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AGENCY REVIEW DRAFT

TECHNICAL MEMORANDUM NO. 5:
REMEDIAL ALTERNATIVESDEVELOPMENT & EVALUATION
SITE WIDE FEASIBILITY STUDY
PSC Georgetown Facility
Seattle, Washington

1.0 PURPOSE AND SCOPE

This Technical Memorandum has been prepared to document work completed to date for the
revised Site Wide Feasibility Study (SWFS) for the Philip Services Corporation (PSC)
Georgetown facility." This SWFS is intended to meet corrective action provisions of the PSC
Georgetown facility RCRA Part B Permit and the requirements of the MTCA. The Permit, as
issued under the authority of the Washington State Department of Ecology (Ecology), covers the
regulated areas of the former PSC facility operations. PSC closed these areas (and all dangerous
waste operations within these areas) in August 2003 under a closure plan approved by Ecology.

At that time, all dangerous waste operations at the facility ceased.

During 2003 and 2004, PSC implemented an hydraulic control interim measure (HCIM). The
HCIM involved construction of a subsurface barrier wall keyed into the aquitard underlying the
facility and a groundwater pump-and-treat system designed to maintain an inward gradient to
contain contaminated groundwater beneath the facility and adjacent properties. Implementation
of the HCIM required PSC to purchase the TASCO property and adjoining railroad spur, and to
acquire easements on two other properties adjacent to the facility (the Stone-Drew/Ashe & Jones

! Throughout this memorandum, the term “facility” is used to refer to the former Resource Conservation and
Recovery Act (RCRA) dangerous waste operations located at 734 South Lucile Street, owned and operated by PSC.
The term “corrective action facility” may also include certain properties adjacent to the former dangerous waste
facility property that were acquired by PSC following closure of the dangerous waste operations in August 2003
[e.g., adjacent property to the northwest formerly owned by The Amalgamated Sugar Company (TASCO) that was
impacted by historical releases from the PSC facility]. The facility RCRA Part B permit (Permit) requires PSC to
perform corrective action beyond the boundaries of the permitted facility to address such releases. The Washington
Model Toxics Control Act (MTCA) regulations, Chapter 173-340 WAC, also require PSC to perform cleanup
actions to address releases from the facility at “any site or area where a hazardous substance has been deposited,
stored, disposed of, or placed, or otherwise come to be located” (see WAC 173-340-200). For purposes of this
Technical Memorandum, the term “Site” includes both the facility and other areas (e.g., TASCO) that have been
affected by releases that occurred at the facility.

J:\8770.000 PSC GT\048\TM-5-Agency-tDraft-Sec-1-to-7-ver-11_Sx.doc 1
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[SAD] property and the Aronson property). The HCIM has proven effective in providing

hydraulic control of contaminated groundwater in these areas of the facility.

The Permit requires that the SWFS address all areas affected by releases from the facility. The
area addressed by the SWES (i.e., the SWFS Area) includes the properties currently owned by
PSC (the facility and the adjacent TASCO property), portions of properties adjacent to the PSC
properties (Union Pacific Railroad [UPRR], Aronson, and SAD properties), and the contiguous
areas affected by releases from the facility extending downgradient (west) to Fourth Avenue
South (Figure 1-1). The area affected by facility releases has been defined in the RI Report and
subsequent Addenda (PSC, 2003, 2004a, 2004b, 2004c, 2004d). After the RI Report was
completed, additional releases to soil and groundwater from non-PSC sources were identified
downgradient from the facility, near Fourth Avenue South. The specific chemicals released in
these downgradient areas include many of the facility COCs. These downgradient releases have
resulted in an area of comingled releases that extend from approximately Fourth Avenue South
to the Duwamish Waterway. Due to the presence of these downgradient source areas and the
complexity of dealing with impacted groundwater from multiple sources, the scope of the SWFS
has been limited, with Ecology concurrence, to the SWFS Area. Remedial action for the area

downgradient from Fourth Avenue South will be addressed separately.

In response to comments received from Ecology on the initial draft SWFS report, PSC and
Ecology have agreed to use a collaborative, phased process in preparing the revised draft SWFS
report to ensure consensus among PSC, Ecology, and other interested parties on key issues that
affect the SWFS. During this process, PSC has developed the five separate Technical
Memoranda addressing the topics listed below to satisfy Permit and MTCA requirements for the
complete SWFS:

1. Cleanup Levels, Constituents of Concern, Point of Compliance, Fate and Transport
Modeling, and Corrective Action Schedule (Geomatrix, 2006a);

2. Remediation Areas (Geomatrix, 2006b);

3. Inhalation Pathway Interim Measure (Pioneer Technologies Corporation [Pioneer],
2006);

4. Technology Identification and Screening (Geomatrix, 2006¢, 2007a);

5. Remedial Alternatives Development and Evaluation.

2 J:\8770.000 PSC GT\048\TM-5-Agency-tDraft-Sec-1-to-7-ver-11_Sx.doc
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PSC prepared and submitted Technical Memoranda 1 through 4 in draft form to Ecology.
Following Ecology review and comment, PSC revised the draft memoranda as appropriate for
final approval by Ecology. It was agreed that work on the last Technical Memorandum, No. 5
(this memorandum), would begin after Ecology’s final approval of Technical Memorandum
No. 4. PSC will prepare the complete revised draft SWFS following Ecology’s approval of
Technical Memorandum No. 5 by combining the five memoranda listed above.’

This memorandum further develops remedial alternatives that could be implemented to address
soil and groundwater impacts within the SWFS Area. These alternatives are based on remedial
technologies identified in the technology screening presented in Technical Memorandum No. 4.
Potentially applicable remedial alternatives are evaluated relative to criteria specified in the
MTCA rules to select the preferred alternative. Finally, this memorandum presents a preliminary

plan to implement the preferred alternative.

? These memoranda have been designed so that individual sections may be incorporated directly into the revised
draft FSWP. It is anticipated that the text from the individual memoranda will appear in the report in a sequence
different from the sequence of the memoranda as submitted to Ecology.
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20 REMEDIATION OBJECTIVES

As discussed in Technical Memorandum No. 2, the SWFS Area has been separated into two
general areas for the purposes of the SWFS: (1) the HCIM Area and (2) the Outside Area. The
HCIM and Outside Areas were further subdivided into individual soil and groundwater
remediation areas based on several factors, including the nature and distribution of affected soil
and groundwater, previously implemented interim measures, site ownership, and land use
(Figures 2-1 and 2-2). Different remediation objectives must be considered for the HCIM Area
and the Outside Area due to the significant differences in soil and groundwater conditions
between the two areas, differences in property ownership and accessibility, and the issues
affecting attainment of cleanup levels within a reasonable time frame. The general remediation
objectives that apply to the entire SWFS Area, as well as remediation objectives specific to the

HCIM and Outside Areas, are presented below.

2.1 GENERAL OBJECTIVES
The remediation objectives presented in the RI Report and approved by Ecology can be applied

to the entire SWFS Area. These general remediation objectives are summarized as follows:

e Prevent direct human contact with surface or subsurface soil and inhalation of dust
from surface soil affected with COCs at concentrations that exceed cleanup levels, or
reduce the risks associated with these exposure pathways to acceptable levels.

e Reduce risks associated with inhalation of vapors from affected soil or groundwater
to acceptable levels established in accordance with MTCA regulations.

e Protect human and ecological receptors by reducing COC concentrations in affected
groundwater to cleanup levels based on protection of surface water.

2.2 HCIM AREA REMEDIATION OBJECTIVES

Several features specific to the HCIM Area will affect remediation and development of
remediation alternatives. This area includes the source areas associated with the facility and also
the highest observed constituent concentrations in soil and groundwater. COC concentrations in
groundwater samples indicate that DNAPL is present in two locations within the HCIM Area,
although DNAPL has not been observed in soil borings or monitoring wells. As discussed in
Section 5.3 of Technical Memorandum No. 1, subsurface stratigraphy and vertical distribution of
COC concentrations indicate that DNAPL ganglia are likely distributed throughout the soil
profile and are associated with the numerous silt and fine-grained sand lenses within the HCIM
Area. The portion of the HCIM area that was the former RCRA facility was investigated during

J:\8770.000 PSC GT\048\TM-5-Agency-tDraft-Sec-1-to-7-ver-11_Sx.doc 5
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the RI. This property was suspected to be heavily contaminated, as indicated from early
investigation results. Based on these findings, the subsequent investigations focused primarily
on assessing the areal extent of affected soil and groundwater, since it was assumed that heavy
contamination by a wide variety of COCs existed throughout most of the facility. Additionally,
installation of deep borings was generally avoided in the areas suspected to be most heavily
impacted so as not to create new migration pathways. Thus, although there are minimal
investigation and documentation of the potential presence of DNAPL, available data for
constituents present in groundwater samples provides strong evidence that DNAPL is present
within the HCIM Area.

The conceptual model for contaminant distribution beneath the facility is based on a thorough
understanding of the site history (presented in the RI), the known releases from the USTs in the
North Field area, the drum storage activities conducted on site in the late 1970s and early 1980s,
and detected contaminant concentrations in groundwater samples collected from monitoring
wells and direct-push probes. The location of the barrier wall on the TASCO, SAD, and
Aronson properties was based partially on concentrations of VOCs in groundwater samples at
concentrations indicating the potential presence of DNAPL. The northwest portion of the HCIM
Area, which encompasses a portion of the TASCO and Aronson properties, clearly had VOC
concentrations in groundwater samples above levels suggesting DNAPL at depths down to the
intermediate silt. Similar concentrations were found in groundwater samples from along the
SAD/PSC property line, although only in the water table and shallow depth intervals.

While much of the HCIM Area characterization data are older, recent investigation work along
the SAD property line and on UPRR property indicates that the soils in areas where PSC drums
were stored are anticipated to have high concentrations of facility COCs. Since drum storage
and other waste management activities were conducted over much of the facility at various
times, soil and groundwater are likely to be impacted throughout the portions of the former

facility area inside the HCIM barrier wall.

Based on the constraints and considerations discussed above for the HCIM Area, PSC has
developed the following remediation objectives for the HCIM Area, in addition to the general

remediation objectives that apply to the entire SWFS Area:

e Prevent discharge of COCs from the HCIM Area at concentrations that exceed
cleanup levels.

6 J:\8770.000 PSC GT\048\TM-5-Agency-tDraft-Sec-1-to-7-ver-11_Sx.doc
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e For any actions not relying exclusively on containment, reduce contaminant
concentrations in groundwater.

e Ensure that remedial actions implemented within the HCIM Area are compatible with
the HCIM barrier wall.

e Support future redevelopment and reuse of the facility and the TASCO properties for
industrial purposes.

To assess attainment of these objectives by the remedial alternatives presented in Section 4.0, the

following factors have been considered:

e A substantial interim measure implemented for the HCIM Area (the installation of a
subsurface barrier wall and a groundwater extraction and pretreatment system) has
proven effective in controlling the discharge of impacted groundwater from the
facility (Geomatrix, 2007b).

e [t is desirable to reduce all COC concentrations to their cleanup levels if this can be
done practicably. Some actions, however, may not be able to technically or cost-
effectively reduce all COCs to cleanup levels. Reductions to remediation levels
(concentrations higher than cleanup levels) are then desirable, and preferable to less
significant reductions

e [t is desirable to achieve the above remedial objectives before HCIM barrier wall
failure; it is not, however, possible to reasonably predict when or if a failure may
occur, as the primary failure mode would be due to a major earthquake significantly
disturbing the facility.

2.3 OuTsIDE AREA REMEDIATION OBJECTIVES
Similar to the HCIM Area, the nature of the Outside Area affects remediation efforts and the

development of practicable remedial alternatives. The area is densely developed and includes
public and private landowners. The area is characterized by mixed land use, including industrial,
commercial, and residential development. A portion of the UPRR Argo Rail Yard is included in
the Outside Area. The area also includes busy public streets and many active subsurface utilities.
The large number of independent property owners and tenants may significantly complicate
obtaining access agreements to private properties to perform remediation or monitoring

activities.

Releases from the PSC facility did not generally affect Outside Area soil, with the noted
exceptions of the adjacent UPRR rail yard and portions of the PSC facility located outside the

barrier wall. Groundwater within the Outside Area has been generally affected by releases from

J:\8770.000 PSC GT\048\TM-5-Agency-tDraft-Sec-1-to-7-ver-11_Sx.doc 7
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the facility. The highest COC concentrations in groundwater are typically found immediately
downgradient of the HCIM barrier wall, with some lower concentration “hot spots” located
farther downgradient.

Based on the constraints and considerations discussed above, PSC has developed the following
remediation objectives for the Outside Area, in addition to the general remediation objectives
established for the entire SWFS Area:

e Attain remediation levels at the CPOC within a reasonable time frame.

e Reduce constituent concentrations to achieve groundwater cleanup levels at the
CPOC.

e Do not adversely affect existing and reasonably expected future land uses within the
Outside Area.

Attainment of remediation levels at the CPOC is viewed as a priority for remediation of the
Outside Area. The time frame for attainment of remediation levels at the CPOC should be

shorter than the time frames considered reasonable for attaining cleanup levels at the CPOC.

The remedial alternatives will be developed to accomplish the following:

e Do not create nuisance conditions or conditions adverse to remediating downgradient
source areas.

e Be compatible with the existing interim measures (both the HCIM and the IPIMs).

8 J:\8770.000 PSC GT\048\TM-5-Agency-tDraft-Sec-1-to-7-ver-11_Sx.doc
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3.0 REMEDIAL ALTERNATIVESEVALUATION CRITERIA

This section presents the criteria used to evaluate the potential remedial alternatives identified for
the SWFS Area and select the preferred alternative(s). The potential remedial alternatives were
developed from the initial screening of potentially applicable remediation technologies in
Technical Memorandum No. 4. These alternatives were designed to attain the remediation

objectives presented in Section 2.0.

Each of the remedial alternatives presented in this Technical Memorandum were evaluated
relative to the criteria specified in the MTCA rules to select the preferred alternative. The
evaluation criteria used for this SWFS must address requirements of the MTCA regulations and
the RCRA Part B permit. The evaluation criteria for this SWFS include:

e protectiveness and risk reduction,

e permanence,

® Cost,

e long-term effectiveness,

e management of short-term risks,

e technical and administrative implementability,
e public concern, and

e reasonable time frame to meet cleanup levels.

The remedial alternatives considered in this Technical Memorandum were designed to attain the
remediation objectives to the extent practicable. As described in Technical Memorandum No. 1,
remediation levels included in this SWFS were established to ensure that COCs released from
the facility would attenuate to meet groundwater cleanup levels prior to discharge to surface
water. These remediation levels incorporate natural attenuation processes occurring between the
point where the remediation levels would be attained and the discharge to the Duwamish
Waterway. As noted previously, these remediation levels address only COCs released from the
facility and do not address any non-PSC sources that may be present downgradient from the

facility.
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The SWFS evaluation criteria are defined and discussed in the following subsections. These
criteria are used to evaluate the remedial alternatives presented in Sections 4 and 5 of this

Technical Memorandum.

3.1 PROTECTIVENESSAND RISK REDUCTION

This criterion involves the degree to which a remedial alternative protects human health and the
environment and reduces potential risks to human or ecological receptors. Evaluation of
protectiveness and risk addresses long-term effects rather than short-term effects, which are
evaluated under a different criterion. Alternatives that attain remediation levels and/or cleanup
levels are considered as protective under this criterion, and alternatives that meet remediation or
cleanup levels in a shorter time are considered to provide a higher level of risk reduction.
Alternatives that rely on engineering controls or institutional controls to provide protectiveness
and risk reduction are generally ranked lower for this criterion than alternatives that do not rely

on these controls.

Factors considered for evaluating this criterion include:

e potential risks to human health and the environment during and following
implementation of the alternative. Preremediation and pre-interim action risks will be
used as a baseline to assess the reduction in risks that would result from implementing
the remedial alternative;

e present and future land use for the SWFS Area;

e present and potential for future use of any water resources either associated with or
affected by the site constituents within the SWFS Area;

e potential effectiveness and reliability of institutional controls associated with the
alternative;

e the capability of the alternative to limit and monitor migration of COCs; and
e the toxicity of COCs.

3.2 PERMANENCE

Permanence is the degree to which a remediation alternative attains remediation objectives by
permanently destroying COCs and the capability of the alternative to reduce contaminant
toxicity, contaminant mobility, or the volume of affected media. Alternatives that actively

degrade or destroy COCs would be ranked higher for this criterion than alternatives that utilize
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on-site or off-site containment. In accordance with MTCA requirements, the alternative
providing the greatest degree of permanence is used as the baseline alternative against which
other alternatives are compared. The other alternatives will be compared to the baseline
alternative to identify the alternative that provides the greatest practicable degree of permanence.
For the purposes of this SWFS, practicable shall be used as defined in WAC 173-340-200.

3.3 Cost

Costs of remedial alternatives include implementation costs, O&M costs, monitoring costs, and
management/reporting costs. Cost estimates were prepared for each remedial alternative
considered in this SWFS. The costs include both initial implementation costs as well as future
costs over the estimated remediation life, as discussed for each alternative in the following
sections. Future costs are included in the total alternative cost using net present value (NPV)
estimates. Cost estimates were prepared in general accordance with EPA guidance for preparing
FS cost estimates under CERCLA (EPA, 2000).

The costs for implementing a remedial alternative include engineering, permitting, public
relations, construction, purchase of facilities and equipment, building demolition or utility
relocation, transportation and disposal, building restoration, access costs, and site restoration
costs. Implementation costs typically occur at the beginning of the implementation program but
may also include costs that occur later in the remediation program, such as costs for replacement
or major repair of key remedial system components. Details regarding cost estimates for each of

the alternatives are presented in Appendix A.

Costs for operations, maintenance (including minor repairs), monitoring, and reporting generally
occur annually after construction has been completed. These costs include longer term,
repeating expenses associated with multiyear remediation activities. Reporting costs are incurred
to document monitoring and operations activities and provide regulatory information to Ecology.
These ongoing, recurring, future costs usually include labor, power, utilities, sample analyses,
subcontractors, agency oversight, and consumed materials. Future recurring costs are combined
with initial implementation costs into a single NPV cost estimate for each remedial alternative.
The NPV calculations consider an annual net discount rate (assumed to be 2.5 percent) that
addresses the time value of money. The net discount rate is the interest rate that could be
obtained from a prudent investment less a reasonable inflation rate. The net discount rate of
2.5% was selected in consultation with Ecology. This NPV cost estimate, including initial

implementation costs and future recurring costs, is used to assess the cost criterion and compare
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the cost of the remedial alternatives. Details concerning operations, maintenance, monitoring,

and reporting costs are included in Appendix A.

It is difficult to determine how long it may take to reach cleanup levels inside the HCIM Area.
However, it is expected that substantial time would be needed to attain cleanup levels for all
remedial alternatives considered. Therefore, a standard life of 100 years was assumed for NPV
calculations. This length of time is considered sufficient to allow for long-term maintenance
requirements for the HCIM barrier wall and to assess long-term monitoring costs. Additionally,
costs projected beyond 100 years would not substantially increase NPV costs due to long-term
compounding of the net discount rate). For the Outside area alternatives, it is projected that it
would take 26 years to reach clean up levels using MNA; other Outside Area alternatives are
expected to achieve cleanup levels at the CPOC in a shorter time. However, NPV costs for the
Outside Area alternatives have also been based on a 100-year life, since monitoring must
continue at the CPOC until cleanup levels are attained within the HCIM Area.

Once remediation levels are met inside the wall, and cleanup levels are attained in the Outside
Area, long-term recurring costs would be based on O&M of the pump and treat system (HCIM
Area) and compliance/performance monitoring on the outside of the wall (Outside Area
recurring costs) at the CPOC. For the long-term cost of operating, maintaining, and monitoring
of the HCIM Area, it has been have assumed that the wall would have structural damage due to a
major earthquake, requiring substantial repair every 50 years. The estimated barrier wall repair
costs are based on repair using a jet grouting approach to address cracks in the wall. Although it
is not possible to predict when an earthquake would occur of a magnitude and location that
would cause breaks in the barrier wall, it is known that there have been no slurry wall failures
(for similar barrier wall) in at least the last 50 years in the United States and Europe. For this
reason, the assumed wall failure frequency of once every 50 years is considered a conservative

basis for barrier wall repair.

As part of costing, a sensitivity analysis was also completed to assess the effect of uncertainties
associated with the implementation and with long-term operation. The anticipated costs are the
best estimate and are used as the baseline costs for evaluating the alternatives. Low range and
high range costs were also estimated for most HCIM Area alternatives by varying key cost
factors with the greatest level of uncertainty. The uncertain cost elements were varied over an
estimated range of uncertainty, generating the low and high estimates. Details for the sensitivity
analysis are included in Appendix A.

12 J:\8770.000 PSC GT\048\TM-5-Agency-tDraft-Sec-1-to-7-ver-11_Sx.doc



&= Geomatrix

3.4 L ONG-TERM EFFECTIVENESS

For this criterion, the capability of a remedial alternative to reliably maintain its effectiveness
over a long period of time is assessed. In addition, the production of residues is assessed;
alternatives that do not generate hazardous substance residues would have a greater long-term
effectiveness than alternatives that do produce such a residue. Permanent alternatives that result
in destruction of COCs would provide better long-term effectiveness than alternatives relying on

containment using engineering controls.

3.5 MANAGEMENT OF SHORT-TERM RISKS

Short-term risks associated with remedial alternatives include potential releases of material,
water, particulates, or vapors containing COCs that could occur during implementation of the
alternative. These types of losses could occur as a result of dust generation during excavation or
handling of excavated materials, loss of affected soil or affected groundwater during treatment,
or accidental releases during transport of affected media to a permanent disposal or treatment
facility. Alternatives with potential risks that cannot be effectively managed would rank lower
than those with minimal short-term risks or alternatives in which the short-term risks can be

effectively managed.

3.6 TECHNICAL AND ADMINISTRATIVE IMPLEMENTABILITY

The technical and administrative implementability criterion refers to the capability to effectively
implement a remedial alternative. Technical implementability involves technical and physical
factors, such as the presence of existing buildings, that may affect implementation of an
alternative or the need to have very specialized equipment for implementation. Administrative
implementability involves factors such as permitting requirements or regulatory approvals
needed for implementation. Administrative factors would most likely affect the implementation
schedule, whereas technical factors could make an alternative ineffective or infeasible. Simple,
proven remedial alternatives would rank high for technical implementability, while complex or
unproven (developing) alternatives would rank low. Alternatives with minimal permitting
requirements and that are readily accepted by regulatory agencies would rank high for

administrative implementability.
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Factors considered for evaluation of this criterion include:

e the size and complexity of the remedial alternative;

e the degree to which the remedial alternative can be integrated with existing operations
and activities within affected areas;

e regulatory requirements, including permitting;

e present and future land use for the area above and adjacent to the project area,
including any specific constraints land use may have on the alternative;

e present and potential for future use of any water resources either associated with or
that may be affected by the site; and

e potential constraints to implementation of institutional controls associated with the
alternative.

3.7 PuBLI1C CONCERN

For this criterion, we evaluate the potential that implementing the alternative would generate
concern among the general public, individuals at adjacent facilities, and the community.
Remedial alternatives likely to be readily accepted by the public would rank higher than
alternatives that may create issues that must be addressed. Potential public concerns include
factors such as increased truck traffic, adverse traffic impacts, noise, dust, odors, release of
vapors, use of hazardous materials, safety, and effects on property values. The heavy industrial,
commercial, and residential land uses in an urban environment create significant potential for
public concern related to site remediation. Previously voiced public concerns include (1)
assigning responsibility for the contamination, (2) conducting cleanup quickly, and (3)

opportunities for public involvement as the process proceeds.

3.8 REASONABLE RESTORATION TIME FRAME

The restoration time frame is the time required for an alternative to attain remediation objectives.
In assessing this criterion, the practicability of attaining the shortest restoration time is assessed.
Additional consideration is given to other facts that influence the urgency of remediation,
including existing risks to human health and the environment, site use, potential future site use,
availability of alternative water supplies, and reliance on institutional controls. These factors are
assessed as a whole and used to determine the urgency of achieving the remedial objectives for a
specific site. Alternatives that achieve remediation objectives in a shorter time would rank

higher for this criterion than alternatives requiring a longer time. Alternatives that may not
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achieve remediation objectives for many years, if at all, would rank lower than those alternatives
that attempt to restore the environment, even if there is uncertainty about the ability of the

alternative to achieve remediation objectives. The practicality and necessity of implementing an
alternative within a shorter time and the potential effectiveness and reliability of any institutional

controls associated with the alternative are assessed for this criterion.
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40 DEVELOPMENT AND EVALUATION OF REMEDIAL ALTERNATIVES:
HCIM AREA

The HCIM Area is entirely enclosed by a subsurface barrier wall, and most of the surface is
covered by a cap consisting of microsilica concrete and asphalt. While most of the property
within the HCIM Area is owned by PSC, the subsurface barrier wall extends onto two properties
not owned by PSC. The HCIM Area encompasses the facility and includes the source area
where the primary releases of COCs occurred. The HCIM has isolated this source area from the
impacted groundwater plume extending downgradient from the HCIM Area. The HCIM Area is
currently inactive except for limited storage of equipment in the only remaining building within
the area (located on the former TASCO property). The area will eventually be redeveloped into
industrial/commercial property consistent with land use in the immediate vicinity. The HCIM

and existing cap will be incorporated into redevelopment.

Historic releases within the HCIM Area include chlorinated solvents, petroleum hydrocarbons,
and other waste materials. The COCs within the HCIM Area include all COCs associated with
the facility (VOCs, SVOCs, PCBs, and metals). As discussed in Technical Memorandum No. 2,
the HCIM Area has been subdivided into two separate soil remediation areas, based on the nature
and distribution of soil constituents within the HCIM Area. As shown in Figure 2-1, HCIM Soil
Remediation Area 1 (HSRA-1) encompasses the portions of the facility within the barrier wall
and HCIM Soil Remediation Area 2 (HSRA-2) includes the portions of the TASCO, SAD, and
Aronson properties within the barrier wall. Soils present within HSRA-2 are not anticipated to
be significantly impacted, except in the areas immediately adjacent to portions of the facility

formerly used actively for site operations.

Groundwater impacts are known to be present throughout the entire HCIM Area, including all
saturated zones above the aquitard on the facility, TASCO, and Aronson properties. With the
exception of PCBs, the different COC classes generally coexist in groundwater distributed over
most of the HCIM Area. Groundwater impacted by PCBs appears to be limited to the North
Field, West Field, and the central portion of the facility. As shown on Figure 2-2, site
investigation data indicate that DNAPL is likely present within two portions of the HCIM Area
in the silt layers of the interbedded sand and silt aquifer down to the Silt Aquitard. Based on this
distribution, a single HCIM Groundwater Remediation Area has been created, as shown on

Figure 2-2.
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The constituent concentrations and distribution, including the potential presence of DNAPL, will
preclude full restoration of the HCIM Area and attainment of the SPOC for both soil and
groundwater. COCs present within the barrier wall are persistent and represent potential risks
via direct contact with soil, direct contact with groundwater, ingestion of either soil or
groundwater, and inhalation of vapors released from impacted soil or groundwater. Remedial
alternatives considered for the HCIM Area must address the nature and extent of impacted media
in this area as well as the broad range of COCs and the potential exposure pathways. These
alternatives must also be compatible with remedial actions that may be implemented in the
Outside Area. For example, VOCs in the Outside Area have been shown to be naturally
biodegrading under anaerobic conditions. The potential effect that any remedy considered for
the HCIM Area could have on anaerobic conditions in the Outside Area must be considered for

each alternative.

4.1 GROUNDWATER REMEDIATION LEVELS

Ecology has made comments in previous Technical Memoranda that the SWFS needs to evaluate
a scenario or scenarios in which the subsurface barrier wall fails, resulting in a release of COCs
to groundwater outside of the HCIM Area. To address Ecology’s comments, PSC is evaluating
the anticipated effectiveness of the various proposed cleanup Alternatives in reducing
concentrations of COCs in the subsurface. As outlined in Section 4.1, six alternatives are being
considered and evaluated for the HCIM Area. Appendix C presents a detailed review of existing
literature on individual technologies and their performance in relation to COC reduction at
various sites around the United States. Based on this review of technology performance, it
becomes apparent that in situ remediation technologies are limited by the type of contaminant
present, the distribution of the contaminant in the subsurface, the site geochemistry, and the site
stratigraphy. The presence of DNAPL at the PSC facility presents challenges to all in situ
technologies in completely destroying the COCs.

ISCO and/or steam stripping were included in Alternatives HA-4, HA-5, and HA-6 specifically
to address DNAPL areas of the site. The efficiency of ISCO, however, at reducing COC
concentrations at the PSC site would be limited by the geochemistry of the site and the site
stratigraphy. The iron and manganese concentrations in the subsurface are very high, as is the
total carbon load as a result of the wide variety of hydrocarbons and solvents in the subsurface.
The chemical oxidant would react with all these constituents, and a great deal of the oxidant
would be used up before the chlorinated VOCs were oxidized. This would likely result in the

need to add oxidant at higher concentrations and more frequently than required at sites with
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simple geochemistry and a single contaminant type. In addition, most of the DNAPL is likely
present within the interbedded silt and sand of the Intermediate Aquifer, and most will be sorbed
to the silt. Homogeneous distribution of the chemical oxidant throughout the highly
heterogeneous interbedded silt and sand would not be possible, which would result in pockets of
COC:s not being remediated. In addition, the oxidant would not be available to COCs within the
silt layers, which could represent the majority of DNAPL. As a result, ISCO should be effective
in the Shallow Aquifer but is not proposed in the Intermediate Aquifer. The same holds true for

enhanced biodegradation.

Steam stripping is proposed in Alternatives HA-5 and HA-6 in the Intermediate Aquifer
specifically to mobilize DNAPL in this interbedded zone; however, steam stripping is not a
proven technology at the depths that would be employed at the PSC Georgetown Facility. Even
at shallow depths, interbedded soils would result in variable effectiveness for steam stripping

technology.

As a result there is not a single technology or group of technologies that could effectively treat
the COCs in situ to the depths and conditions that occur in the HCIM Area. The anticipated
effectiveness of any of the alternatives would be to reduce VOC concentrations considerably in
the Shallow Aquifer, but have limited effect on the Intermediate Aquifer. Even though the
shallow groundwater can be remediated, the diffusion and mixing of contaminated groundwater
from the intermediate zone would result in recontamination of the shallow groundwater. VOC
concentrations would be reduced in the Shallow Aquifer from present conditions, but would not

meet cleanup levels in the foreseeable future.

Based on the anticipated effectiveness of the various alternatives in reducing concentrations,
scenarios were modeled to develop RLs for various levels of barrier wall failure. The purpose of
this evaluation was to assess the magnitude of releases that could occur to the downgradient
aquifer and then to evaluate what magnitude of release could result in a risk to downgradient
receptors, specifically the Duwamish Waterway. The calculated RLs for different barrier wall
damage scenarios are presented in Tables 4-1a and 4-1b for the shallow and intermediate depth
intervals, respectively. Appendix B documents the evaluation of the scenarios and the

calculation of RLs.

Barrier walls installed with slurry technology have been used in Europe and the United States for

at least 80 years. They are used primarily for geotechnical purposes in such applications as
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increasing stability of dams and hillsides and most commonly for dewatering purposes. Slurry
walls are also used for ground improvements, including improving soil stability around key
structures in areas prone to liquefaction. In dewatering applications, slurry walls are used around
tunnels or subsurface building structures to minimize the amount of water withdrawal necessary
to dewater the tunnel or basement of a building. In such an application, the slurry wall is
subjected to very high lateral forces due to the differential water levels between the inside and
outside of the walled area. There have been no documented failures of slurry walls
(predominantly cement/clay walls in this application) even under these extreme stresses

including in earthquake-prone areas.

Slurry walls have been used in contaminant containment systems only in the last 25 years, but
they have been used have been used for at least 50 years for geotechnical applications. There has
not been a single documented case of a slurry wall structural failure during this period, except
during construction of the wall. Contaminant migration through slurry walls has been shown to
occur through chemical diffusion through the wall and in some cases due to improper seals with

the aquitard; however, no slurry wall has been reported as cracked or broken.

The barrier wall at the PSC Georgetown Facility was installed with slurry techniques and
consists of a mixture of cement and attapulgite clay. These materials will not break down by
natural conditions for at least many hundreds of years, and probably for thousands of years.
However, in the Seattle area it has been assumed that a very large earthquake could result in
liquefaction of soils that are supporting the barrier wall. In such a situation the barrier wall,
which is a relatively rigid cement/clay wall and only 6 inches thick, could deform and crack and
possibly even break. Tables 4-1a and 4-1b give RLs for various numbers of breaks in the barrier
wall, ranging from a single 6-inch-wide break, to four breaks, to 12 breaks, and finally to the
wall being shattered such that 25% of the wall area is permeable soil. The latter case is highly
unlikely even with the largest known earthquakes.

Tables 4-1a and 4-1b show a range of scenarios for barrier wall failure. The tables indicate that
for a highly conservative scenario where the wall is broken in at least 12 separate places and
each break is 6 inches wide, remediation levels protective of the Duwamish Waterway would be
met (and, in fact, these remediation levels are currently being met) in the HCIM Area. The worst
case scenario modeled assumes the wall is completely destroyed. For this worst-case scenario,
calculated remediation levels for TCE protective of the Duwamish Waterway, would not likely

be met by any of the proposed alternatives. None of the alternatives would result in significant
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reduction of concentrations of TCE and other VOCs in the Intermediate Aquifer due to the
presence of DNAPL within the highly interbedded sand and silts. Mixing of groundwater
between the Intermediate and Shallow Aquifers would result in concentrations of TCE in the
shallow and water table zones remaining above the remediation levels calculated for this worst
case scenario. Since all alternatives fail to meet the worst case scenario for a wall failure, all
alternatives must include long-term maintenance of the HCIM as an integral part of the final
remedy.

4.2 HCIM AREA REMEDIAL ALTERNATIVES

Remedial alternatives for the HCIM Area have been developed from the retained remediation
technologies described in Technical Memorandum No. 4 and modified by Ecology in
correspondence dated 20 February 2007 (Ecology, 2007). Six remedial alternatives have been
developed for detailed evaluation in this SWFS. These alternatives are designed to attain the
remediation objectives described in Section 2. The remedial alternatives represent a combination

of one or more of the retained remediation technologies.

The primary remediation objective for the HCIM Area is to prevent discharge of COCs from the
HCIM Area to the Outside Area at concentrations that would exceed cleanup levels. A
substantial interim measure, the HCIM, has proven effective in controlling the discharge of
impacted groundwater from the facility. This IM has been incorporated into all remedial

alternatives considered for the HCIM Area.

Additional remedial objectives for the HCIM Area include:

e For any actions not relying exclusively on containment, reduce contaminant
concentrations in groundwater. It is desirable to reduce all COC concentrations to
their cleanup levels if this can be done practicably. Some actions, however, may not
be able to technically or cost-effectively reduce all COCs to cleanup levels.
Reductions to remediation levels (concentrations higher than cleanup levels) are then
desirable, and preferable to less significant reductions.

e Achieve remedial objectives before HCIM barrier wall failure.

e Ensure that any remedial actions implemented within the HCIM Area are compatible
with the HCIM barrier wall.

e Support future development and reuse of the facility and the TASCO properties for
industrial purposes.
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The remedial alternatives considered for the HCIM Area are described in the following
subsections. Although not listed in the following alternative descriptions, the VIAM approach
discussed in Technical Memorandum No. 3 is incorporated into each remedial alternative under
consideration for the HCIM Area to mitigate potential impacts associated with the vapor

intrusion pathway.

All of the remedial alternatives under consideration for the HCIM area also include performance
groundwater monitoring. The performance groundwater monitoring system includes water level
measurements to assess performance of the HCIM, and groundwater quality monitoring and
laboratory testing for COCs. The HCIM performance monitoring and groundwater quality
monitoring systems inside the HCIM area will be the same for all of the HCIM Area remedial
alternatives, and will be included in discussion of Outside Area alternatives in Section 5. Cost
estimates for the HCIM Area performance groundwater monitoring also will be included in cost
estimates for the Outside Area in Section 5. Several HCIM Area remedial alternatives do
include groundwater monitoring to assess implementation of the specific alternative. Monitoring
required to assess implementation of individual HCIM Area remedial alternatives is discussed
for each HA Alternative in this section.

All of the remedial alternatives under consideration for the HCIM area include the
implementation of institutional controls to ensure that the alternatives are fully protective of
human health. The negotiation of easements for properties included in remedial activities
included an agreement on implementation of institutional controls on portions of the Aronson
and SAD properties within the HCIM area.

There are a total of six alternatives for the HCIM area:

e Alternative HA-1: Active Hydraulic Containment - Relies on the existing HCIM system
and natural attenuation to reduce COC concentrations to remediation levels.

e Alternative HA-2: Enhanced Anaerobic Bioremediation — includes all aspects of HA-1
but adds enhanced anaerobic bioremediation with injection and circulation of an electron

donor to stimulate anaerobic degradation of COCs.

e Alternative HA-3: Enhanced Anaerobic Bioremediation/Dewatering/SVE — uses the
same approach as HA-2, but includes a period of partial dewatering of the water table

zone and vapor extraction to rapidly address VOCs in some of the shallow source areas.
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e Alternative HA-4: ISCO/Dewatering/SVE — replaces enhanced anaerobic degradation in

HA-3 with ISCO, which uses chemical oxidation to reduce COC concentrations.

e Alternative HA-5: Steam Stripping/Enhanced Anaerobic Bioremediation
Dewatering/SVE — includes all elements of Alternative 3 and adds steam stripping to
mobilize and collect VOC vapors. Steam stripping would be used to address both

Intermediate and Shallow Aquifers.

e Alternative HA-6: Steam Stripping/Dewatering/SVE/Excavation — combines steam
injection and partial dewatering and SVE in HA-5 with groundwater extraction to remove

COCs, and adds excavation and disposal of hot spot soils to address PCBs and metals.

42.1  Alternative HA-1: Active Hydraulic Containment

Alternative HA-1 relies on containment and monitored natural attenuation to address soil and

groundwater impacts within the HCIM Area. Alternative HA-1 includes the following elements:

e The existing barrier wall isolating and enclosing near-facility impacted soil and
groundwater;

e The existing groundwater recovery and pretreatment system;
e Surface cap/cover;

e The existing groundwater monitoring wells and a revised monitoring program as
described in Section 5; and

e Institutional controls.

This alternative incorporates the existing HCIM and includes capping and institutional controls
to provide a comprehensive approach that addresses relevant COCs and potential exposure

pathways. The components of Alternative HA-1 are shown on Figure 4-1.

The existing subsurface barrier wall would be maintained intact under this remedial alternative.
The barrier wall completely encloses subsurface soils and groundwater within the HCIM Area
down to the depth of the silt aquitard, and has been proven effective in limiting groundwater
flow into the HCIM Area. Programs and systems for monitoring and inspecting the barrier wall
to maintain its effectiveness have been established and proven effective. The existing barrier

wall has a very low permeability (less than 10 cm/sec).
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The existing groundwater recovery and pretreatment system, which consists of two extraction
wells, an air stripper, and associated pumps and controls, has also been incorporated into this
remedial alternative. Treated groundwater is discharged to a POTW under a permit issued by
King County. The system has continuously and reliably maintained an inward hydraulic gradient
and has met regulatory standards for treated groundwater quality and air emissions during over 3
years of operation. Programs and systems have been established for operation, maintenance,
inspection, and monitoring of the groundwater recovery and pretreatment system. Under this

remedial alternative, an inward hydraulic gradient would be maintained across the barrier wall.

However, it should be noted that the inward hydraulic gradient is not necessary to achieve
containment. Based on a reasonably conservative failure scenario, it has been shown
(Appendix B) that the contained groundwater presently meets cleanup levels based on surface
water quality. With the barrier wall intact, passive containment (non-pumping scenario) would
limit migration of facility COCs and support attainment of cleanup levels outside the barrier
wall. Shutting off the groundwater recovery and treatment system would need to be evaluated

and approved by Ecology before it could be considered.

Based on fate and transport modeling presented in Technical Memorandum No. 1 (Geomatrix,
2006a), the expected loss of COCs through the wall would be negligible if the permeability of
the barrier wall is in the high range (i.e., 1 X 107 cm/sec), because inward advective flow of
groundwater would overwhelm outward diffusion. For low barrier wall permeability (i.e.,

1 x 107" em/sec) advective flow would be negligible and loss of COCs through the wall may
occur by diffusion, and would represent the worst-case loss of Facility COCs under this
alternative. The diffusion rate was estimated for chlorinated VOCs, which are of primary
concern for potential risks. The estimated worst-case rate of diffusion through the barrier wall
for this alternative is 0.0009 1b/day; details for these calculations are included in Appendix B of
Technical Memorandum No. 1. This diffusive flux of chlorinated VOCs through the barrier wall
is considered negligible.

