
7.0 IDENTIFICATION AND SELECTION OF
TECHNOLOGIES AND PROCESS OPTIONS

In this chapter, technologies and process options are identified for evaluation which fully cover
the range of known available options capable of achieving remediation of the:: contaminated
sediments.

7.1 IDENTIFICATION OF TECHNOLOGIES AND PROCESS. OPTIONS

The full range of technology types and, process options that potentially can be used for
remediation are identified.. Technologies and process options have been compiled based on
previous project experience, literature searches, and correspondence with appropriate agencies.
The tenn "technology types" refers to general categories of technology, which for this project
include:

• No Action
• Natural Recovery
• Excavation
• Treatment
• In-Water Containment
• Upland Disposal

Thetenn "process options" refers to specific processes within each technology type. For this
project, the following process options are identified:

• No Action

• Natural Recovery

• Excavation

* 11echanicalI>redging
* Hydraulic Dredging

• Treatment

* Bioremediation
* Soil Washing .
* Thermal Treatment

Holnam Cement Plant

Portable Thennal Plants

Lightweight Aggregate from I>redged Sediments (LAI>S)

Incineration ,

• In-Water Containment

* In situ Capping
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Thick Layer

Thin Layer

Inverted

* Confined Aquatic Disposal

* Nearshore Confined Disposal

• Upland Disposal

* Landfills

Resource Conservation and Recovery Act (RCRA) Subtitle D Landfill

Hazardous Waste Landfill

Municipal Landfill Closure

* Miscellaneous Disposal Locations

* Construction Backfill

Technology types not identified for evaluation include in situ treatment technologies to achieve
solidification, stabilization, and/or treatment. Although conceptually possible, in situ treatment
technologies have not yet been adequately demonstrated or implemented. They would require
significant basic research and pilot studies to demonstrate their effectiveness..Even with the
additional research, there would be no guarantee that the systems could be cost effectively
implemented or permitted. The costs associated. with testing and demonstration would cause
these actions to be significantly more expensive than other available effective options for this
site.

7.2 SELECTION OF TECHNOLOGIES AND PROCESS OPTIONS

To eliminate those technologies and process options that clearly are not reasonable for the
Norfolk Cleanup Study, an initial screening is performed. Only those options with good
potential are retained for detailed evaluation. The key criteria for the screening are:

• Technical effectiveness. Will the technologies and process options effectively clean
up the site?

• Implementability. Is the technology or option clearly not permittable or does it
appear to have significant difficulty in permitting? Will the option or technology
result in confinement of untreated sediment on DNR land? Both DNR and Ecology
prefer that contaminated sediment is removed from the site (i.e., permanent solution).
Does the site have significant logistical problems for construction?

• Cost effective. What is the relative cost of each technology option? Technologies
and options with high relative costs are eliminated.

• Adverse impacts. Technologies and options that may cause significant (Le., not
easily mitigated) adverse impacts are eliminated. .
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7.2.1 No Action

Under this option, no remedial action would be conducted and no institutional controls or long
term monitoring would be performed. The No Action option is nOl an effective technology for
cleaning up the site. All contaminated sediments would remain on the site, which is
contradictory with Ecology and DNR preferences for removal. This option is low cost, since no
actions would be pertonned at the site. The PCB hot spots identified in the site assessment
would remain. This option is carried forward to provide a baseline for comparison.

7.2.2 Natural Recovery

This option is believed to have limited technical merit for the Norfolk sediments, since
sedimentation rates are low and contaminants such as PCBs and mercury are persistent in the
environment. The timeframe for natural recovery cannot be predicted with the available
infonnation. This option requires no pennits or construction. No adverse impacts (beyond
current levels) would be encountered with this option and any cost associated with natural
recovery would be minimal and used for monitoring. However, this option vvill likely not be
implemented for this project for several reasons. The EBDRP· Panel desires to remove
contaminated material from the site. Also, both DNR and Ecology prefer that contaminated
sediments be removed from the site. Based on the above reasons, this option has been eliminated
from further evaluation.

'7.2.3 Excavation Options

Applying the screening criteria to excavation options yields the following results:

Dredging (mechanical). Sampling results indicate that the maximum depth of,contamination is
approximately two feet deep, thereby making it technically effective to mechanically dredge and
completely remove all contaminated sediment from the site. This option is proven and accepted
technology, so pennitting is relatively straightforward. Removal of contaminated sediment
complies with Ecology and DNR preference for removal. The option is cost effective and no
adverse impacts are foreseen that cannot be mitigated. This option is carried forward for further
analysis.

Dredging (hydraulic). Sampling results indicate that the maximum depth of contamination is
approximately two feet deep, thereby making it technically effective to hydraulically dredge dnd
completely remove all contaminated sediment from the site. This option is proven and accepted
technology, so pennitting is relatively straightforward. Removal of contaminated sediment
complies with Ecology and DNR preference for removal.

Due to the large amount of water entrained during the hydraulic dredging process (typically 80%
to 90% water), logistics are significantly more complex than for mechanical dredging. The
design must account for handling and treapnent of the water which is entrained prior to return to
the receiving water. Due to the lack of adequate suitably sized upland staging area(s) to allow
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for cost-effective dewatering, the logistical and/or cost constraints eliminate this option in favor
ofmechanical dredging. The exception is where hydraulic dredging can discharge to barges with
no overflow, followed by treatment and drainage of free water from the barge. In this case, the
option is implemcntablc and cost effective. To allow for dlis spccifk conditiun, this uption is
being carried forward.

7.2.4 Treatment Options

Applying the screening criteria to treatment options yields the following results:

Bioremediation. Bioremediationis effective on many organic contaminants, but generally not
effective on heavy metals contaminants such as mercury or on persistent organics such as PCBs.
Extensive additional evaluation would be required to determine whether' a bioremediation
method may be effective for use at thi·s site. Removal of the sediment·offsite would initially be
required. in order to implement this option (i.e., dredging then bioremediation). Typically,
bioremediation involves extensive material handling and material working. The logistical
constraints are significant and would require extensive evaluation to define. Costs to test and
prove the technology are high. Based on the above reasons, this option has been eliminated from
further evaluation.

Soil Washing. This option has potential for project sites with large volumes of sediment
containing significant percentages of sand (this project contains sandy sediment but the volumes
are relatively small). To our knowledge, this option has not been applied to dredging projects.
Pilot scale studies would be required to determine the applicability of this technology, especially
to find a washing agent that would be effective on both organic COCs and mercury. This would
be considered an experimental project and difficult to permit. Significant testing and research
would be required to demonstrate the technology effectiveness. Removal of the sediment from
the site would initially be required in order to implement this option (i.e., dredging then soil
washing). High unit costs due to small volumes make this option cost ineffective. Based on the.
above, this option has been eliminated from further evaluation.

Thermal Treatment (Holnam Cement Plant). Holnam may be able to· use the dredged
material as raw material to create cement with its rotary kiln process, thereby recycling it. The
process to produce cement raises the raw feed stock (Le., sediment, soil, sand and contaminants)
to very high temperatures (i.e." up to 2600 degrees Fahrenheit). This causes ,the material to
become semi-molten, forming the cement. During this process, organics are destroyed and heavy
metals are immobilized in the clinker at the bottom cif the kiln, making them unavailable to
leaching, and then ground and combined with gypsum to make cement (Schneider, 1994).

This technology is proven and effective and has been permitted for previous projects. Costs for
treatment at the facility are roughly equivalent to disposal at a .landfill. A special feature of the
plant is that it is a wet processing facility and therefore can take' either wet or dewatered material.
Removal of the sediment from the site would initially be required in order to implement this
option (i.e., dredging with transport to Holnam). PCB hot spot sediments with concentrations
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above 20 ppm dry weight would not be accepted at this facility. This disposal option is being
carried forward for further evaluation.

Thermal Treatment (portsble Thermlll PIsDts). These facilities will reduce organic
concentrations but are not applicable to heavy metals. Removal of the sediment from the site
would initially be required in order to implement this option (i.e., dredging with transport to
thennal plant). There is a high cost for mobilization and treatment: of wet sediments. Based on
the above, this option has been eliminated from further evaluation.

Thermal Treatment (Lightweight Aggregate from Dredged Sediments). This thermal
treatment process is essentially the same process used at Holnam Inc., except that the rotary kiln
would be located on a barge which is operating at the dredging site. Removal of the sediment
from the site would initially be required in order to implement .this option (i.e., dredging then
transport to LADS plant). As discussed earlier, the rotary kiln process will either immobilize
and/or destroy contaminants during the process ofproducing lightweight aggregate. To date, the
prototype for this system has not been produced, therefore it must be considered as experimental.
Because of its limited history, this would be a difficult technology to permit. The capital and
testing costs associated with building a plant to implement this option are large. This option is
eliminated from further evaluation based onthe above.

Thermal Treatment (Incineration). This option has been proven effective but typically has not
been used for dredgigg projects. Removal of the sediment from the site would initially be
required in order to implement this option (Le., dredging then transport to incineration plant).
There are no known permitted incinerators in the Northwest which could be used. Constructing
and permitting a new incinerator is not cost effective for the sniall volumes involved in this
project. Based on the above, this option has been eliminated from further evaluation.

