




9.6 COMPARISON OF REMEDIAL ALTERNATIVES

A comparative analysis is conducted to evaluate' the relative performance of each alternative in
relation to each of the evaluation criteria. The purpose of this comparison is to identify advWI­
tages and disadvantages of each alternatiyerelative to the others. This will facilitate the selection
process by identifying key tradeoff's. For each criterion, the alternatives are qualitatively ranked
in order of desirability. Table 9-5 presents a summary of the alternatives comparison.

9.6.1 Overall Protection of Human Health and the Environment

Alternative 1 would not provide any additional protection of human health and the environment.
Alternatives 2, 3, 4, and 5 protect human health and the environment by removing all contaminated
sediments from the site. Under Alternatives 2 and 4, the sediments would be landfilled in a Subtitle
D landfill, which are designed to isolate their contents from the environment. Alternatives 3 and 5
would thennally treat the sediments which would destroy the organic· contaminants and the re­
siduals would be incorporated into cement.

Overall Protection Ranking: Alternative 2, Alternative 3, Alternative 4, Alternative 5 >
Alternative 1.

9.6.2 Compliance with Cleanup Standards and Applicable Laws

Alternative 1 would not cOmply with cleanup standards or applicable laws. Alternatives 2,3,4, and
5 would dredge all sediments from the site with contaminant concentrations greater than the SQS
(or below SQS for PCBs). Under each of these four alternatives, all applicable permits would be
obtained WId complied with.

Compliance Ranking: Alternative 2, Alternative 3, Alternative 4, Alternative 5 > Alternative 1.

9.6.3 Short-Term Effectiveness

This criterion is not applicable to Alternative 1. Alternatives 2 and 3 employ mechanical
dredging techniques which could create limited adverse water quality impacts at the dredging
site. Ifresuspension ofcontaminated sediments and turbidity occurs at levels of concern, it could
be controlled by using special clamshell buckets designed specifically to reduce releases of
contaminated sediments, or by the use of silt or air curtains to limit the migration of suspended
sediments. Ho~ever, since there is a high percentage of sand at the Norfolk site, the majority of
suspended sediments would settle rapidly and the special clamshell·and silt curtains may not be
required during mechanical dredging. Alternatives 4 and 5 employ hydraulic dredging
techniques. Generally, hydraulic dredging causes less resuspension than mechanical dredging
techniques~ Water quality monitoring during dredging operations would be required by the

I

permits to ensUre water quality standards were met. Water quality would also be monitored
during dewatering operations to ensure compliance with pennits and standards. '
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Table 9-5
ALTERNATIVES COMPARISON

Alternative 2: Alternative 3: Alternative 4: Alternative 5:
Alternative 1: Mechanical Dredge with Mechanical Dredge with Hydraulic Dredge with Hydrauic Dredge with

Criterion No Action Upland Disposal Treatmef1t Upland Disposal Treatment
Overall protection of Potential for human Removal of all contaminated Same as Alternative 2. Same as Alternative 2. Same as ~Iternative 2.
human health all(f the exposure to contaminated sediments would eliminated
environment. sediments. Uptake of exposure pathways from site.

contami~ants by organisms
and subsequent ingestion is
primarilyhuman exposure
pathway

Compliance with cleanup Does nol comply. Removal of all contaminated Same as Alternative 2. Same as Alternative 2. Same as Alternative 2.
standards and applicable sediments will comp~ with
laws. cleanup standards. All

required permits would be
obtained and complied with.

Short·term effectiveness. Not appltable. Low risk to the public at the same as Alternative 2. Low risk to the public and Same as Alternative 4.
dredge and handling siles. environrrent at dredge and
Workers required to use handling sites. Workers
proper health and safety required to use proper
procedures. Potentiarrisk to health and safety
environment due to water procedures.
quality issues: these can be
addressed.

Long-term effectveness. None. Effective at the site since all Effective at the site since all Same as Alternative 2. Same as Alternative 3.
contaminated sediments are contaminated sediments are
removed. Dredged sediments removed. Dredged
would be disposed c1 at a sediments would be treated
Subtitle 0 landfill, w~ich is in acement kiln and
designed for long-term residuals would be
effectiveness. incorporated into cement

. matrix.
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Table 9·5 (continued)
ALTERNATIVES COMPARISON

Alternative 2: Alternative 3: Alternative 4: Alternative 5:
Alternative 1: Mechanical Dredge with Mechanical Dredge with Hydraulic Dredge with Hydraulic Dredge with

Criterion HoAction Upland Disposal Treatment Upland Disposal Treatment
Implementability.. No action to implement. Eas~y implemented. same as Alternative 2. Dredging activity is easily Same as Alternative 4.

Somewhat smaller equipment implemented. large
than would normally be used volumes of water will make it
may be required to allow difficult to economically
access under the downstream dewater aedged material.
concrete bridge.

