riprap
slopes, and between pilings and bulkheads) may require use of specialized
equipment to adequately remove contaminated sediments. Recent projects
have included multiple removal techniques in the remedial design to address
these difficulties. For example, the Port of VVancouver Copper Spill Project
(Vancouver, Washington) used a hydraulic cutterhead dredge in open areas
with 0.5 feet of overdredge and diver-assisted suction dredging in underpier
areas. The Port of Portland T4 Pencil Pitch Site (Portland, Oregon) used a
shrouded environmental clamshell bucket for open-water areas, while
nearshore and underpier areas were excavated with an airlift pump. Yet
another example includes the Wyckoff/West Eagle Harbor Superfund Site
where environmental clamshell buckets were used for open-water areas and
backhoes were used for underpier areas at low tide. Typically, the dredging of
under-pier areas is inefficient and leaves significant dredge residuals. Capping
is typically incorporated into the remedial design for these areas. The method
carried forward in the FS will depend upon sediment removal volumes, site
access, upland space capacity for dewatering, and disposal.

Staging Areas & Logistics

Shoreline access is also a factor. Adequate space is required to establish
shoreline staging areas for equipment, water pumps, dewatering equipment,
personnel, sand cap material, and offloading/onloading of barge and dredge
equipment.  Availability of land-based space for support operations may
factor into the selection of dredge type. To protect migrating salmonids, the
USFWS limits the period in which in-water construction can be performed to
certain “fish windows.” Dredging can also be limited by the ability to
transport, dewater, and dispose of excavated material. A significant limiting
constraint for dredging is the availability of on-land property for staging and
support activities, as well as disposal options (i.e., ability to transport dredged
sediments to the disposal site at a rate equivalent to that of the dredging
production rate).

Resuspension Potential

A major consideration for dredge design is the capability for removing
targeted sediments with a minimum amount of sediment resuspension and loss
during dredging (Anchor 2003; Averett 1997; Averett et al. 1999; Havis
1988). Sediment resuspension is unavoidable to some extent, regardless of
the type of dredge employed, but can be minimized with operational
techniques (e.g., controlling the dredge speed or cycle time). Although
several specialty dredges (Cable Arm™ Bucket, Bonacavor) have been
developed to reduce sediment resuspension, proper operation by an
experienced contractor is an important factor to minimizing contaminant loss.
The degree of sediment resuspension is also dependent on site conditions and
variables, including sediment properties and size fractions (ability to
resuspend), river flow hydraulics and hydrodynamics (extent of offsite
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transport), and ambient water quality (chemical partitioning into the water
column). Data recently compiled for Scenic Hudson (Cleland 2000) and the
Los Angeles Contaminated Sediments Task Force (Anchor 2003) determined
that hydraulic and pneumatic dredges generally resuspend less sediment than
mechanical dredges at the point of dredging. However, this benefit is offset
by the much higher water entrainment encountered in the dredged material,
the difficulty in managing dissolved-phase contaminants in the dredged
materials, and in many cases the greater residuals at the point of dredging.

Sediment Residuals

All in-water removal operations will leave behind some level of residual
contamination after completion of dredging. Although resuspension, with
subsequent resettling is one factor that can influence the residual
concentrations of contaminants, other factors such as the type and size of
dredging equipment, level of operator skill, positioning equipment used
during dredging, and the substrate type and bottom topography all combine to
influence the post-dredging residuals. Managing dredging residuals is
difficult simply because the dredge operator cannot see and manage the
removal operation. A commonly observed phenomenon in both hydraulic and
mechanical dredging is the creation of furrows or ridges between passes of the
dredge equipment. The substrate and topography can greatly influence
residuals. Where bedrock or hard clay underlies contaminated sediments,
complete removal to low residual concentrations is both difficult and costly.
When dredging on a slope, material often slumps and flows after being
undercut during a removal path, resulting in recontamination of the just-
dredged area. Hydraulic dredges generate residuals when the cutterhead is
placed too low in the sediment or if the rate of advancement is too fast; both
causing sloughing of the side cuts.