Alternative HA-1 would supplement the existing microsilica concrete and asphalt caps that
currently cover much of the HCIM Area with new caps placed over currently uncapped areas
(see Figure 4-1). The new cap would consist of a minimum thickness of 3 inches of asphalt to
provide a continuous, low-permeability cover. The purpose of the cap would be to serve as a
barrier to prevent direct contact with impacted soil and prevent erosion and runoff of impacted

soil. While the surface cover is not intended as a complete barrier to surface water infiltration
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and recharge, the cover would promote runoff and limit infiltration of surface water within the
HCIM Area. The cap would be regularly inspected and maintained to ensure it effectively

provides an engineered barrier and limits infiltration.

Groundwater monitoring data indicate that ongoing natural biodegradation of chlorinated
solvents within the HCIM Area will reduce chlorinated COC concentrations within the water
table, shallow, and intermediate depth intervals. As discussed in Technical Memorandum No. 1,
data collected in Spring 2006 show a generally decreasing trend over time for TCE in some
monitoring wells, as well as an increasing trend of TCE biodegradation products (VC and cis-
1,2-DCE) in the same wells. Groundwater data collected through the end of 2006 show
decreasing trends for both TCE and the degradation products. Groundwater samples collected
from the intermediate depth interval during the RI indicate that Dehal ococcoides
microorganisms are present in HCIM Area groundwater. These organisms are capable of
degrading VC to ethene (He et al., 2003). These data indicate that reductive dechlorination is
active in the HCIM Area; it is expected that concentrations of VC and cis-1,2-DCE will decrease
in the future as the mass of TCE decreases and degradation of VC and cis-1,2-DCE progresses to
ethane and CO,. Published values for anaerobic biodegradation rates range from 0.76 to 14
years for TCE, 0.22 to 5.0 years for cis-1,2-DCE, and 0.26 to 5.8 years for VC (Wiedemeier et
al., 1999). Prior to the barrier wall being installed, anaerobic biodegradation was occurring
within the HCIM area primarily as a result of the mass of carbon-based COCs creating reducing
conditions in the source and plume areas. Groundwater entering the site from upgradient was
redox neutral, but conditions varied between reducing and oxygenated conditions. Since the wall
has been installed, the HCIM area is functioning as an in situ bioreactor with very little fresh
oxygenated water able to enter the system and high concentrations of hydrocarbons and solvents
in the source areas rapidly using up any oxygen remaining. This situation should result in

excellent conditions for natural anaerobic degradation of the VOCs and some of the SVOC:s.

Based on the detected concentrations of these constituents in HCIM Area groundwater, cleanup
levels could potentially be reached between 3 and 70 years if DNAPL were not present in the
HCIM Area. However, the DNAPL that is suspected to be present in the HCIM Area will act as
a continuing source of groundwater contamination and will likely preclude the attainment of

cleanup levels for chlorinated VOCs for the foreseeable future.

According to the modeling performed as part of this technical memorandum (Appendix B)

remediation levels have already been reached at the CPOC for all barrier wall breakage scenarios
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except a worst-case scenario in which the barrier wall is totally shattered, which is an extremely
unlikely scenario. The fact that remediation levels are currently being met means that
remediation objectives are also being met. However, because there are currently no monitoring
wells in the areas of suspected DNAPL, the existing COC data for the HCIM Area may not be
representative of the areas with the highest concentrations of COCs. Based on groundwater
monitoring, remediation levels are currently being met, at a minimum, throughout much of the
HCIM Area.

Groundwater monitoring data also indicate that nonchlorinated organic constituents are
undergoing natural biodegradation within the HCIM Area. As shown in Figures 4-2 and 4-3, a
trend of decreasing BTEX concentrations has been observed in some water table monitoring
wells within the HCIM Area. Table 4-2 summarizes natural attenuation indicator parameters
detected in HCIM Area and background (upgradient) monitoring wells. Available data after the
construction of the barrier wall is limited. However, concentrations of dissolved oxygen (an
electron receptor utilized for biodegradation of non-chlorinated organics) in the water table depth
interval are generally lower within the HCIM Area than in background monitoring wells (see
Table 4-2). In addition, concentrations of metabolic byproducts (ethane and methane) are
elevated in the water table and shallow depth intervals within the HCIM Area in comparison to
background (upgradient) monitoring wells. Dissolved oxygen concentrations measured within
the HCIM Area indicate that the water table, shallow, and intermediate groundwater depth
intervals are anaerobic. Biodegradation of nonchlorinated organics within these intervals is

likely occurring due to anaerobic oxidation.

Groundwater monitoring is a key component of Alternative HA-1. The basic performance
groundwater monitoring system, consisting of groundwater level measurements to assess
performance of the HCIM and groundwater quality monitoring, is the same for all HA
Alternatives. Because groundwater monitoring for the HCIM Area would be implemented
simultaneously and in conjunction with monitoring associated with the selected remedial
alternative for the Outside Area, the discussion and cost estimates for groundwater performance
monitoring for all HA Alternatives are included with groundwater monitoring systems described

for Outside Area Alternatives in Section 5.

No additional groundwater monitoring beyond the performance monitoring included in all of the
Outside Area Alternatives would be included in Alternative HA-1. Several HCIM Area remedial

alternatives do include additional groundwater monitoring, beyond the performance monitoring
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described in Section 5, to assess implementation of the specific alternative. Table 4-3
summarizes key features of additional groundwater monitoring specific to each HA Alternative

included to assess implementation of that specific alternative.

As discussed previously, remediation levels within the HCIM Area are currently being met,
based on a hypothetical break in the barrier wall in as many as 12 locations due to a severe
earthquake. It is difficult to estimate the time that would be required for COC concentrations
within HCIM Area groundwater either to reach remediation levels assuming no wall is present or
to meet cleanup levels because the mass of contaminants in the subsurface is unknown (due to
the suspected presence of DNAPLs). However, it is unlikely that either the conservative
remediation levels or cleanup levels will be reached at all depths in the foreseeable future.
Estimated remediation times for individual COCs within the HCIM Area are summarized in
Tables 4-4a and 4-4b for Alternatives HA-1 through HA-6, based on a review of sites with
similar contaminant concentrations where natural attenuation was utilized (see Appendix C for
details).

The final component of Alternative HA-1 is a set of institutional controls that would ensure the
alternative is fully protective of human health. The institutional controls included in this

alternative are:

e Prohibit use of groundwater beneath the HCIM Area for any purpose;

e Require use of appropriate personal protective equipment and compliance with the
HAZWOPER requirements specified in 29 CFR 1910.120 for all subsurface work
conducted within the HCIM Area;

e Require notification of future property owners that recovered soil or groundwater
from the HCIM Area may be required to be managed in accordance with the
requirements of the Washington Dangerous Waste Rules (WAC 173-303);

e Require installation and operation of appropriate engineering controls to limit the
entry and accumulation of soil gas within any building present or constructed over
any portion of the HCIM Area;

e Require inspection and maintenance of the cap covering the HCIM Area, and require
any potential future site construction or development to maintain the continuity and
effectiveness of the cap; and

e Require operation, maintenance, inspection, monitoring, and expeditious repair (if
necessary) of the existing HCIM components (barrier wall recovery wells,
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groundwater extraction and pretreatment system, instruments and controls, and
monitoring wells) in accordance with the existing operation, monitoring, and
maintenance plan.

These institutional controls would be enforceable conditions incorporated into the deed for the
properties either partially or totally contained within the HCIM Area. In addition, PSC would
provide financial assurance for the continued monitoring, maintenance, and repair of the HCIM
barrier wall, groundwater recovery and pretreatment system, and cap. These institutional
controls would remain in place until soil and groundwater cleanup levels were attained within the
HCIM Area.

As discussed above, Alternative HA-1 has for the most part already been implemented, and the 3
years of operation of this alternative has resulted in significantly improved groundwater quality
downgradient from the HCIM area. The only items needed to fully implement this alternative
are to complete the asphalt capping in a few locations and implement the institutional controls.
These last items could be completed within 6 months of the final Cleanup Action Plan approval

(see Figure 4-4).

The advantages of implementing Alternative HA-1 are summarized below:

e HA-1 is readily implementable. The only elements remaining to be implemented are
capping a few small areas of the HCIM area and placing the institutional controls.
For the most part this alternative was implemented with the installation of the HCIM.

e Remediation levels consistent with all but the worst-case scenario for damage to the
barrier wall are already being met by this technology.

e This alternative would result in destruction of VOCs and reduction in COC mass.

e The containment system has been shown to be very effective in eliminating releases
from the HCIM area to the downgradient area, with concentrations of COCs rapidly
improving in the downgradient groundwater.

e Implementing this alternative would allow the site to be redeveloped immediately,
thereby placing the property back into productive use and generating jobs and tax
revenue for the community. Other alternatives all have longer implementation time
frames, which would delay redevelopment of the site.

The disadvantages of Alternative HA-1 are:

e The alternative relies heavily on the success of the containment system to protect
downgradient receptors for a long period of time.
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e The alternative is unlikely to result in cleanup levels being attained inside the wall
within a reasonable time frame.

e Remediation levels within most of the site are already being met, but source areas
within the HCIM Area may contain VOC concentrations above remediation levels.

e This alternative would address metals, PCBs, and SVOCs within the HCIM area
through containment, but would not achieve cleanup levels within the HCIM Area.

422  Alternative HA-2: Enhanced Anaerobic Bioremediation
Remedial Alternative HA-2 incorporates all of the components of Alternative HA-1 and includes
anaerobic biostimulation to enhance and accelerate biodegradation of chlorinated VOCs (Figure

4-5). Alternative HA-2 includes the following elements:

e The existing barrier wall isolating and enclosing near-facility impacted soil and
groundwater;

e The existing groundwater recovery and pretreatment system,;
e Surface cap/cover;
e Electron donor injection into affected HCIM Area groundwater;

e Installation of additional performance monitoring wells and an enhanced anaerobic
bioremediation monitoring program;

e The existing groundwater monitoring wells and a revised monitoring program, as
discussed in Section 5; and

e Institutional controls.

Enhanced anaerobic bioremediation would be conducted in an effort to reduce the mass of
DNAPL suspected to be present in two general areas within the HCIM Area and to reduce the
time required to achieve groundwater cleanup levels. As discussed in Section 2.2, COC
concentrations in groundwater at two locations within the HCIM Area are consistent with a trail
of DNAPL ganglia present from the water table interval to the Silt Aquitard. An ISB system
would be installed to enhance and accelerate anaerobic biological degradation of chlorinated
VOC:s that is occurring within the HCIM Area. As noted in the final RI Report, monitoring
conducted within the HCIM Area has positively identified ethene, ethane, and Dehal ococcoides
bacteria in groundwater, confirming that factors necessary for biodegradation of chlorinated
VOCs are present. The ISB program would increase the organic carbon content in the treatment

zone pore space by adding carbohydrate and distributing it throughout the target area. The
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excess organic carbon could be used as an electron donor by existing subsurface bacteria to
accelerate ongoing biodegradation of TCE, cis-1,2-DCE, and VC to ethene. Existing literature
(see Appendix C) indicates that enhanced biodegradation has been effective at reducing VOC
concentrations, even in source areas where the DNAPL is present as ganglia as is the case within
the HCIM area. As with all technologies evaluated as part of this FS, reducing the concentration
of COCs within the Intermediate Aquifer (interbedded silts and sands) to CULs within a
reasonable time frame is not considered likely short of excavating the entire site. However,
concerns about COCs at depths greater than 50 feet are minimal, since this portion of the aquifer
has low permeability and VOCs are unlikely to migrate downgradient to the Duwamish
Waterway. In essence, groundwater meets remediation levels for the intermediate zone even
without the wall present. In addition, vapor intrusion is not a pathway for COCs at this depth.
For this reason, the enhanced bioremediation will target the shallow and water table zones down
to a depth of approximately 50 feet. In the Shallow Aquifer (shallow and water table zone),
cleanup levels are not being met, although remediation levels appear to have been met for most
wall failure scenarios. Monitoring data are not available for source areas within the HCIM Area,
and therefore it is possible that remediation levels are not being achieved in those areas.

Implementation of Alternative HA-2 would target those source areas.

Several proven electron donor materials are readily available for ISB, including molasses,
sodium lactate, and emulsified vegetable oil. The specific electron donor that would be used for
each groundwater zone would be selected through pilot testing conducted during the preparation
of the corrective action plan. For the purpose of estimating the cost of this alternative for this
SWEFS, it was assumed that only the Shallow Aquifer (water table and shallow zones) would be
treated, and that molasses would be used as the electron donor. Groundwater flow within the
HCIM Area is significantly influenced by the barrier wall, and it is anticipated that groundwater
flow gradients are extremely limited. In addition, it is anticipated that multiple electron donor
injections would be necessary. Therefore, it was assumed that recirculation wells would be

necessary to distribute the electron donor in the targeted treatment areas.

The conceptual design for Alternative HA-2 includes the installation of a recirculation well
system within the HCIM Area to uniformly distribute the substrate within the water table and
shallow depth intervals. A total of 10 extraction wells and 22 injection wells would be installed,
as shown on Figure 4-5. Electron donor would be injected into a targeted treatment zone
consisting of one extraction well and the four nearest injection wells. Injection within a targeted

treatment zone would be accomplished by withdrawing water from the central extraction well,
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mixing an electron donor with the extracted groundwater, and reinjecting the mixture through the
four surrounding injection wells spaced about 50 feet apart. Groundwater recirculation would
continue until the electron donor is detected in the extracted groundwater. Two nested wells
would be located at each injection well and extraction well location. Each well would be
constructed with 40 feet of screen. The shallow injection/extraction wells would be installed to a

depth of approximately 50 feet bgs to treat the water table and shallow groundwater intervals.

Repeat injections would be conducted periodically to maintain a high level of biological activity
and effective reductive dechlorination of chlorinated VOCs and breakdown products. For
estimating costs, it was assumed that two injections would be performed each year over a 4-year
period, for a total of eight injection events. The required carbohydrate injection would be
determined from pilot testing; however, PSC estimates that approximately 325 gallons of
carbohydrate would need to be injected in each recirculation cell (consisting of one extraction
well and four injection wells) during each injection event. For cost estimating purposes, it is
anticipated that each recirculation cell would be operated for 24-48 hours during each injection

event.

Pilot testing of Alternative HA-2 would be needed to confirm the effectiveness of this
technology, determine the radius of influence of the injection/extraction wells, and design the
ISB system. The pilot testing would likely be performed by installing one nested recirculation
cell (i.e., one set of nested extraction wells and four nested sets of injection wells) and
monitoring wells, completing an injection event in each targeted treatment interval, and
conducting performance monitoring. Costs for pilot testing have been included in the

implementation cost estimate.

A performance monitoring well network is an integral part of Alternative HA-2 to evaluate the
effectiveness and performance of the ISB system. As shown on Figure 4-6, two new nested
monitoring wells would be installed at two locations to monitor the distribution of the electron
donor substrate. Degradation of the groundwater COCs and the carbohydrate would be
monitored within the injection/extraction wells and monitoring wells. For cost estimating
purposes, it was assumed that quarterly monitoring of the wells would be conducting during the
4-year injection program, followed by two years of semiannual sampling (see Table 4-3). In
addition, Alternative HA-2 also includes the groundwater monitoring program common to all

HA Alternatives, as described in Section 5.
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Although enhanced anaerobic bioremediation would reduce the mass of DNAPL within the
treatment areas, it is unlikely to remove all DNAPL ganglia present, and it would have limited
effect on DNAPL within the Intermediate Aquifer. Subsurface heterogeneities, preferential flow
paths, and poor mixing in the subsurface may result in inefficient treatment. It is difficult to
estimate the time that would be required for COC concentrations in groundwater within the
HCIM Area to reach cleanup levels because the contaminant mass in the subsurface is unknown.
Based on a review of sites with similar contaminant concentrations where enhanced anaerobic
bioremediation was implemented, PSC estimates that it may take up to about 6 years to achieve
remediation levels in the source areas. Since the Intermediate Aquifer would not be treated by
this approach, cleanup levels within the Intermediate Aquifer would not likely be met within the
foreseeable future. Tables 4-4a and 4-4b summarize the probability that anaerobic
bioremediation and monitored natural attenuation would achieve remediation and cleanup levels
for individual COCs within the HCIM Area within a specified time frame. For estimating costs,
a total monitoring period of 6 years has been assumed for monitoring the enhanced
bioremediation program inside the barrier wall; long-term monitoring costs outside the barrier

wall are included in the costs for the Outside Area alternatives.

Implementation of this alternative will take approximately 5 to 6 years following approval of the
CAP (Figure 4-4). Year one would involve permitting, design, and pilot testing of the enhanced

biodegradation application rates/well system, followed by up to 4 years of injection treatments.

Administrative controls would be incorporated into the alternative to ensure that human health
and the environment are adequately protected by Alternative HA-2. These administrative

controls would be the same as described for Alternative HA-1 in Section 4.2.1.

The advantages of HA-2 are:

e The alternative can be readily implemented and employs a proven technology for
chlorinated VOCs.

e This alternative would result in both VOC destruction and reduction in mass.

e The alternative would enhance the existing anaerobic conditions as opposed to other
alternatives, which would risk disrupting this system.

e The alternative would result in meeting remediation levels within the HCIM Area,
including in the source areas in a relatively short time frame, thereby protecting the
Duwamish Waterway in the unlikely case of barrier wall failure.
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The disadvantages of HA-2 are:

e HA-2 would not result in meeting CULs within the foreseeable future.

e This alternative would not result in significant reduction in concentrations for metals,
PCBs or SVOCs, remediation levels for these constituents have already been attained
within the HCIM Area;

e Implementation of this alternative could take up to 5 years, during which time, it
would not be possible to fully redevelop the property.

e The alternative would rely on the containment of the HCIM to protect the
downgradient vapor intrusion receptors.

¢ Enhanced bioremediation has been shown to be effective for source areas, assuming
that the carbon source can come in contact with all the source material; however, silt
lenses within the deeper portion of the shallow zone may impede success at this site.

4.2.3 Alternative HA-3: Enhanced Anaerobic Bioremediation and Soil Vapor
Extraction

Remedial Alternative HA-3 incorporates all of the components of Alternative HA-2. This
alternative also includes implementation of an SVE system coupled with partial site dewatering
to treat elevated concentrations of VOCs in the vadose zone and address shallow residual
DNAPL. This Alternative assumes that some DNAPL or high concentrations of VOCs may be
present within the shallow and water table zones in the source areas and that this DNAPL could
impede the ability to achieve both remediation levels and cleanup levels in the shallow and water
table zones. The conceptual site model assumes that DNAPL is probably most likely present
deeper in the subsurface with the majority of the remaining DNAPL in the Intermediate Aquifer
at depths greater than 40 ft bgs. At those depths, failure of the barrier wall would result in a
release, but the permeability at that depth would limit migration to the Duwamish Waterway.
Releases at shallower depths could travel farther before MNA reduces concentrations below
CULs. To address this potential, this alternative adds SVE to reduce concentrations of VOCs in
shallow soils, particularly in the source areas, faster than by either Alternative HA-1 or HA-2.

The following elements are included in Alternative HA-3:

e The existing barrier wall isolating and enclosing near-facility impacted soil and
groundwater;

e An upgraded groundwater recovery and pretreatment system, with greater capacity
than the existing system;
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e Surface cap/cover;
e Partial site dewatering and SVE;
e Electron donor injection into affected HCIM Area groundwater;

e Installation of additional performance monitoring wells and an enhanced
bioremediation monitoring program;

e The existing groundwater monitoring wells and a revised monitoring program, as
discussed in Section 5; and

e Institutional controls.

The components of Alternative HA-3 would be implemented in a phased approach. The first
phase of remediation activities would include construction of new caps over currently uncapped
areas and implementation of SVE. Based on soil sampling results presented in the RI, SVE
would be implemented in three areas on the PSC facility and adjacent portions of the SAD
property, as shown in Figure 4-6. Each SVE area would consist of two vapor extraction wells
and one new groundwater extraction well. As discussed in Technical Memorandum No. 1, SVE
was previously conducted within the HCIM Area in the former North Field, immediately north
of the former TASCO building. Approximately 19,000 pounds of VOCs were removed from the
subsurface in this area over several years before the system was shut down due to diminishing
returns. It is likely that SVE would remove additional VOC mass from this area after dewatering

lowers the water table.

Groundwater extraction would be conducted in the three SVE treatment areas to lower the water
table approximately 10 to 15 feet and vertically extend the effective zone of the vapor extraction
wells. Groundwater modeling indicates that in order to lower the water table an additional 10 to
15 feet in the HCIM area, groundwater extraction would need to be maintained at a total
pumping rate of between 30 and 50 gpm. The conceptual design of the groundwater extraction
system includes one new extraction well installed in each SVE treatment area (three wells total),
plus the two existing extraction wells, for a total of five wells. The locations of the extraction
wells are shown on Figure 4-6. In addition, the existing HCIM groundwater recovery system
would be modified to increase the treatment capacity to accommodate the additional dewatering
groundwater. Each new extraction well would be constructed of 6-inch inside diameter,
Schedule 80 PVC blank casing and stainless steel wirewrap (0.03-inch slot) well screen. The
wells would be installed to a depth of approximately 40 feet bgs, with 30 feet of screen installed
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from the bottom of the boring. Dedicated, submersible, groundwater extraction pumps would be
installed in the new extraction wells approximately 5 feet above the bottom of the wells. A

pumping rate of 10 to 20 gpm would be maintained in each well.

The existing treatment system for the HCIM groundwater extraction system does not have
sufficient capacity to treat the additional groundwater (approximately 30 to 50 gpm) that would
be extracted under Alternative HA-3. In addition, the extracted groundwater may contain
elevated concentrations of metals. Therefore, the extracted groundwater would be treated by a
separate low-profile air-stripper to remove VOCs, followed by chemical dosing/precipitation to
remove metals prior to discharge to the King County POTW. The King County discharge permit
would be modified for the period of the dewatering to allow this higher discharge volume. For
estimating purposes, it was assumed that dewatering to this depth and soil vapor extraction
would be completed within four years; however, actual vapor extraction could be different, as

appropriate to effectively remove contaminant mass.

A total of six vapor extraction wells would be installed to a depth of approximately 25 feet bgs
and would be constructed with 4-inch diameter Schedule 40 PVC with 20 feet of 0.10-inch
slotted well screen. The annulus around the well screen and casing would be filled with filter
sand to approximately 1 foot above the screen and sealed with approximately 1 foot of hydrated
bentonite pellets above the filter sand. The remaining annulus around the well casing would then
be filled to grade with concrete. Each SVE well would be connected to a flow-control manifold
to allow flow from each SVE well to be independently adjusted as necessary to control the zone
influenced by the SVE system. Except for a small area that would be covered with asphalt, the
entire HCIM Area is currently capped with a combination of microsilica concrete and asphalt
(Figure 4-6). Because the duration of the SVE is expected to be relatively short, all system

piping would be routed above ground to minimize disturbance to the existing cap system.

A regenerative blower with a capacity of 400 cfm would be used to induce a vacuum on the
vapor extraction wells and direct the recovered vapor stream to the emission control system. A
vacuum of approximately 25-inches of water would be induced on each SVE well. Based on
operational data obtained from the previous SVE system at the site, it is anticipated that the
radius of influence of each vapor extraction well would be approximately 50 to 75 feet at this
applied vacuum and the vapor flow rate from each well would be approximately 50 cubic feet

per minute.
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Emission controls for the extracted vapor stream would be selected based on initial system
testing following installation of the SVE wells. During the initial test period, the extracted vapor
stream would be treated with GAC prior to discharge to the atmosphere. For estimating the
operational costs of Alternative HA-3, it was assumed VOC concentrations in the extracted
vapor stream would require treatment with a rented catalytic oxidizer unit for 1 year. The
extracted vapor stream would then be treated with granular activated carbon units for the life of
the system. For cost estimating purposes, it was assumed that the system would operate for a
period of 4 years. The actual operational period of the system would likely be determined based
on VOC concentrations in the extracted vapor streams and whether the system has reached a

point of diminishing returns.

Operation of the SVE system will be monitored by collection of vapor samples from the
extracted vapor stream and individual SVE wells, as well as periodic measurements of VOC
concentrations in the extracted vapor stream with a PID. In addition, collection of vapor samples
downstream of the emission controls system would likely be required as a condition of the air

permit for the system. For cost estimating purposes, it was assumed that:

e Vapor samples would be collected from the emission control influent and effluent
streams monthly;

e Vapor samples would be collected from individual SVE wells semiannually;
¢ PID measurements would be taken monthly, and
e SVE would be completed in 1 year.

A Notice of Construction would be prepared and submitted to the PSCAA prior to construction
of the SVE system.

At the completion of the SVE operation, anaerobic bioremediation would be conducted within
the two suspected DNAPL areas, as outlined under Alternative HA-2 and depicted in Figure 4-5.
Groundwater levels within the HCIM Area would be allowed to recover to pre-SVE conditions

prior to initiation of anaerobic bioremediation activities.

Implementation of this Alternative, as shown on Figure 4-4, would take up to 10 years after
approval of the CAP. The SVE and treatment systems would both need to be permitted and
constructed. Once dewatering was initiated it would take approximately another 6 to 12 months

to achieve desired water levels. SVE could be initiated concurrently with the dewatering, but
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maximum SVE recovery would not occur until dewatering were complete to the target depth of
25 feet bgs. At this time we anticipate that SVE would be conducted for at least 1 year after
groundwater levels have been lowered and take up to 3 years to complete, depending on the
concentrations of VOCs in the subsurface. Anaerobic enhancement was assumed to be initiated
in the source areas upon completion of the SVE operation; however, it may be feasible to
commence bioremediation before SVE completion. Enhanced in situ anaerobic biodegradation
has been assumed to take four years for pilot testing and for periodic electron donor injections;
monitoring of enhanced bioremediation has been assumed to continue for 2 years after
completing the final substrate injection. Total implementation time is anticipated to be 5 to 9
years (Figure 4-4).

Administrative controls would be incorporated into the alternative to ensure that human health
and the environment are adequately protected by Alternative HA-3. These administrative

controls would be the same as described for Alternative HA-1 in Section 4.2.1.

The advantages of implementing HA-3 are:

e This alternative would use an aggressive technology, SVE, to address remnant VOC
contamination in the shallow soil and upper water table zone, which should reduce
restoration time frames for this portion of the stratigraphy.

e With the more aggressive approach, VOCs would be destroyed, concentrations would
be reduced, and CULSs could potentially be achieved for VOCs within the water table
zone, at least temporarily.

e All technologies associated with this alternative are proven technologies for the
VOCs.

The disadvantages of Alternative HA-3 are:

e Implementation of additional pump and treat and SVE would require extensive work
on the site for about 10 years (four years for dewatering/SVE followed by 6 years for
substrate injection and bioremediation monitoring). This would result in a delay of
redevelopment and reuse of the site for about 10 years;

e The need to pump at higher rates to temporarily dewater the upper portion of the
aquifer would require redesigning and reconstructing the groundwater treatment
system and obtaining new PSCAA and King County Discharge permits. King
County may not be willing to accept the high volumes of water anticipated. If King
County would not take this volume of water, the alternatives would be to reduce the
amount of dewatering that would occur, which would reduce the effectiveness of
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SVE, or to apply for an injection permit for reinjection of water into the downgradient
plume. The injection permit would require at least 1 year to obtain.

e This alternative would not result in any significant reduction in concentrations of
SVOCs, metals, or PCBs, although remediation levels would be met for these COCs.

o Site characterization of the water table zone on the former facility area is not adequate
to confirm that the SVE would address all source areas.

e Groundwater pumping inside the HCIM area would result in upward gradients from
the Deep Aquifer. This would likely result in contaminated groundwater from the
intermediate zone to be carried upward into the shallow and water table zones,
recontaminating these zones. As a result, it is unlikely that CULs would be met in the
foreseeable future. If this were the case, the alternative would still rely on
containment to protect receptors downgradient from vapor intrusion.

424 Alternative HA-4: In Situ Chemical Oxidation and SVE

Remedial Alternative HA-4 incorporates all of the components of Alternative HA-3, except
enhanced anaerobic bioremediation. Instead, ISCO would be conducted in an effort to reduce
the mass of DNAPL suspected to be present in two areas within the HCIM Area. Alternative

HA-4 would include the following elements:

e The existing barrier wall isolating and enclosing near-facility impacted soil and
groundwater;

e Anupgraded groundwater recovery and pretreatment system, with greater capacity
than the existing system;

e Surface cap/cover;
e Partial site dewatering and SVE;
e [SCO in HCIM Area groundwater;

e Installation of additional monitoring wells and an ISCO performance monitoring
program;

e The existing groundwater monitoring wells and a revised monitoring program, as
discussed in Section 5; and

e Institutional controls.

The components of Alternative HA-4 would be implemented in phases. The first phase of

remediation activities would include construction of new caps over currently uncapped areas and
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implementation of SVE, coupled with partial site dewatering. The SVE extraction and
pretreatment system, as well as dewatering extraction wells, would be implemented as described
for Alternative HA-3 in Section 4.2.3. ISCO would be implemented following decommissioning
of the SVE/dewatering system and the return of HCIM Area groundwater elevations to pre-SVE
levels.

ISCO involves the application of a chemical oxidant, such as potassium permanganate, sodium
persulfate, or hydrogen peroxide, to react with organic contaminants. The specific oxidant that
would be used for each groundwater interval within the HCIM Area would be selected through
pilot testing conducted during preparation of the CAP. As discussed for Alternatives HA-2 and
HA-3, the treatment would not likely be effective in the Intermediate Aquifer and would focus
only on the Shallow Aquifer (above approximately 50 feet depth); therefore for the purposes of
cost estimating for this SWFS, it was assumed that potassium permanganate (KMnQOy4) would be
used to treat the Shallow Aquifer (water table and shallow zones). KMnOQy is more stable in the
subsurface than hydrogen peroxide or Fenton’s reagent, and is less reactive with reduced metals

than sodium persulfate.

It is anticipated that groundwater recirculation would be necessary to effectively distribute the
oxidant in the targeted treatment zones (the suspected DNAPL areas). A recirculation well
system and monitoring well network would be utilized for Alternative HA-4 that is similar to the
conceptual design for the ISB system of Alternative HA-2 (10 extraction wells and 22 injection
wells). The location and layout of the recirculation well system is shown on Figure 4-7. ISCO
treatment of each targeted zone would be accomplished by withdrawing water from a central
extraction well, mixing an oxidant with the extracted groundwater, and reinjecting it through
four surrounding injection wells spaced 50 feet apart. Oxidant injection and groundwater
recirculation would continue until unreacted oxidant is detected in the extracted groundwater.
Injection wells and extraction wells would be constructed with 40 feet of screen. The shallow
injection/extraction wells would be installed to a depth of approximately 50 feet bgs to treat the

water table and shallow groundwater intervals.

Repeat injections would be conducted periodically to maintain an oxidant concentration in the
treatment zones capable of oxidizing chlorinated VOCs and their breakdown products. For
estimating costs, it was assumed that two injections would be performed each year over a 4-year
period, for a total of eight injection events. The oxidant and required mass of oxidant to be

injected would be determined from pilot testing. Based on the reducing conditions and elevated
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iron concentrations observed in HCIM Area groundwater, the soil oxidant demand of the
treatment area was assumed to be 6 pounds of KMnOj per cubic yard of treated aquifer
(Haselow, 2003). For the purpose of estimating the costs of Alternative HA-4, it was assumed
that 2,625 pounds of KMnO4 would be injected as a 2 percent solution in each recirculation cell
during each injection event. A total of 26,250 pounds of KMnO4 would be injected during each
event, and 210,000 pounds of KMnOy, total would be injected over all eight injection events. It is
anticipated that each recirculation cell (consisting of one extraction well and four injection wells)

would be operated for 24-48 hours during each injection event.

Pilot testing of Alternative HA-4 would be needed to select the most effective oxidant for the
HCIM Area, confirm the effectiveness of this technology, confirm the injection mass, and
determine the radius of influence of the extraction/injection wells. The pilot testing would be
performed by installing one nested recirculation cell (i.e., one set of nested extraction wells and
four sets of injection wells) and monitoring wells, conducting bench-scale treatability studies,
completing an injection event, and conducting performance monitoring. Pilot testing could be

completed within 6 to 9 months.

High levels of other oxidizable substances in the treated zone, such as soil organic material and
reduced-state metals (e.g., ferrous iron), can significantly reduce the treatment efficiency and
effectiveness of ISCO by consuming the oxidant. Typically, the majority of oxidant injected
during ISCO treatment of impacted groundwater is consumed overcoming this soil oxidant
demand. During the installation of the extraction and injection wells for the pilot study, soil
samples would be collected from each targeted treatment zone for use in bench-scale treatability
studies to evaluate the soil oxidant demand in the HCIM Area. These treatability studies would
also be used to select the most effective oxidant for the HCIM area. Following the completion of
the bench-scale tests, a pilot test would be conducted by completing an injection event using the
nested recirculation cell and conducting performance monitoring. Costs for pilot testing and the

bench-scale treatability studies have been included in the implementation cost estimate.

A monitoring well network is an integral part of Alternative HA-4. As shown on Figure 4-7,
four additional monitoring wells (two nested sets) would be installed to evaluate the
effectiveness and performance of the ISCO system. Nested sets of monitoring wells would be
installed at two locations to monitor the oxidant distribution in the water table and shallow
groundwater intervals. Degradation of the groundwater COCs and consumption of the oxidant

would be monitored within the injection, extraction, and monitoring wells. Upon dissolution,
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permanganate causes the solution to turn purple, which provides an indicator for the presence of
unconsumed permanganate oxidant. The concentration of unreacted oxidant in the injection,
extraction, and monitoring wells would be evaluated with a colorimeter (such as a Hach
Manganese LR, Pocket Colorimeter, or similar). For cost estimating purposes, it was assumed
that quarterly monitoring of the wells would be conducting during the 4-year injection program,
followed by 2 years of semiannual sampling, and annual sampling thereafter. Alternative HA-4

also includes the groundwater monitoring program discussed in Section 5.0.

Administrative controls would be incorporated into the alternative to ensure that human health
and the environment are adequately protected by Alternative HA-2. These administrative

controls would be the same as described above for Alternative HA-1.

Although ISCO would reduce the mass of DNAPL suspected to be present within the shallow
zone of the HCIM Area, it is unlikely to remove all DNAPL ganglia that may be present.
Subsurface heterogeneities, preferential flow paths, and poor mixing in the subsurface may result
in inefficient treatment. It is difficult to estimate the time that would be required for COC
concentrations within HCIM Area groundwater to reach cleanup levels, because the mass of
contaminants in the subsurface is unknown. Currently the HCIM Area meets remediation levels
for the most realistic but highly conservative wall failure scenarios; however, COCs may be
present above remediation levels within source areas where monitoring wells are not present.
Due to the fact that cleanup of the DNAPL within the interbedded silt and sand of the
Intermediate Aquifer is not practical, cleanup levels (refer to Appendix C for details) are not
expected to be met within a reasonable time frame. For estimating remediation costs of this
alternative, it was assumed that ISCO would be implemented after completing dewatering/SVE,
and that oxidant injections would occur over a four year period. Monitoring inside the barrier
wall was assumed to continue for two years after the final oxidant injection to confirm treatment
effectiveness. Long-term monitoring costs at the CPOC are included in the Outside Area

alternatives.

Implementation time for this alternative would be similar to HA-3, on the order of 5 to 9 years
(Figure 4-4).

The advantages of implementing Alternative HA-4 are:
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e Chemical oxidation is a proven technology for addressing VOC:s, particularly in
source areas. VOCs would be destroyed by this alternative and mass would be
reduced.

e The alternative should result in a reduced restoration time frame to meet remediation
levels in the Shallow Aquifer although current data suggest that these remediation
levels are already being met.

The disadvantages of this alternative are:

e This alternative would not result in any significant reduction in concentrations of
SVOCs, metals, or PCBs, although remediation levels would be met for these COCs.

e Implementing this alternative would take a minimum of 5 years and require pilot
testing and considerable additional permitting. As a result, the site could not be
redeveloped for at least 5 years;

e The geochemistry within the Shallow Aquifer in the HCIM area is complex, and iron
and manganese concentrations are very high. These metals as well as other COCs
would consume a considerable amount of chemical oxidant. As a result it is unknown
how complete the oxidation of VOCs would be or how much oxidant would be
required to destroy the VOC:s, resulting in a larger uncertainty in final costs (a larger
potential range of costs).

e Remediation levels have already been attained in the HCIM Area, but it is doubtful
that cleanup levels would be met by this alternative in any of the aquifer zones due to
recontamination that would occur from the Intermediate to the Shallow zones; and

e This alternative is not appropriate for the intermediate zone due to the highly
interbedded silt and sand.

425  Alternative HA-5: Steam Injection, Enhanced Anaerobic Bioremediation,
Dewatering, and SVE

Alternative HA-5 includes all of the elements of HA-3. In addition, steam injection would be
conducted in an effort to reduce the mass of DNAPL suspected to be present in two areas within
the HCIM Area in both the Intermediate and Shallow Aquifers. Enhanced anaerobic
bioremediation would be implemented following steam injection to address remaining
concentrations of chlorinated COCs; due to temperature limitations, enhanced bioremediation
could not be implemented until subsurface temperatures decrease to about 80 F. Partial site
dewatering and SVE would be conducted to treat elevated concentrations of VOCs in the vadose
zone and address shallow residual DNAPL. This alternative, unlike the preceding alternatives,

would target the total depth of chemical impacts within the HCIM Area with an aggressive
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technology, steam stripping, with the intention of trying to reduce restoration time frames for

meeting cleanup levels in the HCIM Area.

Alternative HA-5 would include the following elements:

e The existing barrier wall isolating and enclosing near-facility impacted soil and
groundwater;

e An upgraded groundwater recovery and pretreatment system, with greater capacity
than the existing system;

e Surface cap/cover;

e Partial site dewatering and SVE;

e Steam injection in affected HCIM Area groundwater;

e Electron donor injection into remaining areas of affected HCIM Area groundwater;

e Installation of additional performance monitoring wells and an enhanced anaerobic
bioremediation monitoring program;

e The existing groundwater monitoring wells and a revised monitoring program, as
discussed in Section 5; and

e Institutional controls.

The components of Alternative HA-5 would be implemented in a phased approach as illustrated
in Figure 4-8. Phase 1 of remediation activities would include the construction of new caps over
currently uncapped areas and implementation of SVE, as discussed for Alternative HA-3 in
Section 4.2.3. Phase 2 of Alternative HA-5, which includes steam injection, would be
implemented following the decommissioning of the SVE/dewatering system and the return of
HCIM Area groundwater elevations to pre-SVE levels; it was assumed that groundwater
recovery would require one year. Implementation costs for each phase were included as future

costs (see Appendix A).

Steam injection would be conducted to mobilize the suspected DNAPL and aid in its removal
from two locations within the HCIM Area. Steam injection mobilizes and removes DNAPL
from the subsurface through several mechanisms (Davis, 1998). As steam is initially injected
into the affected aquifer, it cools and condenses as it moves out into the formation. As more

steam is injected, this cold water front is pushed through the formation toward an extraction well,
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flushing mobile contaminants from the pore spaces. As the formation heats up, hot water moves
through the treatment zone, which reduces the viscosity of the contaminants and increases the
capture of contaminants by the extraction well. When the formation has been heated sufficiently
to allow steam to reach the contamination, additional contaminant mass is removed through
volatilization and SVE. Unlike the above alternatives, steam injection is a technology that
mobilizes COCs and, as such, cannot be implemented in the Shallow Aquifer above. Targeting
the Shallow Aquifer alone would risk mobilizing the DNAPL from that zone downward, as
opposed to the DNAPL being captured and removed. For this reason, steam injection is being
considered for both the Shallow and Intermediate Aquifers. According to the available literature
(Appendix C), steam stripping was successful in reducing VOC concentrations by as much as
98% in one study of shallow groundwater treatment in granular soils. Other studies indicate a

much lower level of success in deeper and/or more variable soil types.