Cost. No cos!. $891,500 $891,500 $1,028,500 $1,028,500

Community concerns. Assumed to be Not possible to evaluate until same as Alternative 2. Same as Alternative 2. Same as Alternative 2.
unacceptable. after public comment period.

ErnploflT1entof recycling, None. None. sediments treated, then None. Sediments treated, then
reuse, and waste . incorporated into Cement incorporated into cement
minimization. matrix. matrix.

to t-" .., r, '-.' r)
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Under Alternatives 2, 3, 4, and 5, the dredge and upland rehandling sites would present a low
risk to the public because there would be limited access to these areas. Since the sediments
would be transported by trucks or rail cars to the landfill (Alternatives 2 and 3) or trucks to the
treatment plant (Alternatives 4 and 5), there is a limited potential for public exposure 10 the
sediment by leakage or accidents during transport. There is high risk for possible direct sediment
contact by workers, especially during rehandling from the barge to trucks or rail cars and during
rehandling from a temporary stockpile/dewatering site to trucks or rail cars. Health and safety
monitoring would be required to protect workers during these operations. .Alternatives 2, 3, 4,
and 5 would be equally effective during construction and implementation. Alternatives 2 and 3
may require additional procedures to ensure water quality is maintained; however, this is easily
implemented. Alternatives 2, 3, 4, and 5 are effective immediately following construction as the
construction effort completes remedial goals.

Short-Term Effectiveness Ranki~g: Alternative 4, Alternative 5 > Alternative 2, Alternative 3 >
Alternative 1.

9.6.4 Long-Term Effectiveness

Alternative 1 would not provide long-tenn effectiveness. Alternatives 2, 3,4, and 5 would provide
long-tenn effectiveness at the site by removing all designated contaminated sediments from the
site.

Under Alternatives 2 and 4, the sediments would be' disposed of in a Subtitle D landfill. These
landfills are designed to isolate contaminants from the environment. Long-term monitoring is
performed by the landfill operators to ensure and verify that all material remains contained.

Under Alternatives 3 and 5, the sediments would be transported to Holnam for treatment. The
sediments would be used as raw materials in their cement manufacturing process. Organic
contaminants are thermally treated, and all residuals are then incorporated into the cement matrix
which would isolate them from the environment and allow the material to be recycled and
reused.

Long-Term Effectiveness Ranking: Alternative 3, Alternative 5 > Alternative 2, Alternative 4 >
Alternative 1.

9.6.5 Implementability

Alternative 1 is a no action alternative and is easily implemented.

Alternatives 2 and 3 are easily implementable. Mechanical dredging equipment and accessory
equIpment is available locally and is a reliable and proven technology. Permits need to be
obtained; however, this is a relatively Straightforward process and the technology is accepted.
Constraints at the Norfolk site pose some potential logistical problems for a contractor, but can
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be overcome. It is expected that approximately 7,200 cubic yards of in situ sediment (or 7,600
cubic yards of bulked sediment) will be removed.

Alternatives 4 and 5 are less easily implemented. Assuming that during hydraulic dredging
operations the slurry will be approximately 15% solids by weight, a total volume of
approximately 50,000 cubic yards of sediment and water would have to be handled. This is
approximately 6 times more material. Due to the large volumes of water generated during the
hydraulic dredging operations and the difficulty of siting a dewatering station near the site, either '
production rates would be significantly less than those experienced by mechanical dredging (due
to dredge sitting idle during dewatering operations) or multiple barges would be required to keep
up with the production rates.

There is also concern that under Alternatives 3 and 5, Holnam may not be able to handle the
volumes of dredged sediment. It will not be possible to estimate their capacity until the design
phase.

Implementability Ranking: Alternative 1> Alternative 2, Alternative 3> Alternative 4, Alternative 5.

9.6.6 Cost

The estimated total costs for each alternative are swmnarized below:

--(

c

Alternative 1:

Alternative 2:

Alternative 3:

Alternative 4:

Alternative 5:

$0

$891,500

$891,500

$1,028,500

$1,028,500

(

c

Several line item costs for these alternatives are assumed for cost comparison and cannot be more
accurately estimated Wltil the design phase. These line items are typically denoted by using a
lump sum value for the item.

Alternative 1 assumes no action With no associated costs.

Alternatives 2 and 3 have similar costs. Both alternatives use mechanical dredging for all
sediments, and the upland disposal and treatment costs are also similar. Because both upland
disposal (ReRA Subtitle D Landfills) and treatment costs (Rolnam, Inc.) are negotiated, the
average quoted prices .from both' facilities was used.