In recent years, dredging contractors have become more experienced and
sophisticated at minimizing residuals. Bid documents prepared for remedial
dredging include both horizontal and vertical specifications to account for
uncertainty in the dredging footprint, and often specify a minimal number of
passes within the footprint to achieve complete removal. However, residuals
have been observed at sites after multiple dredge passes. Overlap between
dredging lanes is often required, as well as the use of computer-aided
positioning equipment and software, such as WINOPS, to ensure accurate and
complete coverage of the dredge footprint. Matching the appropriate
equipment to the dredging conditions, coupled with water quality monitoring
during removal, aids in minimizing resuspension and recontamination. Even
with these controls, dredging operations can still leave behind contaminant
concentrations indicative of residuals at the conclusion of operations. The
design should consider procedures for residuals management as part of any
dredging design, and the limitations of dredging to achieve a clean final
surface should be considered as part of remedial alternatives evaluation and
cleanup decision-making. In short, dredging is an imperfect technology and
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typically leaves some degree of residual contamination, even with the use of
best practices to minimize that residual.

Application of Turbidity Barriers

Turbidity barriers are specialized equipment that can be used as an
engineering control to minimize downstream transport and loss of suspended
solids during dredging operations. Because of their inherent logistical
difficulties, they are typically employed where experience has shown that
other operational controls cannot adequately meet water quality criteria.
Turbidity barriers can be placed into two categories: structural and non-
structural. Structural barriers are semi-permanent or permanent features to
control the movement of sediment. The most common type is the sheet pile
wall, a series of interlocking steel sections driven into the sediment to the
same depth below mudline. This technology is expensive but effective in
rivers with strong currents and/or tidal action and very high contaminant
levels. It is often used in nearshore areas for dewatering and dry excavation.
Non-structural, flexible barriers include oil booms, silt curtains, and silt
screens. They are less expensive, easy to set up, and more movable than the
structural barriers. Oil booms are utilized where dredged material may release
oil residues on the water surface. Silt curtains are impervious fabrics that
block, deflect, or substantially minimize the flow of water and suspended
sediments. Silt screens are semi-permeable fabrics that allow water to pass
while impeding the flow of coarse- to medium-grained fractions of the
suspended load. Silt screens and curtains are typically suspended by
floatation devices at the water surface and secured vertically in-place by a
ballast chain within the lower hem of the skirt and anchored to the river
bottom. These barrier systems are relatively cheap and easy to re-locate, but
are limited by water depth (less than 21 feet), strong river currents (less than
1.5 feet/sec), and tidal cycles. Tidal ranges within the Whatcom Waterway
can be as much as 16 feet and limit the effectiveness of screens or curtains.

Sediment Debris

The amount and type of debris to be found in the dredge zone will influence
the type of dredging equipment and affect the production rate. Examples of
debris include sunken logs, large rocks, shopping carts, engine blocks, rope,
chain, concrete chunks, sunken boats, propane tanks, pilings, dolphins, rip rap,
and other materials. Debris may also clog hydraulic dredge cutter or suction
heads and pipeline, causing an increase in resuspension and requiring a
temporary shutdown to remove the obstruction, thereby slowing the
production rate. Debris can also inhibit the full sealing of mechanical dredge
buckets, which causes loss of sediment during the buckets vertical assent
through the water column and increases the rate of resuspension. The loss of
sediment and the extra time devoted to handling and disposing of debris
reduces the production rate.
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Equipment Availability

Availability of dredging equipment is an important consideration. A number
of floating clamshell dredges and small hydraulic dredges are available in the
Puget Sound region. Large construction backhoes and equipment barges are
also available. However, many of the specialty dredges discussed herein are
not available locally and/or would require transport to the area or fabrication
of new dredging equipment and a period of time to acquire operating
experience. Conditions within the Whatcom Waterway site are not expected to
require specialty equipment.

Dredge Accuracy and Removal Rates

Dredging accuracy is of significant importance in environmental dredging
projects to ensure removal of contaminated sediments, minimize the volume
of uncontaminated sediments removed, and minimize the number of passes
required. Recent advances in dredging technology have included high-
precision GPS location control. Several differential GPS units are used in the
dredging operation, and placed on the barge and the dredge bucket or
hydraulic cutterhead itself to provide a three-dimensional, real-time
orientation of the equipment. High-resolution measurements provide the
operator with real-time, sub-meter location precision and accuracy. These
data, coupled with computer location software, allow the operator to know:
(1) exactly where the dredge is collecting sediment from, (2) the amount of
overlap needed to remove a swath of sediment, and (3) the exact depth of each
dredge cut. In the past, system inaccuracies required remedial designs to
operate on the order of 4-foot dredge prisms. With precision equipment and
navigational aids, dredge operators can consistently operate to depth prisms of
0.5 foot or less with reliable accuracy. Removal efficiency is the capability for
removing the target contaminated sediment layer in a single (or minimum
number of) pass(es) with the dredge equipment, while minimizing the quantity
of over dredged material to be treated and disposed. The costs and schedule
for environmental dredging are largely dependent on the amount of sediment
to be removed and the rate of removal. The rate of removal is affected by
several variables, including water depth, type of excavation (wet or dry), the
number and sizes of dredges used, the dredge operational speed, and the
capacity of transport barges for mechanical and/or sediment dewatering, and
water treatment systems for hydraulic dredging. Uncontrollable factors also
affect the removal rate, such as passing ships and navigation restrictions,
adverse weather conditions, unexpected presence of debris or bedrock, noise
level restrictions, seasonal “fish window” restrictions, and tribal fishing rights.