The conceptual design of the steam injection system, which is shown on Figure 4-8, includes
installation of 18 steam injection wells, 18 dual-phase extraction wells, and two additional SVE
wells for a total of eight SVE wells under Alternative HA-5. Four of the SVE wells installed
during the Phase 1 of Alternative HA-5 would also be utilized. Each treatment zone would
consist of one centrally located extraction well, and four injection wells spaced 45 feet apart.
Steam would be injected through the four extraction wells, and a centrally located dual-phase
extraction well would recover mobilized DNAPL constituents, impacted groundwater,

condensed steam, and vapor. SVE wells would operate over the treatment area to capture any
vapors that escape the treatment zone. Two nested wells would be located at each steam
injection well and dual-phase extraction well location. Each well would be constructed with 40
feet of screen. The shallow injection/dual-phase extraction wells would be installed to a depth of
approximately 50 feet bgs to treat the water table and shallow groundwater intervals. The second
well at each nested steam injection or dual-phase extraction well location would be installed to a
depth of approximately 90 feet bgs to treat the intermediate groundwater interval. Dedicated,
submersible, groundwater extraction pumps would be installed in each dual-phase extraction
well approximately 5 feet above the bottom of the well. A pumping rate of 5 gpm would be
maintained in each well. Based on the steam requirements for similar applications, it is
estimated that approximately 720 tons/year of carbon dioxide (a greenhouse gas) would be
produced during steam injection. Assuming a 5-year injection time, a total of about 3,600 tons

of greenhouse gases would be released under this alternative.
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The two additional SVE wells would be installed to a depth of 8 to 10 feet bgs and would be
constructed with 5 feet of screen, for a total of eight SVE wells. The variable-speed,
regenerative blower with a capacity of 1,000-cfm would be utilized to induce a vacuum of
approximately 25 inches of water on each SVE and dual-phase extraction well. An Ecology
underground injection permit may be required for steam injection and an air permit would be
required for the SVE system. For cost estimating purposes, it was assumed that the dewatering

and SVE phase would require four years to complete,

The extracted groundwater, steam, and contaminated vapors would be treated in a treatment
system consisting of a heat exchanger/condenser, vapor liquid separator, catalytic oxidizer, and
air stripper. The water vapor in the extracted vapor stream would be condensed and treated with
the extracted groundwater by an air stripper prior to discharge to a POTW under a permit issued
by King County. Chemical dosing and precipitation may also be necessary to remove elevated
concentrations of metals that may be present in the extracted groundwater. A catalytic oxidizer

would be used to treat VOCs in the extracted vapor stream prior to discharge to the atmosphere.

Steam injection could not be implemented in proximity to the HCIM barrier wall due to the
potential for adverse impacts to the wall material. Therefore, a 50-foot buffer zone would be
maintained between the areas to be treated by steam injection and the barrier wall, as shown in
Figure 4-8. In addition, monitoring wells with temperature sensors would be installed to monitor
temperature gradients throughout the treatment area and near the barrier wall. Two additional
nested wells, one at each treatment depth, would be installed at each of three locations for a total

of 10 monitoring wells (five nested pairs). The locations of the wells are shown on Figure 4-7.

For cost estimating purposes, it was assumed that the steam injection system would be installed
and would operate for a period of 5 years. The cost estimate for steam injection is based on
literature values by cost per cubic yard, and not a conceptual design of system components since
the design, installation, and operating costs of this technology are difficult to evaluate due to the
complexity of the system and proprietary nature of the technology. Therefore, a single cost
element has been included for steam injection; for NPV calculation, this cost was placed in year
3 of the 5-year steam injection period (see Appendix A). Based on initial system performance
testing, steam injection may be conducted in cycles. Under this operational scenario, SVE and
dual-phase extraction would continue between steam injection cycles to depressurize the steam
zone and create a thermodynamically unstable system. Cycling of steam injection in this manner

has been shown to reduce the amount of steam required, and may potentially reduce the time to
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reach cleanup levels (Davis, 1998). The actual operational period of the system would likely be
determined based on VOC concentrations in the extracted vapor and groundwater streams and
whether the system had reached a point of diminishing returns. Groundwater monitoring within

the HCIM Area would be conducted during the 5-year steam injection period.

Subsurface heterogeneities and preferential flow paths are expected to cause uneven heating in
the treatment zone, resulting in inefficient treatment. In addition, significant portions of the
suspected DNAPL areas may not be treatable by steam injection due to the proximity of the
barrier wall and the presence of the TASCO building. Therefore, enhanced anaerobic
bioremediation would be conducted following completion of steam injection (including cool-
down) to further reduce the potential mass of DNAPL and dissolved phase constituents in the
HCIM Area. Enhanced anaerobic bioremediation would be implemented as outlined for
Alternative HA-2 in Section 4.2.2.

For scheduling purposes (see Figure 4-4) it was assumed that the subsurface would cool to
pretreatment temperatures within 2 years; however, preliminary calculations indicate that it could
take as long as 20 years to cool sufficiently to support growth of organisms known to be capable
of supporting reductive dechlorination of chlorinated VOCs. It was assumed that enhanced
bioremediation injections would be conducted for 4 years with an additional 2 years (6 years
total) of monitoring within the HCIM Area for enhanced bioremediation. Long-term monitoring
at the CPOC has been included in the Outside Area alternatives. Similar to the other alternatives
it is likely that cleanup levels would not be met within a reasonable time frame by this
technology due to the heterogeneities within the aquifers. Recontamination due to diffusion
from the silt lenses and the aquitard are expected to cause recontamination of the Intermediate

and Shallow Aquifers.

The implementation period for this alternative could be much longer than for the other
alternatives. Designing and implementing the steam injection technology would likely take one
to two years plus at least another year for pilot testing. Actual implementation time is
anticipated to take about 5 years, as about 1 year would be needed to heat the subsurface to the
necessary temperature. Following treatment by steam injection, the site would need several
years for ground temperatures to cool prior to implementing enhanced biodegradation, with a 4-
year period projected for substrate injection. As a result, total implementation time for this

alternative would be about 16 years at minimum and could extend to more than 25 years if the
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subsurface cools slowly. For cost estimating purposes we have assumed 20 years. It would not

be possible to return the site to productive use during the remediation period.

Administrative controls would be incorporated into the alternative to ensure that human health
and the environment are adequately protected by Alternative HA-5. These administrative

controls would be the same as described for Alternative HA-1 in Section 4.2.1.

The advantages of implementing HA-5 are:

e The technology of steam stripping in this alternative could result in mobilization and
capture of more DNAPL than other alternatives.

e The alternative would result in mass removal from all three groundwater zones above the
Silt Aquitard.

e This alternative could remove mass for SVOCs as well as VOCs.

e This alternative would meet remediation levels in all zones, but cleanup levels would not
likely be met.

The disadvantages of Alternative HA-5 are:

e The technology of steam stripping would mobilize contaminants; however, the ability to
capture those contaminants is much less certain. This technology was implemented in an
extensive pilot test at the Puget Sound Resources CERCLA site and was a complete
failure as DNAPL was mobilized without full capture.

e The technology of steam stripping has been shown to be effective on granular soils and at
depths of less than 30 feet. However this is not a proven technology for VOCs to the
depths required for this project.

e The implementation of this alternative would take at least 16 years. The steam stripping
would require extensive pilot testing followed by permitting. As a result, the site would
not be redeveloped for at least 16 years.

e The technology is unproven for such a complex site, and as a result the ability to meet
cleanup levels are also unproven.

e Since the alternative relies on mobilization of DNAPL, implementation presents a risk of
COC migration through the Silt Aquitard.

e The amount of energy required to implement steam stripping over such a large saturated
zone would be immense.
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e The technology of steam stripping could not be conducted near the barrier wall owing to
concerns of damage to that feature and may therefore not be effective.

4.2.6 Alternative HA-6:. Steam Injection, Groundwater Extraction, SVE with
Dewatering, and Excavation

This alternative combines steam injection and SVE/dewatering with groundwater extraction for
mass reduction. In addition, vadose zone soil containing COC concentrations above cleanup
levels for PCBs and metals would be excavated for off-site disposal. Alternative HA-6 would

include the following elements:

e The existing barrier wall isolating and enclosing near-facility impacted soil and
groundwater;

e Anupgraded groundwater recovery and pretreatment system with greater capacity
than the existing system;

e Surface cap/cover;

e Partial site dewatering and SVE;

e Steam injection in affected HCIM Area groundwater;

e Groundwater recovery for mass reduction;

e Excavation and off-site disposal of highly impacted soil;
e Reconstruction of the cap following excavation;

e The existing groundwater monitoring wells and a revised monitoring program as
discussed in Section 5; and

e Institutional controls.

Alternative HA-6 would be implemented in phases. Phase 1 would include capping of uncapped
areas and implementation of SVE with dewatering, as described for Alternative HA-3 in Section
4.2.3. Following decommissioning of the SVE system, steam injection would be conducted in
Phase 2 to reduce the mass of DNAPL suspected to be present within the HCIM Area, as detailed
for Alternative 5 in Section 4.2.5. Phase 2 of Alternative HA-6 would include continued
groundwater recovery in the two suspected DNAPL areas following cessation of steam injection
to further reduce the mass of chlorinated VOCs present in HCIM Area groundwater and
excavation of impacted soil. In addition to VOC recovery, the recovery system may reduce
metals concentrations present within the suspected DNAPL areas. As discussed in Technical
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Memorandum No. 1, arsenic has been detected in water table and intermediate monitoring wells
1-S-1 and 1-I (located within the suspected DNAPL area in the North Field) at concentrations
greater than 20 and 50 times the cleanup level, respectively. In addition, copper, nickel, and

barium (1-S-1 only) have been detected in these wells above their respective cleanup levels.

The groundwater extraction wells for the steam injection system would be utilized for
groundwater recovery, and each extraction well would be pumped at a rate of 2 gpm. The
extracted groundwater would be treated by the steam injection groundwater treatment system and
then reinjected into the shallow and intermediate groundwater depth intervals to flush additional
contaminants toward the extraction wells and prevent dewatering of the HCIM Area. The
conceptual design of the steam injection, groundwater extraction, and reinjection system is
shown on Figure 4-9. Based on the steam requirements for similar applications, it is estimated
that approximately 720 tons/year of carbon dioxide (a greenhouse gas) would be produced
during steam injection. Assuming a 5-year injection time, a total of about 3,600 tons of

greenhouse gases would be released under this alternative.

Concentrations of chlorinated VOCs and metals in the water table, shallow, and intermediate
groundwater intervals would be monitored during groundwater extraction in existing HCIM Area
monitoring wells and in wells installed to monitor steam injection temperature gradients. The
operational period of the groundwater extraction system would depend on several factors,

including:
e The mass of DNAPL currently present within the HCIM Area;
e The effectiveness of the steam injection program,;

e The mobility and concentrations of the contaminants remaining after cessation of
steam injection; and

e The capture efficiency of the groundwater extraction wells.

For cost estimating purposes, it was assumed that the dewatering/SVE operations and steam
injection operations would be as described above for Alternative HA-5. The groundwater
extraction/reinjection system was assumed to operate for a total 15 years; it was assumed that
pumping would be maintained during SVE and steam injection operations. Semiannual
groundwater samples would be collected for VOC and metals analysis inside the barrier wall

during this period to monitor the effectiveness of the remediation systems. It was assumed that
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monitoring inside the barrier wall would cease when groundwater recovery is stopped. Long-
term monitoring at the CPOC is included in the Outside Area alternatives.

The third phase of Alternative HA-6 would include excavation and off-site disposal of soil
containing elevated inorganic and PCB concentrations within HSRA-1. It is projected that the
excavation would be done after completing steam injection, probably about 10 years after
commencing implement of this alternative. Soil currently containing VOCs and SVOCs would
not be excavated because these areas would be addressed by SVE, as discussed above. Based on
soil sampling results presented in the RI, excavation and off-site disposal would be implemented
in two areas, as shown in Figure 4-9. The excavation areas would include PCB- and metals-
impacted soil near the northeastern UPPR property boundary and a small area with elevated
concentrations of metals around former sampling location HAC-17. The structural integrity of
the HCIM barrier wall and the TASCO building would be protected during excavation activities
by maintaining a minimum 5-foot buffer around the barrier wall and building foundation. In
addition, excavation sidewall slopes of 1.5:1 (horizontal to vertical) would be maintained away

from the barrier wall and building foundation.

Excavations would be completed to the top of the groundwater (approximately 8 to 10 feet bgs).
It is anticipated that approximately 2,000 bank cubic yards of soil would be removed for oft-site
disposal. The excavated soil would likely be classified as dangerous waste and would have to be

transported by licensed haulers to appropriately permitted disposal facilities.

Confirmation soil samples would be collected from the sidewalls of the excavations at a
frequency of one per 50 linear feet of excavation sidewall. A minimum of one confirmation
sample would be collected from each excavation sidewall. Confirmation samples would not be
collected from the base of the excavations, because the excavations would be completed to the
water table. Following completion of soil removal, the excavations would be backfilled with
clean fill and compacted. The disturbed areas would be repaved with a minimum of 3 inches of

asphalt to replace the existing cap over the excavation areas.

Implementation of this alternative would be faster than HA-5, but longer than HA-4 (Figure 4-4)
with a project implementation time of about 17 years. This assumes that the final groundwater
pump and treat portion of the alternative could be conducted during the time that the subsurface
is hot. It is anticipated that redevelopment could be implemented within about 18 years after

commencing implementation of the alternative.
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Administrative controls would be incorporated into the alternative to ensure that human health
and the environment would be adequately protected by Alternative HA-6. These administrative

controls would be the same as described above for Alternative HA-1.

The advantages of implementing HA-6 are:

e The technology of steam stripping in this alternative could result in mobilization and
capture of more DNAPL than other alternatives.

e The alternative would result in mass removal from all three groundwater zones above the
Silt Aquitard.

e This alternative could remove mass for SVOCs as well as VOCs.

e This alternative would meet remediation levels in all zones, but cleanup levels would not
likely be met.

The disadvantages of Alternative HA-6 are:

e The technology of steam stripping would mobilize contaminants; however, the ability to
capture those contaminants is much less certain. This technology was implemented in an
extensive pilot test at the Puget Sound Resources CERCLA site and was a complete
failure due to mobilization of DNAPL and failure to recover it.

e The technology of steam stripping has been shown to be effective on granular soils and at
depths of less than 30 feet; however, this is not a proven technology for VOCs to the
depths required for this project.

e Implementation of this alternative could take at least 17 years. The steam stripping
would require extensive pilot testing followed by permitting. As a result, the site would
not be redeveloped for at least 18 years;

e The technology is unproven for such a complex site, and as a result the ability to meet
CULs is also unproven.

e Since the alternative relies on mobilization of DNAPL, implementation presents a risk of
COC migration through the Silt Aquitard.

e The amount of energy required to implement steam stripping over such a large saturated
zone would be immense.

e The technology of steam stripping could not be conducted near the barrier wall due to
concerns of damage to that feature and therefore may not be effective.
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4.3 EVALUATION OF HCIM AREA REMEDIAL ALTERNATIVES

The objectives for the six remedial alternatives considered for the HCIM Area are to prevent
direct contact with site COCs, limit constituent migration from the HCIM Area to acceptable
levels, be compatible with the HCIM barrier wall, and support future redevelopment and reuse of
the facility and the TASCO properties. All alternatives would attain these objectives.

This section compares and evaluates the remedial alternatives based on the MTCA criteria
discussed in Section 3. In the subsections below, the alternatives are evaluated relative to their
ability to meet each of the criteria. For each criterion, the alternatives are evaluated on a scale of
1 to 5. A rating of 5 means the alternative is expected to most completely meet the criterion. For
example, none of the alternatives would result in meeting the cleanup criteria for all COCs, so

none of the alternatives would receive a 5 rating for permanence and risk reduction.

A rating of 1 indicates that the alternative is expected to perform poorly for that criterion,
relative to the other criteria. A rating of 1 does not necessarily mean that the alternative would
not adequately meet the criterion; it only means that other alternatives would be more effective

in meeting that specific criterion.

All of the remedial alternatives under consideration attain the remediation objectives outlined in
Section 2. Direct contact with affected soil is addressed by placement of a cap over affected soil
and implementing institutional controls to limit subsurface work and require appropriate health
and safety measures. The cap also minimizes potential dust generation in addition to preventing
runoff of affected soils. Institutional controls have been included in all of the alternatives to
require vapor intrusion barriers for any buildings constructed within the HCIM Area that would
be occupied on a regular basis. The barrier wall provides protection of human and ecological
receptors by providing a physical containment barrier that significantly reduces the release of
groundwater-borne constituents from the HCIM Area. Any constituents that may pass through
the barrier wall would be addressed by the remedial alternatives for the Outside Area. Therefore,
the remedial alternatives considered for the HCIM Area would comprehensively attain the

remediation objectives established in this SWFS.

In the following subsections, each of the remedial alternatives is compared to the evaluation
criteria described in Section 3. These comparisons summarize the primary factors that address

each criterion. The evaluation has been summarized for all evaluation criteria in Table 4-5.

52 J:\8770.000 PSC GT\048\TM-5-Agency-tDraft-Sec-1-to-7-ver-11_Sx.doc



&= Geomatrix

43.1 Protectiveness and Risk Reduction Evaluation

The relative ranking of the alternatives for this criterion is shown on Table 4-5. In general terms,
the protectiveness and risk reduction criterion involves the degree to which remedial alternatives
protect human health and the environment and provide a reduction in risks posed by the
contamination. All of the alternatives under consideration are expected to significantly reduce
risks and be protective of human health and the environment. However, the alternatives differ in
the amount of contaminant mass reduction that could be achieved in soil and groundwater and,
therefore, would be expected to also differ in overall protectiveness and risk reduction. The
technology assessment (Appendix C) and the remediation level modeling (Appendix B) indicate
that none of the alternatives would meet ultimate cleanup levels and, therefore none of the
alternatives were given a maximum rating of 5 on this criterion. Based on meeting remediation
levels, all of the alternatives currently meet remediation levels and, therefore, are essentially
equal in protectiveness. All of the alternatives would rely on essentially the same institutional
controls to prevent direct exposure to impacted groundwater and would therefore be equally
protective in this respect, and all alternatives rely on the HCIM containment. Alternative HA-6
was given a 4 rating since this alternative removes PCBs and metals in the near surface soil, and
as a result reduces reliance on the surface cover for minimizing on-site human exposure to
COCs.

Alternative HA-1 includes active hydraulic containment, capping, monitored natural attenuation,
and institutional controls to address contaminant concentrations in HCIM Area soil and
groundwater. Although monitored natural attenuation appears to have reduced concentrations of
VOCs and select SVOCs in groundwater below remediation levels, this alternative would not
address PCBs and inorganics in groundwater. Alternative HA-1 would address COC in HCIM
Area groundwater through reductive dechlorination in the highly reducing environment within
the barrier wall containment, but does not use an active approach to reduce COC concentrations.
HA-1 relies on capping and institutional controls to prevent direct contact with impacted soil.
Although this technology does not use an active approach to reduce the COCs, the calculation of
remediation levels (Appendix B) indicates that this technology is currently meeting remediation
levels for the most likely scenario of wall failure. This alternative would not result in attainment
of cleanup levels for the foreseeable future, nor would it address PCBs, SVOCs, or metals. As a
result, Alternative HA-1 can only be rated in the mid range of this criterion, and was rated 3 for

protectiveness and risk reduction.
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Alternatives HA-2, HA-3, HA-4, HA-5, and HA-6 incorporate technologies that would attempt
to reduce the mass of DNAPL suspected to be present within the HCIM Area and reduce VOC
concentrations in groundwater (enhanced anaerobic bioremediation, ISCO, and steam injection).
Alternatives HA-3, HA-4, HA-5, and HA-6 include SVE and partial site dewatering to reduce
the VOC concentrations in vadose zone soil and the water table interval in the source areas.
However, based on the analysis of these technologies’ ability (Appendix C) to reduce COC
concentrations, it is apparent that the heterogeneities of the stratigraphy and the depth of COC
impacts would limit the ability of these technologies to reduce concentrations of COCs
significantly below those achieved by HA-1. These technologies would reduce the cleanup time
frame for the Shallow Aquifer; however, they would have limited effect in the Intermediate
Aquifer due to the highly interbedded sand and silts. It is expected that much of the VOC mass
is sorbed to and within the silt layers and would not be amenable to cleanup even with the most
aggressive methods. Since groundwater in the Intermediate Aquifer will remain at relatively
high concentrations, diffusion and mixing between the Intermediate and Shallow Groundwater
Zones will still occur, resulting in some recontamination of the Shallow Aquifer after treatment.
Under all scenarios, containment will still be required to protect downstream receptors. As a
result, alternatives HA-2, HA-3, HA-4, and HA-5 have the same protectiveness and amount of
risk reduction as HA-1. As with HA-1, these alternatives would not address metals, SVOCs, or
PCBs in groundwater or vadose zone soil. These four Alternatives are rated 3 for this criterion
since they all meet remediation levels, are all protective, but none would result in cleanup levels
being met in the foreseeable future.

Alternative HA-6 includes limited excavation and off-site disposal to address metals and PCB
hotspots, and therefore partially addresses these COCs in soil. Since some metals and PCBs are
removed, this alternative received a higher rating (4) than the other five alternatives, although it

still would not result in attainment of cleanup levels for the foreseeable future.

4.3.2 Permanence

The permanence criterion, as defined in Section 3, involves the degree to which the remedial
alternative would reduce the toxicity and mobility of affected media through permanent
destruction of hazardous substances. None of the six alternatives would result in attainment of
cleanup levels within the foreseeable future. All of the alternatives would result in reduction in
total mass of COCs, but there may not be a significant reduction of COC concentrations with any
of the alternatives due to the inability of all alternatives to be effective at cleaning up the COCs
and DNAPL within the interbedded silts and sand of the Intermediate Aquifer. If COC
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concentrations remain similar after treatment under the various options, toxicity and mobility
would not necessarily be reduced; however, for the purposes of this analysis we have assumed
that differences in the amount of reduction in mass could eventually result in a reduction of
toxicity and mobility. As a result, the analysis of this criterion compares the amount of mass

reduction between alternatives.

Alternative HA-1 was rated the lowest (1) of the alternatives because it would use a passive
approach to COC reduction, which would not address DNAPL within a reasonable time frame.
Groundwater recovered under Alternative HA-1 would be pretreated using an air stripper. The
pretreatment groundwater would be discharged to a POTW for biological treatment, where the
COCs would be either biologically degraded or stripped to the atmosphere. Volatile COCs
stripped from the groundwater would be either adsorbed or destroyed by the
permanganate/activated carbon adsorber. Adsorbed VOCs would be destroyed. Additional
destruction of volatile COCs would occur due to ongoing in situ biodegradation, which is active
within the HCIM Area. Based on groundwater monitoring within the HCIM Area, remediation
levels appear to have been met by natural attenuation. In addition, the HCIM Area is a closed
system with little fresh groundwater moving into the area to add oxygen, and strong reducing

conditions are present thereby continuing the natural anaerobic degradation of COCs.

Alternative HA-2 is rated higher (2) than HA-1 because it would remove additional COC mass
within a shorter time frame through the implementation of an aggressive enhanced anaerobic
bioremediation approach. HA-1 relies on the natural reducing conditions to reduce COC
concentrations, but the natural conditions might not result in much reduction within the DNAPL
areas. HA-2 would use a recirculating system of wells to effectively treat the source areas,
including DNAPL areas in the Shallow Aquifer, and should achieve more mass removal than
HA-1.

Alternatives HA-3 and HA-4 include the implementation of SVE coupled with partial site
dewatering to remove VOCs from vadose zone soil and address shallow residual DNAPL. HA-3
uses enhanced anaerobic biodegradation to reduce COC concentrations, whereas HA-4 uses
ISCO to treat COCs. Literature suggests that both technologies should be successful in reducing
mass of VOCs and to some extent SVOCs. In addition, the more aggressive groundwater
extraction component of these alternatives (for partial site dewatering) may also reduce inorganic
COC concentrations in shallow groundwater. Both alternatives would result in the destruction of
groundwater COCs and DNAPL suspected to be present within the HCIM Area within the
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Shallow Aquifer. The more aggressive level of remediation imparted by the addition of
dewatering and SVE to these alternatives should result in more mass removal than HA-2 and

they have been rated a 3 for Permanence.

Alternative HA-5 is rated higher (4) than Alternatives HA-3 and HA-4 because it includes the
implementation of two separate technologies (steam injection and biostimulation) to
reduce/remove DNAPL mass and dissolved phase organics, and this alternative also would target
both the Intermediate Aquifer and the Shallow Aquifer. The effectiveness of HA-5 within the
Intermediate Aquifer would likely be limited, however, due to the interbedded nature of the
Intermediate Aquifer and the fact that DNAPL is sorbed to and within the silt layers.

Alternatives HA-6 is also rated 4. This alternative incorporates the removal of PCBs and
inorganics in subsurface soil through excavation and off-site disposal. Subsurface soil
containing elevated PCB and metals concentrations would be excavated from two locations
within HSRA-1. It is anticipated that approximately 2,000 cubic yards of soil would be
excavated and disposed of at an off-site facility, resulting in the permanent removal of COCs.
The removal of a small amount of soil does not warrant a higher rating than HA-5 as the two
alternatives are essentially equal in total COC mass removal, particularly the more mobile COCs.
HA-6 would not address all PCBs or metals on site, just the two hot spots, and these COCs
would not be destroyed but simply moved to another location.

4.3.3 Costs

NPV cost estimates were prepared for the HCIM Area remedial alternatives, as presented in
Table 4-6 and described in Appendix A. The NPV costs combine initial costs for
implementation of an alternative with recurring costs for future operation, maintenance, and
monitoring. NPV cost estimates allow the alternatives to be compared on an equal basis. As
shown on the projected implementation schedule (Figure 4-4), some implementation costs would
occur in the future, after initial remediation or planning tasks are completed. As outlined in
Appendix A, the NPV discount rate used was 2.5 % based on discussions with Ecology. This is
a very conservative discount rate based on the current U.S. Treasury Bill interest rate of

approximately 5% and an inflation rate of 2.5%.

Implementation costs include estimated costs for obtaining access to conduct the remediation; for
engineering and planning; for purchasing equipment, materials, and chemicals; for permitting;

and for construction. Recurring costs include estimates for operation and maintenance labor,
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Ecology oversight, materials and chemicals used in remediation, periodic replacement of
remediation equipment, long-term property access, power and waste disposal, water quality
monitoring, and project management. As discussed in Section 3-3, The NPV costs are based on
the implementation and operation period for each of the six alternatives. Since none of the
alternatives would reach cleanup levels in the foreseeable future, containment would remain a

component of each alternative.

The NPV costs were compared by alternative and the alternatives were simply ranked on their
costs compared to the other alternatives. As a result, Alternative HA-1 is the least expensive to
implement and was ranked highest (5) as shown on Table 4-5. The NPV costs for Alternatives
HA-2 is ranked next (4). Alternatives HA-3 and HA-4 could be similar in costs based on our
analysis; however, the potential range in costs for HA-4 (ISCO) is much greater due to the
unknowns of how much chemical oxidant would be required to overcome local geochemistry

issues. As a result HA-3 was rated 3, whereas HA-4 was rated lower at 2.

The two alternatives that employ steam stripping, HA-5 and HA-6, have implementation costs
that are clearly much higher than the other four alternatives (by a factor of about 3 to 5), and
therefore, both these alternatives were ranked lowest (1) on Table 4-5. Since the NPV costs for
Alternatives HA-5 and -6 are approximately $30,000,000 greater than the next higher cost
($15,278,000 for Alternative HA-4) and provide minimal additional benefits, their costs are

considered disproportionate.

The results of the cost sensitivity analysis are also shown on Table 4-6. Minimal variance
was shown for Alternative HA-2, while a variance of about $29,000,000 was noted for
Alternative HA-6. Although substantial variance was noted for Alternatives HA-5 and HA-6,
the low and high for these alternatives were at least twice the next highest cost alternative,

indicating disproportionate costs.

434  Long-Term Effectiveness

Long-term effectiveness includes the degree of certainty and reliability of the alternative to
maintain its effectiveness over the long term. This criterion also considers whether treatment
residue would remain from the alternative that would require management. The benefits realized
by an alternative are compared to the negative consequences associated with the alternative in

assessing long-term effectiveness. All six alternatives under consideration would incorporate the
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same institutional controls; therefore, the institutional controls for each alternative would have

essentially the same effectiveness and reliability.

All six alternatives under consideration would rely on the HCIM barrier wall to control off-site
migration of groundwater COCs until cleanup levels are achieved. All six alternatives are equal
in meeting remediation levels protective of the Duwamish Waterway under the most realistic
scenario for damages to the wall. All six alternatives would also rely on the cap system to
prevent direct contact with impacted soil. The need for containment as an integral part of all

alternatives indicates that none of the alternatives can achieve a rating of 5 for this criterion.

Alternative HA-1 relies on natural attenuation to address long-term effectiveness, whereas all
other alternatives use an active approach to reduce COC mass. In theory, the active approaches
should be more effective in the long term. Theoretically the alternatives that reduce more mass
should ultimately reduce COC concentrations and reduce long-term risks to the environment.
For this reason Alternative HA-1 is rated lowest with a rating of 1 for this criterion. Alternatives
HA-2 through HA-6 would result in greater destruction of soil and groundwater COCs than
Alternative HA-1, although none would meet cleanup levels in the foreseeable future. Since
Alternatives HA-2 through HA-6 would reduce more COC mass, they have been rated higher on
Table 4-5 than HA-1, which is given the lowest rating (1).

Although Alternatives HA-5 and HA-6 would result in the greatest amount of soil COC
destruction because they both address the Intermediate Aquifer with steam injection, neither
alternative would achieve cleanup levels. In addition, these two alternatives have an extremely
long implementation period of as much as 20 years. Since they do remove more COCs,
particularly in the Intermediate Aquifer, they have been rated higher than other Alternatives, but

receive only a 3 rating.

Alternatives HA-2, HA-3, and HA-4 were rated equally with a 2 rating. Technically these
alternatives remove more mass than Alternative HA-1, but less mass than either Alternative HA-
5 or HA-6. Likewise, they would achieve results more rapidly than Alternative HA-1 but slower
than Alternatives HA-5 and HA-6.

435  Management of Short-Term Risks

Short-term risk refers to the risk to human health and the environment during implementation of

an alternative. Although it is possible to design remedial actions to mitigate or minimize
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potential risks, it is not possible to eliminate risks through design or actions. In assessing this
criterion, it has been assumed that alternatives have been designed to incorporate appropriate and
proven methods to mitigate short-term risks. However, regardless of the approach taken,
remedial actions that remove soil or require construction of any type have higher short-term risks
than those that do not. Although measures to mitigate these risks are not discussed in this
section, appropriate measures have been included in the cost analysis as part of this feasibility

study to minimize short-term risks in all alternatives.

Alternative HA-1 is rated 5, which is the highest of the alternatives under consideration, because
it would not require additional subsurface activities (e.g., excavation, installation of wells, etc.),
is the fastest to implement, and has the lowest short-term exposure potential. As shown on Table
4-5, Alternative HA-2 received the next highest rating (4), because it includes minimal
subsurface activities (installation of additional extraction, injection, and monitoring wells) and
implementation would be completed within about 5 years. There would be some increase in
short-term risks due to the potential for exposure to impacted soil and groundwater during
drilling activities. Alternative HA-3 would include the operation of an SVE system, and
therefore there would be additional risk for short-term exposure during construction and
operation of this technology. In addition, the implementation period could take close to 10 years
(see Figure 4-3), and any implementation this long could result in injuries or accidents to
remediation workers. HA-2 has been given a 4 rating and Alternative HA-3 has been given a 3

rating.

Alternatives HA-4 received a relatively low rating of 2, because this alternative includes
significant health and safety concerns due to use of highly reactive chemicals (chemical
oxidizers) and it has a long period of implementation (10 years), which increases risk of injury
and accident. Alternatives HA-5 and HA-6 both received the lowest rating of 1 due to the use of
pressurized steam for remedial activities. Both alternatives would require implementation of
carefully designed engineering controls to address associated health and safety concerns. The
total implementation period for both these alternatives could approach 20 years, which increases
the risk of injury and accident during remediation activities. Alternative HA-6 also includes
additional short-term exposure risks associated with the excavation and handling of subsurface

soil.
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436  Technical and Administrative | mplementability

This criterion involves both technical and administrative issues related to construction and
operation of the remedial alternatives. Factors considered in assessing the alternatives against
this criterion include administrative/regulatory requirements, impact on existing land uses, the
means for implementing and enforcing institutional controls, and requirements for extensive

construction or ongoing operation and maintenance.

As shown in Table 4-5, Alternative HA-1 was rated highest of all the alternatives under
consideration because it would rely on the existing HCIM barrier wall and cap system, which has
proven effective in controlling off-site migration of impacted groundwater and preventing direct
contact with subsurface soil. Essentially Alternative HA-1 has been mostly implemented and
therefore receives a 5 rating.

Alternative HA-2 is rated 4 since HA-2 would require obtaining injection permits and installing
additional wells. HA-2 would also require injection and recirculation of electron donor and
nutrients over a 4-year period. This has the potential to create technical issues, such as fouling

and plugging of wells, requiring considerable effort to address.

HA-3 is rated 3 as the addition of SVE and dewatering would require more permitting (for
example the King County discharge permit will need to be modified, and the treatment system
redesigned) and considerable technical implementation concerns. Implementation of SVE under
Alternative HA-3 would require the preparation and submittal of a Notice to Construct to the
PSCAA prior to construction of the SVE system. Both Alternatives HA-2 and HA-3 would
require an underground injection permit to be obtained from Ecology to allow injection of
electron donor to groundwater. Implementation of Alternative HA-2 would take as long as 10
years, and PSC would need to deal with technical problems, such as maintaining a pump and
treatment system at very high flow rates for the period of dewatering, iron fouling of wells, SVE
operation mechanics, and the same issues with injection wells as Alternative HA-2. As a result,
Alternative HA-3 is rated lower (3) than either HA-1 or HA-2.

Alternative HA-4 was rated 2 and lower than HA-3 because of the administrative and technical
challenges associated with ISCO remediation. Chemical oxidant is a hazardous material, and
injection of ISCO would require obtaining an injection permit, which will be more difficult to
obtain than that for electron donor injection. In addition, there would be technical difficulties

associated with obtaining effective contact between the oxidant and the contaminant in the
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subsurface during ISCO remediation. Subsurface heterogeneities, preferential flow paths, and
poor mixing in the subsurface may result in inefficient treatment. Although effective distribution
of an electron donor substrate for enhanced anaerobic bioremediation (Alternatives HA-2 and
HA-3) is also difficult, slow releasing electron donors are available (such as emulsified vegetable
oil) that would provide a long-term source of electron donor substrate to the impacted
groundwater intervals. Oxidants such as permanganate and Fenton’s Reagant react quickly with
contaminants and other oxidizable substances in the treated zone, such as soil organic matter and
reduced-state metals. It can be difficult to maintain a concentration of unreacted oxidant in the
subsurface capable of treating the targeted chlorinated VOCs. Based on the iron fouling
observed in the existing groundwater recovery system for the HCIM barrier wall system, a
significant amount of oxidant may be required to overcome the natural soil oxidant demand in
the HCIM Area. In addition, fouling and plugging problems in the injection and recirculation

wells are expected to be much higher for ISCO than for enhanced biodegradation.

Alternatives HA-5 and HA-6 received the lowest rating (1) due to the complexity of the steam
injection systems included in both alternatives. These alternatives also received low ratings due
to the technical difficulties associated with the delivery and effective distribution of steam at
depths of up to 90 feet bgs and the protection of the HCIM barrier wall from potential adverse

effects from the injected steam.

437 Public Concerns

Potential community concerns with implementation of each remedial alternative are assessed for
this criterion, including general concerns of the public and specific concerns of neighboring
landowners. It is expected that the primary public concerns associated with the HCIM Area
alternatives would be from neighboring landowners, because the site and neighboring sites are
used for industrial purposes. The primary public concerns are expected to be related to VOC
releases to ambient air, odor, and noise. Public concerns related to restoration time frames could
also be voiced, although this concern is more an issue for the Outside Area. Finally, the period
of implementation of the various alternatives ranges from as little as 6 months to as much as 17
years. The longer periods of implementation could result in public concerns about disturbances,
odor, noise, traffic, and the longer period of time for negative perceptions of the neighborhood.
Finally, the property is currently virtually idle, generating little revenue to the City of Seattle.
The longer the implementation time frame, the longer the time before the property can be

redeveloped and put into productive use.
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Alternative HA-2 received the highest rating, 5, for this criterion, because it has a relatively low
potential for release of VOCs to ambient air and is unlikely to create objectionable levels of odor
and noise. In addition, this alternative includes active efforts to reduce COC concentrations in
HCIM Area groundwater (enhanced anaerobic bioremediation) and has a shorter period of time
to implement than Alternatives HA-3 through HA-6; Alternative HA-2 would thus result in
earlier redevelopment of the site.

Alternative HA-1 is the easiest to implement and could be completed and redeveloped without
any concerns from the local public; however, the public could perceive that HA-1 is too passive
an alternative and that cleanup is not being adequately addressed. As a result of the potential

public concern of passive cleanup, Alternative HA-1 is rated 4 and lower than HA-2.

Alternatives HA-3 and HA-4 are both rated lower than HA-2, because the blower used for the
SVE system could cause unacceptable noise levels if proper engineering controls were not
implemented. In addition, SVE may also include the perceived risk of contaminant discharge to
ambient air. In situ chemical oxidation (Alternative HA-4) could cause public concern due to the
injection of chemical oxidants into site groundwater, although this potential concern did not
affect its rating. Injection of electron-donor substrates (Alternatives HA-2, HA-3, and HA-5)
would be unlikely to cause public concern due to the innocuous nature of the electron donors and
the public’s familiarity with the substrates (e.g., molasses, emulsified vegetable oil, etc.). Asa
result, both HA-3 and HA-4 were rated the same as HA-1: 4.

Both Alternative HA-5 and HA-6 were rated 1 for public concern due to concerns of noise and
possibly odor from the steam injection process and the extremely long time frame to complete
implementation of these alternatives. Both alternatives would result in a delay of as much as 20
years before the site could be fully redeveloped, since the implementation would be a phased
approach of the various technologies within these two alternatives. The noise and activity
related to the excavation and transportation of potentially dangerous wastes over public
roadways associated with Alternative HA-6 would also have direct implications for the public,
and Alternative HA-6 therefore receives the minimum rating of 1.

43.8 Reasonable Restoration Time Frame
Restoration time frame involves the urgency of achieving remediation objectives and the
practicability of attaining a shorter restoration time frame, with consideration given to a number

of factors such as site risks, site use and potential use, availability of alternative water supply,
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effectiveness and reliability of institutional controls, and toxicity of hazardous substances at the

site.

Although Alternatives HA-1 through HA-6 include active remedial actions to reduce COC
concentrations in vadose zone groundwater, none of the six is anticipated to meet cleanup levels
throughout the shallow and intermediate groundwater zones. All six alternatives under
consideration for the HCIM Area include long-term containment of impacted soil and
groundwater. None of the six meets soil cleanup levels, although Alternative HA-6 would
remove the soils most impacted with PCBs and metals. Therefore, the alternatives were not
rated relative to the time frame required to achieve soil and groundwater cleanup levels. Rather,
the alternatives were evaluated based on the time required by each alternative to reach

groundwater remediation levels and potentially to meet cleanup levels in the very long term.

It was assumed that the continued monitoring, maintenance, and repair (if necessary) of the
HCIM barrier wall system would be required until VOC concentrations in the water table
interval are reduced to below cleanup levels. In addition, Ecology has expressed concern about
the potential exposure of downgradient receptors to VOC vapors associated with the water table
in the event of a catastrophic failure of the barrier wall (e.g., worst-case earthquake failure
scenario). However, since none of the alternatives can meet this objective, preference was given
to alternatives that (1) reduce VOC concentrations to below remediation levels within the
shortest time frame and (2) to those that ultimately could meet cleanup levels the fastest, albeit
not in the foreseeable future. Finally, since none of the alternatives would meet cleanup levels in
a reasonable time frame, the time required to place the HCIM Area into productive use was also

considered.

Alternatives HA-5 and HA-6 both target the Intermediate Aquifer in an attempt to mobilize and
reduce DNAPL concentrations. As a result they would both reduce more total mass than the
other Alternatives, and they should therefore eventually should lead to a shorter time frame,
albeit still lengthy, to ultimately meet cleanup levels. For this reason, Alternatives HA-5 and
HA-6 have been given a rating of 4 on Table 4-5. It should be noted that the active remediation
time for these two alternatives is the longest of the alternatives considered, as shown in Figure 4-
4. As noted above, it would be necessary to allow soil and groundwater to cool to near original
temperatures to implement the enhanced bioremediation component of Alternative HA-5; while
it was optimistically assumed to occur within 2 years in development of the implementation

schedule, cooling time could be as long as 10 to 15 years.
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Alternatives HA-2, HA-3, and HA-4 all have been given a moderate rating (3). All three of these
alternatives would readily meet the remediation levels developed for a most realistic barrier wall
scenario and ultimately have similar potentials in reducing total mass. Alternatives HA-3 and
HA-4 would employ a more aggressive approach to remediate the water table zone (dewatering
and SVE) than Alternative HA-2; however, they would not result in a faster cleanup time frame
than HA-2, and HA-2 has the advantage of a faster implementation period. Faster

implementation would result in the property being placed back into productive use sooner.