7.2.5 Containment O~tions

Applying the screening criteria to containmen~ options yields the follov..ing results:

In Situ Capping (Thick Layer). This option involves placing a cap, typically composed of
clean sand, over the contaminated footprint within the project site. The depth of the cap typically
is equal to or greater than three feet in thickness. This cap is used to isolate the contaminated
sediment from the water column and from the biologically active zone of the sediments. While
this option is technically effective in a low energy aquatic environment, its effectiveness (i.e.
stability) in a rivcr intertidal system is significantly diminished due to potcntil:L1 high current
velocities that occur during storm events. A thick cap option is also not considered a pennanent
option for this site. No significant logistical construction impacts are foreseen. This option may
also be difficult to permit; containinated. sediment is left on site which conflicts with both
Ecology and DNR preference for removal. Other pennitting issues include potential adverse
impacts to fishery habitat due to capping of the mudflat. This option would be cost effective for
initial implementation; however, maintenance and monitoring costs would be high. This option
is eliminated based on reasons stated above.
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In Situ Capping (Thin Layer). This option is commonly referred to as enhanced natural
recovery. A thin cap, typically composed of clean sand and with a thickness less than three feet,
is placed over the contaminated footprint within the project site. The cap acts to dilute the
concentration of contaminants available to the water column. Bioturbation al;;ts to mix. the clc::an
upper sediments with the contaminated lower sediments. Over time, the contaminant
concentrations can decrease, if the site conditiqns allow and there is no source of
recontamination. This option can be technically effective it contaminant sources are eliminated
or reduced and initial sediment contamination is low. However, the timeframe for enhanced
natural recovery cannot be predicted with the data available for this site. Also, the ability to
adequately decrease concentrations to appropriate levels is unknown. As stated' in thick layer
capping, cap stability in a river intertidal environment is probably not effective. Contaminated
sediment is left on the site. which conflicts with Ecology and DNR preference for removal. No
significant logistical construction impacts are foreseen, and costs would be relatively low.
Future costs would probably only include monitoring. This option is eliminated based on
reasons stated above.

In Situ Capping (Inverted). Inverted capping involves removing the top layer of contaminated
sediment and stockpiling on site, then removing enough clean underlying material to be able to
place the contaminated material into this deeper excavated area. After the contaminated material
is backfilled, the clean sediment is placed on top as a cap. This option has not been extensively
used and rarely utilized in the Northwest. Permitting this option may be difficult. Contaminated
sediment would remain on-site and· not be removed, .thus conflicting with Ecology and DNR
preference for removal. Logistics during construction for this option are significantly more
difficult than other capping options due to the dredging and stockpiling component. This option
is eliminated based on the above reasons.

Confined Aquatic Disposal. Confined aquatic disposal (CAD) has basically the same function
as thick layer capping, except that contaminated sediment is first dredged, then moved to the
disposal site prior to capping. The objective is to isolate the contaminated sediment from the
water column. A CAD site is typically found in deeper water and would probably need to be
located in Elliott Bay if this option were to be feasible. Contan1inated sediment is placed on the
existing bottom then covered with clean cap material to isolate the contaminants from the water
column and marine organisms; CAD sites are technically effective in areas with flat slopes or
depressions, low energy environments, and no fishing access or navigational constraints.
However, the Elliott Bay vici~ty typically does not have good locations for CAD sites. CAD
sites in the Elliott Bay vicinity are very difficult to implement and permit; one reason is
navigation requirements in the Duwamish Waterways and Elliott Bay. Cost to engineer and
construct a stable CAD site in Elliott Bay is high and would take several years, delaying the
Norfolk cleanup schedule. This option is eliminated based on the above reasons,

Nearshore Confined Disposal. This option typically involves construction of a confmed
disposal facility located in the nearshore region, typically within the intertidal zone. A benn is
constructed to provide capacity to place the contaminated material. A clean cap is then placed
over the material to isolate the contaminants. This option has been used on several Northwest
projects and has been proven effective. However, King County, the City of Seattle,and other
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Panel members have no known development plans within the next few years which include need
for new land for commercial water-dependent purposes in the Elliott Bay/Duwamish Waterway
vicinity, that could potentially be used for nearshore confined disposal. Use of waterfront
development projeots by other parties would havc multiple and complex lii:lbility issues that
would need to be resolved. Without the above project in place, permits are very difficult to
secure. This option is relatively cost effective to construct. However, much additional research,
engineering, and permitting would be required to implement this option. These costs would be
much higher than other options; additionally, the process would take several years to complete,
delaying the Norfolk cleanup schedule. Based on the above reasons, this option is eliminated.

RCRA Subtitle D Landfills. This option is proven technology and relatively straightforward to
permit. Costs for disposal at these facilities are comparable to other containment options and are
fairly well defined. The Norfolk contaminated sediment has been tested for waste characteristics
(Appendix K). The testing indicates that all of the sediment is non-hazardous except fpr a small
volume associated with one PCB hot spot which would be disposed at a hazardous waste landfill.
This option is carried forward.

Hazardous Waste Landtul (Arlington). This option is proven tcchnology and relatively
straightforward to permit. The Norfolk contaminated sediment has been tested for waste
characterization (Appendix K). The testing indicates that all of the sediment is non-hazardous
except for a small volume associated with one PCB hot spot which would be disposed at this
facility. Therefore, this option is not cost effective except for the PCB hot spot material. This
option is carried forward.

Municipal Landfill Closure MateriaL Technical effectiveness of this option is unknown.
Significant additional evaluation of the sediments and of the specific landfill closure site would
be required to determine the effectiveness of this option. However, since there are currently no
identified closure sites, this option is not presently implementable. Agency acceptance of this
option is unknown. This option is eliminated based on the above reasons.

Miscellaneous Upland Disposal Locations. There are no currently identified available sites at
this time. Significant further investigation and evaluation would be required for any available
site to determine whether the disposal site would be technically effective in containing the
contaminated sediment. This option would be difficult to perinit since it is not proven, and any
potential disposal site may be unfamiliar to local agencies. Based on the above reasons, this
option is eliminated.

Construction BackfUl. Substantial study would be required to assure that disposal procedures
are safe and that the disposal site would be technically effective in containing the contaminated
sediment. Concentrations of pollutants would have to be below the MTCA cleanup levels to
allow disposal without institutional controls. Review of data indicates that concentrations are
greater than allowable. This option would also be difficult to permit. Based on the above
reasons, this.option is eliminated.

A sununary of the screening of technologies and process options is presented in Table 7-1. Due
to the limited volume of contaminated sediments to be remediated at the Norfolk Site, a
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permanent solution entailing excavation of sediments followed by offsite treatment or disposal. is
clearly achievable. For all aquatic and upland site cleanup projects, a permanent solution when
achievable is clearly preferred by resource agencies. The hydraulics ofthe river system, in which
storm scour can re-exposc containment systems, further supports a permanent solution based on
removal. This general argument supports elimination of capping, aquatic disposal and other
containment technologies from further consideration.
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Table 7·1
Technologies and Process Options Summary

Implementabillty (Is the option feasible?)
Technical Effectlve.ess Adverse Impacts
{Does the option appear Relative Cost (Does the option have

Options to have merit?) Logistics Regulatory (low medium. high) sianlficantadverse impacts?) Comments
No Action No. Yes. No. PCB hot spots Low. Yes. PCB rot spots would be This option Is carried forward

would be left in place. left in place. as abasis for alternatives
comparison.

Natural No. Time required fOl Yes. No. Conflicts with low. Yes. PCB rot spots would be Unknown time kame for
Recovery natural recovery cannot be DNRandMTCA left in place. recovery. Conflicts with

predicted. preference for removal EBDRP desire for removal.

Mechanical Yes. Proven technology. Yes. Dredging would Yes. Proven Medium. No. Dredging will suspend Proven technology. Sampling
Dredging probably occur from technology. some sediment in the water indicates that depth of

the water rather than column, but this is ashort term contaminated sediment is small
shore-based. impact and is controllable. enough to remove all

contaminated sediment.
logistics are dependent on
staging area and
treatmenlfdisposal site

- . selected.

HydraUlic Yes. Proven technology. Yes..Assuming Yes. Proven Medium. No. Dredging will suspend For smallvolunnes, hydraulic
Dredging dewatering in abarge technology. some sediment in the water dredging typically has higher

with direct discharge column, but this is ashort term costs and is more complicated
from the barge is impact and is controllable. to plan ard permit than
allowable. mechanical dredging.

Bioremediation No. Not very effective on No. Extensive No. Largely untested High. Undefined Unknown; biodegradation of Costs to test and prove this
heavy metal contaminants material handling and for dredging projects. costs. PCB and 1,4oDCB could technology are high. This
and PCBs. Extensive working. produce more mobile and option wo~1d need to be
research would be available degradation products, combined with excavation to
required for effective whose toxicity is unknown. make it feasible.
bioremediation.
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Table 7·1 (continued)

Implementability (Is the option feasible?)
Technical Effectiveness Adverse Impacts
[Does the option appear Relative Cost (Does tile option have ;

Options to have merit?) Loalstics Reaulatory (low, medium, niah) sianificant adverse impacts?) Comments
Soil Washing Maybe. However, this Yes. Combined with No. Little track record High. Undefined No. Due to high mobilization costs, .

option has not been excavation. costs. this option has potential for
applied to dredging large projects. Pilot scale
projects and success Is studies would be required to
questionable with botll prove thetechnical
heavy metal and organic effectiveress.
contamination.

Thermal~ Yes. Proven technoloJY Yes. Sediments may Yes. Approval for' Medium. $40- No. Contamimnts are destroyed or
Holnam, Inc. be wetter than as treatmentcan $50/cy. Costdoes not immobiliz.ed by the treabnent.

acceptable under normally be secured include transportation Bulk chemistry, TCLP, and
other thermal options. concurrent with other to the site. minerals aMlyses are required.

permitting processes.