Management of Entrained Water

Another decision factor is water management, and the practicality of
managing large volumes of water associated with dredged material that will
require collection and treatment prior to discharge of return flow to the Bay.
The water volumes range from small amounts of free water and drainage
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arising from mechanically-dredged sediment to significant continuous
volumes associated with return flow from a hydraulic dredge.

Hydraulic dredging would create large quantities of dredge slurry and
entrained water. That contaminated water would ultimately be discharged
back to Bellingham Bay. Assuming typical operating parameters (i.e., a
controlled 2,000 cubic yard per day dredge production rate, a 10:1 water to
sediment ratio and either one or two dredge units operating simultaneously)
the hydraulic dredging would result in discharge of between 4 million and 8
million gallons per day of produced dredge waters to the Bay. The ability to
treat and dispose of this continuously-generated water in a cost-effective and
environmentally sound manner is a pre-requisite for the successful application
of hydraulic dredging for large project areas. In some cases, the conditions
under which hydraulic dredging and water management are performed can
result in biogeochemical mobilization of bound sediment contaminants, such
as at the Lavaca Bay, Texas dredging project. Bloom and Lasorsa (1999)
report that high concentrations of methylmercury were released during
separation of dredged material and entrained water from a hydraulic dredging
event. The amount of methylmercury released was greater than could be
accounted for by sediment pore water or bound methylmercury, suggesting
that methylation of mercury was promoted by the conditions associated with
the dredging and phase separation activities.

Dredging programs must consider the quantity and quality of waters to be
generated, and must provide for management of water quality impacts to
maintain the effectiveness of the dredging activity. In some cases dredging is
not effective because these secondary impacts cannot be reliably controlled.

Contractual Issues and Operator Experience

The need exists for appropriately structured cleanup contracts, skilled
operators, and preparation time for the operators to become familiar with the
site. Adequate site characterization from the RI/FS process is typically
supplemented during remedial design, and in some cases during the project
bidding process. The characterization data relevant to dredging contracts
include (1) the vertical extent of contaminated sediment requiring removal,
(2) ship traffic and current/tidal ranges, and (3) the expected range of
sediment physical properties (i.e., density, grain size, plasticity). These factors
affect contractor costs, equipment selection and dredging procedures. The
contractual agreements between the project engineer and the general
contractor/dredge contractor are equally important. The emphasis should be
carefully placed on the quality of removal, environmental protection and cost-
effectiveness of the whole cycle of dredging, transport and disposal, not solely
on the speed/cost of removal. Otherwise, cost-cutting measures taken at the
point of dredging can result in significant environmental problems and cost
control issues with the downstream activities (i.e., dredge material disposal,
residuals management). During the selection process, the experience and skill
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5.5

of equipment operators should be evaluated and included as part of a
contractor pre-qualification process.

In addition to selecting skilled and experienced contractors to conduct a
dredging operation, operator experience can be managed in part by
performance-based contracts to help ensure compliance with environmental
monitoring and criteria.  These contracts should allow the contractor
flexibility to select or modify dredge equipment in order to meet the project
objectives, but require compliance with the overall project objectives,
including water quality goals. In the case of Puget Sound area projects, such
as the Sitcum Waterway and Wyckoff/West Eagle Harbor projects, the
contractor was aware of the project objectives, given flexibility to meet these
objectives, and held accountable through performance-based contracting.
Coupled with performance-based contracting and skilled operators is the
requirement for skilled and knowledgeable independent oversight, as well as
an adequate water quality monitoring program. Project oversight and contract
management provide independent verification of achievement of project goals
and objectives. The water quality monitoring program provides immediate
feedback on the overall performance to both the dredging and oversight
contractors.