Alternative HA-1 has been given the lowest rating (2) of the six alternatives, since this approach
would have slower reduction of COC mass within the DNAPL/source areas than other more
aggressive alternatives. Although this alternative currently is meeting remediation levels within
the HCIM area, the existing data may not adequately represent the entire area. However, this

alternative would allow the site to be placed back into productive use the soonest.

4.4 SELECTION OF HCIM AREA PREFERRED REMEDIAL ALTERNATIVE

Selection of a preferred alternative under MTCA requires that preference be given to alternatives
that use permanent solutions to the maximum extent practicable, provide for a reasonable
restoration time frame, and consider public concerns. According to MTCA (WAC 173-340-
200), a permanent solution or permanent cleanup action means an action in which cleanup
standards can be met without further action being required at the site involved, other than the

approved disposal of any residue from the treatment of hazardous substances.

The MTCA rules also specify that a baseline alternative be defined as the remedial alternative
that permanently destroys site COCs to the maximum extent practicable and achieves the
shortest restoration time frame. The baseline alternative is to be used as a basis for comparing
other remedial alternatives and selecting the preferred alternative. For the HCIM Area, six
remedial alternatives have been established as potentially applicable to the site, as discussed in
Technical Memorandum No. 4 (as modified by Ecology in correspondence dated 20 February
2007). None of the alternatives is expected to be capable of restoring the site to prerelease
conditions within a reasonable time frame. Alternative HA-6 was selected as the baseline
alternative for the HCIM Area, because it would result in the greatest removal and/or destruction
of site COCs and therefore has the greatest degree of permanence. All HCIM alternatives are
evaluated relative to Alternative HA-6 below.
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441  Comparison of HCIM Area Alternatives
As shown in Table 4-5, Alternative HA-2 received the highest total rating, although it was rated

the highest only for public concern; however, it was rated high (4) for cost, management of
short-term risks, and technical and administrative implementability. Based on the rating scores
in Table 4-5, Alternative HA-2 would be preferred over Alternative HA-1, which was rated
second, because HA-1, which would rely on natural anaerobic degradation and the HCIM Area
barrier wall and cap system, scored low on permanence and restoration time frame. HA-2
received the highest rating for the public concern criterion, as it would be easy to implement,
achieve results quickly, and be perceived by the public as an aggressive cleanup action.
Alternative HA-1 is extremely quick to implement, since most aspects of this alternative are
already complete, but HA-1may be considered by the public to be a passive cleanup approach.
Alternative HA-2 is likely to create the least amount of public concern, because it has the lowest
potential for release of VOCs to ambient air and is the least likely to create objectionable levels

of odor and noise.

Although none of the alternatives under consideration would likely result in the attainment of
groundwater cleanup levels within the foreseeable future, Alternative HA-2 was rated lower than
HA-3 and HA-4 for the permanence criterion, as those alternatives incorporate SVE to remove
additional near-surface source COCs. It is also rated lower than Alternatives HA-5 and HA-6 for

permanence, as both those alternatives reduce mass in the Intermediate Aquifer.

Alternative HA-3 was rated third and was lower than HA-2 and HA-1, because it would be more
costly to implement. Alternative HA-3 may have a greater potential to cause public concerns,
because the SVE system blower could create unacceptable noise levels (if proper engineering
controls were not implemented) and due to potential public perception of risk of contaminant
discharges to ambient air. The SVE system and additional dewatering needed for Alternative
HA-3 would also require more permitting than HA-1or HA-2, and implementation would take

longer.

Alternative HA-4 is rated fourth and lower than HA-2 based on cost, management of short-term
risks, technical and administrative implementability, and public concern. Alternative HA-4,
which uses ISCO technology to treat VOCs, would result in more destruction of mass than HA-
2, thereby scoring higher for permanence, but would not result in a greater degree of
protectiveness or risk reduction. As was shown in Appendix C, none of the alternatives would

result in attainment of cleanup levels within the HCIM Area. However, based on modeling to
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develop remediation levels (Appendix B), all the HCIM alternatives are likely to meet the
remediation levels. Therefore, Alternative HA-4’s advantage in mass reduction is outweighed by
the higher rating of HA-2 and HA-1 for the other criteria.

Alternatives HA-5 and HA-6, the baseline alternative, are rated lowest overall. These two
alternatives have very high cost compared to Alternatives HA-1 through HA-4; the NPV cost for
these two alternatives is approximately 4.5 times the cost of the next highest cost alternative.
Alternatives HA-5 and HA-6 also score low (score of 1) for management of short-term risks and
for technical and administrative implementability, due to the complexity of steam injection and
the fact that the implementation time frame would stretch out to nearly 20 years, delaying the

time when the facility property could be returned to productive use.

Alternative HA-6, the baseline alternative, is rated lowest overall but highest for Protectiveness
and Risk Reduction, Permanence, and Restoration time frame, even though the alternative would
not fully restore the facility for unrestricted use. However, Alternative 6 is far costlier than
Alternatives 1-4 and is also rated lowest for short-term risk, technical and administrative
implementability, and public concern. The higher rating for protectiveness and risk reduction is
based on excavating and off-site disposal of metals- and PCB-contaminated soils, but cleanup
levels for these COCs as well as for VOCs would still not be met by this alternative. The
baseline alternative would still require the barrier wall and cover containment system to maintain
protection of human health and the environment for the foreseeable future, and in that sense
offers no greater protectiveness than HA-1 and HA-2. The disproportionate costs of the baseline
alternative far outweigh any perceived benefit in protectiveness and risk reduction provided by

such an aggressive remedy versus the other alternatives.

442  Preferred HCIM Area Remedial Alternative

Based on the numerical comparison presented above, the preferred remedial alternative for the
HCIM Area would be Alternative HA-2; however, HA-1, which was rated 1 point lower than
HA-2, would also provide an equal amount of protectiveness and risk reduction, could be
implemented faster, for a lower cost, and would result in redevelopment of the property more
quickly. Since HA-1 meets the remediation objectives at a lower cost and allows the property to
be redeveloped and put into productive use at least 3 years faster than HA-2, HA-1 is the
Preferred Alternative. HA-1 provides active hydraulic containment and natural attenuation to
address the source area. This remediation approach is readily implementable; most of the

containment and monitoring components are currently in place. A few areas are not presently
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capped and, therefore, placement of asphalt in these locations would be required to limit
infiltration and provide for complete protection from direct contact with COCs. Long-term
operation and maintenance would include routine inspection and maintenance of the barrier wall
and cap, as well as maintenance of the groundwater recovery and treatment system. The primary
potential for failure of the physical components of the Preferred Alternative would be
catastrophic seismic events in the area or construction disturbance of the cap or barrier wall.
Failure of the cap or barrier wall by either of these scenarios could be corrected by repairing the

damaged areas using proven, readily available technologies.

Appendix B develops remediation levels protective of the Duwamish Waterway based on various
scenarios for a failure of the barrier wall. A conservative yet realistic case for failure of the
barrier wall would result from a large subduction zone earthquake in the Seattle area, and such
an earthquake could result in large scale liquefaction of soils in the vicinity of the wall. Under
such a scenario, we have assumed the wall would deform and break in several locations. In
developing remediation levels for the HCIM Area, we assumed various numbers of breaks
through both the downgradient and upgradient portions of the wall, with each break 6 inches
thick. The Preferred Alternative, HA-1, would be expected to meet remediation levels for a
scenario under which 12 breaks occur in the wall, each 6 inches wide, a very unlikely scenario.
Currently Alternative HA-1 meets remediation levels for this highly conservative scenario,
although data are not available for groundwater in the source areas of the HCIM Area. Even
assuming that some locations have groundwater concentrations within the HCIM Area that are
not currently below remediation levels, the strongly reducing conditions within the HCIM Area

are anticipated to rapidly reduce concentrations to remediation levels within 10 years.

All the other alternatives also appear to meet these same remediation levels, but none of the
alternatives would meet remediation levels for a scenario where the wall is totally shattered
(resulting in a permeability increase of 25%), nor would any of the alternatives, including the
baseline alternative, meet cleanup levels in the foreseeable future. As a result all alternatives

would require maintaining the containment system.

The Preferred Alternative for the HCIM Area, HA-1, would fully attain remediation objectives:

e The Preferred Alternative would prevent direct contact with soils and inhalation of
dust within the HCIM Area by providing a cap over affected soils and by
implementing institutional controls that would require appropriate health and safety
precautions for future subsurface construction.
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e The Preferred Alternative would reduce risks due to inhalation of vapors by
incorporating institutional controls requiring vapor intrusion provisions for future
buildings that may be occupied.

e The Preferred Alternative would protect human and ecological receptors in the
Duwamish Waterway by effectively containing affected groundwater and limiting the
further release of COCs.

In addition, the Preferred Alternative would provide:

e An approach that has already been substantially implemented and could be fully
constructed and implemented, within 6 months to 1 year following approval of a
CAP, with minimal delays for engineering, permitting, and construction. This is 3 to
4 years faster than Alternative HA-2 and up to 16 years faster than implementing the
baseline alternative;

e Long-term physical containment of near-facility impacted soil and groundwater
through engineered barriers constructed of durable, natural materials;

e Anisolated environment established in the contained area to promote and maintain
active anaerobic biological degradation of organic site constituents;

e A monitoring well network that would allow ongoing monitoring and assessment of
the effectiveness of the remedial measures;

e A reliable, low-maintenance remediation approach using proven, robust technologies;

e An approach that would create minimal short-term risks and have minimal potential
for causing public concern about exposure to site constituents during construction;
and

e An approach that would allow the property to be redeveloped and placed into
productive use in 1 year or less.

The Preferred Alternative (HA-1) for the HCIM Area would be compatible with the remedial
alternatives being considered for the Outside Area, and would fully comply with MTCA, the
Dangerous Waste Regulations (WAC 173-303), and the RCRA regulations. The Preferred
Alternative for the HCIM Area would comply with the requirements of the Permit and achieve
the environmental indicator standards for controlling potential exposure to both soil and
groundwater for affected media located at and near the facility. The Preferred Alternative would
provide effective containment for affected soil and groundwater in accordance with the MTCA
regulations. Only minor amounts of dangerous wastes would be generated from implementation

of the alternative, primarily resulting from well sampling.
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The HCIM Area Preferred Alternative would effectively contain and control near-facility
affected soils and groundwater; institutional controls included in the alternative address the
inhalation pathway for soil and groundwater and potential direct exposure pathways. Therefore,
the Preferred Alternative for the HCIM Area would control potential exposures related to
affected soil, groundwater, and soil gas, achieving the environmental indicator goals for the
facility. Affected media located outside the HCIM Area are addressed by the Outside Area

alternatives, discussed in Section 5.
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50 DEVELOPMENT AND EVALUATION OF REMEDIAL ALTERNATIVES:
OUTSIDE AREA

Remedial alternatives for the Outside Area must comprehensively address the affected media,
COC:s specific to the affected media, and potential exposure pathways for this area. Affected
media include groundwater, soil, and soil gas. Groundwater exposure pathways to be addressed
by remedial alternatives for the Outside Area include direct contact, ingestion (direct and
incidental), and volatilization to soil gas or directly to indoor air. Potential exposure pathways
for impacted soil include direct contact, incidental ingestion, volatilization to soil gas, and
migration to groundwater. The exposure pathway of potential importance for impacted soil gas

is migration of the soil gas to indoor air.

Impacted soil within the Outside Area is limited to the area near the facility. As discussed in
Technical Memorandum No. 2, the Outside Area has been subdivided into three soil remediation
areas based on the nature and extent of soil constituents in the Outside Area (as shown on Figure
2-1). OSRA-1 encompasses the area along the facility property line with UPRR. Soil within
OSRA-1 has been affected by several organic COCs, including VOCs (both chlorinated and
nonchlorinated), SVOCs, TPH, metals, and PCBs. Outside Soil Remediation Area 2 (OSRA-2)
is located on PSC property southeast of the HCIM barrier wall and extends onto the utility
easement along South Lucile Street. This area has been impacted by VOCs, metals, and PCBs.
OSRA-3 extends from the facility onto the SAD property to South Lucile Street and Denver
Avenue South. Soil within OSRA-3 has been affected by VOCs, SVOCs, TPH, metals, and
PCBs.

Currently, the extent of impacted groundwater to be addressed by the Outside Area remedial
alternatives is represented by the extent of the indicator COCs identified in Technical
Memorandum No. 1 (TCE, VC, and 1,4-dioxane). These indicator COCs are present in the
Outside Area within the water table, shallow, and intermediate groundwater sample intervals at
concentrations exceeding final SWFS cleanup levels. In the intermediate groundwater sample
interval, VC is the major contaminant along a 400-foot section just downgradient of the barrier
wall, along Denver Avenue South. VC concentrations in samples from this area are as high as
1,000 pg/L. VC and TCE were found in groundwater samples from the shallow interval over
about 120 linear feet along the intersection of Denver Ave South and South Lucile Street, where
concentrations for TCE ranged from 0.4 to 1.7 ng/L, and concentrations for VC ranged from 3.4
to 15 pg/L. Many chlorinated COCs in addition to the indicator COCs are present in samples

from the water table groundwater interval just downgradient of the barrier wall, from the
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northwest corner of the barrier wall to the intersection of South Lucile Street and Airport Way
South. These include 1,1,1-TCA, 1,1-DCA, 1,1-DCE, PCE, TCE, and VC. Concentrations for
these constituents range from just above cleanup levels to 100 pg/L, depending on the location
along this 800-foot corridor. In addition to these chlorinated VOCs, metals, SVOCs, and BTEX
were detected in groundwater samples. The groundwater monitoring has shown that metals,
SVOCs, and BTEX have not migrated as far downgradient as the chlorinated VOCs, and
modeling of these other COCs has shown that these constituents will not migrate to the
Duwamish Waterway. Migration of metals is related to the oxidation/reduction potential within
the aquifer, with metals, particularly arsenic, iron, and manganese, migrating farther under
reducing conditions. The organic COCs create stronger reducing conditions, which results in
metals moving downgradient. As VOC concentrations are reduced, the reducing conditions
should lessen and metals will be attenuated. Appendix D discusses the metals attenuation in

more detail. This attenuation of metals is apparent in the area near Fourth Avenue South.

The remaining indicator COC, 1,4-dioxane, is of importance due to its high solubility and
mobility and due to its persistence in the environment. While 1,4-dioxane would not be
addressed by most commonly used remediation technologies, monitoring data indicate that it will
be attenuated to concentrations below cleanup levels prior to reaching the Duwamish Waterway.
Nevertheless, Ecology requested that alternatives be added to the Outside Area to address 1,4-
dioxane.

For the COCs in groundwater, there are only three potential exposure pathways: (1) groundwater
discharge to surface water, providing exposure to ecological receptors or to human receptors by
ingestion of fish; (2) vapor migration to buildings (the inhalation pathway); and (3) short-term
exposures of construction workers performing subsurface work, due to vapor migration from
affected groundwater. The inhalation pathway currently is being addressed by the IPIMs, as
described in Technical Memorandum No. 3.

As discussed in Technical Memorandum No. 2, groundwater remediation areas were defined for
the Outside Area based on the nature and extent of groundwater COCs within the Outside Area
(Figures 5-1 and 5-2). The water table groundwater interval was subdivided into three
remediation areas, designated OWTRA-1 through OWTRA, as shown on Figure 5-1. The
shallow and intermediate groundwater intervals were also subdivided intro three remediation
areas, designated OSIRA-1 through OSIRA-3, as shown on Figure 5-2. The final Outside Area

groundwater remediation area is the DARA.
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The Outside Area (except for the DARA) was isolated from the contamination source areas when
the HCIM barrier wall was completed in January 2004. The DARA is separated from the upper
saturated zone by the Silt Aquitard. Construction of this barrier wall not only separated the
source area from Shallow Aquifer groundwater within the Outside Area, it also substantially
changed groundwater flow patterns; the area immediately downgradient from the barrier wall is
still adapting to the changes made by the wall. Due to the size of the enclosed area
(approximately 2 acres of surface with a barrier wall about 300 feet wide [parallel to the
groundwater flow], 600 feet long [perpendicular to groundwater flow], and tied into the
uppermost confining unit), the groundwater flow pattern in the Shallow Aquifer immediately
downgradient from the barrier wall will likely be adjusting for several years, and the
Intermediate Aquifer will probably be adjusting for much longer. Groundwater flow rates in the
“shadow” of the barrier wall are expected to be much lower than flow rates outside the shadow
of the wall, which are estimated to be approximately 20 feet per year in the intermediate

groundwater interval and 190 feet per year in the water table and shallow intervals.

Although the barrier wall around the HCIM Area isolates the ongoing source for COCs in the
Outside Area, there is a potential for flux of COCs through the barrier wall at very low
concentrations. Therefore, the Outside Area remedial alternatives must address a continuous
source of low-concentration COCs from the HCIM Area. This is consistent with mass flux
calculations through the wall that will be described in the appropriate section (presently
anticipated to be Section 3) of the revised draft SWFS report. This potential release of low
concentrations of COCs through the barrier wall must be addressed when evaluating remedial

alternatives for the Outside Area and when assessing attainment of cleanup levels.

As noted in Technical Memorandum No. 1, substantial data have been collected documenting
that natural attenuation, including very active biodegradation, is occurring within the Outside
Area. Appendix B of Technical Memorandum No. 1 describes the approach used to calculate the
observed biodegradation rates. Attenuation has been documented for both chlorinated and
nonchlorinated VOCs. Due to the history of the facility and the fairly high groundwater flow
velocity (approximately 190 feet per year in the water table and shallow intervals), it is assumed
that the impacted Outside Area groundwater plume beyond the “shadow” recently created by the
barrier wall is under steady-state conditions, reflecting convective transport by groundwater
migration, retardation by the saturated zone matrix, and degradation by natural processes. It has
also been confirmed that off-site, non-PSC releases have occurred at locations outside the scope

of the FS in the area west of Fourth Avenue South. It is expected that the same conditions
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contributing to natural attenuation of the impacted groundwater within the Outside Area will
cause natural attenuation of releases from these other downgradient sources. The remediation
strategies developed for the Outside Area should incorporate these natural attenuation processes
to the extent practicable and should also be designed so that they do not interfere with natural

attenuation for the downgradient source areas.

Fate and transport modeling was done to assess natural degradation and groundwater flow
processes that are active in the Outside Area. Modeling was done using BIOCHLOR, a
screening level model that incorporates biodegradation and retardation with advective transport
of groundwater constituents. This model has been accepted by EPA for preliminary assessment
of the fate and transport of chlorinated VOCs in groundwater. The current, measured
groundwater gradients were used for this modeling. Aquifer parameters (hydraulic conductivity
and porosity) were taken from the RI Report (PSC, 2003). Default parameters specified by
Ecology in the MTCA regulations were used for the soil organic carbon fraction and the
partitioning coefficients. Degradation rates used for modeling enhanced bioremediation were
taken from published literature (Aronson, 1997, 1999; ATSDR, 1998, 1999, 2004a, 2004b;
Wiedemeier et al., 1999). Initial concentrations used for these model runs were the measured
maximum concentration in the areas located immediately downgradient from the barrier wall.
Details concerning the modeling are presented in Appendix B of Technical Memorandum No. 1.
The results from the modeling were used in designing and evaluating the Outside Area remedial

alternatives, as discussed in this section.

51 OUTSIDE AREA REMEDIATION CONSIDERATIONS

Outside Area remedial alternatives presented in this SWFS have been developed from the
remediation technologies described in Technical Memorandum No. 4 that were retained after the
screening process and as discussed with Ecology. These alternatives have been designed to
attain the remediation objectives described in Section 3 of Technical Memorandum No. 4 and
Section 2 of this Memorandum. General considerations applicable to the Outside Area remedial
alternatives, including establishment of remediation objections specific to the Outside Area, are

discussed below.

5.1.1  Outside Area Remediation Objectives
As discussed in Technical Memorandum No. 1, the proposed CPOC for ultimate attainment of
cleanup levels in groundwater for the water table, shallow, and intermediate depth intervals is

immediately downgradient of the barrier wall (see Figure 5-3). The long-term remediation goal
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for the Outside Area remedial alternatives will be to attain groundwater cleanup levels at this
CPOC. During remediation of the Outside Area, monitoring would be conducted along or
immediately downgradient of the CPOC to assess attainment of remediation levels and cleanup
levels. The remediation levels were established for select compounds as described in Technical
Memorandum No. 1. These remediation levels allow for natural attenuation between the CPOC
and the Duwamish Waterway. Groundwater monitoring data that have been collected in the
vicinity of this CPOC indicate that existing concentrations of COCs are below remediation

levels.

Remediation objectives specific to the Outside Area include the following:

e Attain remediation levels at the CPOC within a reasonable time. Attainment of
remediation levels is a priority objective and is expected to be attainable within a
shorter time frame than attainment of cleanup levels.

e Ultimately reduce COC concentrations within the Outside Area to achieve
groundwater cleanup levels at and downgradient of the CPOC.

e Do not adversely affect existing land use within the Outside Area.

The remedial alternatives will be developed to also accomplish the following:

e Do not create nuisance conditions or conditions adverse to treating downgradient
source areas.

e Be compatible with the existing interim measures (both the HCIM and the IPIMs).

5.1.2  Deep Aquifer Remediation Area Considerations

The nature and extent of affected groundwater in the DARA was discussed extensively in
Technical Memorandum No. 1. Additional monitoring data have been collected within the
DARA since completion of Revised Technical Memorandum No. 1 in June 2006 (Geomatrix,
2006a). Conclusions regarding the nature and extent of affected groundwater within the DARA,

based on Technical Memorandum No. 1 and more recent data, are summarized below:

e Concentrations of chlorinated VOCs (except for VC in samples from Well CG-116-
127) are below final SWFS cleanup levels for the Deep Aquifer and have been below
cleanup levels since mid-2004.

e VC concentrations in samples from Well CG-116-127 are approximately twice the
final SWEFS cleanup level of 0.031 pg/L.
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Concentrations of TPH-D in samples from all DARA wells have been below final
SWES cleanup levels in monitoring results since early 2002.

Concentrations of chrysene in the one DARA well in which it was detected have been
below the final SWES cleanup level since early 2005.

Concentrations of BEHP exceeded final SWFS cleanup levels in samples from one
well (CG-104-D). The most recent concentrations were about 14 times the cleanup
level. The detected concentrations in the Deep Aquifer samples range from 0.74 to
45 ng/L, while detected concentrations in samples from the overlying saturated zone
(water table, shallow, and intermediate depths) range from 0.06 to 27.7 ug/L.
Monitoring data indicate that the highest concentrations of BEHP are present in the
Deep Aquifer and that BEHP has been detected in the Deep Aquifer upgradient of the
facility, suggesting that the observed concentrations are not likely related to facility
releases.

Detected concentrations of copper, hexavalent chromium, and vanadium decrease
across the facility (i.e., upgradient concentrations are greater than downgradient
concentrations), suggesting that these constituents are not related to facility releases.
The cleanup levels for these COCs are based on protection of surface water (i.e., the
surface water protection level is lower than the drinking water protection level).

Silver is present in the DARA at a concentration approximately twice the final SWFS
cleanup level, which is based on protection of surface water (i.e., the surface water
protection level is lower than the drinking water protection level). Silver is not a
COC in the water table at shallow and intermediate depth intervals.

Selenium is a COC for the Deep Aquifer, but was not a COC for the shallow or
intermediate depth intervals, indicating that this metal is likely not related to facility
releases.

Barium concentrations in the Deep Aquifer are greater than concentrations detected in
the shallow and intermediate depth intervals, indicating that this DARA COC is likely
not related to facility releases.

Arsenic concentrations in the Deep Aquifer are higher downgradient of the facility
than they are beneath the facility; however, the downgradient concentrations are
similar to concentrations observed upgradient of the facility. As the presence of
arsenic is strongly influenced by local oxidation/reduction conditions, it is unclear if
the observed downgradient concentrations are attributable to facility releases. The
cleanup level for arsenic is based on protection of surface water (i.e., the surface
water protection level is lower than the drinking water protection level).

Iron and manganese concentrations increase in concentration across the facility.
Concentrations of these metals, which are present in the aquifer matrix, are strongly
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influenced by local oxidation/reduction conditions. It is unclear if the observed
concentrations are related to facility releases. Cleanup levels for these metals are
based on protection of surface water (i.e., the surface water protection level is lower
than the drinking water protection level),

Based on these considerations, remedial action is not warranted for the DARA. Constituents that
may be attributed to facility releases are either very near or below final SWFS cleanup levels in
the Deep Aquifer. Many of the metals are present both upgradient and downgradient of the
facility at concentrations greater than the final SWFS cleanup levels. Concentrations for many
other constituents are higher in the Deep Aquifer than in the Shallow Aquifer. Final SWFS
cleanup levels for metals in the DARA are based on protection of surface water rather than
drinking water; therefore, groundwater within the DARA has a long flowpath from the facility
prior to potential receptor exposure. The soluble concentrations for many of the metals depend
on the oxidation/reduction conditions in the Deep Aquifer. Due to the very low concentrations
of facility COCs in the DARA, it is unlikely that the COCs have significantly altered the
oxidation/reduction conditions in the aquifer. Since there is substantial travel time between the
facility and the Duwamish Waterway, it is expected that elevated constituent concentrations in
the DARA will naturally be attenuated as oxidation/reduction conditions change within the
aquifer; this natural alteration in chemical form is expected to degrade the soluble form into less
mobile and hence less toxic forms. For this reason natural attenuation is assumed to be the
preferred remedy for the DARA and no further discussion of the DARA will be included in the
remedial alternatives developed for the Outside Area.

5.1.3 Inhalation Pathway Interim Measure

As described in Technical Memorandum No. 3, PSC has implemented an IPIM to address
potential inhalation risks related to volatile COCs present in soil and groundwater within the
Outside Area. The vapor intrusion assessment and mitigation (VIAM) approach described in
Technical Memorandum No. 3 is a comprehensive program to identify potential risks related to
volatile COCs within the Outside Area and to ensure that the risks are mitigated appropriately.
The VIAM approach was developed for incorporation into the final corrective action plan for the
facility. Therefore, each of the alternatives addressed in this SWFS incorporates the IPIM,
which is based on the VIAM approach described in Technical Memorandum No. 3.

52 OUTSIDE AREA REMEDIAL ALTERNATIVES

Current groundwater monitoring data indicate that cleanup levels protective of the vapor

pathway are being exceeded in the water table interval within the Outside Area. Although not
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specifically included in the descriptions of Outside Area remedial alternatives in this section, the
VIAM approach discussed in Technical Memorandum No. 3 is incorporated into each remedial
alternative under consideration for the Outside Area to mitigate potential impacts associated with
the vapor intrusion pathway. The remedial alternatives developed for the Outside Area combine
the VIAM approach with one or more of the retained remediation technologies from Technical

memorandum No. 4 to achieve remediation objectives.
The following remedial alternatives have been developed for the Outside Area:

e Alternative OA-1: Monitored Natural Attenuation. This alternative relies upon
natural biodegradation of COCs and the existing IPIM to mitigate site risks.

e Alternative OA-2: Enhanced Bioremediation, PCB Excavation, SVE, and Surface
Cover. This alternative would accelerate natural biodegradation, remediate PCB-
affected soil hot spots, place a low permeability cover over affected soil, and
incorporate the existing IPIM.

e Alternative OA-3: Enhanced Bioremediation, Hot Spot Excavation, SVE, and
Surface Cover. This alternative would excavate hotspots for other COCs in addition
to PCB hotspots, and would incorporate the existing IPIM.

e Alternative OA-4: Enhanced Bioremediation, Hydraulic Control, Hot Spot
Excavation, SVE, and Surface Cover. This alternative would add hydraulic control of
the downgradient groundwater affected by 1,4-dioxane to the actions included in
Alternative OA-3, including the existing IPIM.

e Alternative OA-5: Enhanced Bioremediation, Groundwater Recovery and Treatment,
Hot Spot Excavation, SVE, and Surface Cover. This alternative adds pump and treat
for mass removal of 1,4-dioxane to Alternative OA-4, including the existing [PIM.

Preliminary, conceptual designs have been prepared for the Outside Area remedial alternatives to
complete this SWFS. In order to complete the conceptual designs, assumptions have been made
as needed based on professional judgment and the limited data available from the RI Report and
subsequent investigations. The conceptual designs for the Outside Area remedial alternatives are
described in the following subsections. The estimated costs span the estimated project life for
each of the alternatives; the project life used for cost estimates are based on the estimated
restoration time for each alternative and include monitoring to confirm attainment of cleanup

levels.

The groundwater monitoring program described for each Outside Area alternative would be

incorporated into all HCIM Area remedial alternatives. The groundwater monitoring program
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for the Preferred Outside Area alternative would be incorporated into the Site Wide preferred
Alternative. As such, the groundwater monitoring costs, which are common to all HCIM Area
alternatives, have been included in the costs for the Outside Area alternatives, since the
monitoring costs would accrue over the project life for the Outside Area alternatives, which

would be maintained for a longer time than the HCIM Area alternatives.

Details for the estimated costs are presented in Appendix A. Detailed descriptions of the

alternatives are presented in the following subsections.

5.2.1 Alternative OA-1: Monitored Natural Attenuation

Alternative OA-1 relies primarily on monitored natural attenuation and existing surface cover to
address site constituents and potential exposure pathways in the Outside Area. This alternative
represents a reference point to assess potential benefits that may result from implementation of
the other alternatives included in this SWFS. Under this alternative, MNA would be used to
reduce constituent concentrations in impacted groundwater in all Outside Area groundwater
remediation areas, including OWTRA-1 through OWTRA-3 and OSIRA-1 through OSIRA-3.
Evidence has shown that natural attenuation is capable of degrading TCE and its daughter
products within the Outside Area groundwater plume. Other organic COCs, including
chloroethanes, petroleum hydrocarbons, aromatics, and PAHs, are known to degrade naturally
under appropriate conditions. Metals can also be attenuated through transformation reactions, as

discussed in Appendix D.

Available groundwater monitoring data indicate that groundwater COCs originating at or near
the facility are currently being attenuated to achieve groundwater cleanup levels prior to reaching
the Duwamish Waterway. Completion of the HCIM, which occurred in early 2004, has isolated
the former source area from the Outside Area, thereby substantially reducing the release of
COC:s to the Outside Area. Due to this containment of the source of COCs, it is expected that
the concentrations of COCs within the Outside Area groundwater will continue to decline as the
result of ongoing natural attenuation processes. Recent groundwater monitoring data from
quarterly monitoring events conducted during 2005 and 2006 have shown a dramatic decrease in
VOC concentrations immediately downgradient of the barrier wall in most wells. The 2006
HCIM Annual Performance Monitoring Report (Geomatrix, 2007b) indicates that groundwater
quality throughout the SWFS area is rapidly improving as a result of the implementation of the
HCIM. Declining trends in concentrations of COCs are strongest nearest the PSC facility, but
declining VOC trends can be seen as far downgradient as Fourth Avenue South. Additionally,
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recent groundwater monitoring data indicate that natural attenuation in the area immediately
downgradient from the barrier wall is currently attaining the remediation levels defined in

Technical Memorandum No. 1 for many site COCs.

MNA is a proven technology that has been effective in reducing concentrations of chlorinated
solvents and other COCs in groundwater when appropriate conditions are present. This process
relies on the attenuation of groundwater constituents by natural processes, including
biodegradation, abiotic degradation, adsorption, and dispersion. Due to the passive nature of this
remediation technologys, it can be readily implemented with a minimum of institutional issues,
such as permitting or arranging for access permissions, and also would have minimal potential
for implementation problems, such as fouling. Since MNA is generally noninvasive, it can be
readily implemented within the urban environment above the impacted groundwater.
Biodegradation of chlorinated solvents and nonchlorinated organics present in the Outside Area
is active; biodegradation of the chlorinated solvents accounts for the presence of the cis-1,2-DCE
and the VC observed in Outside Area groundwater. Natural attenuation also accounts for the
limited extent of groundwater affected by nonchlorinated organics; most of these nonchlorinated
organics are fully degraded upgradient of Denver Avenue South, based on observed groundwater
monitoring data and preliminary fate and transport modeling. Available monitoring data also
indicate that 1,4-dioxane is attenuated to cleanup levels prior to discharge to the Duwamish
Waterway, although concentrations within the shallow and intermediate depth intervals exceed
the cleanup level near the downgradient extent of the SWFS Area. Based on available site
characterization data, MNA generally achieves remediation objectives and, coupled with the
other components included in the alternative, addresses the primary exposure pathways for
groundwater within the Outside Area. It is anticipated that the affected plume within the Outside
Area would fully attain cleanup levels under this alternative, assuming that conditions continue
as they are at present and allowing sufficient restoration time; it is estimated that the Outside

Area groundwater would be restored to cleanup levels within about 26 years (Figure 5-4).

Alternative OA-1 would rely on surface cover and institutional controls to address impacted soil.
OSRA-3, located on the SAD property, includes a 15-foot wide strip of PSC property that is
located between the barrier wall and the SAD property line (Figure 2-1). OSRA-2 includes the
portion of the PSC facility located between the HCIM barrier wall and South Lucile Street.
Alternative OA-1 incorporates the current concrete and asphalt surface cover on the PSC facility
and pavement on the SAD property to prevent contact with impacted soil and prevent surface
water infiltration in OSRA-2 and OSRA-3. Risks associated with affected soil within OSRA-1,
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which is located adjacent to the facility on UPRR property, would be addressed by institutional
controls. The existing VIAM program (which is a component of Alternative OA-1) would

address the remaining exposure pathway for the Outside Area.

Alternative OA-1 is a permanent remedial alternative for groundwater that would gradually
decrease the mass of COCs present in the Outside Area. Biodegradation would permanently
destroy both chlorinated and nonchlorinated VOCs and most SVOCs. Metals would be
converted to less mobile and less toxic forms after natural groundwater conditions return to the
area. As part of the fate and transport evaluation completed for this SWFS, the VOC mass flux
though the barrier wall was estimated (Appendix B of Technical Memorandum No. 1). It was
conservatively estimated that approximately 0.03 Ib/day of total site COCs could flow through
the barrier wall even under nonpumping conditions (i.e., under nonpumping conditions there
would be no inward gradient). Based on modeling results, this flux would not adversely affect
attainment of remediation objectives under Alternative OA-1; MNA would be predicted to
ultimately attain cleanup levels at the CPOC, based on the predicted mass flux calculated

assuming no pumping within the HCIM Area.

Fate and transport modeling of chlorinated VOCs (the most widespread of the COCs) has been
completed for Alternative OA-1; the modeling results are detailed in Appendix B of Technical
Memorandum No. 1. This modeling was performed using a range of biodegradation rates for the
chlorinated VOCs. Using the biodegradation rates that were calculated from a mass flux
approach and calibrating the model to the actual monitoring data, the fate and transport modeling
indicates that the cleanup levels would be met for chlorinated VOCs at and downgradient from
Fourth Avenue South under existing conditions; therefore, under this alternative, chlorinated
VOC releases from the facility would not affect the downgradient sources located west of Fourth
Avenue South. Monitoring data for chlorinated ethanes and nonchlorinated organic COCs (other
than 1,4-dioxane) indicate that natural attenuation is effectively limiting the migration of those

constituents.

As the COC mass within the Outside Area decreases, it is expected that the affected groundwater
plume within the Outside Area would contract, ultimately attaining groundwater cleanup levels
at and downgradient of the CPOC. Based on the conservative modeling evaluation, it is
estimated that MNA would attain groundwater cleanup levels at the CPOC (immediately
downgradient of the barrier wall) within approximately 26 years. As discussed in Technical

Memorandum No. 1, the water table interval has the highest COC concentrations and would take
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the longest to reach cleanup levels. The modeling results predicted that TCE would be
attenuated to below cleanup levels in the Outside Area water table interval within approximately
26 years, while PCE and vinyl chloride would be predicted to decrease to final SWFS cleanup
levels within 12 and 9 years, respectively. Concentrations of vinyl chloride and other VOCs in
OSRA-3 were rising in 2005 after the wall installation, suggesting that source material was
present outside the HCIM Area. However, in 2006, these VOC concentrations started to
decrease, suggesting that the amount of source material may have been limited. The modeling
was also used to define remediation levels that would need to be attained at the CPOC to ensure
that groundwater attains cleanup levels protective of surface water at the Duwamish Waterway.
These remediation levels are currently being met at the CPOC for the indicator COCs, and
modeling indicates that these remediation levels would be met in the future under Alternative
OA-1. For cost estimation purposes, it was assumed that groundwater monitoring would be
conducted for 5 years following attainment of final SWFS cleanup levels at the CPOC, for a total
project life of 31 years. The projected schedule for Outside Area remediation alternatives is

shown on Figure 5-4.

The vapor intrusion mitigation systems currently in place under the VIAM program would be
maintained as part of this remedial alternative to ensure that the inhalation pathway is adequately
addressed until such time as the groundwater cleanup levels for that pathway are ultimately met
throughout the SWFS Area. After it has been confirmed that groundwater concentrations within
the water table interval have decreased below cleanup levels based on the inhalation pathway,
the VIAM program would be discontinued. For cost estimation purposes, it was assumed that
the VIAM program would be maintained for 3 years after attainment of final SWFS cleanup
levels at the CPOC; 2 years of groundwater monitoring were assumed to be conducted after
discontinuing the VIAM.

Recent groundwater data from 2005 and 2006 quarterly monitoring events indicate that
concentrations of VOCs in the monitoring wells immediately downgradient of the barrier wall
have fallen significantly since the barrier wall was installed. Several of the wells have seen an
order of magnitude drop in VOC concentrations over the last year. These data support the MNA
evaluations performed to date and the fate and transport modeling projections of cleanup time
frames. However, further monitoring is required to confirm the modeling results and the

effectiveness of natural attenuation within the Qutside Area.
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A monitoring well network is an integral part of MNA. For the Outside Area alternatives, the
groundwater monitoring program has been designed to include performance monitoring for the
HCIM Area, compliance monitoring at the CPOC, and downgradient monitoring for the Outside
Area groundwater remediation areas. The same performance and CPOC monitoring program has
been included in each of the Outside Area alternatives since they are common to all remedial
alternatives. The groundwater monitoring programs designed for the Outside Area alternatives

are summarized on Table 5-1 The three general programs included in the table are as follows:

e HCIM Performance Monitoring: this monitoring element includes monitoring of
wells located both inside and outside the barrier wall to assess the effectiveness of the
barrier wall in providing containment for the HCIM Area.

e CPOC Monitoring: this monitoring element addresses monitoring of CPOC wells to
assess attainment of the cleanup standard for each alternative at the CPOC.

e QOutside Area Remediation Monitoring: this program element is specific to the
Outside Area remediation alternatives, and includes performance monitoring of wells
located downgradient of the CPOC (between the CPOC and Fourth Avenue South) as
appropriate for each specific remedial alternative to monitor cleanup of the plume.

When combined, these three elements would provide a comprehensive monitoring program. A
minimum of 37 monitoring wells would be included in the monitoring program for each

alternative.

For Alternative OA-1, a monitoring well network would be established within the Outside Area,
as shown on Figures 5-3 and 5-5. The conceptual design for the monitoring program is outlined
in Table 5-1. Monitoring for Alternative OA-1 would include the proposed CPOC wells located
immediately downgradient of the HCIM barrier wall and wells located in the HCIM Area
(Figure 5-3) and in monitoring wells located downgradient from the CPOC and upgradient from
Fourth Avenue South (Figure 5-5). As outlined above, the proposed remediation levels are
currently being met at the CPOC. The monitoring well network for this alternative incorporates
a total of 37 wells covering the area from the facility to Fourth Avenue South. One CPOC
monitoring well would be used to monitor downgradient groundwater quality in the Deep
Aquifer. The CPOC wells would be monitored to verify that these remediation levels continue to
be attained at the CPOC and that cleanup levels are eventually attained. The Outside Area
remediation monitoring wells would monitor concentrations of COCs in the area downgradient
from Denver Avenue South to ensure the downward trend continues and that cleanup levels are

ultimately achieved. Following sufficient degradation of COCs within the Outside Area to attain
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cleanup levels at the CPOC, the CPOC and HCIM performance monitoring wells would be over
the long term to confirm effective containment of the HCIM Area. The monitoring wells include

wells for the water table, shallow, and intermediate depth intervals.

Wells downgradient from the CPOC would be monitored to assess groundwater quality between
the CPOC and Fourth Avenue until cleanup levels were attained at the CPOC and in the area
downgradient of the CPOC. For cost estimating purposes, it has been assumed that quarterly
monitoring of 11 CPOC wells (located at or near the CPOC) and the 12 HCIM performance
monitoring wells would be conducted for 5 years, followed by annual sampling for the next 26
years, which is consistent with the estimated project restoration time of 26 years. These wells
would be monitored for water levels and water quality parameters, including COCs appropriate
for the well depth interval. The 14 downgradient wells were assumed to be monitored
semiannually for 10 years followed by annual sampling for the next 21 years. After 31 years
(i.e., after 5 years of monitoring has verified attainment of cleanup levels), Outside Area
remediation monitoring would be discontinued and both the HCIM performance monitoring and
CPOC would be conducted biannually (i.e., once every two years). Groundwater samples would
be analyzed for VOCs, SVOCs, 1,4-dioxane, metals, and MNA parameters (alkalinity, ethane,

and ethene).