Portable No. This option is not Yes. No. May be difficult to High. Undefined No. These fadlities will reduce
Thermal Plants applicable to heavy metals; permit due to IitOe costs. organic concentrations but are

especially mercury which track record. not generally applicable to
creates air emission heavy metals. There is ahigh
problems. cost for rnobHizationand

treatment

LADS Yes. However, there is no, Yes. No. New technology. High. Undefined No. Essentiallr the same process
existing plant. May be difficult to costs. as Holnam, except rotary kHn is

permit due to little on abarge. No existing plants.
track record.

Incineration Yes. No. No.. May be difficult to High. Undefined No. No known available incineration
permit due to little costs. plants in the Northwest.
track record.

In Situ Thick No. Cap stabilily is Yes. No. Probable difficul~ Low - Medium. Possible. A thick cap (i.e., >3 There arediffict.llties in
Cap suspect in ariver securing permits due to feet) may ca~se change in the predictingcap stability in this ~

environment. concern al>out cap now regime and loss of fish hydrodynamic environment.
stability. habitat. Contamin~ted sediment would

remain on site confticting with
DNR and MTCA preferenCe for

to' ;-, r, r\ 1\ 1-\
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Table 7-1 (continued)

Implementabllity (Is the option feasible?)
Technical Effectlvel1ess Adverse Impacts
(Does the option appear Relative Cost (Does tile option have ,

Options to have merit?) Loaistll:s· Reaulatorv (low, medium, high) significant adverse Impacts?) Comments
removal.

In Situ Thin Possible. Cap stability is Yes. Unknown. Concems Low. No. Additional study would likely be
layer Cap· suspect. are cap stability and required Ii> demonstrate that

effectiveness of enhanced natural recovery al
capping to enhance this site W>uld be effective.
natural recovery. Hydrodynemics of the site may

need to be modeled.

In Situ Inverted Yes. Effective if dept/l of Yes. If depth of Unknown. Uttle track Medium. No. logistics are significantly more
Cap contamination is knOWl to contamination is less record. . difficult than other capping

allow for design. than about 2to 3 feet. options pills contaminated
sediment would remain on the
site.

Confined Yes. No. location for CAD No. CAD sites in Elliott High. Yes. Navigation and fishing Costs to resign and construct a
Aquatic Disposal site would be difficult to Bay are difficult to access impacts. stable CAD site is high in Elliott

find. permit. Bay. locating an appropriate
site would be difficult.

Nearshore Yes. No. Noknown No. Difficult to permit Medium. Yes. lossol intertidal habitat It does not appear that this
Confined nearshore without an identified and/or navigation depths at the option is implementable at this
Disposal development JTojects nearshore NCO site. Fishing access time due Ii> a lack of nearshore

in the area that are development site. impacts. development projects within the
already approwd and next several years.
have accepta~e Ioog-
term liability 10 the
Panel

RCRA SubtiUe D Yes. Proven technology. Yes. Acceptability of Medium. $40- No. Most landills have good rail
landfill sediment based on S5G/cy. Includes transport. Bulk chemistry,

sediment testing tipping fee, rail TClP, Pant filter, and fish
results and negotiation transport from Sealtle bioassaysare required.
with landfill to landfill - Number of samples per voI~me

is project specific.
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Table 7-1 (continued)

Implementability (Is the option feasible?)
Technical Effectiveness Adverse Impacts
(Does the option apilear Relative Cost (Does the option have

Options to have merit?) Logistics Regulatory (low medium, hl!lh) significant adverse Impacts?) Comments
Arlington 'Yes. Proven technology. Yes. AcceptabHiy of High. $300 plus/cy No. Malerial dewatering and then
Hazardous sediment based on placement in sealed barrels or
Wasle Landfill sediment testing confined tnJckload. Haul and

results and negotiation dispose of barrels at Mington.
with landfill Use only fur PCB malerial >20

mgIKgDW.

Municipal 'Yes. Proven technology. No. Unknown Unknown. Unknown. No siles are currenlly identified.
Landfill Closure acceptabHiy. Negotiatio1s and feasibility
Material studies are needed to

implement

Miscellaneous Unknown. No. No. Unknown. Unknown. No sites are currenUy identified.
Upland Disposal Significant time would 00
Locations required to identify and then

permit \he facility.

Constructon Yes. Provided site No. Project specific No. Process would be Unknown. Project Unknown. Substantial study is required to
Backfill specific criteria are met. analyses required. intensive. specific. assure that disposal

procedure. are safe and
material does not trigger an
upland cleanup action. No on-
site land is identified as
available.

... '!,(-, r. ,\. , \ r\
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8.0 DEVELOPMENT AND SCREENING OF ALTERNATIVES

Following initial screening, the technology types and process options retained for soreening and
development ofalternatives are:

• No Aotion

• Excavation

* Mechanical Dredging

* Hydraulic Dredging

• Treatment

* Holnam Cement Plant (Thermal treatment)

• Upland Disposal

* RCRA Subtitle D Landfills
... Arlington Hazardous Waste Landfill (pCB hot spot sediments only)

The objective of this chapter is to assemble, screen, and develop alternatives that will undergo
detailed evaluation. These alternatives are assembled from all potential combinations of the
technologies and.process options that remain after initial screening in Chapter 7. After the
alternatives are assembled, a secondary screening is applied based on criteria of technical
effectiveness, implementabiJity, cost, and adverse impacts. A conceptual design is then.
developed for each remaining alternative in order to perform a detailed evaluation in Chapter 9.

8.1 ASSEMBLY OF ALTERNATIVES·

Utilizing the above technology and process options, the follo\\oing alternatives are assembled
which have potential for implementation and further evaluation:

• No action
• Mechanical dredging with upland disposal at RCRA Subtitle D Landfill

• Mechanical dredging with treatment at Holnam

• Hydraulic dredging with upland disposal at RCRA Subtitle D Landfill

• Hydraulic dredging with treatment at Holnam

The No Action alternative is carried forward to provide comparison with the other alternatives.
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8.2 SCREENING OF ALTERNATIVES

The individual handling, treatment, and disposal option components were screened in
ChApter 7.2 in order to eliminate those technologies ~d/or process options not considered
feasible. The next step is to evaluate the assembled alternatives against each other with respect
to the screening criteria below:

• Technical effectiveness. Will the alternative effectively cleanup the site?

• Implementability. Is the alternative clearly not pennittable or does it appear to have
significant difficulty in permitting? Does the site have significant logistical problems
for construction?

• Cost effective. What is the relative cost of each alternative? Alternatives with high
relative costs should be screened out.

• Adverse impacts. Alternatives that may cause significant (Le. not easily mitigated)
adverse impacts should be screened out.

8.2.1 PCB Hot Spot Removal

Sediments from the PCB hot spot at station 315 (19,000 mg/kg OC or 478 mg/kg DW) exceed the
TSCA criteria of SO mglkg DW; and will be treated as hazardous materials. They will be dredged
separately and disposed at Arlington Hazardous Waste landfill. Arlington could also be used for
sediments exceeding the upper PCB limit for Holnam (20 mg/kg), to avoid hauling sediments to
three different treatment/disposal locations. Rem9val and disposal of PCB hot spot sediments will
be treated as a distinct step that precedes the other cleanup options. Each alternative. except the No
Action alternative, will include PCB hot spot removal prior to proceeding with the remedial.action.
Confirrnational sampling will be performed to enSure all TSCA-regulated sediments have been
removed.

8.2.2 Alternative 1: No Action

Alternative 1 would not implement any remedial actions. The site would remain as is and no
institutional controls would be implemerited Although this alternative may not be technically
effective, it is being carriedforward as a basis for alternatives comparison.

8.2.3 Alternative 2: Mechanical Dredging with Upland Disposal at a Subtitle D
Landfill

Alternative 2 employs proven and accepted technologies. Permitting for this alternative would be
relatively straightforward and similar to all of the other alternatives. For small volumes,
mechanical dredging typically has a lower unit cost than hydraulic dredging. The main. reason
for the lower cost typically involves handling less water. Disposal costs are approximately the
same at any Subtitle D Landfill. PCB hot spot removal will occur before this alternative and will
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have the same costs for Alternatives 2 through 5. No significant adverse impacts are foreseen.
Based on the above, this alternative is carriedforward for detailed evaluation.

8.2.4 Alternative 3: Mechanical Dredging with 'Treatment at Holnam

Alternative 3 is similar to Alternative 2; the only difference is that contaminated sediment

(excluding the PCB hot spot sediments) will be transported to Rolnam, Inc., for treatment instead
of upland disposal. Treatment costs at Holnam are comparable to upland disposal costs, and
treatment of the contaminated sediments' will destroy the contaminants within the sediment.
Removal of the PCB hot spot will have the same costs as for Alternatives 2 through 5. No
significant adverse impacts are foreseen. Based on the above, this alternative is carried. forward
for detailed evaluation.

8.2.5 Alternative 4: Hydraulic Dredging with Upland Disposal at a Subtitle D
Landfill

Alternative 4 employs proven and accepted technologies. Permitting for this alternative would be
relatively straightforward and comparable to all of the other alternatives. For small volumes,
hydraulic dredging typically has a higher unit cost than mechanical dredging. The primary
reason for the cost difference is due to the fact that hydraulic dredging involves the movement of
large quantities of water, necessary to create a slurry to transport the dredged sediment. This
large quantity of water needs to be removed and treated before sediment disposal. Sediment
dewatering costs are typically significantly greater than for mechanical dredging.