Sediment Disposal and Reuse Options

If sediments are to be removed by dredging and not contained on site, then
they must be disposed off-site or beneficially reused. Potential disposal and
reuse options are described below.

5.5.1 Subtitle D Landfill Disposal

Dredged sediments containing elevated constituent levels can be disposed at
permitted upland landfills. The solid waste landfills that manage refuse from
households and businesses are known as Subtitle D facilities, because they are
regulated under Subtitle D of the federal solid waste regulations. These
landfills require “daily cover” to be placed over solid wastes at the end of each
day of filling. Contaminated soils and sediments like those of the Whatcom
Waterway can be used as daily cover at these facilities. This type of disposal
is described in this Feasibility Study as “Subtitle D Landfill Disposal.”

A recent study by the US Army Corps of Engineers (USACE, 2003) identified
upland disposal in a commercial landfill as the preferred alternative for
management of contaminated sediment in Puget Sound. A typical process
would include offloading sediments from the point of dredging to an upland
staging area, loading sediments into transportation from an upland staging
area, transportation of the sediments to the landfill, and disposal in the
landfill. For low-solids sediments, it may be desirable to decrease the volume
and mass of sediments disposed in the landfill through dewatering, provided
that this can be accomplished cost-effectively and in an environmentally
protective manner. The exact management and treatment train depends on the
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volume of sediments to be disposed, the sediment properties, the required
production rate, and the dredging method.

The Disposal Siting Documentation Report identified the Roosevelt Regional
Landfill as a potential upland disposal site. The landfill is located in
Roosevelt, Washington approximately 220 miles by rail from Bellingham.
For use of this disposal site, dredged sediments would be offloaded from
barges and loaded into railcars for transport to Roosevelt. The offloading
could take place in Bellingham at a facility constructed to accommodate the
sediment offloading and shipment, or at an already constructed facility, such
as those in Seattle and Tacoma.

The Columbia Ridge landfill located in eastern Oregon is also available for
management of dredged materials, and like the Roosevelt landfill is capable of
managing sediments containing free liquids. The current capacity of the
Roosevelt Regional Landfill and the Columbia Ridge landfill are on the order
of several million cubic yards of sediment.

Other Subtitle D disposal sites located in Western Washington are generally
limited to the management of materials that pass paint-filter tests for free
liquids. This results in additional requirements for dewatering and/or
solidification of the dredged materials for shipment to these alternative
facilities.

The Subtitle D disposal option was retained for further evaluation in the
Feasibility Study. Remedial alternatives development and cost estimation
were based on pricing for transportation and disposal of materials to landfills
permitted to accept wet dredged sediment materials.

5.5.2 New Upland Disposal Sites

For development of remedial alternatives and cost estimates, only existing
facilities permitted to accept impacted sediments were used. It is possible that
a new upland disposal site may be developed by a third party and would be
available for use for sediment disposal.

An example of a potential new upland disposal site is the analysis conducted
during the Bellingham Bay Demonstration Pilot of the Whatcom-Skagit
Phyllite Quarry. The Whatcom-Skagit Phyllite Quarry is a soon to be closed
quarry located approximately 15 miles from the site. If used for disposal of
dredged sediments, a Washington Solid Waste permit would likely be
required to construct a disposal facility in the quarry. The quarry would be
graded, and a liner and leachate collection system constructed. Dredged
sediments would be offloaded from barges in Bellingham, potentially
dewatered, and transported to the quarry. After all sediments had been placed
in the quarry, the sediments would be graded, and a cover constructed over the
sediments. A wetland similar to those surrounding the site may be
constructed over the cover. In the long term, leachate from the sediments
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would be collected, treated if necessary, and discharged to the City of
Burlington sewer system. The capacity of the Whatcom-Skagit Phyllite
Quarry was assessed at approximately 200,000 to 240,000 cubic yards of
sediment. The final unit costs for disposal at the Phyllite Quarry would likely
be similar to or in excess of Subtitle D disposal options. The availability and
public acceptability of the option are not certain.

Other disposal facilities not currently certified as Subtitle D landfills could
alternatively be suitable for use at the time of project implementation. These
could potentially include some disposal facilities in British Columbia that are
not directly subject to U.S. regulations, but rather are regulated by Canadian
and/or provincial regulations. Use of these types of alternative disposal
facilities would need to be approved by the Department of Ecology. These
types of facilities are not necessarily precluded from use during the project,
but were not used for cost analysis or development of remedial alternatives in
the Feasibility Study.