Institutional controls are a key component of most remedies relying on in situ remediation
approaches to ensure that human health and the environment are adequately protected during the
restoration time. For off-site groundwater plumes in urban areas, institutional controls are not
readily implementable and enforceable. In the case of Alternative OA-1 for the period prior to
attainment of cleanup levels at the CPOC, some form of institutional or administrative controls

would be appropriate. These would include the following:

e Limit withdrawal and use of groundwater within and downgradient from the project
area. Currently the City of Seattle has a bylaw preventing the withdrawal of
groundwater for use as a drinking water source, and this will serve as the
administrative control for groundwater use.

e Where groundwater levels exceed cleanup levels for direct exposure, appropriate
personal protective equipment and exposure monitoring for subsurface work
conducted in and downgradient from the project area would be necessary to protect
workers. This type of control cannot be readily implemented within the Outside Area
and would need to be addressed through community awareness and notifications to
the City of Seattle. During preliminary discussions, City staff indicated that they
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cannot enforce such requirements, but that they can put notices in permits and on
their permitting documents to provide notification of the contamination issues.

e Maintain the vapor intrusion mitigation systems until monitoring data indicate
groundwater is below cleanup levels based on the inhalation pathways (as described
in Technical Memorandum 3). The maintenance of vapor intrusion mitigation
systems would be a requirement of the facility permit and, therefore, would not be
considered an institutional control. In addition, the City would be notified that new
buildings in the area where groundwater concentrations exceed the inhalation
pathway cleanup levels should be constructed with appropriate vapor barriers.

e Require inspection and maintenance of the current surface cover on the portion of the
facility located in the Outside Area and of the pavement on the SAD property. Any
construction or development would also be required to maintain the continuity and
effectiveness of the surface cover and SAD pavement.

e Require use of appropriate personal protective equipment and compliance with the
HAZWOPER requirements specified in 29 CFR 1910.120 for all subsurface work
conducted within OSRA-1 through OSRA-3. Since these areas are owned by
industrial entities, it is expected that appropriate institutional controls could be
negotiated and established with the owners (UPRR and SAD).

e  Work with the Seattle Department of Public Health to develop appropriate health
advisories or other documentation to disseminate information regarding potential
risks associated with the affected groundwater plume.

e Conduct public meetings at appropriate time intervals to provide information
regarding potential risks and appropriate measures to mitigate risks to the general
public.

The advantages of implementing Alternative OA-1 are:

e OA-I is readily implementable with a minimum of institutional issues, such as
permitting or arranging for access permissions, and minimal implementation
problems.

e This alternative would result in destruction of VOCs and reduction in COC mass.

e This alternative would attain cleanup levels at the CPOC.

e Implementation of this alternative would have minimal impacts on the
surrounding urban environment.

J:\8770.000 PSC GT\048\TM-5-Agency-tDraft-Sec-1-to-7-ver-11_Sx.doc 85



&= Geomatrix

The disadvantages of Alternative OA-1 are:

e The alternative relies heavily on the success of the HCIM containment system to
protect downgradient receptors for a long period of time.

e This alternative relies on the existing IPIM and administrative controls to mitigate
off-site risks until cleanup levels are met.

e This alternative requires a relatively long total project lifetime.

5.2.2 Alternative OA-2: Enhanced Bioremediation, PCB Excavation, and SVE

This alternative incorporates active remedial action for both soil and groundwater within the
Outside Area (Figure 5-6). Soils within OSRA-1 that have been affected with PCBs would be
excavated for off-site disposal. Vadose zone soils within OSRA-3 that have been affected by
VOCs would be remediated using SVE. Enhanced anaerobic bioremediation would be
implemented to remediate groundwater in the area between the SAD property and the facility.

Surface cover would also be placed over a small area within OSRA-2.

The remediation components for OSRA-1 and OSRA-3 are based on soil sampling conducted in
off-site areas, as presented in the Off-Site Soil Characterization Report (Geomatrix, 2006d).
Additional soil characterization is planned, and PSC recently received approval from Ecology for
the March 2007 Revised Additional Off-site Characterization Work Plan (Geomatrix, 2007¢),
which presents the approach that will be used to further characterize soil and groundwater within
the Argo Yard. The subsurface investigation is currently scheduled to be completed in Spring
2007. In general, the highest concentrations of COCs in OSRA-1 soil are present on a parcel of
land leased by PSC from UPPR where empty drums were historically stored. This area is
impacted with a combination of VOCs, PCBs, SVOCs, and metals at concentrations above
cleanup levels. Excavation and off-site disposal would be implemented in one area within the
UPRR rail yard, as shown in Figure 5-6, to remove PCB-affected soil. The excavation would be
completed to a depth of approximately 5 to 8 feet bgs. It is anticipated that approximately 1,300
bank cubic yards of soil would be removed for off-site disposal. For the purposes of estimating
the disposal costs for this SWFS, it was assumed that the excavated soil would be transported to
Columbia Ridge Landfill in Arlington, Oregon (a TSCA/RCRA Subtitle C landfill) for disposal.

Constraints within OSRA-1, including the HCIM barrier wall, active rail lines, subsurface
utilities, and existing buildings, would prevent the removal of all vadose zone soil impacted by
releases from the PSC facility. UPRR prohibits excavation within 12 feet of the centerline of an
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active railroad track and may require shoring for excavations outside this area. Therefore
excavation and soil removal within OSRA-1 is limited to areas at least 12 feet from the
centerline of an active track, as shown on Figure 5-6. The structural integrity of the HCIM
barrier wall and buildings would be protected by maintaining a minimum 5-foot buffer around
the barrier wall. In addition, excavation sidewall slopes of 1.5:1 (horizontal to vertical) would be
maintained away from the barrier wall and buildings to minimize the potential to adversely affect

existing structures.

Confirmation soil samples would be collected from the sidewalls of the excavation at a
frequency of one per 50 linear feet of excavation sidewall. Confirmation samples would be
collected from the floor of the excavation at a frequency of one per 400 square feet. A minimum
of one confirmation sample would be collected from each excavation sidewall and floor.
Confirmation samples would be submitted for laboratory analysis of VOCs, SVOCs, PCBs, and
metals. Following completion of soil removal efforts, the excavation would be backfilled with

clean fill and compacted.

Following excavation and backfill, protective cover would be placed over affected soil within
OSRA-1. A portion of OSRA-2 would also be covered (Figure 5-6). The protective cover
would be constructed of asphalt and designed to support heavy traffic typical of the UPRR yard.
The purpose of the cover would be to minimize the potential for direct contact with affected soil,
limit erosion of affected soil, and to promote runoff. The cover would not be intended to provide

the functions of a landfill cap and would not be designed or constructed as a landfill cap.

Alternative OA-2 includes SVE to address vadose zone soils within OSRA-3. The SVE system
would be installed in the accessible area between the HCIM barrier wall and the SAD building,
as described in Fifty-Percent Design Report for Soil Vapor Extraction/Enhanced Anaerobic
Bioremediation (50% Design) report (Geomatrix, 2006e). The design presented in the 50%
Design report would be incorporated into Alternative OA-2. A conceptual layout for the SVE
system wells is shown on Figure 5-6. Emissions would be controlled using a catalytic oxidizer
and scrubber or alternatively with carbon. The SVE system would be operated until VOC
recovery reaches asymptotic levels. Confirmation samples would be collected from soil borings
completed in the vadose zone to assess attainment of cleanup levels. For cost estimation

purposes, it was assumed that the SVE system would be operated for about 1 year.
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The final remediation component of Alternative OA-2 is enhanced anaerobic bioremediation of
shallow and water table groundwater within OWTRA-1 and the upper portion of OSIRA-1. As
shown in the project schedule (Figure 5-4), enhanced bioremediation would be conducted after
completing SVE. For this alternative, the enhanced bioremediation design presented in the 50%
Design would be implemented. The design is based on recirculation wells to distribute electron
donor to the affected groundwater, using a single pumping/injection assembly that would be
moved to each recirculation well. As noted in the 50% Design, a pump test would be performed
to confirm well spacing. For cost estimation purposes, it was assumed that the electron donor
would be emulsified vegetable oil and that three injection events would be required to attain
cleanup levels at the CPOC. The enhanced bioremediation system would address the most
highly affected groundwater within the Outside Area and support timely attainment of
remediation levels and cleanup levels at the CPOC. The enhanced bioremediation layout is
shown on Figure 5-6. It has been conservatively assumed that enhanced bioremediation would
reduce the restoration time for attainment of final SWFS cleanup levels at the CPOC by about
50% from the time required under MNA (Alternative OA-1). Thus, the projected remediation
time for this alternative is 13 years after commencing bioremediation, or about 15 years after

implementation of this alternative.

The monitoring program for this alternative is summarized on Table 5-1. HCIM performance
monitoring and CPOC monitoring would be the same as described above for Alternative OA-1.
The Outside Area remediation monitoring program for this alternative would be similar to the
program for Alternative OA-1, but would be completed in a shorter dime due to more rapid
groundwater restoration. As shown on the implementation schedule, it is projected that
remediation monitoring would be conducted for about 20 years. The monitoring period includes
monitoring for 5 years after the projected restoration time of 13 years. The assumed monitoring
frequency was semiannual sampling for 5 years and biannual sampling for the following

13 years.

Administrative controls would be incorporated into the alternative to ensure that human health
and the environment are adequately protected by Alternative OA-2. These administrative

controls would be the same as described for Alternative OA-1 in Section 5.2.1.

The advantages of Alternative OA-2 are:

e The alternative would employ proven technologies for chlorinated VOCs and PCB
removal.
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e The alternative would enhance the existing anaerobic conditions as opposed to risking
disruption of this system.

e This alternative would use an aggressive technology, SVE, to address VOC
contamination in vadose zone soils.

e This alternative would result in COC destruction and a reduction in COC mass.

e The alternative would result in meeting cleanup levels in a relatively short time
frame.

The disadvantages of OA-2 are:

e The implementation of an SVE system would require a period of 1 year, during which
time the property could not be developed.

e This alternative relies on the existing [IPIM and administrative controls to mitigate
off-site risks.

5.2.3 Alternative OA-3: Enhanced Bioremediation, Hot Spot Excavation, and SVE

Alternative OA-3 incorporates all of the elements described above for Alternative OA-2, and
adds excavation of additional areas within the adjacent UPRR rail yard (OSRA-1) that may
contain elevated concentrations of COCs other than PCBs (Figure 5-8). The nature and extent of
additional excavation are not known at this time; therefore, the volume of additional soil
requiring excavation can only be assumed. The projected restoration time for this alternative is
approximately 20 years, based on the assumptions presented previously for Alternative OA-2

(see Figure 5-4).

As noted in Section 5.2.2, additional investigations are planned for the Argo Yard (Geomatrix,
2007c¢). The locations and limits of the additional hot spot excavations cannot be determined
until the results of the additional subsurface investigation activities proposed for the OSRA-1
have been received and evaluated. For cost estimating purposes, it was assumed that an
additional 5,000 bank cubic yards of soil would be excavated along the PSC facility northeastern
and northwestern property boundaries (adjacent to the facility’s North Field) for removal of hot
spot soil. Since characterization of the Argo Yard has not been completed, the precise location
for the hot-spot soil excavation cannot be shown, but the extent of soil removal assumed for cost
estimating is shown in Figure 5-7. To estimate disposal costs for this alternative, it was assumed
that 50% of the excavated soil would be disposed of as dangerous waste and that 50% would be
nondangerous. It was also assumed that the excavated soil would be transported to the Columbia

Ridge Landfill in Arlington, Oregon, for treatment and/or disposal.
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Confirmation soil samples would be collected from the sidewalls of the excavation at a
frequency of one per 50 linear feet of excavation sidewall. Confirmation samples would be
collected from the floor of each excavation at a frequency of one per 400 square feet. A
minimum of one confirmation sample would be collected from each excavation sidewall and
floor. Confirmation samples would be submitted for laboratory analysis of VOCs, SVOC:s,
PCBs, and metals. Following completion of soil removal efforts, the excavation would be

backfilled with clean fill and compacted.

The other remediation components (i.e., enhanced bioremediation, SVE, PCB excavation, and
surface cover) included in this alternative are the same as described for Alternative OA-2 in
Section 5.2.2. The conceptual design for these components is the same as for Alternative OA-2.
The remediation components for Alternative OA-3 are shown on Figure 5-7 and the monitoring
well network is shown on Figure 5-5. As shown on Figure 5-4, the implementation schedule
projects attainment of final SWFS cleanup levels at the CPOC after about 15 years, and final

restoration after about 20 years.

The groundwater monitoring programmed assumed for this alternative is summarized on

Table 5-1. The HCIM performance and CPOC monitoring programs are the same as described
for Alternative OA-1. The remediation monitoring program for this alternative is the same as
described for Alternative OA-2.

Administrative controls would be incorporated into the alternative to ensure that human health
and the environment are adequately protected by Alternative OA-3. These administrative

controls would be the same as described for Alternative OA-1 in Section 5.2.1.

The advantages of OA-3 are:

e The alternative would employ proven technologies for removal of chlorinated VOCs
and PCB.

e The alternative would enhance the existing anaerobic conditions as opposed to risking
disruption of this system.

e This alternative would use an aggressive technology, SVE, to address VOC
contamination in vadose zone soils.

e This alternative would result in COC destruction and a reduction in COC mass.
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e This alternative would address elevated concentrations of COCs other than PCBs in
OSRA-1.

e The alternative would result in meeting CULs in a relatively short time frame.

The disadvantages of OA-3 are:

e Implementation of an SVE system would require a period of 1 year, during which
time the property could not be developed.

e This alternative would rely on the existing IPIM and administrative controls to
mitigate off-site risks.

5.24 Alternative OA-4: Enhanced Bioremediation, Hydraulic Control, Hot Spot
Excavation, and SVE

Alternative OA-4 combines all of the elements of Alternative OA-3 with a groundwater recovery
and treatment system designed to intercept groundwater containing 1,4-dioxane within OSIRA-3
and to prevent further downgradient migration. Detected concentrations of 1,4-dioxane between
the CPOC and Denver Avenue South are currently below cleanup levels, indicating that no
recent releases of 1,4-dioxane have occurred. However, monitoring data collected from the
shallow and intermediate depth intervals downgradient of the facility between Denver Avenue
South and Fourth Avenue South indicate that 1,4-dioxane is present at concentrations exceeding
the SWES cleanup level. The monitoring data indicate that the 1,4-dioxane plume exceeding the
cleanup level extends to Fourth Avenue South for both depth intervals. Therefore, the hydraulic
control wells would be located along Fourth Avenue South (Figure 5-8). The projected

implementation schedule for this alternative is shown on Figure 5-3.

Groundwater monitoring data indicate that the width of the shallow groundwater exceeding the
SWES cleanup level at Fourth Avenue South is about 1,000 feet. The width of the plume
exceeding the cleanup level in the intermediate depth interval at Fourth Avenue South is about
200 feet. A preliminary analysis of hydraulic containment and capture of 1,4-dioxane-impacted
groundwater was conducted using MODFLOW. Modeled hydraulic gradients, hydraulic
conductivities, aquifer thickness, and porosity were the same as used in the BIOCHLOR
modeling presented in Appendix B. The width of the capture zone for the shallow and
intermediate depth intervals was estimated as 70 and 100 feet, respectively. Based on the
MODFLOW evaluation, a single well pumping at 10 gpm would have a capture zone width of
approximately 70 feet in the shallow interval and 100 feet in the intermediate depth interval. The

capture zone widths were used to develop the hydraulic control groundwater recovery system
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layout shown in Figure 5-8. Based on these estimated single-well capture zones, the conceptual
design for the hydraulic control groundwater recovery system includes installation of seven
groundwater extraction wells in the shallow interval and one well in the intermediate interval.
These wells would be expected to intercept groundwater exceeding the final SWFS cleanup
level. These wells would be installed at the downgradient edge of the SWFS Area, along Fourth
Avenue South, to prevent the migration of 1,4-dioxane to the Duwamish Waterway.

The locations of the extraction wells are shown on Figure 5-8. The 1,4-dioxane isoconcentration
contours shown on Figure 5-8 are based on monitoring data from November 2004; this data set
provides a more complete distribution than more recent monitoring data. It was estimated that
the radius of influence would be established at a flow rate of 10 gpm from each well (total
average flow rate of 80 gpm). For the conceptual design, it was assumed that the extraction
wells would be constructed with 6-inch inside diameter, Schedule 80 PVC blank casing and
stainless steel wire wrap (0.03-inch slot) well screen (15-foot screen length). The seven shallow
wells would be installed to a depth of approximately 40 feet bgs, and the intermediate depth well
would be installed to a depth of 80 feet bgs. Dedicated, submersible, groundwater extraction
pumps would be installed in the extraction wells. Based on a preliminary assessment of the rate
of migration for 1,4-dioxane, it is estimated that the hydraulic control system would be operated
for a period of 10 years in order to intercept the 1,4-dioxane plume exceeding the SWES cleanup

level.

The projected implementation schedule for this alternative is included on Figure 5-3. While this
alternative would recover 1,4-dioxane, the time required to attain cleanup levels and to complete
site restoration would be the same as for Alternatives OA-2 and -3, as overall restoration would
depend primarily on biodegradation of groundwater constituents between the facility and

4th Avenue South. The estimated time to complete restoration under this alternative would be

about 20 years.

Based on the predicted average flow rate required for hydraulic control (80 gpm), it has been
assumed that the groundwater treatment system would be sized to treat a flow rate of 120 gpm.
The public sewer does not have sufficient capacity to accommodate this flow rate, and extracted
groundwater could not be discharged to the King County Metro sewers. Thus, it would be
necessary to obtain a NDPES discharge permit for direct discharge to the Duwamish Waterway.
Since the discharge rate would adversely affect the capacity of the storm sewers, it has been

assumed that it would be necessary to construct a new discharge line and diffuser to the
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Duwamish Waterway. Constituents identified in the groundwater that exceed cleanup levels
(based on protection of surface water) include 1,4-dioxane, VC, BEHP, iron, and manganese. It
has been assumed that it would be necessary to treat the groundwater to attain the SWFS cleanup
levels prior to discharge to the Duwamish Waterway. Based on the isoconcentration contours
shown on Figure 5-8, it is estimated that the hydraulic control wells would recover
approximately 23 1b of 1,4-dioxane over 10 years of operation, for an average recovery rate of
0.23 1b/yr.

Of the contaminants present in groundwater recovered for hydraulic control, 1,4-dioxane is the
most difficult to treat. Several treatment technologies are available for ex situ treatment of 1,4-
dioxane, including photocatalytic oxidation systems and advanced oxidation processes that
involve UV/Ox or O3/Ox. Initial capital costs for a UV/Ox system would be significantly less
than O3/Ox and photocatalytic oxidation systems. However, operating costs for a UV/OX
system are approximately double those of the other available systems due to the significant
power requirements of the UV system. For cost estimating purposes, it is assumed that an O3/Ox
system would be used to destroy 1,4-dioxane within the extracted groundwater. The O3/Ox unit
would also remove VC and BEHP. Metals (iron and manganese) would be removed upstream of
the O3/0Ox unit to reduce oxidant demand; metals would be removed using an ion exchanger.
Regenerant from the ion exchange system (spent brine containing iron and manganese) was
assumed to be discharged to the King County POTW. As noted above, it was assumed that a
NPDES permit would be needed to allow direct discharge to the Duwamish Waterway.

Due to the extensive treatment needed for recovered groundwater, and the time of operation, it
would be necessary to construct a secure building to house the system. While it may be possible
to purchase a parcel of land near the groundwater extraction wells for construction of the
groundwater treatment system, it was assumed that it would be necessary to install the treatment
system on the PSC facility, as this property is presently available. Conveyance piping to direct
recovered groundwater to the treatment system would consist of 6-inch diameter HDPE piping
installed below grade in public rights-of-way. Discharge from the treatment system would be
directed to the Duwamish Waterway via an underground 6-inch HDPE line constructed beneath
public rights-of-way. An automated, PLC-based control system would be used to control
pumping wells and the treatment system. It has also been assumed that a new building

approximately 1,500 ft* in area would be constructed for the treatment system.
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This alternative incorporates all the elements described in Section 5.2.3 for Alternative OA-3,
including enhanced bioremediation, soil vapor extraction, excavation of PCB soils and hot spots
within OSRA-1, and placement of additional surface cover. These elements are shown on Figure
5-8. The estimate restoration time (Figure 5-3) for this alternative is about 18 years, which is the
same as for Alternatives OA-2 and -3. The monitoring program for this alternative is
summarized on Table 5-1. The number of wells, analytes, and sampling frequency, would be
include the programs described above for Alternative OA-2. In addition to monitoring
described for Alternative OA-2, monitoring of the hydraulic control system would include
collection of samples from each recovery well (8 samples) during each groundwater monitoring
event. Samples collected from the recovery wells would be analyzed only for 1,4-dioxane.
Administrative controls would be incorporated into the alternative to ensure that human health
and the environment are adequately protected by Alternative OA-4. These administrative

controls would be the same as described for Alternative OA-1 in Section 5.2.1.

The advantages of OA-4 are:

e The alternative would employ proven technologies for chlorinated VOCs, PCBs, and
1,4-dioxane removal.

e This alternative would prevent groundwater containing 1,4-dioxane at concentrations
above the SWFS CULs from reaching the Duwamish Waterway

e The alternative would enhance the existing anaerobic conditions as opposed to risking
disruption of this system.

e This alternative would use an aggressive technology, SVE, to address VOC
contamination in vadose zone soils.

e This alternative would result in COC destruction and a reduction in COC mass.

e This alternative would address elevated concentrations of COCs other than PCBs in
OSRA-1.

e The alternative would result in meeting CULs in a relatively short time frame.

The disadvantages of OA-4 are:

e Implementation of an SVE system would require a period of 1 year, during which
time the property could not be developed.

e This alternative would require an extensive pipeline system to convey water from the
hydraulic control wells to a treatment system on PSC property and then back to the
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Duwamish Waterway for discharge, resulting in a greater nuisance and a greater risk
to surrounding landowners/users.

e This alternative would rely on the existing IPIM and administrative controls to
mitigate off-site risks until cleanup levels are met.

5.25 Alternative OA-5: Enhanced Bioremediation, Groundwater Recovery and
Treatment, Hot Spot Excavation, and SVE

Alternative OA-5 includes all of the elements described above for Alternative OA-4 and adds
additional groundwater recovery and treatment to reduce the mass of 1,4-dioxane present within
OSIRA-3. Groundwater within the area with the highest concentrations of 1,4-dioxane would be
recovered under this alternative. As shown on Figure 5-9 the conceptual design for the
additional groundwater recovery system includes the installation of two additional groundwater
extraction wells within the shallow depth interval and one additional well in the intermediate
depth interval, in addition to the wells described for Alternative OA-4 in Section 5.2.4. Based on
the isoconcentration contours presented on Figure 5-9, the highest concentrations of 1,4-dioxane
occur mostly to the east of 5th Avenue South in both the shallow and intermediate depth
intervals. These isoconcentration contours are based on monitoring data from November 2004;
this data set provides a more complete distribution than more recent monitoring data. The
highest concentration contours for the intermediate depth interval are located north of the highest
concentration contours for the shallow depth interval. Based on the estimated radius of influence
of wells completed in the shallow and intermediate depth intervals, the mass removal wells
would intercept the groundwater most highly impacted by 1,4-dioxane. The projected
implementation schedule for this alternative is shown on Figure 5-4.

Similar MODFLOW analysis discussed for Alternative OA-4 in Section 5.2.4 was conducted to
determine the capture zone widths used to develop the groundwater recovery system layout
shown in Figure 5-9. Two shallow and one intermediate wells would be required to intercept the
high concentration contour. As for Alternative OA-4, each shallow and intermediate extraction
well would be pumped at approximately 10 gpm to capture and recover the highest 1,4-dioxane

concentrations in each depth interval.

The extraction wells would be constructed with 6-inch inside diameter, Schedule 80 PVC blank
casing and stainless steel wire wrap (0.03-inch slot) well screen. The intermediate well would be
installed to a depth of approximately 80 feet bgs, with 15 feet of screen installed from the bottom
of the boring. The shallow wells would be installed to a depth of about 40 feet bgs, with a 15-

foot screen placed near the bottom of the boring. Dedicated, submersible, groundwater
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extraction pumps would be installed in the extraction wells. The extracted groundwater would
be collected, treated, and discharged as described for Alternative OA-4. The capacity of the
groundwater treatment system would be increased to 165 gpm, which would provide 50% greater
capacity than expected pumping volumes; the treatment process would be the same as described
for Alternative OA-4. The pump testing described for Alternative OA-4 would be included in
this alternative to ensure the design adequately intercepts and recovers groundwater affected by
1,4-dioxane. Based on the upgradient extent of the 1,4-dioxane plume and the estimated
groundwater velocity of approximately 190 ft/yr in the shallow depth interval and the
intermediate interval west of approximately Maynard Avenue South, it is anticipated that the
mass removal wells located along 5th Avenue South would be operated for 5 years to enable
capture of groundwater within the highest contour shown on Figure 5-9. The total estimated
recovery for the hydraulic control and mass removal systems is about 23 Ib of 1,4-dioxane over

the 10-year operation period.

The monitoring program for this alternative is summarized on Table 5-1. The monitoring
program described for Alternatives OA-2 and OA-3 would be included in Alternative OA-5.
Additionally, groundwater samples would be collected from the downgradient recovery wells
during each monitoring event. The two pump and treat wells could be monitored for 5 years, and
the 8 samples from the recovery wells would be analyzed for 1,4-dioxane. The monitoring
frequency for the recovery wells would be the same as the frequency for the overall monitoring
program, as described for Alternative OA-2. Administrative controls would be incorporated into
the alternative to ensure that human health and the environment are adequately protected by
Alternative OA-5. These administrative controls would be the same as described for Alternative
OA-1. The estimated restoration time (Figure 5-4) for this alternative is about 20 years, which is
the same as for Alternatives OA-2, OA-3, and OA-4.

The advantages of Alternative OA-5 are:

e The alternative would employ proven technologies for chlorinated VOCs, PCBs, and
1,4-dioxane removal.

e Of all the alternatives OA-5 would remove the most 1,4-dioxane.

e The alternative would enhance the existing anaerobic conditions as opposed to risking
disruption of this system.

e This alternative would use an aggressive technology, SVE, to address VOC
contamination in vadose zone soils.
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e This alternative would result in COC destruction and a reduction in COC mass.

e This alternative would address elevated concentrations of COCs other than PCBs in
OSRA-1.

e The alternative would result in meeting CULs in a relatively short time frame.

The disadvantages of OA-5 are:

e The implementation of an SVE system would take a period of 1 year, during which
time the site could not be developed.

e This alternative would require an extensive pipeline system to convey water from the
hydraulic control wells to a treatment system on PSC property and then back to the
Duwamish Waterway for discharge, resulting in a greater nuisance and a greater risk
to surrounding landowners/users.

e This alternative would rely on the existing IPIM and administrative controls to
mitigate off-site risks until cleanup levels were met.

53 EVALUATION OF OUTSIDE AREA REMEDIAL ALTERNATIVES

The primary objectives for the five remedial alternatives considered for the Outside Area are to
prevent direct contact with site COCs, reduce constituent concentrations sufficiently to meet
remediation levels at the proposed CPOC, and, ultimately, attain cleanup levels in Outside Area
groundwater. Based on data collected from existing wells, the remediation levels established in
Technical Memorandum No. 1 (which were established for organic Class 3 COC?) are currently
being met at the proposed CPOC located immediately downgradient of the HCIM barrier wall. It
is expected that the remediation levels will continue to be attained at this CPOC. However,

groundwater cleanup levels for many COCs are not being met at the CPOC.

This section compares and evaluates the remedial alternatives based on the MTCA criteria of
protectiveness and risk reduction, permanence, cost, long-term effectiveness, management of
short-term risks, technical and administrative implementability, public concerns, and restoration
time frame, as discussed in Section 2. In the subsections below, the alternatives are evaluated
relative to each other. The alternatives have also been rated relative to each criterion in Table 5-

2; in this table, each alternative was given a numerical rating ranging from 1 to 5, with 5

3 Class 3 compounds are defined as COCs that would potentially reach the Duwamish Waterway at concentrations
greater than cleanup levels protective of surface water.
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indicating the best performance. A rating of 5 means that the alternative is expected to perform
very well for the criterion being evaluated, while a rating of 1 indicates it is expected to perform
poorly. A rating of 1 does not mean that the alternative would not adequately meet the criterion;
it only means that the alternative may be less efficient or slower in attaining adequate

performance for that criterion.

All of the remedial alternatives under consideration would likely attain the remediation
objectives outlined in Technical Memorandum No. 4 and summarized in Section 2, with the
exception of Alternative OA-1, which does not address direct contact of impacted soil within the
adjacent UPRR rail yard (OSRA-1). Direct contact with affected soil in OSRA-1 would be
addressed in the remaining alternatives by maintaining the existing facility surface cover system
and pavement over affected soil, excavating soil from the UPRR rail yard for off-site disposal,
repaving the area, and placing surface cover over soils on PSC property. All of the alternatives
include institutional controls on PSC and UPRR property, as described above for

Alternative OA-1. The surface cover and pavement also minimize potential dust generation in
addition to preventing runoff of affected soils. All five alternatives include the IPIM program
outlined in Technical Memorandum No. 3 to assess potential vapor exposure and to reliably
intercept or mitigate vapor intrusion to limit potential inhalation exposures. Monitored natural
attenuation and/or the other remedial alternatives under consideration would be expected to
reduce concentrations for all COCs in groundwater below remediation levels (protective of
surface water at the Duwamish Waterway) at the proposed CPOC. If remediation levels were
achieved, human and ecological receptors using surface water would not be exposed to

unacceptable risks related to the facility.

In the following subsections, each of the remedial alternatives is compared to the evaluation
criteria described in Section 3. These comparisons summarize the primary factors that address

each criterion. The evaluation has been summarized for all evaluation criteria in Table 5-2.

531  Protectivenessand Risk Reduction Evaluation

In general terms, the protectiveness and risk reduction criterion involves the degree to which
remedial alternatives protect human health and the environment and reduce risks posed by the
contamination. All of the alternatives under consideration would be expected to significantly
reduce risks and be protective of human health and the environment. However, the alternatives
differ in overall protectiveness and risk reduction. Since the Class 3 COCs in groundwater

immediately downgradient of the HCIM Area are currently below remediation levels, all of the
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alternatives would be fully protective of the Duwamish Waterway. Ultimately, all of the Outside

Area alternatives are expected to attain cleanup levels at the proposed CPOC.

The rating of the alternatives for this criterion is shown on Table 5-2. Alternative OA-1 was
rated the lowest (2) of the five alternatives, because it would not prevent direct contact with
impacted soil within OSRA-1 and would degrade COCs more slowly than the other alternatives,
which would increase potential risks over alternatives that more rapidly degrade constituents.
The remaining Alternatives (OA-2 through OA-5) would include excavation and off-site disposal
of impacted soil within the UPRR rail yard, which would reduce the risk of direct contact with
impacted soil. Alternatives OA-3, OA-4, and OA-5 would include excavation of hot spot soils in

addition to the excavation of only PCB-affected soils included in Alternative OA-2.

The highest rating (5) for this criterion was given to Alternatives OA-4 and OA-5, which would
remove COC mass in the downgradient 1,4-dioxane plume using groundwater extraction and
treatment technology. Alternatives OA-1, OA-2, and OA-3 rely upon attenuation processes to
attain cleanup levels in the 1,4-dioxane plume. Alternatives OA-2 and OA-3 would incorporate
enhanced anaerobic bioremediation and SVE to reduce the mass of the COCs that represent the
greatest potential risks in the most impacted portion of the Outside Area and are considered to be
highly protective. Although Alternatives OA-4 and OA-5 were rated highest, because they
would actively address the downgradient 1,4-dioxane plume, they would not be expected to
provide substantially greater protectiveness or risk reduction than Alternative OA-3, as indicated
by the rating. Alternative OA-3 was rated as a 4, higher than Alternative OA-2 (3), due to
excavation of hot spot soils within OSRA-1, which was not included in Alternative OA-2.

53.2 Permanence

The permanence criterion, as defined in Section 3, involves the degree to which the remedial
alternative would reduce the toxicity and mobility of affected media through permanent
destruction of hazardous substances. All of the alternatives would rely on ongoing in situ
biodegradation processes to destroy chlorinated VOCs and other organic constituents in
groundwater. All of the alternatives also would rely upon restoration of natural redox conditions
within Outside Area groundwater to permanently convert the soluble and mobile forms of metals
to less soluble and less mobile forms. Since all alternatives were considered to provide a high
degree of permanence for groundwater COCs, they were all rated between 3 and 5 for this
criterion. Alternative OA-1 was rated the lowest (3) of the alternatives because it would not

actively address contaminant concentrations in subsurface soil. Alternatives OA-2 and OA-3
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were both rated second highest (4) since they would provide the same degree of permanence;
they would provide a greater degree of permanence than Alternative OA-1 due to
implementation of SVE, which would permanently destroy volatile soil constituents. Volatile
constituents recovered using SVE would be adsorbed to activated carbon and be permanently
destroyed during carbon regeneration. Excavation and off-site landfill disposal of affected soil is
not considered a permanent remedial approach, since the COCs would not be destroyed but

would be contained within an engineered landfill.

Alternatives OA-4 and OA-5 are rated highest (5) for permanence because these two alternatives
would provide the highest degree of removal and destruction of COCs in groundwater and
provide the same degree of permanence for soil as Alternative OA-3. Alternatives OA-4 and
OA-5 would recover and permanently destroy 1,4-dioxane in the downgradient plume. While
Alternative OA-5 would include groundwater recovery within the most highly contaminated
portion of the plume, it would not be expected to recover and destroy more 1,4-dioxane than
Alternative OA-4.

533 Cost

Net Present Value cost estimates were prepared for the five Outside Area remedial alternatives,
as presented in Table 5-3 and described in Appendix A. The NPV costs combine initial costs for
implementation of an alternative with future costs for phased implementation of components,
and for future operation, maintenance, and monitoring that would occur over the life of the
alternative. NPV cost estimates allow the alternatives to be compared on an equal basis.
Implementation costs include the costs associated with property access (i.e., property purchase or
gaining access or easements to conduct the remediation, building demolition, and utility
relocation); engineering and planning; purchasing equipment, materials, and chemicals;
permitting; preparing regulatory agency reports; construction; transportation and disposal; and
site restoration (buildings and landscaping). Recurring costs include costs that would occur over
the life of the remediation, and include costs for operation and maintenance labor, materials and
chemicals used in remediation; periodic replacement and repair of remediation equipment; long-
term property access (e.g., rental); power, water, and waste disposal; water quality monitoring;
agency review; and project management and reporting. The NPV costs are based on the
estimated life of each remedial alternative. Costs for the ongoing implementation of the VIAM
approach are included in all five alternatives. NPV costs were estimated using a net discount
rate of 2.5%, as recommended by Ecology. Details for the NPV calculations are presented in

Appendix A.
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As shown on Table 5-3, the estimated NPV costs (100-year project life) for Outside Area
alternatives range from $4.9 million to $16.4 million. The NPV costs for Alternatives OA-1,
OA-2, and OA-3 ranged from $3.2 million to $5.5 million, while costs for Alternatives OA-4 and
OA-5 were $13.3 million and $14 million, respectively. The increased costs for Alternatives
OA-4 and OA-5 arise from interception and recovery of 1,4-dioxane in the downgradient plume;
the average cost for these two alternatives is approximately 2.4 times the average cost of
Alternatives OA-2 and OA-3, which would provide nearly the same benefits. Alternative OA-1
has the lowest NPV cost, resulting in the highest rating for this criterion (5). The NPV costs for
Alternatives OA-4 and OA-5 are both an order of magnitude greater than costs for the other
alternatives, and were both rated lowest (1) for cost. As the potential benefits that would accrue
from implementation of either Alternative OA-4 or Alternative OA-5 are minimal, the
substantially higher costs for these two alternatives are considered disproportionate. Alternatives
OA-2 and OA-3 were given intermediate ratings (4 and 3, respectively). The hot spot excavation
in Alternative OA-3 would not be expected to reduce the restoration time for the Outside Area;
the restoration time is determined primarily by the time needed for restoration of groundwater to
cleanup levels. The concentrations of metals in groundwater would be expected to degrade to
background levels after redox conditions return to natural levels (i.e., as redox conditions revert
to the natural state, the mobile and toxic forms would be expected to convert to less mobile and
less toxic forms). In addition, further characterization of soil contamination in OSRA-1 is
needed before the extent of the hot spot excavation can be determined, rendering cost estimates
for Alternative OA-3 more uncertain than for Alternative OA-2. Therefore, Alternative OA-3

was rated lower than OA-2.

534  Long-Term Effectiveness

Assessing long-term effectiveness involves the degree of certainty and reliability of the
alternative to maintain its effectiveness over the long term. This criterion also involves whether
treatment residue would remain from the alternative that would require management. Passive
alternatives that would require minimal operation and maintenance would be favored over
alternatives requiring active, long-term attention to maintain effectiveness. Alternatives that
would rapidly remove COCs from the area would be favored over alternatives relying on long-
term implementation of engineered systems. All five alternatives under consideration would
incorporate the same institutional controls; therefore, the institutional controls for each
alternative would have essentially the same effectiveness and reliability and are not considered in

rating for this criterion. In assessing this criterion, long-term effectiveness was considered as
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effectiveness beyond 10 years, the expected operation life of the groundwater extraction and

treatment components of Alternatives OA-4 and OA-5.

As shown in Table 5-2, Alternatives OA-4 and OA-5 were rated highest for this criterion,
because they would be essentially equivalent for long-term effectiveness. These alternatives
would provide the most rapid COC removal (through excavation and groundwater extraction and
treatment); after shutdown of the active groundwater extraction and treatment component, they
would rely upon passive processes for ultimate attainment of cleanup levels in all groundwater
remediation areas. Alternatives OA-2, OA-3, OA-4, and OA-5 would generate contaminated
soils for off-site management; Alternative OA-2 would produce a smaller volume of affected
soil, but would rely on in-place management of a larger volume of affected soil. Alternative
OA-1 would not generate residuals requiring off-site management, but would not be as effective
in the long term as the other alternatives because it would rely upon in-place management of
impacted soils within OSRA-1. The engineered disposal facility used for long-term management

of affected soil would provide greater long-term effectiveness than in-place management.

Based on these considerations, Alternative OA-1 was rated lowest (2) for long-term effectiveness
and Alternatives OA-4 and OA-5 were both rated highest (5). The remaining two alternatives
were rated intermediate, with Alternative OA-3 rated higher (4) than Alternative OA-2 (rated 3),
because Alternative OA-3 would involve shipping a larger volume of affected soil to an

engineered landfill rather than relying on in-place management of impacted soils.

535 Management of Short-Term Risks

Short-term risk refers to potential risks to human health and the environment during
implementation of an alternative. Although it is possible to design remedial actions to mitigate
or minimize potential risks, it is not possible to eliminate risks through design or actions. In
assessing this criterion, it has been assumed that alternatives have been designed to incorporate
appropriate and proven methods to mitigate potential short-term risks. However, regardless of
the approach taken, some remedial actions (e.g., excavation, even if done in a totally enclosed
and properly ventilated tent) would potentially create more short-term risk than an alternative
that did not disturb contaminated soil. Specific measures to mitigate potential short-term risk are
not discussed in this section. Appropriate mitigation measures have been included in the
conceptual designs discussed in this report, and potential short-term risks are evaluated based on

the conceptual designs presented.

102 J2\8770.000 PSC GT\048\TM-5-Agency-tDraft-Sec-1-to-7-ver-11_Sx.doc



&= Geomatrix

Alternative OA-1 is rated highest (5) for management of short-term risk, because it would not
require significant additional subsurface activities (e.g., excavation, installation of wells, etc.)
and has the lowest potential for short-term exposure of workers or the public to soil and
groundwater COCs. At the other end of the rating, as shown on Table 5-2, Alternatives OA-4
and OA-5 both received the lowest possible score (1), because both alternatives would have
equivalently high potential for short-term risks. Both would require an extensive amount of
construction,, much of it in public roads, and transfer of contaminated groundwater through

pipelines installed in public rights-of-way.

Alternatives OA-2 and OA-3 were rated intermediate (4 and 3, respectively), as short-term risks
would accrue from excavation and management of impacted soil from OSRA-1. Alternative
OA-3 was rated lower than Alternative OA-2, because OA-3 would involve excavating a greater
volume of soil. The increased excavation would increase potential risks due to potential
exposure to more contaminants and increased duration of construction. Alternatives OA-2 and
OA-3 are equivalent in their approach to remediation of affected groundwater and are, therefore,
equivalent in potential short-term risks for the groundwater remediation portion of the

alternatives.