There are two options for temporary storage and dewatering of the slurry. The first option is to
construct an upland storage/dewatering area, such as an enclosed diked area. The slurry would
be pumped into this area to allow settling of suspended solids and dewatering of the material.
Due to the intensiveness of upland activities and uses in this area, an upland site would be very
difficult to locate, permit, and construct adjacent to the dredging site. This first option is cost
prohibitive and would be difficult to implement. The second option would be to pump the slurry
into a barge. The slurry would be allowed to settle, then the supernatant water would be pumped
off the barge through some manner of filter system to prevent suspended sediment from being
discharged to the receiving water. After adequate dewatering, the sediment would be removed
from the barge and transported to the upland disposal site. Dewatering of hydraulically dredged
material will require more time than for mechanically dredged sediment. This option may be
~u:st effc\,;tive for this site.

Disposal costs are approximately the same at any Subtitle D Landfill. PCB hotspot removal will
occur before this alternative and will have the same costs for Alternatives 2 through 5. No
significant adverse impacts are foreseen. Based on the above reasons, this alternative, assuming
that a barge dewatering site is used, is carried forward for detailed evaluation.
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8.2.6 Alternative 5: Hydraulic Dredging with Treatment at Holnam

Alternative 5 is similar to Alternative 4; the only difference is that contaminated sediment
(excluding the PCB hot spot material) will be transported to Holnam Inc. for treatment instead of
upland disposal. This option may be feasible since Holnam can handle both wet and dry
material. Sediment would still need to be dewatered within the barge before treatment at
Hulrnun, but wuuld not require as much dewatering as needed for. upland disposal. Treatment
costs are comparable to upland disposal costs, and treatment of the contaminated sediment
destroys contaminants within the sediment. PCB hot spot removal will have the same cost for
Alternatives 2 through 5. No significant adverse impacts are foreseen. Based on the above
reasons, this alternative is carried forward for detailed evaluation.

(

8.3 DEVELOPMENT OF ALTERNATIVES

After screening of the alternatives, the evaluation indicates that all of the alternatives are feasible
and comparable with each other. No alternative has any criterion that fully eliminates it from

.further detailed evaluation. However. partial screening to eliminate an upland dewatering site
did occur with Alternatives 4 and 5. To prepare a detailed evaluation, it is first necessary to
provide a conceptual design for purposes ofevaluation and comparison against other alternatives.
The conceptual design must make many assumptions due to lack ofinfonnation on key issues..
Issues needing better definition include: location of upland staging area(s), equipment selection,
and specific permitting requirements. For this analysis, we have assumed the following:

• Upland sites within the Duwamish Waterway will be available for use as staging
areas and rehandling areas. Presently no upland sites have been identified for
construction use. There will be requirements for the upland sites such as easy access
to the Duwamish Waterway, ability to transfer equipment to and from the site, and
sufficient size to accommodate all operations. Typically, an existing dock would
allow the above. Other issues that would need to be resolved for the site include
indemnifying and holding harmless the owner of the site from potential claims, and
cleaning up the site to original conditions after the project was completed.

• Discharge ofeffluent water from the barge for the hydraulic dredging alternatives will
be allowed. During the design phase, elutriate testing will be required to detennine
the suitability of discharging effluent to the river. Due to the generally low
concentrations of contaminants, it is expected that this discharge will be allowed
without treating the supernatant (effluent). As discussed previously, the cost to
construct an upland dewatering site for hydraulic dredging is prohibitive, therefore
hydraulic dredging can feasibly occur only ifdewatering on the barge. is permitted.

• Fairly small equipment will be used for this project, either mechanical or hydraulic.
Smaller equipment will have lower mobilization cost. but will require more
construction time to complete the project. Access to the Norfolk site is limited both
by the downstream concrete bridge and by steep banks with medium to dense
vegetation cover on top of the bank.
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• For the alternatives with treatment at Holnam. it is assumed that dewatered material
will be trucked to the facility. This assumption is based on Holnam's preference for
trocked material. Holnam has existing facilities that could offload material from the
barge directly, which would result in significant cost savings. This issue should be
further explored with Holnam prior to detailed design. It is also assumed that the
material will be acceptable for use by Holnam. Preliminary evaluation (Appendix K)
indil;;alcs that the material will meet criteria for Holnam (Lahaie, 1996).

These assumptions allow us to complete an initial conceptual design for further detailed analyses.
The conceptual designs of alternatives are described below.

8.3.1 PCB Hot Spot Removal

All remedial alternatives (Alternatives 2, 3, 4, and 5) will require removal of the sediments at the
PCB hot spot (Station. 315) for disposal at the hazardous waste landfill at Arlington, Oregon. A
1994 survey of local RCRA Subtitle D municipal landfills showed that soils and sediments with
PCB concentrations greater than 50 mg/kg DW will not be accepted. The PCB concentration at
Station 315 was reported as 478 mglkg DW. Asswning a 50x50 foot area around the hotspot, and a
dredging depth of 3 foot (i.e., average 2-foot depth of contamination plus 1 foot overdredge), results
in a conservative estimate of 300 cubic yards for the total volume of sediments with PCB
contamination greater than 50 mg/kg.

Under all remedial alternatives discussed in the following subsectioIl5, this sediment would be re
moved prior to removing all other contaminated sediments. Sampling would be performed prior to
dredging to define the extent of the hot spot. The dredge would be located at Station 315 and sedi
ment to a depth of 3 feet would be removed from the site. Representative samples would be
collected and analyzed. Confinnational sampling would occur to ensure no sediments with· PCB
concentrations greater than 50 mg/kg remain. Additional sediment would be removed, as neces
sary. These sediments would be disposed of at the hazardous waste landfill in Arlington, Oregon.

This activity will be common to Alternatives 2. 3. 4. and 5. Projected costs are based on the
conservative estimate of 300 cubic yards to be removed..

8.3.2 Alternative 1:No Action

Under this alternative, no remedial action would occur. The site would remain as is- No
institutional controls would be implemented, no long-term monitoring would occur, and the PCB
hot spot would not be removed. Monitoring of the Norfolk CSO outfall as required for NPDES
permits or other programs would occur as nonnal. This alternative is carried forward for
comparative purposes.
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8.3.3 Alternative 2: Mechanical Dredging with Upland Disposal at a Subtitle 0
Landfill

Mechanical dredging is accomplished using a clamshell dredge from a floating. barge. Dredging
can take place using a crane with clamshell from the shore if the crane has sufficient reach· to
dredge the sediment. For this site, the area to be dredged is located on the east side of the
Duwami:sh River, which hl1lS limited Cll,;l,;e:s:s due tu i:1 I,;uvc::red walkway structur~, steep bank
slopes, and medium to dense vegetation cover. Therefore, dredging would be. most effective
from a floating barge.

Sediment will be excavated from the dredge footprint in a stair step manner (Figure 8-1).
Dredging equipment will make horizontal cuts into the sediment. Since the dredging area is on a
slope, these horizontal cuts wiU·run parallel along the shore to a designed depth and width. Cuts
shoreward or channelward will also be at various depths and widths depending upon bathymetry
and equipment reach. Typically, a contractor will lay out a grid in the plan view showing the
depth that the dredge will excavate to in individual areas (Figure 8-2). Because the dredge
cannot cut along a slope, the depth of material removed will vary from a minimum cut which is
at or below the bottom elevation of contamination (i.e., for this project, the minimUp.'l cut will be
approximately 2 feet thick), to a maximum cut which can be several feet thicker than the
minimum cut. The required depth of dredging is the minimum depth that will remove all
contaminated material. Because ofequipment tolerances, one foot of overdepth at a minimum is
required to ensure that all material above the required dredging cut is removed. The preliminary
volume to the required dredge cut line is approximately 6,000 cubic yards. However, the actual
volume that will be removed is based on the required dredge cut depth plus one foot of
overdepth. The preliminary total volume to be dredged for this project including one foot of
overdepth is approximately 7,200 cubic yards_ Using a 5% swell factor, the total bulked volume
of sediment is 7,600 cubic yards.

There is approximately 20 feet of clearance under the downstream bridge at Mean Lower Low
Water (MLLW). This is sufficient clearance to bring in some smaller dredge equipment. Larger
equipment may have to be transported upstream of the bridge via land and· then reinstalled onto
the barge. A 2 to 3 cubic yard clamshell bucket will most likely be used based on the small
volumes and shallow dredge cuts.

A second barge. will be used for disposal and will be tied up to the clamshell barge. After this
second barge is filled to capacity, it will be taken downstream to an undesignated upland
rehandling site.' The barge will be moved using both workboats ~d a tugboat. Upland site(s)
will need to be identified for either a staging area or rehandling/stockpiling area. The
supernatant water would be pumped out through a system of filters, if results ofelutriate testing
performed during the design phase are satisfactory. Sediment will then be offloaded to a
stockpile area, or rehandled directly into lined trucks, and hauled to the transfer station where rail
cars will be loaded. Stockpiling of the sediment may be necessary if further dewatering of the
sediment is required. Since there is a high percentage of coarse particles (i.e., sand) within the
dredge area, 'more complicated and expensive dewatering methods are not expected to be
required. After the material is rehandled'onto lined train cars, it will be transported to a fully
permitted Subtitle D Landfill for disposal.
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8.3.4 Alternative 3: Mechanical Dredging with Treatment at Holnam

This alternative would use the same dredging equipment as described· in Alternative 2. Although
Holnam has the capability to offload material· from barges, tiley prefer that material ~s brought in
by truck: Ifmaterial is transponed by truck,'a rehandling area (similar to Alternative 2) would be
required to transfer material from the barge to lined trucks. Stockpiling of the material for.
additional dewatering would not be necessary since Holnamcan accept relatively wet material.