5.5.3 PSDDA Disposal and Beneficial Reuse

In Puget Sound, the open water disposal of aquatic sediments is managed
under the Puget Sound Dredged Material Management Program (DMMP).
This program is administered jointly by the US Army Corps of Engineers, the
US Environmental Protection Agency, the Washington Department of Natural
Resources, and the Washington Department of Ecology. Under the DMMP,
six aquatic disposal sites (PSDDA sites) have been created in Puget Sound,
and several more outside Puget Sound. The PSDDA site typically used for
Bellingham Bay maintenance dredging projects is located in Rosario Straits.
The PSDDA sites are monitored by Washington Department of Natural
Resources to ensure that the sediments placed in these sites do not pose
unacceptable impacts in the long term.

In order to dispose of sediments in one of the sites, the sediments are first
characterized to ensure that they meet the criteria for disposal at the PSDDA
site.  For removed sediments that exceed PSDDA criteria, alternative
containment, treatment and/or disposal options must be used. The appropriate
permits are obtained for the dredging work, and an application made for
disposal in the PSDDA site. Washington Department of Natural Resources
reviews the application and determines if the sediments may be disposed in
the PSDDA site. If approved for PSDDA disposal, a Site Use Authorization
will be issued. The applicant can then dredge their project and dispose of the
material in the PSDDA site. A fee is paid by the applicant for use of the
disposal site.

The PSDDA program has also developed guidance for the beneficial reuse of
clean dredged materials. Reuse options must be compatible with the chemical
and physical properties of the materials, and with applicable regulatory
requirements.
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5.5.4 Regional Multi-User Disposal Sites

5.6

At some point in the future, a multi-user sediment disposal site may be
developed within the greater Puget Sound area. Significant efforts have been
expended both within Bellingham Bay, and within the greater Puget Sound
region to evaluate the potential design, location, operating procedures and
long-term care requirements associated with such a facility. These efforts
were supported by multiple environmental and resource agencies, and
included programmatic evaluations by the Army Corps of Engineers, WDNR
and other agencies. A multi-user disposal site scenario was pursued as part of
the 2000 RI/FS and EIS, and was identified as an element of the preferred
remedial alternative identified in those studies. However, the multi-user
disposal site proved infeasible due to implementability barriers and associated
costs. To date, the development of multi-user disposal sites within Bellingham
Bay or Puget Sound has been unsuccessful.

There is no active proposal for development of a specific multi-user site that is
likely to produce a completed site within the next three to five years. Lacking
a specific regional multi-user disposal site, the regional disposal site option
was not carried forward in the Feasibility Study. The potential for
development of a project-specific disposal site is addressed by the Cornwall
CAD and ASB CND options evaluated in the Feasibility Study.

Ex Situ Treatment

Treatment is a preferable remedy for long-term effectiveness under MTCA.
However, with the exception of certain technologies such as dewatering and
solidification, the feasibility of most treatment technologies has not yet been
demonstrated for application to contaminated sediments. The Cooperative
Sediment Management Program (CSMP), a consortium of federal and state
agencies formed in 1994 to oversee the management of Puget Sound
sediments, recently initiated a study to assess the feasibility and practicability
of developing a multi-user treatment program or facility to help manage
contaminated sediments in Puget Sound.

As part of the CSMP, a recent study by Ecology on the viability of sediment
treatment in Puget Sound concluded that a centralized sediment treatment
facility was economically feasible, though a combination of public and private
capital would be required to develop such a facility (SAIC, 2001). Also as
part of the CSMP, the US Army Corps of Engineers conducted a feasibility
study for siting of a contaminated sediment management facility in Puget
Sound, which included both disposal sites and treatment. This study
concluded that because of the availability and interest from several upland
landfills, that disposal in an existing commercial upland landfill provided the
best approach for management of contaminated sediments expected to be
generated from cleanup projects in Puget Sound (USACE, 2003). These
studies and the general lack of demonstrated effectiveness of treatment of
sediment indicate that treatment is not likely to be a viable option for
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sediments from the Whatcom Waterway, unless a new technology or capital
source for a new treatment facility is identified.

Nevertheless, the treatment technologies that have been evaluated are
described below. For each technology, agency technology reviews by EPA
(1994 and 1999) have been supplemented with additional technology reviews
performed for this project.