53.6  Technical and Administrative | mplementability

This criterion involves both technical and administrative issues related to design, permitting,
construction, and operation of the remedial alternatives. Factors considered in assessing the
alternatives against this criterion include administrative/regulatory requirements, impact on
existing land uses, the means for implementing and enforcing institutional controls,
constructability of the components, and requirements for extensive construction or ongoing
operation and maintenance. For the Outside Area, constructability is a key consideration, as
most of the property is not owned by PSC, thereby requiring cooperation of landowners and/or
municipal government. Since all alternatives include the same institutional controls, they are all

equivalent for implementability of the institutional controls.

All of the alternatives rely on proven remediation technologies and no significant technical
hurdles are anticipated during their implementation. Natural biodegradation reactions have been
proven to be active within the Outside Area, which supports inclusion of MNA and enhanced
bioremediation in the Outside Area alternatives. As shown in Table 5-2, Alternative OA-1 was
rated highest of all the alternatives (5) for this criterion, because it would rely on existing natural

biodegradation processes to address chlorinated VOCs in Outside Area groundwater and require
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the least intrusive construction, operation, and monitoring activities. This alternative would
require access only for installation and periodic monitoring of new monitoring wells.
Alternatives OA-2 and OA-3 received equal and intermediate ratings (3), because the technical
implementability of both alternatives is similar. Both alternatives would include the excavation
and off-site disposal of impacted soil from OSRA-1 (on UPRR property), and the SVE and
enhanced bioremediation systems would be located on PSC property. The 50% design is already
completed for the SVE component of both alternatives. However, these two alternatives would
be more difficult to implement than Alternative OA-1. Permitting requirements for Alternatives
OA-2 and OA-3 would include a Notice to Construct to the PSCAA prior to construction of the
SVE system and an injection permit for enhanced bioremediation. It is anticipated that obtaining

these permits would not present significant technical or administrative hurdles.

Alternatives OA-4 and OA-5 were both rated very low (1) for this criterion due to the very
substantial difficulties associated with implementation of the downgradient groundwater
extraction and treatment components. Extensive permitting would be needed for both
alternatives, because they would require NPDES permitting and extensive access to public
rights-of-way. Additionally, it would be necessary to obtain approval from both the Corps of
Engineers and Ecology for placement of a diffuser in the Duwamish Waterway. This permitting
step would be lengthy and could delay implementation by several years. Both engineering and
construction would be very difficult for these alternatives due to placement of collection and
discharge lines beneath roadways and near underground utilities. It would also be necessary to
acquire access to easements along the Duwamish Waterway to construct the discharge line. It
may also be necessary to address water rights issues related to recovery of groundwater in the
downgradient area. These issues would complicate the engineering, permitting, and construction
and lengthen the time required for implementation by at least 2 years.

537 Public Concerns

Potential community concerns with implementation of each remedial alternative are assessed for
this criterion, including general concerns of the public and specific concerns of neighboring
landowners. It is expected that the primary public concerns associated with most of the Outside
Area alternatives would be from neighboring landowners, due to the heavy urban development of
the area and the possible need to gain access to private properties (e.g., UPRR rail yard and SAD
property) in order to implement the alternatives. For Alternatives OA-2, and OA-3, the primary
public concerns are expected to be related to the transportation of potentially dangerous wastes

over public roadways, VOC releases to ambient air, odors, and noise. Additional public
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concerns are likely to be related to traffic alterations during any construction or other work in
public roads. Alternative OA-1 would have none of these concerns. For Alternatives OA-4 and
OA-5, significant additional concerns would be expected due to the extensive construction that
would be needed to install wells, collection piping, and discharge piping. This construction

would significantly disturb traffic on city roadways and create noise.

For this criterion, a higher rating (i.e., 5) indicates the lowest expected public concern (greatest
acceptance) and a low rating (i.e., 1) indicates the greatest expected public concern (least
acceptance). Alternative OA-1 received an intermediate rating (3) for this criterion, because it is
a generally passive remediation approach; most of the activity that may invoke public concern
would be during groundwater monitoring, which is already being conducted in the area. In
addition, this alternative also has the potential to create public concern due to the longer time
period required for the IPIMs to be maintained. Alternatives OA-2 and OA-3 rated fairly high
(4), but are not scored as 5 due to the potential public concern associated with the transportation
of impacted soil over public roads and the potential for odor and noise during implementation.
Alternatives OA-4 and OA-5 also involve transportation of impacted soil over public roads and
the potential for odor and noise during implementation, but were given the lowest rating (1) for
public concern because implementation of both alternatives would significantly affect the public
through extensive underground pipeline construction in the public roadways. The groundwater
injection activities associated with enhanced anaerobic bioremediation and the SVE system in
Alternatives OA-2, OA-3, OA-4, and OA-5 would be implemented on PSC property, generally
out of the view of the public. Therefore, it is not anticipated that these activities would cause
significant public concern. The blower for the SVE system would be surrounded by an enclosure

to reduce noise levels.

5.3.8 Reasonable Restor ation Time Frame

Restoration time frame involves the urgency of achieving remediation objectives and the
practicability of attaining remediation objectives in a shorter time frame, with consideration
given to a number of factors, including site risks, site use and potential use, availability of
alternative water supply, effectiveness and reliability of institutional controls, and toxicity of
hazardous substances at the site. The community including and surrounding the Outside Area is
served by Seattle Public Utilities, which supplies all drinking and process water used in the area.
As noted in the RI Report, groundwater beneath the entire SWFS Area is not a water supply
aquifer. Potentially significant risks associated with the Outside Area are being addressed by the

VIAM approach; characterization data show that COCs related to the facility are attenuated to
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below cleanup levels prior to reaching the Duwamish Waterway. The remediation levels for
Class 3 COCs defined in Technical Memorandum No. 1 are currently being met at the proposed
CPOC and are predicted to be met in the long term. For many of the site COCs, the four
alternatives incorporating enhanced bioremediation are expected to be equivalent in the time

required to attain cleanup levels at the CPOC.

As presented in Table 5-2, Alternative OA-1 was rated low (1), because it would not include
active remediation to reduce the time frame required to reach cleanup levels. Alternative OA-2
was rated higher than OA-1 (2) for this criterion, because it would include enhanced
bioremediation, SVE, and excavation and off-site disposal of PCB-impacted soil from OSRA-1,
but lower than OA-3 because it would remove only PCB-affected soils. Alternative OA-3 was
rated higher (3) than Alternative OA-2, because it would add excavation of hot spot soils in
OSRA-1. The downgradient groundwater recovery system included in Alternatives OA-4 and
OA-5 would accelerate attainment of groundwater cleanup levels for 1,4-dioxane in
downgradient groundwater; Alternatives OA-4 and OA-5 were, therefore, rated highest (4).
None of the alternatives was given the highest possible rating since all would require substantial

time to achieve cleanup levels.

54 SELECTION OF OUTSIDE AREA PREFERRED REMEDIAL ALTERNATIVE

Selection of a preferred alternative under MTCA requires that preference be given to alternatives
that use permanent solutions to the maximum extent practicable, provide for a reasonable
restoration time frame, and consider public concerns. According to MTCA (WAC 173-340-
200), a permanent solution or permanent cleanup action means an action in which cleanup
standards can be met without further action being required at the site involved, other than the

approved disposal of any residue from the treatment of hazardous substances.

The MTCA rules also specify that a baseline alternative be defined as that remedial alternative
that permanently destroys site COCs to the maximum extent practicable and achieves the
shortest restoration time frame. The baseline alternative is to be used as a basis for comparing
other remedial alternatives and selecting the preferred alternative. For the Outside Area, five
remedial alternatives have been established as potentially applicable. Although all of the
alternatives would permanently destroy most COCs, Alternative OA-5 would have the highest
level of permanence because it would destroy the largest quantity of COCs within the shortest
time. Therefore, Alternative OA-5 will be considered the baseline alternative for the Outside

Area.
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5.4.1  Comparison of Outside Area Alter natives

As shown in Table 5-2, Alternative OA-3 received the highest total ranking. Alternative OA-2
scored only 1 point below Alternative OA-3, while Alternative OA-1 scored 2 points below. The
baseline alternative, Alternative OA-5, was tied for the lowest rating among the alternatives.
Alternatives OA-4 and -5 are very similar; both would include groundwater extraction and
treatment technology for the 1,4-dioxane plume, but both would incur significant costs to
achieve control of the plume and would significantly inconvenience the public during
construction. Alternative OA-3, the highest ranked alternative, includes all components of
Alternatives OA-4 and OA-5 other than recovery and treatment of groundwater impacted by 1,4-
dioxane. The costs for recovery of the 1,4-dioxane plume are disproportionate to the reduction

of risk gained from this action when compared to Alternative OA-3.

Although the baseline alternative (Alternative OA-5) would reduce the time to achieve cleanup
levels for 1,4-dioxane, the restoration time for other COCs would be essentially the same as for
Alternatives OA-2, OA-3, and OA-4, since all would rely on monitored attenuation (following
enhanced bioremediation) to achieve cleanup levels for most constituents. The four alternatives
with enhanced bioremediation are expected to be fully effective in achieving remediation

objectives for the Outside Area.

542 Preferred Outside Area Remedial Alternative

Based on the comparison presented above, the preferred remedial alternative for the Outside
Area is Alternative OA-2. This alternative would provide permanent destruction of most
groundwater COCs, including the halogenated VOCs that pose the most significant potential risk
to human health and the environment. Soil known to be impacted by PCB releases from the
facility in the adjacent UPRR rail yard (OSRA-1) would be excavated and removed for off-site
disposal. Exposed soils would be covered by pavement. Enhanced bioremediation and SVE
would permanently remove and destroy COCs in soil and groundwater between the HCIM
barrier wall and the SAD building and also address any potential VOCs beneath the SAD
building. Existing biodegradation processes would address organic COCs other than 1,4-dioxane
in the remaining Outside Area groundwater remediation areas. Metals would be expected to
degrade to background levels after redox conditions returned to natural levels following
degradation of other organic COCs. The 1,4-dioxane plume present in the shallow and
intermediate depth intervals is a detached plume, as groundwater in these zones immediately
downgradient from the facility is below the cleanup level. It is expected that the 1,4-dioxane

plume would continue to be attenuated as it migrates toward the Duwamish Waterway.
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Although 1,4-dioxane cleanup levels may be exceeded for the short term, monitoring data
indicate that cleanup levels for 1,4-dioxane would ultimately be achieved by Alternative OA-2.
The VIAM approach would address the inhalation pathway until COC concentrations in

groundwater were reduced below cleanup levels.

This remediation approach is readily implementable; a number of the containment and
monitoring components are currently in place. Although it would be necessary to negotiate an
access agreement with UPRR to allow excavation and removal of PCB-impacted soil in the Argo
Yard, PSC does not foresee significant difficulties in obtaining the agreement. Preliminary
discussions have already been conducted with UPRR regarding potential remedial actions in the
Argo yard. Long-term operation and maintenance would include routine inspection and
maintenance of the barrier wall and surface cover, as well as operation and maintenance of the
SVE and ISB systems. Much of the monitoring well network needed to implement Alternative
OA-2 is already in place. A well-established groundwater monitoring program is already in
place for the Outside Area that would be expanded and continued under Alternative OA-2. This
alternative would not interfere with the anticipated remedial measures that may be implemented
downgradient of the Outside Area.

The preferred alternative is essentially the same as Alternative OA-3, which includes excavation
of affected soil other than the presently identified PCB-affected area. As noted previously,
additional investigations are planned to characterize additional soil contamination within

OSRA 1. If additional soil contamination attributable to PSC were to be identified from this
investigation, the preferred alternative could be readily modified to include the additional soil
excavation that was assumed to be included in Alternative OA-3. Thus, Alternative OA-3 would
be implemented as a contingent remedy, depending on the findings of the planned investigation

to be completed in the spring or summer of 2007.

The preferred remedial alternative for the Outside Area would fully attain remediation

objectives:

e The preferred alternative would prevent direct contact with soils and inhalation of
dust in areas affected by the facility by removing impacted soils in the Argo yard,
providing surface cover over affected soils in other areas, and by implementing
institutional controls that would require appropriate health and safety precautions for
future subsurface construction.
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e The preferred alternative would reduce risks due to inhalation of vapors by
incorporating institutional controls requiring vapor intrusion provisions for future
buildings that may be occupied.

e The preferred alternative would protect human and ecological receptors from releases

from the facility, since remediation levels are currently being attained at the proposed
CPOC.

e The preferred alternative would ultimately reduce constituent concentrations to
achieve groundwater cleanup levels at the proposed CPOC.

e The preferred alternative would not adversely affect existing land use within the
Outside Area.

e The preferred alternative would not create nuisance conditions within the Outside
Area and would not affect future remediation efforts for downgradient source areas.

e The preferred alternative would be fully compatible with existing interim measures
(both the HCIM and IPIMs) and with the preferred alternative for the HCIM Area.

In addition, the preferred alternative provides:

e A readily implementable remediation approach that can be fully constructed and
implemented with minimal delays for engineering, permitting, and construction. This
is especially important due to the complex, densely developed urban environment
present throughout the Outside Area;

e An active approach using proven, robust technologies the would result in permanent
destruction of the most significant soil and groundwater COCs and most other organic
COCs;

e A comprehensive monitoring well network that would confirm the effectiveness of
the alternative and also identify any problems prior to creating actual risks to human
health and the environment;

e A reliable, low-maintenance remediation approach using proven, robust technologies;

e A comprehensive approach, outlined in Technical Memorandum No. 3, to address the
inhalation pathway until cleanup levels are achieved;

e An approach that would create minimal short-term risks and have minimal potential
for causing public concern about exposure to site constituents during construction.

The preferred alternative (OA-2) for the Outside Area is fully compatible with the preferred
alternative for the HCIM area and is compliant with MTCA regulations.
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The preferred remedial alternative for the Outside Area would comply with the requirements of
the Permit and achieve the environmental indicator standards for controlling potential exposure
to both soil and groundwater for media affected by releases from the facility. The preferred
alternative would comply with MTCA (WAC 173-340), the Dangerous Waste Regulations
(WAC 173-303), and the RCRA regulations. Cleanup levels and remediation levels established
in accordance with the MTCA regulations would be achieved. The preferred alternative would
provide permanent destruction of key facility COCs. Dangerous wastes would potentially be
generated from implementation of the alternative, primarily from the excavation of affected soil

in the Argo yard, and the installation of SVE, extraction, and monitoring wells.

The preferred alternative would address all potential exposure pathways, including migration to
surface water, direct exposure to soil, and inhalation of vapors migrating into buildings through
soil excavation and disposal, SVE, enhanced anaerobic bioremediation, natural attenuation, and
the VIAM approach. Therefore, the preferred alternative for the Outside Area would achieve the
environmental indicator goals. In conjunction with the preferred alternative to the HCIM Area,

this alternative would comprehensively address historic releases related to the facility.
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6.0 SITEWIDE REMEDIATION

The overall objective of the SWEFS is to identify the preferred approach for remediation of
releases from the facility within the SWFS Area. As noted previously, the HCIM effectively
separated the areas affected by historic releases by providing highly effective hydraulic control
and containment around near-facility affected media. Due to the differences in hydrogeology
created by the containment barrier, the generally higher levels of contamination within the
contained area, and the different potential exposure pathways, the SWFS was separated into two
parts. Separate “mini-feasibility studies” were done for the HCIM Area and for the Outside
Area. The FS conducted for the HCIM Area addressed the releases and affected media located
inside the HCIM barrier wall, which encompasses portions of property owned by three different
parties (PSC, SAD, and Aronson). The FS conducted for the Outside Area, which encompasses
hundreds of different property owners, addressed media affected by migration of COCs
originally released within the facility or on property leased by PSC. Primary releases occurred
predominantly within the HCIM Area, which served as a secondary source for the Outside Area
prior to construction of the barrier wall. Limited primary releases also occurred on property
located east of the facility that was leased from UPRR for facility use. Implementation of the
HCIM essentially removed the primary source of COCs being actively released to the Outside
Area. The preferred remedial alternatives selected in this SWFS Report for each of these two
areas must be combined to develop a comprehensive, site wide remediation approach that
addresses all affected media and potential exposure pathways within the SWFS Area that are

associated with the facility.

The approach for combining the two preferred remedial alternatives into a comprehensive
remediation approach addressing Site Wide issues is presented in Section 6.1. The discussion
presented below also shows that the costs for implementation of a more “permanent” alternative
are disproportionate to the benefits that may accrue. The general approach anticipated to
implement the comprehensive remediation approach proposed in this SWFS is described in
Section 6.2.

6.1 PREFERRED REMEDIATION APPROACH
The preferred remedial alternatives selected in this SWFS for the HCIM Area and for the

Outside Area would be implemented together to comprehensively remediate releases from the
facility within the SWFS Area. The preferred remedial alternative for the HCIM Area includes:
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A totally enclosing, low-permeability subsurface barrier wall which has already been
implemented and which surrounds the facility and near-facility affected groundwater;

A groundwater recovery and treatment system to maintain an inward hydraulic
gradient;

A low-permeability surface cover (or equivalent cover such as buildings) that would
completely cover the entire area enclosed by the barrier wall;

Natural anaerobic bioremediation of COCs within the HCIM Area

A monitoring program utilizing existing and new wells to monitor groundwater
quality as needed to support the anaerobic bioremediation;

A monitoring well network to assess groundwater levels inside and outside the barrier
wall to confirm hydraulic containment (Table 6-1); and

Institutional controls to restrict groundwater use within the enclosed area, restrict and
regulate subsurface work conducted within the enclosed area, require vapor barriers
as part of building construction within the HCIM Area, and require maintenance of
the barrier wall, surface cover, and monitoring well system.

The preferred remedial alternative for the Outside Area includes:

SVE to remediate subsurface soils located between the HCIM barrier wall and the
SAD property to accelerate removal of volatile soil COCs and soil gas;

Enhanced bioremediation for shallow groundwater located between the HCIM barrier
wall and the SAD property to accelerate biodegradation of chlorinated VOC:s;

Placement of additional surface cover over affected soil areas located on PSC and, as
appropriate, UPRR property;

Excavation and off-site disposal of PCB-affected soil that has been identified on the
UPRR property east of the facility;

If necessary, based o the results of currently planned investigations, excavation and
off-site disposal of soil on the UPRR property that has been affected by releases of
facility COCs;

A comprehensive monitoring well network and monitoring program to assess
groundwater quality along the CPOC and in areas downgradient from the CPOC
(Table 6-1);

The existing [IPIM VIAM program that addresses the inhalation pathway within the
Outside Area; and
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e Administrative controls, institutional controls, and public communications to restrict
groundwater recovery within the Outside Area, limit the potential for exposure to
affected soil, and notify the public of hazards of subsurface work conducted below
the water table within areas warranted based on concentrations of COCs in
groundwater.

Details concerning these alternatives, including a general description of the conceptual designs,

are presented in Sections 4 and 5.

The preferred Site Wide remediation approach, consisting of Alternative HA-1 and

Alternative OA-2, is shown in Figure 6-1. The estimated cost for the preferred Site Wide
remediation approach is summarized in Table 6-2. The remediation alternatives for the two
areas complement each other and combine to fully address affected media, COCs, and potential
exposure pathways within the SWFS Area. The barrier wall and surface cover for the HCIM
Area would effectively contain primary source areas for soil and groundwater, thereby
minimizing the potential for exposures via direct contact and via groundwater migration/direct
contact. The barrier wall and surface cover for the HCIM Area are low maintenance and
constructed of natural materials with a very long effective life. The groundwater recovery and
treatment system within the barrier wall would provide hydraulic containment, even though
passive containment (no pumping) by the barrier wall alone would achieve remediation
objectives. The surface cover would likely require periodic maintenance due to settlement and
cracking due to weather and traffic. The only likely cause for failure of the barrier wall would be
an earthquake directly affecting the facility location; based on the evaluation presented in this
SWEFS, a reasonable worst-case failure scenario would be creation of up to four large cracks in
the barrier wall that would allow groundwater to flow from the contained area. Based on
conservative modeling, if this type of barrier wall failure were to occur, existing concentrations
for facility COCs would attain cleanup levels (based on protection of surface water) prior to
discharge to the Duwamish Waterway. However, the water table depth interval immediately

downgradient of the facility would exceed cleanup levels protective of the inhalation pathway.

Affected soil within the UPRR property would be remediated by excavation and disposal within
a properly designed and operated landfill. Excavations would be backfilled with clean soil and
covered with asphalt or concrete surface cover. Affected soil areas that cannot be accessed for
excavation would be paved over and institutional controls, enforceable by UPRR, would be

implemented to minimize potential risks associated with the soils.
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Anaerobic bioremediation is occurring naturally within the HCIM Area and has reduced
chlorinated VOC concentrations in the shallow and water table depth intervals to below
remediation levels protective of the Duwamish Waterway. While anaerobic bioremediation
would not achieve cleanup levels, it would continue to reduce constituent concentrations within
these saturated zones. Ultimately the facility will be redeveloped, and the existing surface cover
would be incorporated into the development or replaced with cover that performs the same
function, such as a building, parking structure, or parking lot. It is projected that the facility

could be returned to productive use within 1 to 2 years after commencing active remedial action.

As outlined above, the passive anaerobic bioremediation that is occurring within the HCIM Area
will continue to degrade COCs over the long term; however, Alternative HA-1 would not result
in attainment of cleanup levels in the HCIM Area within the foreseeable future. This is also the
case for all other alternatives evaluated. The COCs within the HCIM Area include VOCs,
SVOCs, metals, and PCBs. VOCs, including DNAPL, extend from the ground surface down to
the Silt Aquitard at depths of up to 90 feet. The passive anaerobic degradation has resulted in
remediation levels being met but is not expected to reduce concentrations of VOCs significantly
in the interbedded silt and sand of the Intermediate Aquifer due to the DNAPL concentrations
within the silt layers. In addition, this technology would not be effective for metals or PCBs and
only marginally effective for SVOCs. As a result, the HCIM Area will remain impacted with
COC:s at relatively high concentrations for the foreseeable future. This is consistent with many
contaminated sites in the Seattle area, including Gas Works Park, Puget Sound Resources sites,

and many others where technologies are not available to practicably attain cleanup levels.

Natural attenuation that occurs within the Outside Area is predicted to attain cleanup levels at the
CPOC shown on Figure 6-1 within about 26 years, as discussed in Section 5. The most recent
monitoring data (Geomatrix, 2007b) indicate that groundwater quality downgradient of the
HCIM Area is rapidly improving throughout most of the Outside Area. It is expected that the
enhanced bioremediation included in the Preferred Alternative would reduce this time by 50%,
resulting in attainment of cleanup levels for organic constituents within about 13 years. It is
expected that concentrations of other organics downgradient of the CPOC would also attain
cleanup levels as the secondary source area is treated by enhanced bioremediation and natural
biodegradation continues. Metals within the groundwater would revert to natural levels after
degradation of organics is sufficient to allow the redox potential to increase to natural levels.
Although the Preferred Alternative does not actively remediate 1,4-dioxane in the downgradient

plume, monitoring data have shown that the 1,4-dioxane plume is detached from the facility,
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indicating that releases were stopped several years ago. It is expected that 1,4-dioxane in the
downgradient plume will continue to be attenuated, with concentrations achieving cleanup levels
at 4th Avenue South within about 10 years. While the cleanup level for 1,4-dioxane (which is
based on protection of surface water) would not be met during this time, the restoration time is
considered reasonable given the small amount of 1,4-dioxane present in groundwater and the

high cost and invasive construction needed to recover it.

Conservative fate and transport modeling has also predicted that the remediation levels already
being met at the CPOC and the natural attenuation process would control any facility-related
COCs in groundwater from migrating to the Duwamish Waterway at concentrations exceeding
cleanup levels protective of surface water. The IPIMs that have been implemented in the
Outside Area adequately address the inhalation pathway, thus ensuring that the SWFS Area
preferred remediation approach will be protective of human health until cleanup levels are
attained at the CPOC.

Modeling conducted for the preferred remedial alternatives indicates that the limited flux of
COC:s that would occur through the barrier wall would degrade under natural conditions to attain
cleanup levels prior to reaching the CPOC. The IPIMs would be maintained until it has been
confirmed that cleanup levels protective of the inhalation pathway have been attained in the
water table groundwater interval at all the IPIM locations. Finally, the groundwater monitoring
network for the combined remedial alternatives would be sufficiently robust to identify any
deviations from the predicted model and in sufficient time to address any problems. The
comprehensive groundwater monitoring program included in the SWFS Area preferred
remediation approach would be conducted for 5 years beyond initial attainment of cleanup levels
at the CPOC, a period of time sufficient to confirm that remediation has been completed. The
final remediation approach proposed for the SWFS Area (Figure 6-1) provides a comprehensive

solution to historic releases and meets regulatory requirements under RCRA and MTCA.

The preferred remediation approach for the SWFS Area would be compatible with potential
remedial actions that are likely to be implemented in the comingled plume area located
downgradient from Fourth Avenue South. The fate and transport evaluation conducted for this
SWES indicates that constituents released from the facility will be attenuated to achieve cleanup
levels based on protection of surface water prior to the point where groundwater discharges to
surface water. Most of the attenuation has been shown to occur upgradient of Fourth Avenue

South. The groundwater containment provided by Alternative HA-1 has detached the plume
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from the source area; monitoring data collected since completion of the HCIM have already

shown substantial decreases in COC concentrations downgradient from the facility.

Conservative modeling and calculations done for this SWFS predict that the remediation
approach for the SWFS Area will achieve cleanup levels at the proposed CPOC, located just

immediately outside the barrier wall.

6.2 DISPROPORTIONATE COST ANALYSIS

The MTCA regulations will be followed to determine whether further remediation is warranted
inside the HCIM Area following the disproportionate cost analysis 173-340-360(3)(e). The
most-often cited example of a disproportionate cost is a landfill where the large volumes of
refuse, typically with a wide variety of contaminants, could be cleaned up only by excavating
and moving the refuse to another engineered landfill. The costs to remove all refuse to a
different landfill are disproportionate to the reduction of risk. The landfill case has been adopted
by EPA as a presumptive remedy, in that the model remedy assumes that the landfill would be
left in place and the appropriate remedy is capping. Ecology follows the EPA presumptive
remedy approach for landfills.

As outlined above, the COCs within the HCIM Area are highly varied in nature and broadly
distributed over the entire HCIM Area and to a depth of approximately 90 feet, of which about
80 feet are below the water table. Thus, on the order of 300,000 cubic yards of soil are impacted
with a broad range of COCs having substantially different characteristics. The soil has been
impacted either directly (from soil contamination or DNAPL) or indirectly in that the soil

contains contaminated groundwater.

A variety of remedial alternatives were evaluated in Technical Memorandum 5 as part of the six
alternatives to address soils and groundwater within the HCIM Area; however, none of the
alternatives would successfully reduce concentrations of the broad range of COCs to attain
cleanup levels over the full areal and vertical extent of impacted soil and groundwater within the
HCIM Area. The technologies that are included in the six HCIM Area alternatives are:

e Enhanced anaerobic biodegradation,
e In situ chemical oxidation,

e Soil vapor extraction,
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e Steam injection/stripping, and
e Qroundwater extraction and treatment to remove contaminant mass.

The preferred alternative for the HCIM Area (Alternative HA-1) includes passive or natural
anaerobic biodegradation with no other cleanup technology other than the existing HCIM
containment system. Enhanced anaerobic bioremediation was proposed (Alternative HA-2) and
enhanced anaerobic degradation, ISCO, and steam injection were paired with dewatering and
SVE in Alternatives HA-3, HA-4, HA-5, and HA-6 to aggressively remediate the COCs in the
HCIM Area. Alternative HA-6 also included excavation of hot spot shallow soils and
Alternative HA-5 included a final phase of enhanced anaerobic bioremediation after allowing the

heated soil and groundwater to cool to acceptable levels.

All the technologies were reviewed in the public literature to document cleanup performance
expectations. Based on the existing literature, none of the technologies or combination of
technologies would be expected to meet cleanup levels within the foreseeable future in the
HCIM Area, either in the Shallow Aquifer (shallow and water table zone) or the Intermediate
Aquifer. Although these alternatives could potentially meet cleanup levels in the Shallow
Aquifer, at least in depths less than 40 feet, the inability of any alternative to significantly reduce
concentrations in the highly interbedded silt and clay below 40 feet depth (the Intermediate
Aquifer) would result in recontamination of the Shallow Aquifer through groundwater mixing
and chemical diffusion. Thus, at best, cleanup levels would be achieved only temporarily for

VOC:s in the uppermost groundwater, but not for metals and PCBs.

Since it is not technically possible to meet cleanup levels in a reasonable time frame, all
alternatives must assume maintenance of the existing containment system to be protective of
human health and the environment. All of the alternatives would meet the remediation levels
protective of the Duwamish Waterway under the highly conservative scenario of an earthquake

causing major breaks in the barrier wall (as many as 12 breaks).

Implementation of any of the five alternatives other than Alternative HA-1 would be difficult, be
extremely costly, result in potential for short-term risks to on-site workers and the public, and
delay redeveloping the property, a major objective for PSC. Unless cleanup levels can be met,
all alternatives would pose a similar risk; there would be no significant reduction in risk over
Alternative HA-1, the least aggressive remediation alternative. The remediation objectives in

Section 2.2 of this Technical Memorandum include Ecology’s preference that reduction in
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contaminant concentrations is a beneficial result of the final remediation alternative if this can be
practically done. COC concentration reduction would occur by implementation of the Preferred
Alternative through natural anaerobic biodegradation of VOCs. Concentrations of VOCs have
been and will continue to be reduced within the HCIM Area. However, the reduction of
concentrations would be limited by the fact that the halogenated VOCs, the main risk drivers, are
likely distributed throughout a broad cross section of the hydrostratigraphy and present in
DNAPL ganglia. As a result, cleanup levels will not be met in the foreseeable future. As
discussed in Technical Memorandum No. 1, diffuse DNAPL in heterogeneous soils, such as the
interbedded silts and sands of the Intermediate Aquifer at the facility, cannot be effectively
remediated. As long as DNAPL exists within the subsurface, concentrations of VOCs in the
groundwater will continue to be elevated and the HCIM will need to remain in place. In other
words, even an extremely costly and disruptive remediation approach inside the HCIM (such as
Alternative HA-6) would not reduce COC concentrations and resultant risks to the point that the
HCIM could be removed.

The baseline alternative for the HCIM area is Alternative HA-6, which would use steam
injection throughout the Intermediate and Shallow Aquifers, SVE to address water table soils,
long-term contaminant removal through pumping, and excavation of soil hotspot.

Alternative HA-6 would not result in attainment of cleanup levels at an NPV cost of about
$45.8 million or nearly 6 times the cost of implementing Alternative HA-1 and after an
implementation period of as long as 20 years. This alternative would also destroy biological
activity for a period as short as 2 years and as long as 20 years after completing steam injection;
this would at best delay and at worst eliminate biodegradation reactions inside the barrier wall.
As a result, there is nothing to be gained by implementation of Alternative HA-6 when compared
to Alternative HA-1. Alternative HA-1 could be implemented within 1 year, allowing the
property to be redeveloped and productive for 14 years before implementation of Alternative
HA-6 could be completed. Ultimately, the HCIM barrier wall is critical to long-term control of
COC migration from the facility and to protection of human health and the environment.

MTCA’s disproportionate cost analysis can be performed quantitatively or qualitatively. For this
SWES, the qualitative approach to evaluating a case for a disproportionate cost analysis is
appropriate. To help in this analysis, the EPA guidance (EPA, 1993) on technical
impracticability in evaluating reduction in DNAPL was used. EPA has developed guidance to
evaluating the potential benefits of source removal, including DNAPL. The criteria for

evaluating DNAPL removal benefits are outlined below.
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e Reduction of DNAPL mobility — It is beneficial to perform DNAPL reduction if the
DNAPL is mobile and leaving it in place results in an increased risk that the DNAPL
will continue to migrate. At the facility, DNAPL migration appears to have stabilized
prior to the construction of the subsurface barrier wall. With the wall in place, there
is no risk of DNAPL migration or migration of any other facility contaminants.

e Reduced Longevity — EPA guidance says that the up-front costs and effectiveness of
source removal must be compared to the long-term costs (O&M costs) of controls
without additional source reduction. This estimate can use the net-present worth cost
basis to determine if a true benefit can be realized by upfront source removal. For the
SWES, the technology to treat COCs within the barrier wall to cleanup levels is not
available. The best scenario would be a partial reduction in concentrations; however,
after implementing any technology, halogenated VOCs would still remain in the
subsurface as DNAPL and groundwater impacts would still present a risk of
migration. Completing extensive and costly source reduction would not be sufficient
to allow removal of any of the HCIM measures; therefore, the costs of implementing
such source removal would add costs without any benefit of reduced costs of the
HCIM operation.

e Reduction of contaminant mass discharge to receptors — The HCIM already addresses
migration of COCs to receptors. Because of the widespread nature of the DNAPL,
partial source reduction would not be effective in reducing concentrations of COCs in
groundwater significantly; therefore, there would be no net gain in benefits for the
dollars spent.

e Enhanced efficiency of complementary remediation technologies — If the HCIM did
not exist, there might have been some benefit if source reduction could reduce
groundwater concentrations to levels that could be addressed by another remediation
alternative, such as monitored natural attenuation (MNA). However, partial source
reduction would not reduce COCs sufficiently to use complementary technologies
other than containment; the existing HCIM would still be needed, thereby providing
no benefit. In fact, the analysis indicates that the barrier wall combined with MNA in
the area outside the wall is effective in controlling groundwater migration without the
need for the groundwater extraction and treatment technology. Therefore long-term
operating costs for the existing HCIM can be minimized with the existing system.
Additional source reduction would not have any impact on these long-term operation
costs.

e Economic benefits — EPA further provides guidance on evaluating other potential
economic benefits including:

- Can you obtain earlier site closure and return of groundwater to beneficial use? —
As outlined above, there currently is no technology that would allow the HCIM
Area to be “clean closed” in the foreseeable future.
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- Can you lower annual overall life cycle costs? — All potential source reduction
technologies are costly, and none of them would result in any reduction in life-
cycle costs.

- Can long-term liability and accrued environmental reserves be removed? — Since
there is not a technology or group of technologies that could clean up the HCIM
Area, the long-term liability would not be reduced significantly.

- Will the land value be enhanced? — contamination within the HCIM Area will
remain above cleanup levels for a very long time with or without additional
source reduction. No increase in value or decrease in liability would result from
partial source removal. In addition, the property is currently lying idle and is not
available for redevelopment and productive use until the final remedy has been
implemented. The baseline alternative would take many more years to implement
than the Preferred Alternative, so in this case, the more aggressive cleanup
approach would cause more loss of value than a simpler, faster cleanup.

- Will future land use transaction be easier due to fewer encumbrances? —
Performing costly source reduction would not be successful in meeting cleanup
goals or in reducing any institutional controls on the HCIM Area, nor would
future land use transactions become easier.

e Environmental Stewardship — From a stewardship basis, it would seem that reduction
in COC concentrations should be considered the “right thing to do” and is consistent
with Ecology policy. However, at the HCIM Area, source concentration reduction is
occurring through natural anaerobic degradation and additional source reduction
would not have an appreciable positive impact to the environment or provide
reduction in long-term risk, even if extremely costly remedial measures were
implemented. In fact, implementation of source control/reduction technologies would
greatly increase the risk of accidents, spills, and releases during the implementation
period, and some technologies could risk the barrier wall integrity or upset natural
degradation processes that are occurring. In addition, the property is sitting idle and
implementing an aggressive remedy would only delay the process of putting this site
back into productive use. For this case, like the landfill example, further remediation
of the source would provide no appreciable benefits.

Alternative HA-1 is the best long-term remediation option to address the broad range of COCs
found throughout the areal and vertical extent of the HCIM Area. Subsurface barrier walls are
true long-term solutions and have proven effective for the entire period of their use as
containment features, which is at least 50 years. While they may fail due to catastrophic events,
such as earthquakes, such events would only decrease, not eliminate, the barrier effectiveness.
The barrier would continue to limit groundwater flow after an earthquake event. Surface cover

has an equally long life span and can be adapted to a variety of site uses. The passive or natural
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anaerobic bioremediation included in the Preferred Alternative for the HCIM Area has reduced
VOC concentrations to below remediation levels and will continue to reduce constituent mass

within the contained area.

The benefits of groundwater extraction for the HCIM Area are questionable, because the primary
migration pathway of VOCs with the barrier wall in place is vapor diffusion. Since the
halogenated VOCs primarily degrade by anaerobic processes, shutting down the groundwater
extraction system would enhance the reducing conditions in the HCIM Area and could be the
best and most efficient approach to long-term reductions in VOC concentrations. Any COC

reductions would be slow and not result in cleanup levels being met in a reasonable time frame.

6.3 IMPLEMENTATION

A preliminary plan has been developed for implementation of the preferred remediation
approach for the facility. An incremental approach would be taken to implement the preferred
remediation alternatives for the HCIM and Outside Areas. This incremental implementation
approach has been developed to minimize potential risks to human health and the environment
and to confirm that the assumptions and predictions made during this SWFS and the conceptual
design of the remedial alternatives are accurate. The existing HCIM would be maintained active
and in good working order prior to full implementation of the preferred remediation approach
outlined in Section 6.1. As previously noted, the IPIM included in the preferred Outside Area

alternative would be maintained active until cleanup levels are attained within the Outside Area.

The preliminary implementation plan outlined here would be developed more fully as part of the
CAP that will be prepared after Ecology approval of the final SWFS Report. The institutional
and administrative controls included in the preferred alternatives would be implemented upon
approval of the CAP by Ecology.

The following approach is proposed for implementation of the preferred Site Wide remediation
approach:

1. Maintain the HCIM and the IPIMs as currently operated and as appropriate to
maintain effectiveness and address known risks.

2. Develop and implement institutional controls as described above for Alternatives
HA-1 and OA-2.

3. Install appropriate surface cover within the PSC properties to cover affected soil.
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9.

Implement the planned (modified as necessary following completion of site
characterization) excavation and soil disposal on the UPRR property.

. Install additional monitoring wells along the CPOC, as identified in Section 5 for

Alternative OA-2.

Commence groundwater monitoring, as described in Section 4 for Alternatives HA-2
and in Section 5 for Alternative OA-2.

Implement SVE in the area between the HCIM barrier wall and the SAD property, as
described in Section 5 for Alternative OA-2.

. Monitor the SVE system and collect confirmation samples as appropriate to confirm

COC removal.

Implement enhanced bioremediation as described in Section 5 for Alternative OA-2.