8.3.5 Alternative 4: Hydraulic Dredging with Upland Disposal at a Subtitle D
Landfill

HydraUlic dredging involves entraining sediment and water into a slurry, to allow transport of the
sediment through a pipeline which discharges into a barge or upland Storage area. A typical
slurry concentration is approximately 15% solids by weight. Therefore, the amount of water
entrained is much greater than the amount of sediment dredged. Since access to this site is
limited, a fairly small sized hydraUlic dredge would likely be used. Since hydraulic dredging to
an upland' storage site was determined to be not feasible, discharge into a barge will be required.
The barge could be positioned downstream of the concrete bridge if clearance is a problem.
Clearance under the concrete bridge for a small hydraulic dredge is not a concern. As discussed
for Alternative 2, the dredging plan will be based on a stair step method. Sediment volumes
excavated by hydraulic dredging will.be approximately the. same as for mechanical dredging.

A typical barge used for hydraulic dredge discharge is a dumpscow. This barge has
compartments and drainage holes within to allow settling of the suspended sediments and
dewatering of the material. After the barge is filled to capacity with slurry (with no overflow),
the contractor would wait for the suspended sediment to settle.out. The supernatant water would
be pumped out through a system of filters, if results of elutriate testing performed during the
design phase are satisfactory. After the eflluent water is discharged, the sediment would be
stockpiled at the upland dewatering area for further dewatering, or rehandled directly into lined
trucks for transport to the transfer station for rail car loading. Since there is a high percentage of
coarse particles (i.e., sand) within the dredge area, more complicated and expensive dewatering
methods are not expected to be required. After the material is rehandled onto lined train cars, it
will be transported to a fully permitted Subtitle D Landfill for disposal. .

8.3.6 Alternative 5: Hydraulic Dredging with Treatment at Holnam

This alternative would use the same dredging and dewatering process as described in
Alternative 4. Material could be offloaded from the barge into lined trucks. Stockpiling of the
material for additional dewatering would not be necessary since Holnam can take relatively wet
material.
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9.0 DETAILED EVALUATION OF ALTERNATIVES

In Chapter 8.0, teohnology and prooess options were assembled into Alternatives and were
screened, using the threshold criteria of technical effectiveness, implementability, cost
effectiveness, and adverse impacts. In this chapter, the alternatives are evaluated in detail against
eight criteria presented in WAC 173-204-560(4)(f)(iii). These criteria include:

1. Overall protection of human health and the environment by eliminating, reducing, or
otherwise controlling risks posed through each exposure pathway and migration
route.

2. Compliance with cleanup standards and applicable federal, state, and loeallaws.

3. Short-tenn effectiveness, including protection of human health and the environment
during construction and implementation of the alternative.

4. Long-tenn effectiveness, including degree of certainty that the alternative will be
successful, long-tenn reliability, magnitude of residual human health and biological
risks, effectiveness of controls for ongoing discharges, management of treatment
residuals, and disposal site risks.

5. Ability to implement, including the potential for landowner cooperation, technical
feasibility, availability of disposal facilities, administrative and regulatory
requirements, monitoring requirements, access needs, operation and maintenance, and
integration with existing.operations.

6. Cost, including consideration of present and future direct and indirect capital,
operation and maintenance costs, and other foreseeable costs.

7. The degree to which community concerns are addressed.

8. The degree to which recycling, reuse, and waste minimization are employed.

This chapter concludes with a comparison of the alternatives and the selection of the preferred
alternative.

9.1 ALTERNATIVE 1: NO ACTION

The No Action alternative is included as a baseline alternative by which other alternatives can be
compared. Under this alternative, the site remains unchanged, and nothing is done to mitigate
existing impacts to human health .and the ~nviroDment. No source control measures are
implemented beyond those currently planned. In the absence of ongoing sources, gradual
improvement in the level of contamination at the site would be expected. This improvement
would occur through deposition of clean sediments, degradation 'of contaminants by chemical,
physical, and biological processes, and migration of contaminated sediments downstream and out
into Elliott Bay. It is not possible to determine a time frame for achieving remedial goals.
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9.1.1 Overall Protection of Human Health and the Environment

This alternative will not provide protection of human health and the enviromnent in a timely
manner because no remedial action would be performed.

9.1.2 Compliance with Cleanup Standards and Applicable Laws

This alternative does not comply with cleanup standards or applicable la'W;s since contamination
would remain exposed on site at concentrations above the minimum cleanup level for an
unacceptable time period. There would be no reduction of the threat to the environment.

9.1.3 Short-Term Effectiveness

Since there is no remedial action, short-term effectiveness does not apply.

9.1.4 Long-Term Effectiveness

Since no contamination in the sediments is removed, capped, or treated, the long-term risk would
remain essentially unchanged. Many of the contaminants (e.g., PCBs and mercury) are persistent
and are not expected to attenuate to acceptable levels.

9.1.5 Implementability

There are no actions to implement under this alternative.

9.1.6 Cost

There is no cost associated with this alternative.

9.1.7 Community Concerns

It is not possible to evaluate the community's concerns regarding this alternative WItil after the
public comment period. The public comment period will extend for a 30-day period during
which the public will be asked to provide their evaluation, advice, and. any concerns they have
regarding all potential alternatives.

9.1.8 Employment of Recycling, Reuse, and Waste Minimization

There is no use of recycling, reuse, or waste minimization practices in this alternative since no
remedial action would occur.
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9.2 ALTERNATIVE 2: MECHANICAL DREDGING WITH UPLAND DISPOSAL

Under this alternative, contaminated sediments would be removed using a mechanical clamshell
dredge located on a barge; dewatered in the barge or in lined, ·leak~tight trucks or rail cars;
stockpiled on an adjacent barge or at an upland location~ and transported to an appropriate
landfill. Some of the sediments may require disposal in a hazardous waste landfill, while most
sediments would be: di:sposcd uf in a Subtitle D municipal landfill. No long-term monitoring will
be required since all contamination will be removed from the site. Confirmational monitoring
and monitoring of the Norfolk outfall conducted under an NPDES permit would still be required.

9.2.1 Overall Protection of Human Health and the Environment

This alternative will provide protection of human health and the environment by removing all
contamination at levels greater than the SQS (or below SQS for PCBs) from the site. These
contaminated sediments would be I:elocated to an appropriate landfill, where they would be
isolated from human contact and would be contained in isolation from the environment.
Engineering controls would be instituted during the dredging and dewatering operation to ensure
dredged materials are properly contained and disposed of.

9.2.2 Compliance with Cleanup Standards and Applicable Laws

This alternative would comply with cleanup standards and all applicable laws. Water quality
permits would be obtained and measures would be implemented to ens-qre that water quality is
not degraded during dredging and dewatering operations. The dredged sediments would be

. placed in an appropriate, fully permitted landfill. All required permits would be obtained prior to
performing the remedial activities.

9.2.3 Short-Term Effectiveness

The dredge and upland rehandling sites would present a low risk to the public becau:se: the:re:
would be no access allowed to these areas. Since the sediments· would be transported by trucks
or rail cars to the landfill. there is a limited potential for public exposure to 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 procedures
would be required to protect workers during these operations.

Dredging of the sediments could create limited adverse water quality impacts at the dredging
site. Raising and lowering the clamshell bucket can cause sediment suspension and suspended
contaminants can be moved by river currents. thus spreading contamination. If this resuspension
and turbidity occurs at levels of concern, it could be controlled by. using special clamshell
buckets designed specifically to reduce releases of contaminated sediments, and/or by the use of
silt curtains or air curtains to limit the migration of suspended sediments. Because there is a high
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percentage of sand at the Norfolk site, the majority of suspended sediments would settle rapidly
at the project site, and these additional silt control measures may not be required.

9.2.4 Long-Term Effectiveness

All designated contaminated sediments would be removed from the site. Most contaminants
would be placed in a municipal landfill which confonns with RCRA Subtitle D. Some sediments

. may require disposal in a hazardous waste landfill. These landfills are designed to prevent
contaminants from leaching to the environment. These removal and disposal procedures ensure
long-term effectiveness of the remedy.

9.2.5 Implementability

This alternative is readily implementable. Mechanical dredging and accessory equipment is
available locally and is a reliable, proven technology. Permitsneed to be obtained; however, this
is a relatively straightforward process and the technology is accepted. Constraints atthe Norfolk
site' pose some potential logistical problems for a contractor. These constraints include an
exi$ting concrete bridge immediately downstream of the Norfolk site, steep banks on both sides
of the Duwamish River, medium to dense vegetative cover at the top of both banks, and an
existing covered walkway on the east bank of the site.

Clearance under the concrete bridge may pose problems during mobilization of equipment to the
site, and during transport of the barge to and from an upland rehandling site. Bridge, clearance is
approximately 20 feet at Mean Lower Low Water (MLLW). A typical barge that may be used
for this project draws approximately three to four feet when empty with a freeboard of
approximately eight to twelve feet. There should be sufficient bridge clearance for barge
movement, but would be dependent on draft of the barge and stage of the tide. The rest of the
dredging equipment, including crane and clamshell, would have difficulty in clearing the bridge
at higher tides but may clear the bridge at low tides. Another option is to mobilize the crane
upland and assemble the dredge upstream of the, bridge. An upland staging area would be
required to load the dredging equipment onto the barge.

Dredged sediment would be temporarily deposited into a second barge which would be offloaded
at an upland rehandling site (Le., possibly the same site as the staging area). Since the material
has a high percentage of sands, simple dewatering within the barge or in a temporary stockpile is
all the dewatering that i~ anticipated to be required. The dredged material would be transported
by truck or rail to an approved Subtitle D Landfill. There are two landfills in the region which
have rail access and accept these sediments: Roosevelt Regional Landfill (Klickitat County,
Washington) and Oregon Waste Systems Columbia Ridge Landfill and Recycling Center
(A:dington, Oregon).