5.6.1 Dewatering & Volume Reduction

Sediment dewatering can include mechanical and passive methods.
Mechanical dewatering involves the use of equipment such as centrifuges,
hydrocyclones, belt presses, and plate and frame filter presses to remove
moisture from the sediments. Passive dewatering (also referred to as gravity
dewatering) involves the gravity separation of water and solids in a
sedimentation basin. Treatment of wastewater generated during sediment
dewatering may be required to meet water quality requirements for either
discharge to a municipal wastewater treatment system, or back to surface
water. Dewatering can be considered active treatment to the extent that it
reduces the volume or toxicity of an impacted material.

Mechanical Dewatering

Mechanical dewatering equipment physically forces water out of sediment,
and are typically paired with hydraulic removal systems. Four techniques are
typically considered for dewatering dredged sediments: centrifugation,
diaphragm filter presses, belt presses, and hydrocyclones.

e Centrifugation uses centrifugal force to separate liquids from
solids. Water and solids are separated based upon density
differences. The use of a cloth filter or the addition of flocculent
chemicals assists in the separation of fine particles.

e Hydrocyclones are continuously-operated devices that use
centrifugal force to accelerate the settling rate and separation of
sediment particles within water. Hydrocyclones are cone shaped.
Slurries enter near the top and spin downward toward the point of
the cone. The particles settle out through a drain in the bottom of
the cone, while the effluent water exits through a pipe exiting the
top of the cone.

e Diaphragm filter presses are filter presses with an inflatable
diaphragm, which adds an additional force to the filter cake prior
to removal of the dewatered sediments from the filter. Filter
presses operate as a series of vertical filters that filter the sediments
from the dredge slurry as the slurry is pumped past the filters.
Once the filter’s surface is covered by sediments, the flow of the
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slurry is stopped and the caked sediments are removed from the
filter. Filter presses are very costly and labor intensive.

e Belt presses use porous belts to compress sediments. Slurries are
sandwiched between the belts, resulting in high pressure
compression and shear, which promotes the separation.
Flocculents are often used to assist the removal of water from the
sediments. The overall dewatering process usually involves
gravity-draining free water, low pressure compression, and finally
high pressure compression. Belt presses can be fixed based or
transportable. They are commonly used in sludge management
operations at municipal and industrial wastewater treatment plants.

Mechanical dewatering is considered potentially cost-effective for application
to low-solids materials such as the ASB sludges, and has been retained for
consideration in the Feasibility Study for these materials. Volume reduction in
the ASB sludges could significantly reduce disposal volumes, tonnages and
costs. Application of mechanical dewatering to other medium and high solids
materials such as the sediments outside the ASB is unlikely to be cost-
effective.

5.6.2 Acid Extraction

The acid extraction process selectively extracts targeted metals while non-
regulated metals theoretically remain in the treated soil or sediment. Under
optimal conditions, metals can be concentrated from the process and may be
suitable for recycling.

The process is semi-continuous and consists of three key treatment steps:
physical separation, chemical extraction, and liquids processing. In the
physical separation step, the dredged sediments are segregated at a land-based
facility into various size fractions (typically using a 1/16 to 1/4 inch screen),
to exclude relatively clean coarse materials such as sands and gravels from
further treatment. The chemical extraction step typically consists of a
multistage solvent extraction which utilizes proprietary additives in an acidic
solvent to preferentially remove target metals. A slurry consisting of sediment
and the acidic solvent is vigorously agitated in closed-top tanks to ensure
thorough contact between the sediment and solution. Mechanical mixing
and/or air sparging accomplish the agitation. The rate at which the metal ions
are solubilized and enter the liquid phase is determined by controlling the
residence time, solid particle size, degree of agitation, and the extraction
solution composition. The optimal solvent/additives formulation, the required
number of stages, and the key operating parameters are site specific and are
determined by performing bench-scale treatability studies.

In the liquids processing step, the metal-laden solvent may be treated by
filtration and electro-chemical processes to selectively recover the metal
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contaminants in a concentrated form. The solvent is treated and recycled back
to the chemical extraction portion of the process.

To date, slurry extraction technology has been used at upland soil sites
containing very high concentrations of target metals and much lower volumes
of contaminated materials. The presence of organic materials and naturally
occurring metals (e.g., iron) that are typical of Whatcom Waterway sediments
are of significant concern when applying this process, and can affect
performance and increase costs.

A "ballpark™ cost estimate per unit of sediments treated, including upland
disposal of residues is approximately $200 to $500 per cubic yard of in situ
sediment (EPA, 1999). This technology was not considered effective or
implementable for application at the Whatcom Waterway site.

5.6.3 Phytoremediati