The implementation approach outlined above would be developed in more detail in the CAP and

in final design documents. The above outline is intended to summarize the general approach

anticipated for the preferred Site Wide remediation approach. This approach and design may

change during final engineering and finalization of implementation plans.
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TABLE 4-2

Seattle, Washington

NATURAL ATTENUATION INDICATOR PARAMETERS
PSC Georgetown Facility

DO Redox Potential Carbon Dioxide Ethane Ferriclron Ferrouslron Iron Methane Nitrate (asN) Nitrite (asN)
Well Date (mg/L) (mV) (mg/L) (ug/L) (mg/L) (mg/L) (ug/L) (ug/L) (mg/L) (mg/L)
Background Monitoring Wells
5/20/2002 -t 7.39 <10? 3.14 <0.5 57.1 <0.2 <0.2
8/7/2002 6.34 <10 0.695 1.06 277 <0.2 <0.2
CcG-3 11/12/2002 6.16 <10 <0.5 115 23.2 <0.2 <0.2
10/23/2003 0.44 14
2/4/2003 8.45 <10 0.867 0.955 89.1 <0.2 <0.2
5/15/2003 <5 <10 0.87 1.35* 2,220 3.88 <0.2 <0.2
11/9/1999 18.6 <2 <100 35.8 0.116
2/8/2000 <10 <2 <0.5 <1 <2 0.28
8/14/2000 9.68 <10 <0.5 <150 7.38 <0.1 <0.1
11/8/2000 8.8 <10 <0.5 <150 212 <0.1 <0.1
2/26/2001 - --- <5 <10 <0.5 <0.5 - 7.3 <0.1 <0.1
5/17/2001 61.6 <10 8.99 <150 <12 <0.1 <0.1
8/14/2001 <5 <10 <0.5 <0.5 22 <0.1 <0.1
11/8/2001 7.04 <10 <0.5 <0.5 <12 0.183 <0.1
CG-101-s1 2/5/2002 5.28 <10 <0.5 <0.5 <12 0.235 <0.1
5/22/2002 5.46 <10 <0.5 <0.5 <12 <0.2 <0.2
7/31/2002 155 7.92 <10 <0.5 <0.5 12.6 <0.2 <0.2
11/13/2002 8.16 248 14.1 <10 <0.5 <0.5 <12 0.464 <0.2
2/5/2003 - 529 6.34 <10 <0.5 <0.5 - <1.2 <0.2 <0.2
5/15/2003 13.6 <10 2.89 0.04* 2903 29.5 <0.2 <0.2
10/23/2003 5.8 196
10/28/2004 5.34 412
11/2/2005 0.27 364
5/20/2002 22 <10 <0.5 <0.5 7.91 0.319 <0.2
7/30/2002 10.6 <10 <0.5 <0.5 13.1 0.241 <0.2
11/12/2002 <5 <10 0.313 32.7 0.259 <0.2
2/7/2003 20.8 <10 <0.5 <0.5 34.9 0.638 <0.2
5/15/2003 7.39 <10 <0.15 <0.15 <12 0.242 <0.2
10/22/2003 3.9 183 <10 0.07 <0.3 9.9 <0.2 <0.2
CG-106-WT 2/17/2004 <10 0.1 0.1 <03 1.66 0.563
10/28/2004 2.78 409 <10 <1 <0.001 <0.3 15.6 <0.2
2/16/2005 - - - <10 - <0.3 <0.3 <1.2 0.317 -
10/31/2005 0.63 430 <0.35 <1 0.55 0.0189 15 <0.008
2/22/2006 3.46 452 <0.38 <1 0.008 12 1.8
11/6/2006 <0.5 1 0.029 0.61 3.1
5/21/2002 9.68 <10 6.97 <0.5 1.32 30,600 <0.2 <0.2
7/30/2002 17.6 <10 1.27 <0.5 34,400 <0.2 <0.2
11/12/2002 8.62 <10 1.68 33,100 <0.2 <0.2
2/7/2003 11.6 <10 <0.5 41,100 <0.2 <0.2
5/15/2003 7.04 <10 0.29 1.24 29,900 <0.2 <0.2
CG-106-1 10/22/2003 0.35 -103 <10 0.58 16 2.18 31,600 <0.2
2/17/2004 <10 0.86 121 1.39 29,000 <0.2
10/28/2004 0.17 311 <10 0 164 159 35,200 <0.2
2/16/2005 <10 0.45 131 1.76 35,800 <0.2
10/31/2005 0.21 473 11 <1 1.07 1.72 21,000 <0.008
2/22/2006 0.23 486 2.3 <1 14 161 27,000 <0.008
11/6/2006 0.42 <1 1.45 1.69 26,000 <0.008
5/22/2002 7.92 <10 13 <0.5 861 <0.2 <0.2
7/30/2002 30.8 <10 0.817 <0.5 1020 <0.2 <0.2
11/12/2002 - - <5 <10 - - 0.51 475 <0.2 <0.2
2/7/2003 15.3 <10 121 <0.5 1180 <0.2 <0.2
5/15/2003 8.27 <10 0.123 0.483 1030 <0.2 <0.2
CG-106-D 10/22/2003 0.35 =77 <10 0.345 0.37 0.715 898 <0.2
2/17/2004 <10 1.96 0.54 0.466 1220 <0.2
10/28/2004 0.32 488 <10 -0.467 112 0.653 1030 <0.2
2/16/2005 <10 0.74 0.6 134 829 <0.2
10/31/2005 <0.35 <1 0.49 0.583 210 <0.008
2/22/2006 0.18 503 <0.38 <1 0.61 0.564 1100 <0.008
11/6/2006 <0.10 1 0.25 0.492 150 <0.008
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TABLE 4-2

PSC Georgetown Facility
Seattle, Washington

NATURAL ATTENUATION INDICATOR PARAMETERS

DO Redox Potential Carbon Dioxide Ethane Ferriclron Ferrouslron Iron Methane Nitrate (asN) Nitrite (asN)
Well Date (mg/L) (mV) (mg/L) (pg/L) (mg/L) (mg/L) (pg/L) (pg/L) (mg/L) (mg/L)
HCIM Area Groundwater Monitoring Wells
2/27/2001 <10 -- 2970
10/20/2003 0.44 -108
CG-1-51 11/16/2004 0.37 437
11/15/2005 0.4 153
2/27/2001 <10 -- 28400
CG-1-1 11/16/2004 0.41 465
11/15/2005 0.24 43
11/18/2004 0.68 533
cG-1-D 11/15/2005 0.31 14
2/27/2001 <10 210
CG-10-51 10/20/2003 0.53 377
11/16/2004 0.32 450
CG-146-WT 11/15/2005 0.34 123
5/22/2006 320 14000
11/17/2004 0.4 482
CG-146-80 11/15/2005 0.53 11
5/15/2006 12 33000
CG-148-WT 5/25/2006 0.86 7200
CG-148-57 5/25/2006 0.76 25000
11/16/2004 0.48 451
CC-150WT 11/15/2005 0.25 103
11/18/2004 0.75 496
CG-150-68 11/15/2005 0.26 52
CG-152-WT 5/15/2006 43 6400
CG-152-79 5/17/2006 14 35000
Notes:

1. --=Not available.

2. <=analyte not detected at detection limit specified.

3. * Field Test

&= Geomatrix
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&= Geomatrix
TABLE 4-4b

ESTIMATED REMEDIATION TIME FRAMESFOR HCIM ALTERNATIVESPER COC
INTERMEDIATE GROUNDWATER DEPTH INTERVAL
PSC Georgetown Facility
Seattle, Washington

Maximum
SWFS Detected Half
CUL Concentration Life Estimated Remediation Time Frames (years)*
Constituent [(Te] )] (ngl) (years) HA-1 HA-2 HA-3 HA-4 HA-5 HA-6
1,1-Dichloroethane 47 1,040 0.31 3-10 | 3-20 | 3-10 [ 3-10 | 1-10 | 1-10
1,1-Dichloroethene 25 1,380 3-10 | 3-120 | 3-10 [ 3-10 | 1-10 | 1-10
cis-1,2-Dichloroethene 165 85,400 0.58 | 225-250]225- 250 225 - 250 | 225 - 250 200 - 250 | 200 - 250
trans-1,2-Dichloroethene | 1,691 12,800 200 - 250 | 200 - 250| 200 - 250 | 200 - 250 [ 175 - 250 | 175 - 250
Tetrachloroethene 0.20 40.3 5.3 50-75 | 50-75 [ 50-75 | 50-75 | 30-75 [ 30-75
Trichloroethene 0.79 143,000 7.2 | 200- 250200 - 250 200 - 250 | 200 - 250 150 - 250 150 - 250
1,1,1-Trichloroethane 11 16.5 0.83 1-5 1-5 1-5 1-5 0-5 0-5
\VVinyl chloride 2.04 67,200 3.0 ] 250-300]250-300] 250 - 300 250 - 300 200 - 300 200 - 300
Benzene 117 73.6 1.1 5-10 | 5-10 | 5-10 [ 5-10 | 1-10 | 1-10
[Dieset 500 1,500 Biodeg? | 30-60 | 30-60 | 30-60 | 30-60 | 20-60 | 20-60
|[Ethylbenzene 7.3 2,200 1.6 20-30 | 20-30 [ 20-30 | 20-30 | 15-30 [ 15-30
L ube Qil 500 516 50-100 | 50-200 [ 50-100 | 50-100 | 30-100 [ 30- 100
Styrene 05 6.1 1.6° 10-25 | 10-25 | 10-25 | 10-25 | 7-25 | 7-25
Toluene 9.8 3,520 0.98 10-15 | 10-15 | 10-15 [ 10-15 | 7-15 | 7-15
1,2,4-Trimethylbenzene 78 475 ND* | 100-150] 100- 150 100- 150| 100- 150 | 75- 150 | 75- 150
Xylenes (Total) 141 884 1.2 5-10 5-10 5-10 5-10 1-10 1-10
Carbon disulfide 0.92 46.6 NotDet’| 5-10 | 5-10 [ 5-10 | 5-10 1-5 1-5
Cyanide 10 64.9 Biodeg | 5-10 | 5-10 [ 5-10 | 5-10 | 1-10 [ 1-10
1,2-Dichlorobenzene 14 197 ND ] 100-150]100- 150 100- 150] 100- 150] 75-150 [ 75- 150
2,4-Dimethylphenol 285 444 0.11 1-10 | 1-120 | 1-20 [ 1-10 | 1-10 | 1-10
2-Methylphenol 13 302 0.11 1-10 | 1-120 | 1-20 [ 1-10 | 1-10 | 1-10
4-Methylphenol 108 2,230 0.08 1-10 | 1-120 | 1-20 [ 1-10 | 1-10 | 1-10
Phenol 118 4,670 0.11 1-10 | 1-120 | 1-20 [ 1-10 | 1-10 | 1-10
[larsenic 0.051 17.8 ND .5
|(Barium 4 64 ND
|[Chromium 10 76 ND
|[Copper 3.1 25.3 ND
|tron 1,000 75,000 ND
|lLead 25 7.13 ND
|[Manganese 100 268
|[Nickel 8.2 67.2 ND
[[Vanadium 20 41 - - - - . -

Notes:

1. Remediation time frames estimated based on: (1) COC half lives (when available); (2) ratio of maximum detected
concentration to CUL; (3) performance of remediation technologies at sites similar to the HCIM Area
Only constituents that have been detected in the water table/shallow groundwater depth interval above the cleanup level in the
HCIM Areaarelisted in the table.

. Biodeg. = literature sources indicate constituent biodegrades under anaerobic conditions; however, biodegradation rates
were only identified for aerobic conditions.

. No available half lifedata. Half lives are based on available data for similar compound.

. ND = No degredation

. Not Det. = Not determined. No suitable data identified; degradation rate could not be determined.

. --- = limited or no mass reduction, cleanup levels unlikely to be obtained

N

o Uk w

J\8770.000 PSC GT\048\Tables\Tables 4-4a & 4-4b



¢-G pue G-y 9|qe 1\S9|0e 1\8Y0\ LD OSd 000°0LL8\T

"uo 1D enpIAIpUI AUe UBAIB S| Bunybem ou | fenba paJepIsuod ale e1ia) 1o Jo/pue splepuess [ ‘suoife|nbal D LN 8U) pue Uo1d}1o yJea 1o} aduepinb yd3 yiimasuepiodde u| g
"UoLIB11ID TRy Joy souewLIo Jed a(ceIone ) 1sow o 1s8yBiy eyl Buireaipul G Jo Builele Yiim ‘T 01 G WU pelel a8 SSAleuRl Y T

'SO10N
0z 0z 2 vz 1z 92 L 1vioL |
14 14 € € € Z allel W] co:mhowm*_
[4 € 14 14 S 14 u80u0) aljgnd
T T Z € v g A igeuewe [duw ___
SAIRRISUIWPY pue ealuyds L
T 1 Z € 4 S SYSIY W8 1 -1oys Jo wswabeue \||
€ € Z Z 4 T SSBUBA 110943 WB)-buo||
T T Z € 4 S 1500
4 4 € € Z T aousLRWLRd|l
14 € € € € € uo11dNpaYy XS1Y pue SSSUBAI08]0.d
uolreAedx3/ans | 3As /Bulleremsd |JAS Bulleremeq | JAs/Hulerems | uoleipsweiolg JUBwiureIu0D BlRIIDMSP fepuels
/Buleremeg Juolreipswa jolg /uolepIxo d/uoleipaws Jolg digosseuy olneJpAH aAIY
/Buiddiis wesls [o1go sseuy paoueyul| eolweyd NS u| 2100 Jeeuy paoueyu
/Buiddiis wesis peoueyug
9-VH G-VH 7-VH €-VH ¢-VH T-VH
Buirey anireuely

SAAILVYNHILTV TVIAINTY VIHVY NIOH 40 NOILVNTVAL

XI1J1BWO3D) 97

uoiBuiysep\ ‘B 11ess
A1j19e4 umopRbi0eD DSd

G- 371dV.L



9-7 3|0 L\S91qe 1\8V0\ 1O OSd 000°0LL8\:

"V XIpueddy Ul pejuesaid aJe pafeLlise pa|eed 'ske|lop L00g Ulaesso ||V T

SSI0N
[ooo'ess22s 00v'LLT'LS$ 002'/28'St$ uoreredx3/AAS/bureremeq/buiddins uwesis :9-vH
__oom_Bwa 00v'TTT'95$ 006'0v0'SH$ IAS/OULBIMEQ/UO IR IPAWRIOIG D1q0ieu Yy paoueyus/buldd s wesls ‘G-VH
__oom.mNm.ma 006°028'9T$ 00%'8.Z'ST$ ANS/BULRRMEA/0DS| 7-VH
__oE_SH.ma 00V'TTY'ST$ 00E'€8Z VT$ INS/buLRIEMBQ/UO IR IPALBIOIE D100JSeU Y padueyus €-VH
0T'202'6$ 000°€0E‘6$ 008'672'6$ uoleipawWwseiolg 21gogeuy psoueyus 2-vH
VN VN 00€'TTC'/$ JUSLUU IUOD D1MepAH 8AIDY T-VH
(mo7) 150D (Ub1H) 1500 50D SOAIeUBIY [eIpBWRY BRIV N IDOH
anfeA 1usseid BN |en[eA 1ueseid BN | anfeA 1ueseid BN

XI1J1BWOdD) 97

uolBuIysep\ ‘D1ess
A1119e4 umopbioa9) DSd

1V3aV WIOH AAVININNS 1SOD dNTTVA LN3IS3dd 13N

9-F 3719Vl



-G Q1B L\S9[qBLA8YO\LD DSd 000°0LL3\:[

's1eak T 10} P2I01ILUOL 87 PNOM XI0MIBU
[eM Buioliuow Jus IPeIBUMOP BY) ‘Seleak G 10} PaJolIuoW g PINOM S|PM Jea] pue dwnd € ay) 's1eak QT 10} PaJoliuow 8 PINom (YINOS anUBAY U1no Buoe) s|pm |0.uod o1jnedpAy ay) Jo Ino4 °Z
'S1eak T 10} P2101ILUOW 80 PINOM I0MIBU |BM U IPRIBUMOP BY) 'SJeak QT J0J PI01ILOLW 8Q PINOM S|[BM [011U0D D1jMedpAy g8yl T

'SO10N

8T 14" 00T TT 00T AN JBA0D) 3724INS pUe ‘JAS ‘U0 _um%uxm___
100S 10H “UBLWIEBl | pue ABA0JSY JBIEMPUNOIS ‘UoIRIpaLIBIOIgG padueyus §-YO
T T 00T 1T 00T [4) BAN0D 33 NS
pue ‘JAS ‘UolfeAeoxd 10dS J0H ‘[041U0D diMeIpAH ‘Uoieipawiolg paoueyus -vO

8T 14" 00T 1T 00T 4" JBA0D 838 1INS pue ‘JAS ‘UoITeAOXT 100S J0H ‘UoIRIpSWRIOIg paoueyuUT ”m-<O__

8T vT 00T T 00T 4 BN0D 83 4INS PUe ‘JAS ‘U0IIRAROXT §0d ‘UoIRIpaWwRI0Ig paoueyus ”N-<o__
1€ vT 00T TT 00T Z1 uoIenueNY [eIneN PaIoUON T-VO

(s1e9k) SIPM (s 1e9k) SIPM (s 1e9k) SIPM SAleURIY
Bulioliuo N JOo JBquinN Bulioyiuo N jo oqunN | Buioliuo | Jo lequinN
jo yibue jo yibue jo yibue
Bulioliuo N Bulioluo N D0OdD Bulioliuo

LOIJeIpeWRY B9 1Y 9PSINO

souew Jojed WIDH

X111BWODD) 7

uolbulyse\\ ‘8 1ees
A19e4 umoebi099 OSd

NVHEO0dd ONIHOLINOW d31VMANNOYD V3dV 3dISLNO

1-93719VL



¢-G pue G-y 9|qe 1\S9|0e 1\8Y0\ LD OSd 000°0LL8\T

"uoLB1LD enplAIpul Aue 01 UaAIB s1BunyBeM ou ‘fenbs paJopIsuod aJe e1idl 1o Jo/pue SplepLess [ ‘suoiienbal D L N 8yl pue 30uepinb Yd3 Yiim aoueplodde u| g
"UoLIS]LID TRy} Joj souewLIoiad a|ce.ioe ) 1sow Jo 1sayBiy ayl Buieaipul G Jo Buiiede Yiim ‘T 01 G WoJ) polel 98 SSAeUR] Y ‘T

Hmc_%m_ aAlTeuUB]|Y

SAION
€C € 8¢ 12 9z _m4< 101 |
4 2 € Z T aleljpWl | co_um;ouém*_
1 T 2 4 € uJ80u0D 9110Nd
T T € € S Aigeuews |duw|
AAIRISIUIWPY pue _S_EQS__
T T € 4 g SYSId W.e 1-Hoys Jo Juawebeue \||
g G 4 € Z SSSUBA 1108 }J3 WB)-buo||
T T € 4 S 1500)|
g g v 4 € aousLewLd||
S g 2 € Z U019NPY S 1Y PUe SSSUBAI0A]
Wid| % ‘BA0D 80e}INS WIidI % ‘BnroD WidI WidI WidI elLRIIDAP fepueis
‘leAOwiB Y Sse \/|0 J1u0D a%e}Ins ‘JAS ‘UuoiTenedIxd ® ‘JOA0D 3%eLINS ‘IAS % ' JOA0D 3JeIns ® uollenuany
a1Ne IpAH ‘IAS ‘uoiTeAedxg 10ds 10H ‘|011U0D ‘uoileneIx3 10ds 10H ‘JAS ‘Uoirenedxg [eINTeN pa.Joliuo N
1003 10H ‘Wewres | 01104pAH ‘UoireIpsWe ol | ® 9Dd ‘UolelpeulIolg | gDd ‘uoireipsws Joig
pue AJBA0JSY JBTeMpUno I9 J1go Jeeuy paoueyug J1go JSeuy paoueyug 2100 Joeuy psoueyug
‘uolreIpawe Jolg paoueyud
G-YO 7-YO €-vO Z-VO 1-YO

XI1J1BWO3D) 97

uoibuIyse M\ ‘1ess

A1j19e4 umopRbi0eD DSd
SIAAILYNHILTV TVIATINIY VIHY 3AISLNO 40 NOILVYNTVAT

¢-9371dvl



€-G9|0e 1\S91qe 1\8V0\ 1O OSd 000°0LL8\'(

"V Xipusdd\y Ul pepnoul a.e SSTeWISe pa|ieled 'Ske|jop 00Z U1 9keSIsod || T

'SSI0N
L INId | pUe [eAOWaY sse|/[011uoD o1 nelpAH
008'9277'9T$ ‘JAS ‘UOITRARIXT 100S J10H ‘UBWIeal ] pue AIBACJSY JBIeMPUNOID) ‘UolRIpaWaIoIg padueyus G-vO
S N Id | PUe ‘lA0D 8Je1NS ‘JAS ‘Uo1eAedXT 10dS J0H ‘[041u0D d1[0JPAH ‘UoIepaWsIoIg d1goseu Yy paoueyus i-vYO
009'0007T$
009'/TT'/% NId1 8 JOA0D 8% 4NS ‘JAS ‘UOITRAROXT 100S 10H ¥ 90d ‘UoIRIpaWwaIolg diqosseuy paoueyus v-vO
o INId1 pUe “}eAoD 8Je4ns ‘JAS ‘UO[eABIXT g0d ‘UoieIpsweliolg d1qoiseuy psauveyus ig-vo
006'765'S$
— WId | pue uolenueny [eineN PaIoliuoN ‘T-YO
006°CT6'1$
(1500 SOAITRU BV [RIpBWRY BB 1Y 9psINO
aNeA JUsse id BN

uolBuIysep\ ‘D1ess
A1119e4 umopbioa9) DSd

1 V3dV 3AISLNO AYVININNS LISOD ANTTVA LNIS3dd L3N

£-537av.L
X|11BWOdN) 87



1-9 21qeL\s9[qBIA8YO\LD DSd 000°0LL3:[

pue ‘JAS ‘Uoirenedx3 g0d ‘uoieipawalolg psoueyus 2-vO
. - _ . - - WBWU RO J1MRIPAH 9AIDY :T-VH

0C vT 00T T 00T T BAOD oumt:m__

(s 1eak) SIPM (s 1eak) SIPM (s 1eak) SIPM
Bulioyiuo | | Jo Jequnp |Burionuo | | Jo Jequiny |Bulioliuo i | Jo lequinN
jo yibua jo yibua Jo yibua
Burioyiuo |\ uolreIpaLRY Burioluo N D040 Burionuo aAleu 1Y
1L Ipe IBUMOQ aouew Jojed WIDH

uolbulyse\\ ‘B 1ees
A1j19e4 umopRbi0eD DSd

NVEO0dd ONIHOLINOW d31VMANNOEO AILVNHI LTV dddd3434d

T-937avL
XI1J1BWO3D) 97



&= Geomatrix

TABLE 6-2

ESTIMATED COSTSFOR PREFERRED SITE-WIDE REMEDIATION APPROACH
PSC Georgetown Facility
Seattle, Washington

Alternative Net Present Value Cost
HA-1 $7,556,900
OA-2 $5,594,900

Total Cost $13,151,800

J\8770.000 PSC GT\048\Tables\TM-5-Table 6-2-ver-01.doc
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FIGURE 4-4
IMPLEMENTATION SCHEDULE, HCIM AREA ALTERNATIVES
PSG Georgetown Facility

Seattle, Washington
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Note: For each of these alternatives, HCIM performance monitoring and COPC monitoring would be conducted beyond the time lines shown above.
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APPENDIX A
REMEDIAL ALTERNATIVE COST ESTIMATES
Technical Memorandum No. 5
PSC Georgetown
Seattle, Washington

The cost estimates for the remedial alternatives were devel oped based on the conceptual
designs for the alternatives described in Sections 4 and 5 of Technical Memorandum No. 5.
These cost estimates were prepared in accordance with the methods described in, “A Guideto
Developing and Documenting Cost Estimates During the Feasibility Study” (EPA, 2000).
Details regarding preparation of these costs estimates are described below.

Cost estimates were prepared for the each of the remedial aternatives described in Sections 4
and 5 of this technical memorandum. Rounding was applied to the total costsonly. Net
Present Value (NPV) costs were prepared for each alternative, which combine theinitial
implementation costs as well as the recurring costs for operation, repair and maintenance,
monitoring, and future equipment replacement. The initial implementation costs include
permitting, engineering design, purchase of facilities and equipment, pilot studies, construction,
and construction management costs. Recurring costs include costs that would occur regularly
over the life of the remediation due to operation, maintenance, monitoring, property access,
purchasing materials, and replacing equipment that may become worn out. For the HCIM Area
alternatives, cost sensitivity was assessed by varying costs for those items with uncertain unit
costs; the uncertain items were bounded by low and high unit cost estimates. The expected,
high, and low NPV costs are summarized for each of the HCIM Areaon Table A-1. The
estimated NPV costs for the Outside Area alternatives are summarized on Table A-2. Detailed
estimates, including costing assumptions and NPV costs, for each of the HCIM Areaand
Outside Area aternatives are presented in the subsequent tables included in this appendix. The
detailed cost estimation tables include the high and low estimates used for the sensitivity
analysis. All costs presented in these tables are in 2007 dollars.

The quantities shown in the cost tables were estimated based on the assumed scope of the
remedial aternatives and preliminary conceptual designs, as described in Sections 4 and 5.
Reasonabl e assumptions based on professional judgment were made as appropriate to prepare
the quantity estimates. The cost estimates based on these quantities are, therefore, preliminary
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estimates suitable for use in Technical Memorandum No. 5 for comparing the alternatives.
These cost estimates are not suitable for final design or for budgeting.

The unit prices for most of the line items presented in the cost estimate tables were taken from
the “Building Construction Cost Data’ (Means, 2007) and the “Environmental Remediation
Cost Data-Unit Price” (Means, 2005); vendor quotes; or based on experience with similar
work. Unit prices taken from the Means, 2005 (the most recent Environmental Remediation
Cost Data published by Means), were adjusted to 2007 dollars based on the Means Historical
Cost Indices (Means, 2007). For Alternatives OA-4 and OA-5, a preliminary engineering
estimate for treatment of groundwater contaminated by 1,4-dioxane was prepared by
Geomatrix’s water treatment specialists based on vendor cost datafor similar systems and prior
experience; equipment, construction, and operation/maintenance costs were taken from this
estimate. A copy of the detailed water treatment estimate isincluded as Attachment 1.

The estimated cost for thermal treatment for Alternative HA-5 and Alternative HA-6 was based
on reported data for pilot scale and full scale implementations of thermally enhanced SVE.
Resources evaluated included the Los Alamos National Laboratory ETCAP database (LANL,
2007), the EPA Federal Remediation Roundtable (EPA, 2007), and an EPA Cost and
Performance Report (EPA, 2003). Three case studies were obtained from the Federal
Remediation Roundtable: a 1997 study at the Missouri Electric Works Superfund Site, a 2002
study conducted at the Rocky Mountain Arsenal, and a 1998 study conducted at the Pinellas
Northeast Site in Largo, Florida. Unit costs [per cubic yard (CY)] were calculated for the sites
and the costs were converted to 2007 dollars using the Means historical cost indexes (Means,
2007). The unit costs ranged from $21/CY to $760/CY. Thelow cost was for a site that was
an order of magnitude larger than the facility, and the depth of treatment was about half the
PSC site. The unit cost used for estimating thermal treatment costs was conservatively set at 60
percent (%) of thisrange, or $456/CY . It was also assumed that thermal treatment would take
5 yearsto complete. For calculation of the NPV cost for these two alternatives, the total
thermal treatment ost was taken in the second year of the 5-year treatment period.

The following general assumptions were made and may appear as footnotes to the cost estimate
tables:

e Production rates and prices would be based on a standard 40-hour work week; no
overtime or shift differential was included.

e The personal protective equipment would be Level D, unless otherwise noted.

2 J\8770.000 PSC GT\048\Appendix A\Appendix A - Cost Summary ver03_my_Sx.doc



7= Geomatrix

Any waste generated would be non-hazardous solid waste, except as otherwise
noted.

Any surface asphalt and concrete removed as part of remediation were assumed to
be uncontaminated and were assumed to be recycled.

No unique or specialty equipment or approaches were considered unless otherwise
noted.

Costs for potable water have not been estimated and have not been included in the
remediation cost estimates.

No security guards would be required.

Work would be performed without interruptions or multiple mobilizations and
setups, unless noted otherwise.

No prevailing wage or union standby labor costs have been included.

Costs for legal fees associated with gaining access for remedial construction have
not been included.

For estimating opportunity costs related to delay in property sale or redevel opment,
the PSC property (i.e., the facility and the TASCO property) were assumed to be
worth $35 per square foot. The opportunity costs were based on the interest that
could be earned on this value, based on an annual interest rate of 7%.

Detailed assumptions were made as follows for specific remedial alternatives:

HA-1 ASSUMPTIONS:

The hydraulic pumping and treatment system that would maintain an active inward
hydraulic gradient would be similar to the existing system and costs for operation
and maintenance would be similar to current costs.

HA-2 ASSUMPTIONS:

All assumptions made in HA-1 were also applied to HA-2.

The ISB system was assumed to included 10 groundwater extraction wells, 22
substrate injection wells, and 4 performance monitoring wells.

It was assumed that 325 gallons of molasses would need to be injected into each
ISB recirculation cell, which makes 3,250 gallons for each event.

Sampling of extraction wells for the ISB program was assumed to take a similar
amount of time as sampling from regular groundwater monitoring wells.

J\8770.000 PSC GT\048\Appendix A\Appendix A - Cost Summary ver03_my_Sx.doc
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HA-3 ASSUMPTIONS:

All assumptions made in HA-2 were also applied to HA-3.

For HA-3, three new groundwater extraction wells would be added for the
dewatering system.

The SVE system would have atotal of six SVE wells.

Annual operation and maintenance costs for the SVE system (electricity,
maintenance, labor, etc.) were based on prior experience with SVE at the facility.

The SVE system would be operational for 4 years.

HA-4 ASSUMPTIONS:

All assumptions made in HA-3 except those assumptions pertaining to 1SB were
also madein HA-4.

The 1SCO system was assumed to include 10 groundwater extraction wells, 22
oxidant injection wells, and 4 performance monitoring wells.

It was assumed that 3,940 Ibs of potassium permanganate would be injected into
each 1SCO recirculation cell, which makes 39,400 Ibs per event.

Sampling of extraction wells for the ISCO program was assumed to take a similar
amount of time as sampling from regular groundwater monitoring wells.

HA-5 ASSUMPTIONS:

All assumptions that were made in HA-3 were aso applied to HA-5.

Two additional SVE wells would be added to the SVE system for the Steam
Injection phase of HA-5.

As discussed above, a unit cost of $456 per CY was assumed for the cost of
implementing, and operating a steam injection system on site for a period of 5 years.

The volume of soil and groundwater to be treated by steam injection was calcul ated
to cover the area of steam injection wells and have a depth of 90 feet bgs. This
volume was approximately 62,000 CY's.

It was assumed that after the steam injection system operations for 5 yearsit would
take the soil and groundwater 2 yearsto cool to atemperature that would allow
implementation of I1SB. Preliminary calculations indicate that a period up to

20 years could be required.
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HA-6 ASSUMPTIONS:

All assumptions made in HA-5 were also applied to HA-6.

The amount of excavated and disposed soil was assumed to be about
2,200 bank CY's, or 3,000 tons, and would cost $163 per ton for disposal.

All soil would be shipped to alandfill in Arlington, Oregon, for disposal.

Dewatering annual system operational costs were assumed to be similar to costs for
the existing groundwater recovery and treatment that is operating at the facility.

OA-1 ASSUMPTIONS:

For long-term monitoring, the hydraulic barrier wall would need to be repaired
about every 50 years at a cost of approximately $800,000.

The groundwater monitoring program for all OA alternatives includes 11 CPOC
wells, 14 Downgradient wells, and 12 HCIM Areawells (37 wells total).

OA-2 ASSUMPTIONS:

All assumptions made in OA-1 were also applied to OA-2.

The amount of excavated and disposed soil was assumed to be about 1,300 bank
CYs, or 1,800 tons, and would cost $163 per ton for transportation and landfill
disposal in Arlington, Oregon.

The groundwater recirculation system would have three circulating wells, as
described in the 50% design report.

The SVE system would have three SVE wells.

200 gallons of molasses would be injected into each 1SB recirculation well, for a
total of 600 gallons per event.

Annual costs for running the SV E system such as electricity, miscellaneous
maintenance, annual operational labor, etc., were based on prior SVE experience at
the facility.

The SVE system would be in operation for 1 year.

OA-3ASSUMPTIONS:

All assumptions made in OA-2 were also applied to OA-3.
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e Theamount of excavated and disposed soil was assumed to be about 6,300 bank
CYs, or 8,600 tons. For estimating disposal costs, 5,200 tons was assumed to be
hazardous and would cost $163 per ton for transportation and disposal; 3,400 tons
was assumed to be non-hazardous, with transportation and disposal costs of $34 per
ton.

OA-4 ASSUMPTIONS:
e All assumptions made in OA-3 were also applied in OA-4.

e The Hydraulic Control system would include seven groundwater extraction wellsin
the water table zone, and one groundwater extraction well in the intermediate zone.

e A property purchase was assumed necessary for the Hydraulic Control system. It
would be approximately 4,000 sguare feet and would cost about $35 per square foot,
totaling $140,000.

OA-5 ASSUMPTIONS:
e All assumptions made in OA-4 were also applied in OA-5.

e The groundwater recovery system for mass removal would add two groundwater
extraction wells in the water table zone, and one groundwater extraction well in the
intermediate zone to the hydraulic control system included in OA-4, making atotal
of nine extraction wellsin the water table, and two wellsin the intermediate.

The implementation cost estimates include the consultant cost (Professional Technical
Services) for individual tasks as a percentage of the remediation construction (see detailed cost
estimates for each alternative). The specific line items have been divided into permitting,
engineering design, construction management, and project management, as appropriate. The
assigned percentages were obtained from EPA guidance (EPA, 2000) and from professional
experience.

The estimated recurring costs have also been generalized for simplicity. The unit prices used
for recurring cost estimates include the cost of the consultant and contractor costs, as
appropriate. Annual project management costs were estimated to range between $10,000 to
$25,000 per year for HCIM Area alternatives and $10,000 to $20,000 per year for Outside Area
aternatives, depending upon the complexity of each alternative. The estimated duration of the
HCIM Area and Outside Area alternatives are presented in Sections 4 and 5 of Technical
Memorandum No. 5, respectively.
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The NPV costs of the alternatives (Tables A-1 and A-2) were calculated with a net discount
(interest) rate of 2.5% based on recommendations provided by the Ecology (EPA guidance
recommends a net discount rate of 7%.) Both theinitial and recurring cost estimates include a
15 to 25% contingency to address uncertainties and to reflect the preliminary nature of these
cost estimates.

A sensitivity analysis (Table A-1) was completed to evaluate the effect of uncertainties
associated with the implementation and operation of Alternatives HA-2 through HA-6.
Alternative HA-1 and Outside Area alternatives were not included in the analysis because there
isalesser degree of uncertainty associated with these alternatives. Factorsthat were
considered in the sensitivity analysisinclude:

e The amount of electron donor material required for enhanced
anaerobic bioremediation and the associated |abor/time required to inject it
(Alternatives HA-2, HA-3 and HA-5);

e Theamount of potassium permanganate required for in situ chemical oxidation
and the labor/time required to inject it (Alternative HA-4);

e Theduration of operation of the dewatering and SVE system (Alternatives HA-3
through HA-6);

e Steam injection unit costs (Alternatives HA-5 and HA-6); and
e Excavation and disposal volumes (Alternative HA-6).

Anticipated (baseline), low, and high costs were calculated for each aternative by varying
these factors over an estimated range of uncertainty, as shown on Table A-1. Costs differences
range from about $100,000 to $29,000,000 and are discussed below:

HA-2. The costs for HA-2 varied by about $100,000 and are attributed only to differencesin
the amount of electron donor required for enhanced bioremediation and the labor/time required
toinject it. Thisisthe smallest total difference and reflects minimal uncertainty in this
aternative. A preliminary design has been completed and submitted to Ecology for the key
components of this alternative.

HA-3. Costs for HA-3 differed by approximately $2.2 million. This cost estimate varied due to
the amount of electron donor estimated for enhanced bioremediation, the labor/time required to
inject the electron donor, and the duration of operation of the dewatering and SVE system.
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HA-4. HA-4 was varied for the amount of potassium permanganate required for in situ
chemical oxidation and the labor/time required to inject the electron donor and the duration of
operation of the dewatering and SVE system. These changes account for a cost difference of
approximately $2.6 million.

HA-5. The amount of electron donor material required for enhanced anaerobic bioremediation,
the associated |abor/time required to inject the electron donor and steam injection unit costs
were varied for alternative HA-5. The steam injection unit costs varied substantially. The
NPV cost differenceis $28.3 million between the high and low total cost estimates. While the
magnitude of the differenceislarge, it represents only about 50% of the high estimate. This
variance is considered reasonable for the uncertainty associated with the preliminary,
conceptual estimate for thistype of technology.

HA-6. The duration of operation of the dewatering and SV E system, steam injection unit costs,
and excavation and disposal volumes were varied for HA-6. The NPV cost difference for
HA-6 is about $29.3 million, and reflects the substantial uncertainty in the design for steam
injection. Thisdifferenceis about 51% of the high NPV estimate.

REFERENCES

EPA, (U.S. Environmental Protection Agency), 2000, A Guide to Developing and
Documenting Cost Estimates During the Feasibility Study.

EPA, Cost and Performance Report, Steam Enhanced Extraction at the A. G. Communications
Systems Site, Northlake, Illinois, June 2003.

EPA, Federal Remediation Technologies Roundtable web site:
http://costperformance.org/profile.cfm? D=160& Casel D=160;
http://costperformance.org/profile.cfm? D=220& Casel D=220;
http://costperformance.org/profile.cfm? D=386& Casel D=386,
http://www.frtr.gov/matrix2/sectiond/4-9.html, March 2007

LANL, ETCAP web site, http://www.lanl.gov.orgs/d/d4/enviro/etcap/therm_soil.html,
March 2007.