PCB material that is regulated undet TSCA (>50 mg/kg) will be handled separat~ly from the rest
of the sediment. This material will be dredged, dewatered, and containerized for transport to the
Oregon Waste Systems.Columbia Ridge Hazardous Waste Landfill, Arlington, Oregon.

Page 9-4

'-

I
,.",



9.2.6 Cost

The estimated cost for this alternative is $891,500. This preliminary cost estimate is detailed in
Ta.ble 9-L

9.2.7 Community Coneorna

It is not possible to evaluate the community.'s concerns regarding this alternative Wltil after the
public comment period. The public comment period will extend for a 30-day period during
which the public will be asked to proyide their evaluation, advice, and any concerns they have
regarding all potential alternatives;

9.2.8 Employment of Recycling, Reuse, and Waste Minimization

There is no use of recycling, reuse, or waste minimization practices in this alternative since all
dredged sediments would be landfilled.

9.3 ALTERNATIVE 3: MECHANICAL DREDGING WITH TREATMENT AT
. HOLNAM

Under this alternative, contaminated sediments would be removed using amechanical clamshell
dredge located on a barge; dewatered and stockpiled either on an adjacent barge or at an upland
location; and transported to ail appropriate treatment facility. As discussed in Chapter 7.0, the
only identified feasible treatment facility is Holnam, Inc. in Seattle. Holnam can use
contaminated soils or sediments as raw material in their cement m~ufacturing process.
Sediments with PCB concentrations greater than approximately 20 mg/kg DW are not accepted
at Holnam and would require disposal in an appropriate landfill.

9.3.1 Overall Protection of Human Health and the Environment

This alternative will provide protection to human health and the environment by removing all
contamination at levels greater than the SQS (or below SQS for PCBs) from the site. These
contaminated sediments would be used as raw materials in the production of cement. Any
contaminated sediments that could not be treated due to high levels of PCBs would be disposed
of at anappropriatt: landfill. Engineering controls would be insrtmted during the dredging and

.dewatering operation to ensure all dredged material and water is properly contained and diSpOsed
of.

9.3.2 Compliance with Cleanup Standards and Applicable Laws

Thisaltemative would comply with the cleanup standards and all applicable laws. Water quality
permits would be obtained and measures would be implemented to ensure that water quality is
not degraded during dredging and dewatering operations.
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Table 9·1
ALTERNATIVE 2COST ESTIMATE

MECHANICAL DREDGING WITH UPLAND DISPOSAL
Unit

Category Quantitv Unit Cost Cost

Preconstruction
Mobilization/Demobilization 1 ,LS $15,000.00 $10,000
Pre and Post Dredge Surveys 2 EA $2,000.00 $4,000

Upland Dewatering/Stockpile Area <1> 1 LS $25,000.00 $25,000

Contaminated Sediment Dredge,
Haul and Dispose

Mechanical Dredging <2> 6,900 CY $9.10 $62,790
Offload from Barge e,900 cy $3.70 $25,530
Rehandle into Trucks 6,900 CY $1.50 $10,350

Subtitle DLandfill Disposal
Truck &Rail TranspOrt, Tipping Fees 6,900 CY $45.00 $310,500

Hazardous Sediment Dredge,
Haul and Dispose

Mech. Dredging (Closed-Bucket) 300 CY $17.60 $5,280
Offload and Rehandling 300 CY $9.30 $2,790
Water CollectlonlTreatment <3> 1 ' LS $15,000.00 $15,000
Disposal at Landfill 300 CY $300.00 $90,000

Dredge S~e Monitoring
Bathymetric Surveys 1 EA $2,000.00 $2,000
Water Quality Sampling 1 LS $3,600.00 $3,600.00
Post-Dredge Sediment SElTlpling 1 LS $17,600.00 $17,600.00

Cost Subtotal $589,440

Bonding, Taxes 1 EA 10% $58,944

Profit 1 EA 10% $64,838

Contingency 1 EA 25% $178.306

TOTAL ESTIMATED COST $891,528

1, The lump sum estimated cosl is for comparisoo purposes only. Actual cost to construct the upland dewatering/stockpile facility is dependent on
2, Assumes water will be able to be discharged directly into Duwamish River wi1h only filtration and no treatment.
3, The lump sum estimated cost is for comparison purposes only. Actual cost to construct the water collection system and treatment of water dep

LS= Lump Sum
EA =Each
CY= Cubic Yards, based on in-situ volume
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9.3.3 Short-Term Effectiveness

The dredge and upland rehandling sites would present a low risk to the public because there would
he no access to these areas_ Since the sediments would be trarliPorted by trucks or rail cars to the
landfill, there is a potential for public exposure to 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 procedures would be required to
protect workers during these operations.

Dredging oftlie sediments could create limited adverse water· quality impacts at the dredging site.
Raising and lowering the clamshell bucket can cause sediment suspension and suspended
contaminants can be moved by river currents, thus spreading contamination. If this resuspension
and turbidity occurs at levels of concern, it could be controlled by using special clamshell buckets
designed specifically to reduce releases of contaminated sediments, and/or by the use ofsilt curtains
or air curtains to limit the migration of suspended sediments. Because there is a high percentage of
sand at the Norfolk site, the majority of suspended sediments would settle rapidly at the project site
and these additional silt control measW'es may not be required.

9.3.4 Long-Term Effectiveness

This alternative would be effective in the long-term because all designated contaminated
sediments would be removed from the site. Sediments with PCB concentrations greater than
50 mg/kg DW would be transported to the hazardous waste landfill in Arlington, Oregon for
proper disposaL Sediments with PCB concentration between 20 mg/kg and 50 mg/kg would be
transported and disposed of at a Subtitle D landfill. All other sediments would be transported to
Holnam,Inc., Seattle; thermally treated in a cement kiln; and residuals incorporated into a
cement matrix where they will be permanently isolated from the environment.

9.3.5 Implementability

This alternative is readily implementable. Mechanical dredging 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. These constraints include an existing concrete bridge
immediately downstream of the Norfolk site; steep banks on both sides of the Duwamish River,
medium to dense vegetative cover at the top ofboth banks, and an existing covered walkway on the
east bank of the site.

Clearance under the concrete bridge may pose problems during mobilization of equipment to the
site, and during transport of the barge to and from an upland rehandling site. Bridge clearance is
approximately 20 feet at MLLW. A typical barge that may be used for this project draws
approximately three to four feet when empty with a freeboard of approximately eight to twelve feet.
There should be sufficient bridge clearance for barge movement, but would be dependen,t on vessel
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draft and the stage of the tide. The rest of the dredging equipment, including crane and clamshell,
would have difficulty in clearing the bridge at higher tides but may clear the bridge at low tides.
Another option is to mobilize the crane upland and assemble the plant upstream of the bridge. An
upland staging area would be required to load the dredging equipment onto the barge.

Dredged sediment would be temporarily deposited into a second barge which would be offloaded at
an upland rehandling :site (i.e., po:s:sibly the :S'lIl1e site:: as the:: staging area). The dredged material
would be transported by truck to Holnam for treatment. Alternatively, the barge could be hauled
directly to the Holnam dock and the sediment handled directly from the barge. However, Rolnam
has expressed a preference that material be transported to the site by truck rather than across its
dock. Additionally, the storage area for sediments is limited at Holnam. Depending on dredging
rates and total volumes, Holnam may not be able to fully accommodate all of the dredged
sediments. Holnam's ability to process the sediments will be determined during the design phase
of this project.

PCB material that is regulated under TSCA (>50 mglkg) will be handled separately from the restof
the sediment. This material will be dredged, dewatered, and containerized for transport to the
Oregon Waste Systems Columbia Ridge Hazardous Waste Landfill, Arlington, Oregon.

9.3.6 Cost

The estimated cost for this alternative is $891,500. This preliminary co~t estimate is detailed in
Table 9-2. PCB material between 20 to 50 mglkg will need to be transported and disposed at a
Subtitle D landfill. Because the volume of this material is Wlknown and the projected disposal cost
is about equal to Holnam disposal, there is no separate cost figure included in the budget.

9.3.7 Community Concerns

It is not possible to evaluate the community's concerns regarding this alternative until after the
public comment period. The public comment period will extend for a 3D-day period during which·
the public will be asked to provide their evaluation, advice, and any concerns they have regarding
all potential alternatives.