Alternatives 4 and 5 have similar costs and are more costly than the mechanical dredging
alternatives. Alternatives 4 and 5 use hydraulic dredging for contaminated sediment, and
mechanical dredging for sediment designated as hazardous. Upland disposal and treatment costs
are the same as used for Alternatives 2 and 3.
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Cost Desirability Ranking: Alternative I > Alternative 2, Alternative 3 > Alternative 4,
Alternative 5.

9.6.7 Community Concerns

It is not possible to compare this criterion for the various alternatives until after the public
. comment period. It is assumed at this point that action alternatives are preferred over the no

action alternative. .

Preliminary Community Acceptance Ranking: Alternative 2, Alternative 3, Alternative 4,
Alternative 5 > Alternative 1.

9.6.8 Employment of Recycling, Reuse, and Waste Minimization

Alternatives I, 2, and 4 will not use recycling, reuse, or waste minimization practices.
Alternatives 3 and 5 would treat all organic contaminants by thermal means and would recycle
and reuse all residuals by incorporating them in cement.

RecyclelReuse Ranking: Alternative 3, Alternative 5 > Alternative 1, Alternative 2, Alternative 4.

9.7 PREFE·RRED ALTERNATIVE

Alternative 3: Mechanical Dredging with Treatment at Holnam is selected as the preferred
alternative, and Alternative 2: Mechanical Dredging with Upland Disposal, is selected as a
preferred backUp.

9.7.1 Justification of Preferred Alternatives

.The alternatives utilizing mecRanical dredging (Alternative 2 and Alternative 3) are the preferred
alternatives for sediment removal. Of these choices, Alternative 3 (Mechanical Dredging with
Treatment at Holnam) is preferred, since the contaminated sediments would be treated and
reused" rather than disposed in a landfill. However, Alternative 2 (Mech!U1ical Dredging with
Upland Disposal) is retained as a backup, since Holnam may not be able to accommodate the
entire volume of dredged material at the time the remedial action is implemented. Therefore, as
much of the dredged sediment as possible will be treated at Holnam Cement, with the remainder
being disposed ofat a Subtitle D landfill.

Primary justification for the preferred alternatives include the following:

• The total cost associated with mechanical dredging is cheaper than hydraulic
dredging, by approximately $137,000. Total costs for mechanical dredging
alternatives are estimated at $891,500 while total costs for hydraulic dredging
alternatives are estimated at $1,028,500.
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• Mechanical dredging at the Norfolk site will be easier to implement than hydraulic
dredging due to the substantially smaller volumes of generated material requiring
handling (Le., approximately six times less material). Dewatering concerns related to
hydraulic dredging would rcquiJ;e a longer construction period.

• Treatment at Rolnam will destroy most organic contaminants during the thennal
treatment process, and residual contamination will be incorporated in cement. Thus,
the risk of contaminant exposUre will be eliminated, and the treatment process
provides for sediment recycling and reuse as part ofthe cement matrix.

• The preferred alternatives will comply with cleanup standards and applicable laws.

• The preferred alternative will remove·contaminated sedim~nt from the site and treat.
it, therefore conununity and agency acceptance is expected to be greater.

A conceptual monitoring phm for construction and post-construction periods was prepared for
the preferred alternative and presented in Appendix L. This monitoring plan will be updated
and revised based on final design and permitting requirements.
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10.0 BAcKFILLING EXCAVATED AREA

After excavation of the contaminated area, ground elevation throughout the area will be lowered
approximately 2 to 4 feet. The length of time for the area to return to existing topographic
conditions is dependent on natural events, such as winter storms, which carry large sediment
loads. Backfilling the excavated area with clean fill matc:::ri<:L1 will speed-up the returll to existing
conditions. This potential activity 'may be implemented to increase habitat value, by providing
gently sloping shorelines that fish prefer, and using backfill material, such as fine grain sand,
which encourage new plant life and fish feeding. Backfilling the excavated area has been
requested by several agencies participating on the SRTWG, and will be carried through to the
design phase.

Returning the site to existing elevations could be accomplished using the same equipment used
for site excavation. Clean material can be imported from a sand and gravel facility, or possibly
obtained from U.S .. Army Corps of Engineers' maintenance dredging activities in the Duwamish
River or other Puget SOWld regions. This would require logistical coordination between projects.

A typical operation to backfill the area would include loading a barge with clean material,
hauling the barge to the project site, then rehandling the material from the barge into the
excavated area using a crane with clamshell. Typical cost for purchase, haul, and placement of
clean sand is approximately $7 per cubic yard. With approximately 7,200 cubic yards of
material excavated, the estimated cost to backfill the area is approximately $50,400 (Le.) capital
cost only). If clean sand can be obtained free of charge (i.e., U.S. Army Corps of Engineers'
maintenance dredging sediments), then the cost is only for hauling and placement of material,
which would be approximately $4 per cubic yard; this translates to an estimated cost of
approximately $28,800 (capital cost only).
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