9.3.8 Employment of Recycling, Reuse, ~nd Waste Minimization

This alternative would treat all organic contaminants by thennal means and would recycle and
immobilize all residuals by incorporating them in cement. .Some sediments may have unacceptably
high concentrations of PCB which could not be treated at Ralnam. These sedimeJ;lts would be
disposed of in an ap~ropriatelandfill.
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Table 9-2
ALTERNATIVE 3 COST ESTIMATE

MECHANICAL DREDGING WITH-TREATMENT AT HOLNAM
Unit

Cateaory Quantity Unit Cost Cost

Preconstruction
Mobilization/Demobilization 1 LS $15,000.00 $15,000
Pre and Post Dredge Surveys 2 EA $2,000.00 $4,000

Upland Dewatering/Stockpile Area <1> 1 LS $25,000.00 $25,000

Contaminated Sediment Dredge,
Haul and Dispose

Mechanical Dredging <2> 6,900 CY $9.10 $62,790
Offload from Barge 6,900 CY $3.70 $25,530
Rehandle irito Trucks 6,900 CY $1.50 $10,350

Holnam Inc. Thermal Treatment
Includes truck transport <3> 6,900 CY $45.00 $310,500

Hazardous sediment Dredge,
Haul and Dispose

Mech. Dredging (Closed Bucket) 300 CY $17.60 $5,280
Offload and Rehandling 300 CY $9.30 $2,790
Water ColiectionlTreatment <3> 1 LS $15,000.00 $15,000
Disposal at Landfill 300 CY $300.00 $90,000

Dredge Site Monitoring
Bathymetric Surveys 1 EA $2,000.00 $2,000
Water Quality Sampling 1 LS $3,600.00 $3,600.00
Post-Dredge Sediment Sampling 1 LS $17,600.00 $17,600.00

Cost Subtotal $589,440

Bonding, Taxes 10% $58,944

Profit 10% $64,838

Contingency 25% $178,306

TOTAL ESTIMATED COST $891,528

1. Tile lump sum estimated cost is for comparison purposes only. Actual cost to construct the upland
dewatering/stockpile facility is dependent on size, type of barrier, etc.
2. Assumes water will be able to be discharged directly into Duwamish River with only filtration and no
treatment.
3. For purposes of estimating cost, it is assumed that the material to be treated at Holnam will be
trucked no the facmty.
4. The lump sum estimated coat i3 for c~pari8on pUrposo3 only. Actual C03t U; con3truct the water
collection system and treatment of water depends on contractor operations and agency requirements.

LS =Lump Sum
EA= Each
CY= Cubic Yards, based on in-situ volume
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9.4 ALTERNATIVE 4: HYDRAULIC DREDGING WITH UPLAND DISPOSAL

Under this alternative, contaminated sediments would be removed using a hydraulic· dredge; de
watered in an adjacent barge; transferred from the barge to lined, leak-tight trucks or rail cars; and
transported to. an appropriate landfill. Some of the sediments may require disposal in a hazardous
waste landfill, while most sediments could be disposed of in a Subtitle D municipal landfill.

9.4.1 Overall Protection of Human Health and the Environment

This alternative will provide protection of human health and the environment by removing all
contamination at levels greater than the SQS (or below SQS for PCBs) from the site. These
contaminated sediments would be relocated\to an appropriate landfill, where they would be
isolated from human contact and would be contained from the environment. Engineering controls
would be instituted during dredging and dewatering operations to ensure dredged material and
water are properly contained and disposed of.

9.4.2 Compliance with Cleanup Standards and Applicable Laws

This alternative would comply with cleanup standards and all applicable laws. Water quality
permits would be obtained and measures would be. implemented to ensure that water quality is
not degraded during dredging and dewatering operations. The dredged sediments would be
placed in an appropriate, fully permitted landfill. All required permits would be obtained prior to
performing the remedial activities.

9.4.3 Short-Term Effectiveness

The dredge and barge storage areas would present a low risk to the public because there would be
no access to these areas. During the hydraulic dredging and barge disposal operation, the sedi
ments would be contained inside discharge pipes or within the barge. Discharge of water from
the barge would be monitored dwing construction. Due to the generally low concentrations of
contaminants in the sediments, it is expected that the water quality will be sufficient that it can be
discharged directly to the river. If water quality requirements established during remedial design
were not met at the discharge location~ operations would be modified as 'provided for in remedial
design so that discharges would meet the requirements.

Since the sediments would be transported by trucks from the rehandling area to the transfer station,
there is limited potential for public exposure to the sediment by leakage or traffic accidents during
transport. There is high risk for possible direct sediment contact by workers, especially during re
handling from the barge to trucks and during rehandling from a temporary stockpile/dewatering site
to trucks. Health arid safety procedures would be required to protect workers.

Hydraulic dredging of the sediments would create limited adverse water quality impacts at the
dredging site. The entrainment of water and s~diment to create the slurry can cause sediment
suspension and suspended contaminants can be moved by river currents, thus spreading contami-
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nation. Hydraulic dredging typically causes less suspension of sediments than mechanical
dredging. Because there is a high percentage of sand at the Norfolk site, the majority of sus
pended sediments would settle rapidly at the project site.

9.4.4 Long-Term Effectiveness

This alternative would be effective in the long-tenn because all designated contaminated sediments
would be removed from the site. The sediments would be placed in a municipal landfill which con
fonus with Subtitle D of RCRA. This will contain and isolate contaminants from leaching out of
the sediments to the environment.

9.4.5Implementability

This alternative is implementable. Hydraulic dredging equipment is available locally and is a
reliable, proven technology. Permits need to be obtained; however, this is a relatively
straightforward process and the technology is acc~pted. Constraints at the Norfolk site pose
some potential logistical problems for a contractor. These constraints include an existing
concrete bridge immediately downstream of the Norfolk site, steep banks on both sides of the
Duwamish River, and private property which is generally unavailable for use in staging
operations.

Clearance under the concrete bridge may pose problems during mobilization of equipment to the
site, namely the hydraulic dredge and barges. .Bridge clearance is approximately 20 feet at
MLLW. A typical barge that may be used for this project draws approximately three to four feet
when empty with a freeboard of approximately eight to twelve feet. There should be sufficient
bridge clearance for barge movement. A smaller hydraulic dredge would not have difficulty in
clearing the bridge at lower tides. An upland staging and dewatering ~ea adjacent to the dredge
area for equipment mobilization would probably not be required for this alternative.

The logistics involved with hydraulic dredging are significant. Hydraulic dredging incorporates
a large volume of water compared to the volume of sediment removed. Typically, discharge
from hydraulic dredging is into large diked areas on adjacent uplands that is designed for
suspended sediment settling and dewatering. Adjacent upland areas are not available for this
project. Therefore, this analysis evaluates' the possibility of using barges to achieve settling and
dewatering. However, using barges for suspended sediment settling and dewatering is not
typically done.

As envisioned, the sediment slurry would be pumped into a barge. No overflow of the barge
would be allowed. Once filled to capacity, the slurry would be allowed to settle. Because the
majority of the sediment is sand, the time required for suspended sediment settling would be
relatively short, probably within several hours. The hydraulic dredge could sit idle while
'sediment was dewatering within the barge. The in situ sediment average production rate for the
hydraulic dredge will probably be significantly less than the mechanical dredge due to using
barges as dewatering facilities. If the maximum production rate was. desired, multiple
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dewatering barges would be required. Using either approach, idle dredge or multiple barges,
would significantly increase the cost of the operation. Discharge of supernatant water from the
barge could be accomplished by allowing the water to pass through hay bales or pumping the
water tluough a filter system which would remove suspended sediments from the water. Due to
the generally low concentrations of contaminants in the sediments, this is expected to be
sufficient treatnient. The dewatered dredged material would be transported by truck or rail to an
approved Subtitle D Landfill. ~ere are two landfills in the region which have rail access and
accept these sediments: Roosevelt Regional Landfill (Klickitat County, Washington) and
Oregon Waste Systems Columbia Ridge Landfill and Recycling Center (Arlington, Oregon).

PCB material that is regulated under TSCA (>50 mglkg) will be handled separately from the rest
of the sediment. This material would need to be removed using mechanical dredging equipment.
Hydraulic'dredging would require the use of a separate barge for storage and dewatering plus
collection, testing, and treatment of large amounts of water. TSCA-regulated material will be
dredged, ·dewatered, and containerized for transport to the Oregon Waste Systems Columbia
Ridge Hazardous Waste Landfill, Arlington, Oregon.

The logistical diffil;u1ties of dewatering associated with hydraulic dredging would increase the
time to complete the project and increase the total cost ofconstruction, making this alternative
undesirable.

9.4.6 Cost

The estimated cost for this alternative is $1,028,500. This preliminary cost estimate is detailed in
Table 9-3.

9.4.7 Community Concerns

It is not possible to evaluate the community's concerns regarding this alternative until after the
public comment period. The public comment period -will extend for a 30-day period during
which the public will be asked to provide their evaluation, advice, and any concerns they have
regarding all potential alternatives.

19.4.8 Employment of Recycling, Reuse, and Waste Minimization

There is no use of recycling, reuse, or waste minimization practices in this alternative,' since all
dredged sediments would be landfilled.
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Table 9·3
ALTERNATIVE 4COST ESTIMATE

HYDRAULIC DREDGING WITH UPLAND DISPOSAL
Unit

Category Quantitv Unit Cost Cost

Preconsfruction
MobilizationJDemobilization 1 LS S30,000.00 S30,000
Pre and Post Dredge Surveys 2 EA $2,000.00 $4,000

Upland Dewatering/Stockpile Area <1 > 1 LS $2s.o00.00 $25,000

Contaminated Sediment Dredge,
Dewater, Haul and Dispose

Hydraulic Dredging &Dewatering 6,900 CY $18.00 $124,200
Offload from Barge £,900 CY $4.70 $32,430
Rehandle into Trucks 6,900 CY $1.50 $10,350

Subtitle DLandfill Disposal
Truck &Rail Transport, Tipping Fees 6,900 CY $45.00 $310,500

Hazardous Sediment Dredge.
Dewater, Haul and Dispose

Mech. Dredging (Closed Bucket) 300 CY $17.60 $5,280
Offload and Rehandle 300 CY $9.30 $2,790,
Water CoilectionlTreatment <2> 1 LS $15,000.00 $15,000
Disposal at Landfill 300 CY $300.00 $90,000

Dredge Site Monitoring
Bathymetric Surveys 1 EA $2,000.00 $2,000
Water Quality Sampling 1 LS $10,800.00 $10,800.00
Post-Dredge Sediment Sampling 1 LS $17,600.00 $17,600.00

Cost Subtotal $679,950

Bonding, Taxes 1 EA 10% $67,995

Profit 1 EA 10% $74,795

Contingency 1 EA 25% $205.685

TOTAL ESTIMATED COST $1,028,424

1. The lump sum estimated cost is for comparison purposes only. Actual cost to construct the upland dewatering/stockpile facility is
type of barrier, e1c,
2. Assumes water will be ,able to be discharged directly into Duwamish River with only filtration and no treatment. ,
3. The lump sum estimated cost is for comparison purposes only. 'Actual cost to construct the water collection system and trealmsn
water depends on contractor operations and agency requirements.

LS= Lump Sum
EA=Each
CY=Cubic Yards. based on in-situ volume
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9.5 ALTERNATIVE 5: HYDRAULIC DREDGING WITH TREATMENT AT HOLNAM

Under this alternative, contaminated sediments would be removed using a hydraulic dredge, (
dewatered, and transported to an appropriate treatment facility. 'As discussed in Chapter 7.0, the
only feasible treatment facility is Holnam, Inc. in Seattle. Holnam can use contaminated soils or
sediments as raw material in their cement manufacturing process. Sediments with PCB
concentrations greater than approximately 20 mglkg are not accepted at Holnam and would
require disposal in an appropriate landfill. (

9.5.1 Overall Protection of Human Health and the Environment

This alternative will provide protection to human health and the environment by removing all
contamination at levels greater than the SQS (or below SQS for PCBs) from the site. These
contaminated sediments would be used in the production of cement and therefore the contaminants
would be destroyed and/or immobilized. Any contaminated sediments that could not be treated due
to high levels of PCBs would be transported to an appropriate landfill. Engineering controls would
be instituted during dredging and dewatering operations to ensure dredged material and water is
properly contained and disposed of. .

'"!

'-

9.5.2 Compliance with Cleanup Standards and Applicable Laws

This alternative would comply with the cleanup standards and all applicable laws. Water quality
permits would be obtained and measures would be implemented to ensure that water quality is <:
not degraded during dredging operations.

9.5.3 Short-Term Effectiveness

The dredge and barge storage areas would present a low risk to the public because there would be
no access to these areas. During the hydraulic dredging and barge disposal operation, the sediments
would be contained inside discharge pipes or within the barge. Discharge of water from the barge
would be monitored during construction. Due to the. generally low concentrations of contaminants
in the sediments, it is expected that the water quality will be sufficient that it can be discharged di
rectly to the river. Ifwater quality requirements established during remedial design were not met at
the discharge location, operations would be modified so that discharges would meet the
requirements.

Since the sediments would probably be transported by trucks from the barge to Holnam, there is
limited potential for public exposure to the sediment by leakage or traffic accidents during
transport. There is high risk for possible direct sediment contact by workers, especially during
rehandling from the barge to trucks. Health and safety procedures would be required to protect
workers. .

Hydraulic dredging of the sediments would create limited adverse water qualitY impacts at the
dredging site. The entrainment of water and sediment to create the slurry can cause se.diment
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suspension and suspended contaminants can be moved by river currents, thus spreading
contamination. Hydraulic dredging typically causes Jess suspeI).Sion of sediments than
mechanical dredging. Because there is a high percentage of sand at the Norfolk site, the majority
uf :>u:spcndcd :>cdimcnL:> wuuld :>ctLlc rapidly bCl~k in the pruje~t :>iLc.

9.5.4 Long-Term Effectivene~~

This alternative would be effective in the long-tenn because all known contaminated sediments
would be removed from the site. Sediments with PCB concentrations greater than 50 mglkg DW
would be transported to the hazardous waste landfill in Arlington, Oregon for proper disposal.
Sediments with PCB concentrations between '20 mg/kg and 50 mg/kg would be transported to a
RCRA Subtitle D landfill. All other sediments would be transported to Holnam, Inc., Seattle;
thermally treated in a cement kiln; and residuals· incorporated into a cement matrix where they will
be permanently isolated from the environment.

9.5.5 Implementability

This alternative is implementable. Hydraulic dredging equipment is available locally and is a
reliable and proven technology. Pennits 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. These constraints include an existing
concrete bridge immediately dovrnstream of the Norfolk site; steep banks on both sides of the
Duwamish River; and private property that is generally unavailable for use in staging operations.

Clearance WIder the concrete bridge may pose problems during mobilization of equipment to the
site. Bridge clearance is approximately 20 feet at MLLW. A typical barge that may be used for
this project draws approximately three to four feet when empty with a freeboard of
approximately eight to twelve feet. There should be sufficient bridge clearance for barge
movement. A smaller hydraulic dredge would not have difficulty in clearing the bridge at lower
tides. An upland staging area adjacent to the dredge area for equipment mobilization would
probably not be required for this alternative.

The logistics involved with hydraulic dredging are significant. Hydraulic dredging incorporates
a large volume of water compared to the volume of sediment removed. In order to offload the
sediment from the barge, the water would first need to be discharged. Because the majority of
the sediment is sand, the time required for suspended sediment settling would be relatively short,
probably within several hours.

The hydraulic dredge could sit idle while sediment was dewatering within the barge. The in-situ
sediment average production rate for the hydraulic dredge will probably be significantly less than
the mechanical dredge due to using· barges as dewatering facilities. If the maximum production
rate was desired, multiple dewatering barges would be required. Using either approach, idle'
dredge or multiple barges, would significantly increase the cost of the operation. Discharge of
supernatant water from the barge would be accomplished by allowing. the water to pass through
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hay bales, or pumping the water through a filter system which would remove suspended
sediments from the water. Due to the generally low concentrations of contaminants in the
sediments, this is expected to be sufficient treatment. The material would be allowed to dewater
within dle barge before it Wi15 offiol:ll1cd via crane into lined trucks. Since the material has a high
percentage of sands, simple dewatering within the barge is the only dewatering th\lt is anticipated
to be required. The dredged material would be transported by truck to Holnam for treatment.
Alternatively, the barge could be hauled directly to the Holnam dock and the sediment handled
directly from the barge. However, Holnam prefers that material be transported to the site by
truck. It is possible that the volumes of sediment would be greater than Holnam may require. It
will not be possible to estimate their requirements until the design phase.

PCB material that is regulated under TSCA (>50 mg/kg) will be handled separately from the rest
of the sediment. This material would be discharged into a separate .barge for storage and
dewatering. The supernatant water may need to be treated as wastewater discharge before being
returned to the Duwamish Waterway. TSCA-regulated material will be dredged, dewatered, and
containerized for transport to· the Oregon Waste Systems Columbia Ridge Hazardous Waste
Landfill, Arlington, Oregon.

The logistical difficulties of dewatering associated with hydraulic dredging would increase the
time to complete the project and increase the total cost of construction, making this alternative
undesirable. '

9.5.6 Cost

The estimated cost for this alternative is $1,028,500. This preliminary cost estimate is detailed in
Table 9-4. PCB material between 20 to 50 mg/kg will need to be transported and disposed at a
Subtitle D landfill. Because the volume of this material is unknown and the projected disposal
cost is about equal to Rolnam disposal, there is no separate cost figure included in the budget.

9.5.7 Community Concerns

(

--

(:..

It is not possible to evaluate the community's concerns regarding this alternative until after the '~

public comment period. The public comment period will extend for a 30-day period during
which the public will be asked to provide their evaluation, advice, and any concerns they have
regarding all potential alternatives.

c
9.5.8 Employment of Recycling, Reuse, and Waste Minimization .

This alternative treats all organic contaminants by thermal means and would recyc:le all residuals
by incorporating them in cement.

(
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Table 9-4
ALTERNATIVE 5COST ESTIMATE

HYDRAULIC DREDGING WITH TREATMENT AT HOLNAM
Unit

Category Quantity Unit Cost Cost

Preconstructlon
Mobilization/Demobilization 1 LS $30,000.00 $30,000
Pre. and Post Dredge Surveys 2 EA $2,000.00 $4,000

Upland Dewatering/Stockpile Area·<1 > 1 LS $25,000.00 $25,000

Contaminated Sediment Dredge.
Dewater, Haul and Dispose

Hydraulic Dredging & Dewatering 6,900 Cy $18.00 $124.200
Offload from Barge 6,900 CY $4.70 $32,430
Rehandle into Trucks 6,900 CY $1.50 $10,350

Holnam Inc. Thermal Treatment
Includes Truck Transport <2> 6,900 CY. $45.00 . $310.500

Hazardous Sediment Dredge,
Dewater. Haul and Dispose

Mech. Dredging (Closed Bucket) 300 CY $17.60 $5,280
Offload and Rehandle 300 Cy $9.30 $2,790
Water Collectionrrreatment <3> 1 LS $15.000.00 ' $15,000
Disposal at Landfill .300 CY $300.00 $90.000

Dredge Site Monitoring
Bathymetric Surveys 1 EA $2,000.00 $2.000
Water Quality Sampling 1 LS $10.800.00 $10.800.00
Post-Dredge Sediment Sampling 1 LS $17,600.00 $17,600.00.

Cost Subtotal $679,950

13onding, Taxes 1 EA 10% $67,995

Profit 1 EA 10% $74,795

Contingency 1 EA 25% $205,685

TOTAL ESTIMATED COST $1,028,424

1. The lump sum estimated cost is for comparison purposes only. Actual cost to construe! upland dewatering/stockpile facility is dependent on size
2. For purposes of estimating cost. it is assumed that the material to be treated -at Holnam will be transported to Holnam by truck.
3. The lump sum estimated cost is for comparison PUIPOses only. Actual cost to construe! the water collection system and treatment
of water depends on contractor operations and agency requirements.

LS =Lump Sum
EA= Each
CY= Cubic Yards, based on in-situ volume
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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

Page 9-21



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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