R. S. Means, 2005, Environmental Cost Data-2005, 11th Edition.

R. S. Means, 2007, Building Construction Cost Data, 65th Edition.

8 J\8770.000 PSC GT\048\Appendix A\Appendix A - Cost Summary ver03_my_Sx.doc



XS g AoJ -dfew sy 1500 [enideouod-T-1y-v-ddw\v Xipuedd v\8r0\ LD OSd 000°0228\C

LyE'srr's $ | -ennmeumv jo 00 8N[RA 1USSSId 210 L
__ V€615 $ || 008722 $ || S1S0D N RO %IT JO 1S9J81UI Ue e SIA € JBAO "O[ed anfeA Jussaid e swiiojled «
GGh 98T $ || oog'oL $ reah sad %€ JA/(D1L) S1S00 [e11ceD JO JUsdJed soueuBIUE N
€8T°/5 $ [l oov'ee $ [ ooz $ | sinoy 0c. (Kep/1y 02) Joresedo
@3
‘soxe] ‘|[oJfed ‘s}1jeueq pepn|oul)
Ter's $ [l oor'T $ || 008 $ | sinoy /€ (Kep/ay 1°0) Josinsedns Jomodue
¥5E'9 $ [ 0092 $[lose | M ov0'T usBal /| 10] ssa) alelomes S99 JOMeS
/€59 $ || 0009z $] 00T $| by 00092 usfay Joj pv s[eolwsyd
9/T'GST $ || 00s'€9 $lzro $ | Ym 126'82S S}IUn 8U0ZO
0/2'79 $ || ooc'oz $|zTo $| YM 000'6T2 sdwnd pue siemo|g
256'CT $ |{ 00E'S $i[2To $ | Ui 008'Ey SJIBXIN UOITRPIXO Ao11199|3
¥1500D 1500 N0lid hun Teakh/ uondiuosag SweN wel|
1Uesa Id A1 rea A nun Amnuend
S) 0\ PB19NJISU0D BY] JO SIS0 doueuBIUR [N 79 bulreedO A|1ea A palew s
000'668'2$ S1S0D [ellded parew s [elo |
0ey'sz$ DIL1 10(%T Buluomssiwwod
0cr'se$ D11 10{%T uo11adsu | 81IS
062'9/$ D11 10{%¢g uosiIARdNS UoITe|[eISU |/UO1ION JISU0D
0ch'se$ DIL Jo[%T UoITe JISIUIWPY 198 JJU0D
obr'c0e$ DIL1 10(%8 Bursssuibuz
000'€YS'2$ _ (D11)S1S00 pej[elsu| [e10 | perews3
000'T.LV$ 20aI1+224a 10|%Se :Aousbunuo)
001'88T$ 00a1+224d 10{%0T :80UBMO||Y JBp O sbueyd uolonisuod
000'7TES 004 10(%02 :(DD@1) S1S0D UoIPVNIISUOD 10841pU |
000'0.S'T$ 00t'69T$ 009'00V'T$ = [elOLS[EIREN (02Q@) s10D UoIPNISUOD 199110
S|04U0d pue ‘IokBuUsb
000°0F $ [osz $ || oSS $| W 005 8u0z0 Joj Buip|Ing |WS 8ouemo| |y Bulp|ing
geis wewdinb3
000°0€ $ [ost $ || oSS $| M 0'0¢ RS 818.Jou0D PadIoju Ry WWOOE ® ‘Buipjing Hue L
00S'y $ |[se $ oz $| M 0°00T [[1}Y0eg 7® UOIeAROX]
00S'22 $ [lsL $ [[oST $ w 00T adld 3daH wwoz buidid ab reyosig
00S'CT $ [looo's $ [fo0s'2 $| e 0T dwngd ab reyosig
000°02 $ [loos‘e $ {0052 $| w 0¢ pu9 kesnyig Ny
000'ST $ [loos‘e $ [foo0's $| e 0¢ 6.E (Wwos) Joy pazis mo|g 11y
00522 $ [loos‘2 $ |[o00'sT $| ®©o 0T 00SE YUue | 1onJseqauozQ
202'T (Aepfsq| ut) 1oy pazZIS
'S|0JJU09 pue ‘1onJsep seb o
ETC'OrT'T $ [looo‘00T $[eTg'or0'T  $| 0T ‘JoleJouab aUo0zQ sepnfou | ue|d abedoed suozO
B|pduw!
000'8T $ [oos'e $ [[o0s‘e $| e 0€ ® 1Jeys SS9TE /M BXIN dy Z pauno|A do L SBXIN UolepIxQ
S3|}Jeq XoLIoANUe
00S'2€ $ [loos'2 $ |[o00'sz $| e 0T /Mjue] ssy0g [efsn 00S'L 1039e1U0D BU0ZQ
‘S|0J3U0D PAS]| ‘JUBWIU RIUOD 199 by Jo} WeIsAS
000'SE $ [looo‘oT $ |[o00'sz $| e 0T [11ds “Sue) abe.ois uolrezifeyea a1sned
‘S|0J3U0D PAS]| ‘JUBIU RIUOD weIsAs
000°GE $ |(000°0T $ || 000'GC $| ®© 07T [110s ‘Yue) afe.ols uole eualay poy
'SJIOSUSS
000°02T $ [loo0‘0z $ |[o00‘00T $| e 0T S101ju0D Mo Jue|d afiexded wesAs abueyox3 uo|
Ue|d Juswea |
00522 $ [ls2 $ |losT $ w 00T adld 3daH wwoog 01 Buidid souefenuod
150D S1S0D 30l.d uun Amnuend uondiosag aWweN wel|
wel| el Inoge |[esu| Hun [ JelN
€0 bx/ire J0 1Mo Gg/ ('19) AOD 1/Pw gy
aod b/eo by €€ BUWINSSY EHN /6w g
auveyw\ /0w T
Rep/eo B 9vS oMES 201 M%E Ge
omolg Iy N40S 6.2 s oL wdbsn .mNH
JorBuaD) suwnjo) Juenjjul
auozo abueyox3
uo|
9B eusia loyeiuod <
O Ia < ) auozp _rempunoio
|uozo (IOH) poY
:we Jfeig molq sse N
wdbsn g2t Joj pazis
uoIPn seq 21ueb 10
aoe.] 1o} wWeISAS auozQ Ag pamo|o4 (91 ‘UIN ‘DN 94) [erowiay uoieD 1o} WeIsAS abueyox3 uo|| s3I0 Jo uondiiossg
:uoI17e20 7 _ 2Sd| BureN wsID
XIJ11BWOIN) /4 0Sd e juswleal] Bempunols Jojalewlsy 1S0D
Tol0el




XS g AoJ -dfew sy 1500 [enideouod-T-1y-v-ddw\v Xipuedd v\8r0\ LD OSd 000°0228\C

G6E'8TI8'E $| senmreusel v jo IS0 8NEA JUsse Id [e10 L
_ S6£2T9 $ || 009'0S52 $ [| s100 N®O %TT 10 1981l Ue T2 SIA € I8N0 "O[ed aNnfeA Jussaid e swioyed «
0G2'902 $ | oor'v8 $ reah sad %€ JA/(D1L) S1S00 [e11ceD JO JUsdJed soueuBIUE N
€8T°/5 $ [ oot'sz $ || ooze $ | sinoy 0sL (Kep/1y 02) Joresedo
@3
‘soxe] ‘|[oJfed ‘s}1jeueq pepn|oul)
T2h's $ [l oor'T $ || 008 $ | sinoy /€ (Kep/ay 1°0) Josinsedns Jomodue
¥5E'9 $ [ 0092 $[lose | M ov0'T usBal /| 10] ssa) alelomes S99 JOMeS
/€5'€9 $ || 0009z $ oot $| by 000'92 usbiay Jo) py s[eolwsyd
0Si'86T $ [ ooz'T8 $lzro $ | Ym 120219 STVET776)
0/2'%9 $ || oog'oz $lzro $ | Yymi 000'6T2 sdwnd pue siemo|g
25671 $ || oog's $|zT0 $ | 1Ym 008'Sy SIXIN UOIEPIXO A1011399|3
<1500 150D 801.d nun Teak/ uondiiosag SWeN wal|
1Uesa Id A1 rea A nun Amnuend
S) 0\ PB19NJISU0D BY] JO SIS0 doueuBIUR [N 79 bulreedO A|1ea A palew s
000'902'S$ SIS0 [elide) palew sy [e1o |
021'82$ DIL1 10(%T Buluomssiwwod
021'82$ D11 10|%T uol1edsu | 81IS
09€'78% D11 J0|%E UosIARdNS UOITe|[eISU |/UOION JISU0D
021'82% DIL Jo[%T UoITe JISIUIWPY 198 JJU0D
096'722$ DIL1 10(%8 Bursssuibuz
000'218'2$ _ (D11)S10D pa|esu| [e10] patew!sg
008'02S$ 20dI+22d 1o(%Sse :Aousbunuo)
00£'802$ 22a1+22d 10{%0T :80UBMO||Y JBp O sbueyd uolonisuod
002'LvE$ 224 J0(%02 :(DDQ@1) SIS0 UO1PNIISUOD 198IPU |
000°9€.'T$ 00t'69T$ 009'09G'T$ = [elOLS[elREN (DDQ@) S150D UO1PNIISUOD 19811Q
S|04U0d pue ‘IokBuUsb
0000t $ [losz $ |[oss $| W 005 8u0z0 Joj Buip|Ing |WS souemo||y Buip|ing
geis wewdinb3
0000 $ [losy $ |[oss $| M 00e RS 818Jou0D PadIoju Ry WWQOOE ® ‘Buipjing Hue L
00S't $ (s $ oz $| M 0'00T [[1}Y0eg 7® UOIeAROX]
00522 $ [lsL $ [[oST $ w 00T adld 3daH wwooz Buidid 8b seyosiq
00S'CT $ |[0oo0's $ [lo0s'2 $| e 0T dwngd ab reyosig
00002 $ [loos‘e $ [foos'2 $| ® 0¢ pu9 kesnyig Ny
000'ST $ [loos'z $ |[o00's $| e 0¢ LS¥ (Wwos) Joy pazis omo|g 11y
00522 $ [loos‘2 $ [fooo'sT $| e 0T 00SE YUue | 1onJseqauozQ
85T (Aeppsq| ul) 1oy pazis
'S|0JJU09 pue ‘1onJsep seb o
T82'90€'T $ [looo‘00T $ T80zt $| 0T ‘JoleJouab aUo0zQ sepnfou | 1ue|d 8bexoed auozo
B|pduw!
000'8T $ [loos'e $ |loos‘z $| e 0€ ® 1Jeys SS9TE /M BXIN dy Z pauno|A do L SXIN UolepIXO
S3|}Jeq XoLIoANUe
005'2E $ [l00s'L $ |[000‘se $| e 0T /M YUe ] SsyOg [eBsn 00S'L 1039e1U0D BU0ZQ
‘S|0J3U0D PAS]| ‘JUBWIU RIUOD 199 by Jo} WeIsAS
000'SE $ [looo‘ot $ |ooo‘se $| e 0T [11ds “Sue) abe.ois uoljezie JjeaN 211snMe)
‘S|0J3U0D PAS]| ‘JUBIU RIUOD weIsAs
000'GE $ ||000'0T $ [|000'se $| e 0T [11ds “Sue) abe.ois uoire puslbay pRY
'SJIOSUSS
000'02T $ [looo‘0z $ |[000‘00T $| ® 0T 7 Sj05ju0D Mo Jue|d afiexded wesAs abueyox3 uo|
ue|d JUaWea |
00522 $ [ls2 $ [losT $ w 00T adid 3daH wwooz 01 Buidig aouefonuo)
1500 S1S00 ad1.d wun | Anuend uondiiosa@ aweN wal|
wel| el Inoge |[esu| Hun [ JelN
€0 bx/ire J0 1Mo Gg/ ("1s9) @OD /6w gz
aod b/eo by €€ BUWINSSY EHN /6w g
auveyw\ /0w T
Rep/eo B 669 oMOS 201 /6w g
dbs
mo|g 1y W3OS 7SE Ny ol waosn .ooﬁ
loruaD suwnjo) Juenjjul
auozo abueyox3
Jojoeluo uoj|
ab reyosiq 9 <
109110 < V 9u0ZQO JBlempuno s
. Pnsed ||« oRiUshoy
|uozo (IDH) pY

:we Jfeig molq sse N

wdBsn 09T o} pazIS

uoinJsaq oiueb o

aoe.] Jo} weisAS auozO Ag pamo|o4 (OB ‘UIN ‘O N ©4) [erowiay uoieD 10} WeISAS abueyox3 uo|

'$3 10\ Jo uondiiosag

:U0I7220 7] _

3Sd

EEINET]Te)

X11JBWOSN) 37

colgel

DSd e JusWeal ] JBTeMpuno . Jojajew s 10D




%06 Ad paLleA SSWN|O A [esOds|d PuUe U0 IeAROXT SU3 PRy PUe ‘G-YH Se SUO e LleA ues 8} pey 9-YH *
p2eA 210n0/0G9$ 01 pAeA 91gN2/00Z$ WO ) pebies LoNoS (U1 eSS Jo 1500 L) pue ‘uoleLeA polied [euoeledo WelsAs JAS awes ay) pey G-H

%05 Aq pa1LeA SIS00 Q0S| 8U) pue ‘UoiieleA polied feuoieedo WeisAS JAS awes au) pey -vH °
skeaf g 0] Z woly palreA polied feuoiesedo WelsAs IAS 8yl pue ‘Z-H Jo SuoeLeA [ 8yl pey £-H -

2'S0-PADRW ST 150D SHMS Ao\ XIpuadd v\K0\ LD DSd 000028\

%G¢ AQ pa1/en sem UoIIeIpaLWwaI0Iq JO 1500 33 g-YH Jod *

sieak z Aq patren pouad feuoiiesedo pue uoielusws dwi syl ‘9- ybnoayl Z-vH Jo4
T-VH Jojauop semsisAeue AIARISUSS ON °

‘Ske||op L00¢ ularessod ||V -

d|0ed!|ddy 10N - VN

AN M < O O N~

'SAI0N

_wmo_mmwﬁm 00v'//T'/S$ 002'/28'St$ Uo11eedx3/3 AS/Buietemaq/buidd uis weeis 9-vH

G'/G.'12$ 00v'TTT'95$ 006'070'Sv$ I AS/OULBMS /U0 IR IpAWRI0Ig D1g0oieuy paoueyus/buidd s wesls 'G-VH
loos's.G'€T$ 006'0/8'9T$ 00v'8/2'ST$ INS/BuULBEEMEA/0DS| F-VH
o2 TOT'ETS 00V TIV'ST$ 00€'€8Z 7T$ IAS/OULRIEMBJ/UO I [paULIBIOI D1008eu Y paoueyus ‘€-H
0T 202'6$ 000'€0<'6$ 008'6172'6$ U012 1paWS.01g 01004eUY Paoueyus Z-vH
YN vN 00E'TTIC'/$ JUSLUU IUOD D1MepAH 8AIDY T-VH

(mo7) (UB1H) 0D aNEA SoAITeU B}V
S0 8N S0Q 8NneA 1uesa id BN
Uese 1d BN 1Uese Jd BN

uolbuiyse/\ ‘9 1ees
A1119e4 umo3eb1099 DSd

AAVINANS 1SOO SAAILVYNYHILTY TVIAIINTL V3LV NIOH

1-v 31dvl

XI1J1BWO3D) 97



T'S0-10A-01eWNSH 150D SAMS AUV XIpuaddy\HONLD DSd 000°0LLY\:T

'Sie||op L00C uleesso ||V T

S3I0N
008'92r'9T$ INId| pUe [eAoway Sse|Al/|01U0D d1MelpAH ‘JAS ‘UoIfeAedX 100S J0H ‘JusWeal | pue AJBA0DSY JoleMpunols) ‘UoikeipsweJolg padueyus 5-vYO
009°000'7T$ INId | PUe ‘JBA0D 83e4nS ‘JAS ‘UoIeAeOXT 100S J0H ‘[01U0D 9110JPAH ‘UoIRRIPSWSIOIY J1008eUY Psoueyus 1-YO
009'/TT'/$ NIdI % ‘BA0D 83 NS ‘JAS ‘UOIIRAROXT 100S 10H % 90d ‘UOIRIpSWS.0!g 01g0.Jseuy paoueyus €-vO
006'765'G$ NId| puUe ‘1Bn0D 8Jelns ‘JAS ‘UoIRAROXT g0d ‘UoIRIpBWRI0Ig J1qoseuy padueyus 2-vO
006'2T6'7$ N Id| pue uoifenuslly [eJneN [paJ0lilUoN ‘T-VO

150D anfeA Uesaid BN

SOAleU BV [eIPeURY B9 1Y 9pSINO

uoibuIyse/\ ‘91ess
umopb.I0a9) DSd
AIVYINIANS 1SODSAAILVYVNAHILTY TVIAI NI V3LV 3AIS1LNO

¢-v3aidavl

X111BWODD) 7




2'S0-PADRW ST 150D SHMS Ao\ XIpuadd v\K0\ LD DSd 000028\

1ydse g Buined | awnssy g

3dd d PRV

“M8OM 3IOM INoY O '€

%07 AQl PesES.I0UI 9.9M [RIUSLULIOIIAUT SUBS | SO0Z U} LUOJ) UBXe) S1S09 |1V 2
'ske|jod 002 T

SOION

008'/$ 1SOD NOILVYINIWITdNIT TVILINI TVLOL
00.°2$ S30INJSS [BUOISS3)0 1d ‘[2101gNS
8-G 'Ux3 ‘0002 ‘Yd3 wody|| 005 00T'S$ %0T % uswabele |\ 108f0.1d
8-G "Ux3 ‘0002 ‘vd3 woly|| 008% 00T'S$ %GT % uswabeue [\ UO1ONISUOD
8-G 'Ux3 ‘0002 ‘vd3 woly| 000'T$ | 00T'SH %02 % s1s00 ubse Bulsauibug
9feJ plepuess X ewoso|l 00 00T‘S$ %L, % Bumiwed
SIOINBS [EI1UYDD | [eUOISSIJ0 Id
00T'S$ [21010nS
0200 60°€T T2 20 ‘¥Z "dereq 1500 uononsuoD Buip|ing sues NSH|| 005$ T S6v$ fKep buifening
8.l plepuers Xewoss ‘feiuel did|| 00T T 00T$ fKep wswdinb3
3l plepuels X LeWoas ‘snusis/eaulbus T 008% T 008% fep WBBBAQD U0 NONIISUOD
09%0 €T'9T 2T ¢€ ‘8¥G "d uononusuo) Bulp|ing sues NSH|| 002 T$ /9T 0T$ AS buined 1eycsy £
gol fejius woJ} 301d|f 000'2$ T 000'2$ wns dwn uolezijigowad/uoez!|Iqo N
NOILDONYISNODdVD T
S9JON/S224N0S 150D Anuend |00 1un nun we|

XI1J1BWO3D) 97

uolBuIysep\ ‘D 1ess
A1119e4 umo3eb1099 DSd

T-VH IAILVNHI LTV 404 S1SOD NOILVINI NI TdIN|

e-v3aiavi




TABLE A-4

PSC Georgetown Facility
Seattle, Washington

RECURRING COSTSFOR ALTERNATIVE HA-1

Annual
Item Unit Unit Cost | Quantity |Annual Cost Sour ces
1 |INSPECTION (18 YEARYS)
Site Inspection EA $550 1 $550 (2005 RSMeans Environmental p. 9-81; 33 08 0501
Subtotal $550
2 |TREATMENT SYSTEM ANNUAL COSTSINCLUDING O&M (18 YEARS)
Annual operation labor day $800, 52 $41,600 |1 engineer/scientist, Geomatrix standard rate
Electricity Lump sum $4,800 1 $4,800 |Current System Costs
Waste Water Discharge Lump sum $12,000 1 $12,000 |Current System Costs
Misc. Maintenance Lump sum $70,000 1 $70,000 |Current System Costs
Treatment system cleaning Lump sum $28,800 1 $28,800 |Current System Costs
Well Maintenance per well $5,000 1 $5,000 |Est. 10% of wells need maintence
Subtotal $162,200
3 |ANNUAL REPLACEMENT COSTS (18 YEARS)
Controls & Instruments EA $100 1 $100 |Price from similar job
Surface Cover Maintenance per year $400 1 $400 |[Price from similar job
Discharge Permit (Annualized, 5 year permit) per year $2,000 1 $2,000 |Current System Costs
Monitoring Well Installation (2" PVC) LF $31 13 $400 (2005 RSMeans Environmental p. 9-253; 33 23 2504
Waste Disposa drum $50 1 $70 |Price from similar job
Subtotal $2,970
4 |PROJECT MANAGEMENT (18 YEARS)
Project Management year $10,000 1 $10,000 |Price from similar job
Subtotal $10,000

Notes:
1. All costsin 2007 Dallars.

2. All costs taken from the 2005 Means Environmental were increased by 10%

3. Assumed 40 hour work week.
4. No taxes have been included.
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&= Geomatrix
TABLE A-6

IMPLEMENTATION COSTSFOR ALTERNATIVE HA-2
PSC Georgetown Facility
Seattle, Washington

Item Unit Unit Cost Quantity Cost Sour ces/Notes
1 Cap Construction
M obilization/Demobilization Lump Sum $2,000 1 $2,000 [[Price from similar job
3" Asphalt Paving SY $10 167 $1,700 [[RSMeans Building Construction p. 548; 32 12 16.13 0460
Construction Oversight day $800 1 $800 ||1 engineer/scientist, Geomatrix standard rate
Equipment day $100 1 $100 ||PID rental, Geomatrix standard rate
Task 1 Total $4,600
2 Performance Monitoring Well I nstallation
M obilization/Demobilization Lump Sum $3,000 1 $3,000 [[2005 RSMeans Environmental p. 9-243; 33 23 1201
Drill and Install 2" PVC Monitoring Well LF $31 160 $5,000 [[2005 RSMeans Environmental p. 9-253; 33 23 2504; 4 Wells, 2 at 30' bgs, 2 at 50" bgs
Surveying day $495 1 $500 [[RSMeans Building Construction p. 24; 02 21 13.09 0020
Construction Oversight day $800 5 $4,000 [[1 engineer/scientist, Geomatrix standard rate
Equipment day $100 5 $500 ||PID rental, Geomatrix standard rate
Task 2 Total $13,000
3 Pilot Study
M obilization/Demobilization Lump Sum $3,000 1 $3,000 [[2005 RSMeans Environmental p. 9-243; 33 23 1201
8" dia Hollow Stem Auger Drilling (Injection Wells) LF $39.20 200 $7,800 [[2005 RSMeans Environmental p. 9-236; 33 23 1101, 4 injection wells at 50' bgs
4" PVC, Schedule 80, Well Casing LF $26.93 40 $1,100 [[2005 RSMeans Environmental p 9-211; 33 23 0112; 10' of casing for 4 wells
4" PVC, Schedule 80, Well Screen LF $29.03 160 $4,600 [[2005 RSMeans Environmental p 9-215; 33 23 0203; 40' of screen for 4 wells
4" Well, Grout (Annular Seal) LF $128.04 4 $500 |[2005 RSMeans Environmental p 9-246; 33 23 1802
4" Well, Locking Cap EA $170.52 4 $700 |[2005 RSMeans Environmental p 9-246; 33 23 1702
4" Submersible Pump, 8-14 gpm, Head <= 80', /3 hp, w/ controls EA $1,755 1 $1,800 [[2005 RSMeans Environmental p. 9-224; 33 23 0526; 1 extraction well at 50' bgs
8" dia Hollow Stem Auger Drilling (Extraction Wells) LF $39.20 50 $2,000 [[2005 RSMeans Environmental p. 9-236; 33 23 1101, 1 extraction well at 50' bgs
6" PV C, Schedule 80, Well Casing LF $45.75 10 $500 |[2005 RSMeans Environmental p 9-211; 33 23 0103; 10' of casing for 1 well
6" PVC, Schedule 80, Well Screen LF $48.93 40 $2,000 [[2005 RSMeans Environmental p 9-215; 33 23 0203; 40' of screen for 1 well
6" Well, Grout (Annular Seal) LF $188.69 1 $200 |[2005 RSMeans Environmental p 9-246; 33 23 1803
6" Well, Locking Cap EA $208.03 1 $200 |[2005 RSMeans Environmental p 9-246; 33 23 1703
Construction Oversight day $300 3 $2,400 [|1 engineer/scientist, Geomatrix standard rate
Recirculation/Injection Labor day $1,600 4 $6,400 (2 engineers/scientists, Geomatrix standard rate
Equipment day $200 2 $400 ||General Equipment, Geomatrix standard rate
Molassess Ibs $1] 1,950 $2,000 [|Price from similar job
Performancce Monitoring L abor day $1,600 1 $1,600 |2 engineers/scientists, Geomatrix standard rate
Analytical Lump Sum $2,000] 1 $2,000 [|Price from similar job
Reporting Lump Sum $15,000 1 $15,000 [Price from similar job
Task 3Total $54,200
4 Full-ScaleInstallation
M obilization/Demobilization Lump Sum $3,000 1 $3,000 [[2005 RSMeans Environmental p. 9-243; 33 23 1201
8" dia. Hollow Stem Auger Drilling (Injection Wells) LF $39.20 900 $35,300 [[2005 RSMeans Environmental p 9-236; 33 23 1101; 18 injection wells at 50' bgs
4" PVC, Schedule 80, Well Casing LF $26.93 180 $4,800 [|2005 RSMeans Environmental p. 9-211; 33 23 0112; 10' of casing for 18 wells
4" PVC, Schedule 80, Well Screen LF $29.03 720 $20,900 [[2005 RSMeans Environmental p 9-215; 33 23 0203; 40' of screen for 18 wells
4" Well, Grout (Annular Seal) LF $128.04 18 $2,300 [[2005 RSMeans Environmental p. 9-246; 33 23 1802
4" Well, Locking Cap EA $170.52 18 $3,100 [[2005 RSMeans Environmental p. 9-246; 33 23 1702
4" Submersible Pump, 8-14 gpm, Head <= 80', 1/3 hp, w/ controls EA $1,755 9 $15,800 [[2005 RSMeans Environmental p. 9-224; 33 23 0526; 9 extraction wells at 50' bgs
8" dia. Hollow Stem Auger Drilling (Extraction Wells) LF $39.20 450 $17,600 [[2005 RSMeans Environmental p. 9-236; 33 23 1101; 9 extraction wells at 50' bgs
6" PVC, Schedule 80, Well Casing LF $45.75 90 $4,100 {12005 RSMeans Environmental p. 9-211; 33 23 0103; 10' of casing for 9 wells
6" PVC, Schedule 80, Well Screen LF $48.93 360 $17,600 [[2005 RSMeans Environmental p 9-215; 33 23 0203; 40' of screen for 9 wells
6" Well, Grout (Annular Seal) LF $188.69 9 $1,700 [[2005 RSMeans Environmental p. 9-246; 33 23 1803
6" Well, Locking Cap EA $208.03 9 $1,900 [[2005 RSMeans Environmental p. 9-246; 33 23 1703
Construction Oversight day $300 10 $8,000 [|1 engineer/scientist, Geomatrix standard rate
Equipment day $100 10 $1,000 [|General Equipment, Geomatrix standard rate
Surveying day $495 1 $500 ||RSMeans Building Construction p. 24; 02 21 13.09 0020
Task 4 Total $137,600
Subtotal $209,400
Professional Technical Services
Permitting % 7% $209,400 $14,700 [|[Geomatrix standard rate
Engineering Design Costs % 12% $209,400 $25,100 [[from EPA, 2000, Exh. 5-8
Construction Management % 8% $209,400 $16,800 ||from EPA, 2000, Exh. 5-8
Project Management % 6% $209,400 $12,600 [[from EPA, 2000, Exh. 5-8
Subtotal, Professional Services $69,200
TOTAL INITIAL IMPLEMENTATION COST $278,600
Notes:
1. 2007 Dollars.

2. All costs taken from the 2005 M eans Environmental were increased by 10%
3. 40 hour work week.

4. Level D PPE.

5. Assume all paving 3" asphalt
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TABLE A-7

RECURRING COSTSFOR ALTERNATIVE HA-2
PSC Georgetown Facility
Seattle, Washington

Annual
Item Unit Unit Cost | Quantity | Annual Cost Sour ces
1 [INSPECTION (18 YEARS)
Site Inspection EA $550 1 $550 |2005 RSMeans Environmental p. 9-81; 33 08 0501
Subtotal $550
2 |TREATMENT SYSTEM ANNUAL COSTSINCLUDING O&M (18 YEARS)
Annual operation labor day $300 52 $41,600 |1 engineer/scientist, Geomatrix standard rate
Electricity Lump sum $4,800 1 $4,800 |Current System Costs
Waste Water Discharge Lump sum $12,000 1 $12,000 |Current System Costs
Misc. Maintenance Lump sum $70,000 1 $70,000 |Current System Costs
Treatment system cleaning Lump sum $28,800 1 $28,800 [Current System Costs
Well Maintenance per well $5,000 1 $5,000 |Est. 10% of wells need maintence
Subtotal $162,200
3 |ANNUAL REPLACEMENT COSTS (18 YEARYS)
Controls & Instruments EA $100 1 $100 |Price from similar job
Surface Cover Maintenance per year $400 1 $400 |Price from similar job
Discharge Permit (Annualized, 5 year permit) per year $2,000 1 $2,000 [Current System Costs
Monitoring Well Installation (2" PV C) LF $55 13 $720 2005 RSMeans Environmental p. 9-253; 33 23 2504
Waste Disposal drum $50 1 $70 [Price from similar job
Subtotal $3,290
4  |SEMI-ANNUAL INJECTION (4 YEARS)
M ol assess Ibs $1 39000 $39,000 |Price from similar job
Recirculation/I njection Labor day $1,600 10 $16,000 |2 engineers/scientists, $100/hour
Subtotal $55,000
6 [SEMI ANNUAL ISB MONITORING (6 YEARS)
Sampling Labor day $1,600 2 $3,200 |2 engineers/scientists, $100/hour
Analysis - VOCs, Ethenes per well $285 12 $3,420 |ARI
Reporting per round $10,000 2 $20,000 |Price from similar job
Subtotal $26,620
7 |PROJECT MANAGEMENT (18 YEARS)
Project Management per year $15,000 1 $15,000 [Price from similar job
Subtotal $15,000
8 [PROJECT MANAGEMENT AFTER IMPLEMENTATION
Project Management per year $10,000 1 $10,000 |Price from similar job
Subtotal $10,000
9 |PROPERTY OPPORTUNITY COST (5 YEARS)
Opportunity Cost year $367,500 1 $367,500 |Using an interest cost of 7%
Subtotal $367,500

Notes:

1. All costsin 2007 Dollars.

2. All costs taken from the 2005 Means Environmental were increased by 10%
3. Assumed 40 hour work week.

4. No taxes have been included.
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TABLE A-10

RECURRING COSTSFOR ALTERNATIVE HA-3
PSC Georgetown Facility

Seattle, Washington

Annual
Item Unit Unit Cost | Quantity | Annual Cost Sour ces
1 [INSPECTION (18 YEARS)
Site Inspection EA $550 1 $550 (2005 RSMeans Environmental p. 9-81; 33 08 0501
Subtotal $550
2 |SVE/DEWATERING ANNUAL COSTSINCLUDING O&M (4 YEARS)
Annual operation labor day $800 52 $41,600 |1 engineer/scientist, Geomatrix standard rate
Electricity Lump sum $4,800 1 $4,800 |Current System Costs
Waste Water Discharge Lump sum $48,000 1 $48,000 |Current System Costs x 4 (to account for more discharge water)
Misc. Maintenance Lump sum $70,000 1 $70,000 |Current System Costs
Well Maintenance per well $5,000 1 $5,000 |Current System Costs
Subtotal $169,400
3 [TREATMENT SYSTEM ANNUAL COSTSINCLUDING O&M (18 YEARS)
Annual operation |abor day $800 52 $41,600 |1 engineer/scientist, Geomatrix standard rate
Electricity Lump sum $4,800 1 $4,800 |Current System Costs
Waste Water Discharge Lump sum $12,000 1 $12,000 |Current System Costs
Misc. Maintenance Lump sum $70,000 1 $70,000 |Current System Costs
Treatment system cleaning Lump sum $28,800 1 $28,800 [Current System Costs
Well Maintenance per well $5,000 1 $5,000 |Est. 10% of wells need maintence
Subtotal $162,200
4 |ANNUAL REPLACEMENT COSTS (18 YEARYS)
Controls & Instruments EA $100 1 $100 |Price from similar job
Surface Cover Maintenance per year $400 1 $400 [Price from similar job
Discharge Permit (Annualized, 5 year permit) per year $2,000 1 $2,000 |Current System Costs
Monitoring Well Installation (2" PVC) LF $55 13 $720 (2005 RSMeans Environmental p. 9-253; 33 23 2504
Waste Disposal drum $50 1 $70 |Price from similar job
Subtotal $3,290
5 |SEMI-ANNUAL INJECTION (4 YEARYS)
M olassess Ibs $1 39000 $39,000 |Price from similar job
Recirculation/Injection Labor day $1,600 10 $16,000 |2 engineers/scientists, $100/hour
Subtotal $55,000
6 |SVE/DEWATERING SYSTEM MONITORING (4 YEARYS)
Monthly Vapor Sample Collection Labor day $300 12 $9,600 |1 engineer/scientist, Geomatrix standard rate
Analysis - VOCs, Ethenes per sample $600 12 $7,200 |Air Toxics Inc.
Subtotal $16,800
8 |SEMI ANNUAL ISB MONITORING (6 YEARS)
Sampling L abor day $1,600 2 $3,200 |2 engineers/scientists, $100/hour
Analysis - VOCs, Ethenes per well $285 12 $3,420 |ARI
Reporting per round $10,000 2 $20,000 |Price from similar job
Subtotal $26,620
9 |PROJECT MANAGEMENT (18 YEARYS)
Project Management per year $20,000 1 $20,000 |Price from similar job
Subtotal $20,000
10 |[PROJECT MANAGEMENT AFTER IMPLEMENTATION
Project Management per year $10,000 1 $10,000 |Price from similar job
Subtotal $10,000
11 [PROPERTY OPPORTUNITY COST (9 YEARYS)
Opportunity Cost year $367,500 1 $367,500 [Using an interest cost of 7%
Subtotal $367,500
Notes:

1. All costsin 2007 Dollars.

2. All costs taken from the 2005 Means Environmental were increased by 10%

3. Assumed 40 hour work week.
4. No taxes have been included.
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TABLE A-13

RECURRING COSTSFOR ALTERNATIVE HA-4
PSC Georgetown Facility
Seattle, Washington

Annual
Item Unit Unit Cost | Quantity | Annual Cost Sour ces
1 [INSPECTION (18 YEARYS)
Site | nspection EA $550 1 $550 |2005 RSMeans Environmental p. 9-81; 33 08 0501
Subtotal $550
2 |SVE/DEWATERING ANNUAL COSTSINCLUDING O&M (4 YEARS)
Annual operation labor day $800] 52 $41,600 |1 engineer/scientist, Geomatrix standard rate
Electricity Lump sum $4,800 1 $4,800 |Current System Costs
Waste Water Discharge Lump sum $48,000 1 $48,000 |Current System Costs x 4 (to account for more discharge water)
Misc. Maintenance Lump sum $70,000 1 $70,000 |Current System Costs
Well Maintenance per well $5,000 1 $5,000 |Current System Costs
Subtotal $169,400
3 |TREATMENT SYSTEM ANNUAL COSTSINCLUDING O&M (18 YEARYS)
Annual operation labor day $300; 52 $41,600 |1 engineer/scientist, Geomatrix standard rate
Electricity Lump sum $4,800 1 $4,800 |Current System Costs
Waste Water Discharge Lump sum $12,000 1 $12,000 |Current System Costs
Misc. Maintenance Lump sum $70,000 1 $70,000 |Current System Costs
Treatment system cleaning Lump sum $28,800 1 $28,800 |Current System Costs
Well Maintenance per well $5,000 1 $5,000 |Est. 10% of wells need maintence
Subtotal $162,200
4 |ANNUAL REPLACEMENT COSTS (18 YEARYS)
Controls & Instruments EA $100 1 $100 [Price from similar job
Surface Cover Maintenance per year $400 1 $400 |Price from similar job
Discharge Permit (Annualized, 5 year permit) per year $2,000 1 $2,000 |Current System Costs
Monitoring Well Installation (2" PVC) LF $55 13 $720 12005 RSMeans Environmental p. 9-253; 33 23 2504
Waste Disposal drum $50 1 $70 |Price from similar job
Subtotal $3,290
5 |SEMI-ANNUAL INJECTION (4 YEARYS)
Potassium Permanganate (KMNO,) Ibs $2| 157500 $255,150 |Carcus Chemical Company
Recirculation/Injection Labor day $1,600 20 $32,000 |2 engineers/scientists, $100/hour
Subtotal $287,150
6 |SVE/DEWATERING SYSTEM MONITORING (4 YEARS)
Monthly Vapor Sample Collection Labor day $800 12 $9,600 |1 engineer/scientist, Geomatrix standard rate
Analysis - VOCs, Ethenes per sample $600 12 $7,200 |Air Toxics Inc.
Subtotal $16,800
8 |SEMI ANNUAL ISCO MONITORING (6 YEARS)
Sampling Labor day $1,600 2 $3,200 |2 engineers/scientists, $100/hour
Analysis - VOCs, Ethenes per well $285 12 $3,420 |ARI
Reporting per round $10,000 2 $20,000 |Price from similar job
Subtotal $26,620
9 |PROJECT MANAGEMENT (18 YEARYS)
Project Management per year $20,000 1 $20,000 |Price from similar job
Subtotal $20,000
10 [PROJECT MANAGEMENT AFTER IMPLEMENTATION
Project Management per year $10,000 1 $10,000 |Price from similar job
Subtotal $10,000
11 [PROPERTY OPPORTUNITY COST (9 YEARYS)
Opportunity Cost year $367,500 1 $367,500 |Using an interest cost of 7%
Subtotal $367,500
Notes:

1. All costsin 2007 Dallars.

2. All costs taken from the 2005 Means Environmental were increased by 10%
3. Assumed 40 hour work week.

4. No taxes have been included.
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TABLE A-16

RECURRING COSTSFOR ALTERNATIVE HA-5
PSC Georgetown Facility
Seattle, Washington

Annual
Item Unit Unit Cost | Quantity | Annual Cost Sour ces
1 [INSPECTION (12 TOTAL YEARYS)
Site Inspection EA $550] 1 $550 |2005 RSMeans Environmental p. 9-81; 33 08 0501
Subtotal $550
2 [SVE/DEWATERING ANNUAL COSTSINCLUDING O&M (4 YEARS)
Annual operation labor day $800] 52 $41,600 |1 engineer/scientist, Geomatrix standard rate
Electricity Lump sum $4,800 1 $4,800 [Current System Costs
Waste Water Discharge Lump sum $48,000 1 $48,000 |Current System Costs x 4 (to account for more discharge water)
Misc. Maintenance Lump sum $70,000 1 $70,000 |Current System Costs
Well Maintenance per well $5,000 1 $5,000 [Current System Costs
Subtotal $169,400
3 |[TREATMENT SYSTEM ANNUAL COSTSINCLUDING O&M (18 YEARS)
Annual operation labor day $800] 52 $41,600 |1 engineer/scientist, Geomatrix standard rate
Electricity Lump sum $4,800 1 $4,800 [Current System Costs
Waste Water Discharge Lump sum $12,000 1 $12,000 |Current System Costs
Misc. Maintenance Lump sum $70,000 1 $70,000 |Current System Costs
Treatment system cleaning Lump sum $28,800 1 $28,800 |Current System Costs
Well Maintenance per well $5,000 1 $5,000 |Est. 10% of wells need maintence
Subtotal $162,200
4 |ANNUAL REPLACEMENT COSTS(12TOTAL YEARS)
Controls & Instruments EA $100 1 $100 [Price from similar job
Surface Cover Maintenance per year $400 1 $400 |Price from similar job
Discharge Permit (Annualized, 5 year permit) per year $2,000 1 $2,000 [Current System Costs
Monitoring Well Installation (2" PVC) LF $55 13 $720 |2005 RSMeans Environmental p. 9-253; 33 23 2504
Waste Disposal drum $50 1 $70 |Price from similar job
Subtotal $3,290
5 [SEMI-ANNUAL INJECTION (4 YEARS)
Mol asses Ibs $1 39000 $39,000 |Price from similar job
Recircul ation/I njection Labor day $1,600 10 $16,000 |2 engineers/scientists, $100/hour
Subtotal $55,000
6 |SVE/DEWATERING SYSTEM MONITORING (4 YEARS)
Monthly Vapor Sample Collection Labor day $800 12 $9,600 |1 engineer/scientist, Geomatrix standard rate
Analysis - VOCs, Ethenes per sample $600 12 $7,200 |Air Toxics Inc.
Subtotal $16,800
8 |SEMI ANNUAL ISB MONITORING (6 YEARS)
Sampling L abor day $1,600 2 $3,200 |2 engineers/scientists, $100/hour
Analysis - VOCs, Ethenes per well $285 12 $3,420 |ARI
Reporting per round $10,000 2 $20,000 |Price from similar job
Subtotal $26,620
9 [PROJECT MANAGEMENT (12 TOTAL YEARS)
Project Management per year $20,000 1 $20,000 |Price from similar job
Subtotal $20,000
10 |PROJECT MANAGEMENT AFTER IMPLEMENTATION
Project Management per year $10,000 1 $10,000 |Price from similar job
Subtotal $10,000
11 |PROPERTY OPPORTUNITY COST (19 YEARS)
Opportunity Cost year $367,500 1 $367,500 |Using an interest cost of 7%
Subtotal $367,500

Notes:

1. All costsin 2007 Dollars.

2. All costs taken from the 2005 M eans Environmental were increased by 10%
3. Assumed 40 hour work week.

4. No taxes have been included.
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J\8770.000 PSC GT\048\Appendix A\Rev SWFS Cost Estimate-ver-05.2

TABLE A-19

RECURRING COSTSFOR ALTERNATIVE HA-6
PSC Georgetown Facility
Seattle, Washington

Annual
Item Unit Unit Cost | Quantity | Annual Cost Sour ces
1 |[INSPECTION
Site Inspection EA $550 1 $550 |2005 RSMeans Environmental p. 9-81; 33 08 0501
Subtotal $550
2 |SVE/DEWATERING ANNUAL COSTSINCLUDING O&M (4 YEARS)
Annual operation labor day $800] 52 $41,600 [1 engineer/scientist, Geomatrix standard rate
Electricity Lump sum $4,800 1 $4,800 [Current System Costs
Waste Water Discharge Lump sum $48,000 1 $48,000 [Current System Costs x 4 (to account for more discharge water)
Misc. Maintenance Lump sum $70,000 1 $70,000 |Current System Costs
Well Maintenance per well $5,000 1 $5,000 [Current System Costs
Subtotal $169,400
3 |TREATMENT SYSTEM ANNUAL COSTSINCLUDING O&M
Annual operation labor day $800 52 $41,600 |1 engineer/scientist, Geomatrix standard rate
Electricity Lump sum $4,800 1 $4,800 [Current System Costs
Waste Water Discharge Lump sum $12,000 1 $12,000 |Current System Costs
Misc. Maintenance Lump sum $70,000 1 $70,000 [Current System Costs
Treatment system cleaning Lump sum $28,800 1 $28,800 [Current System Costs
Well Maintenance per well $5,000 1 $5,000 [Est. 10% of wells need maintence
Subtotal $162,200
4 |DEWATERING ANNUAL COSTSINCLUDING O&M (5 YEARSAFTER STEAM)
Annual operation labor day $800 52 $41,600 |1 engineer/scientist, Geomatrix standard rate
Electricity Lump sum $4,800 1 $4,800 [Current System Costs
Waste Water Discharge Lump sum $36,000 1 $36,000 |Current System Costs x 3 (to account for more discharge water)
Misc. Maintenance Lump sum $70,000 1 $70,000 [Current System Costs
Treatment system cleaning Lump sum $28,800 1 $28,800 [Current System Costs
Well Maintenance per well $5,000 1 $5,000 [Est. 10% of wells need maintence
Subtotal $186,200
5 |ANNUAL REPLACEMENT COSTS
Controls & Instruments EA $100 1 $100 |Price from similar job
Surface Cover Maintenance per year $400 1 $400 |Price from similar job
Discharge Permit (Annualized, 5 year permit) per year $2,000 1 $2,000 [Current System Costs
Monitoring Well Installation (2" PVC) LF $55 13 $720 |12005 RSMeans Environmental p. 9-253; 33 23 2504
Waste Disposal drum $50 1 $70 |Price from similar job
Subtotal $3,290
6 |SVE/DEWATERING SYSTEM MONITORING (4 YEARS)
Monthly Vapor Sample Collection Labor day $800 12 $9,600 [1 engineer/scientist, Geomatrix standard rate
Analysis - VOCs, Ethenes per sample $600 12 $7,200 [Air Toxics Inc.
Subtotal $16,800
7 |SEMI-ANNUAL MONITORING (15 YEARS DURING GW EXTRACTION/REINJECTION)
Sampling L abor day $1,600 4 $6,400 |2 engineers/scientists, $100/hour
Analysis - VOCs, Ethenes per well $285 32 $9,120 [ARI
Anaysis- Metals per well $290 32 $9,280 [ARI
Reporting per round $10,000 2 $20,000 [Pricefrom similar job
Subtotal $44,800
8 |PROJECT MANAGEMENT
Project Management per year $25,000 1 $25,000 |Price from similar job
Subtotal $25,000
9 [PROJECT MANAGEMENT AFTER IMPLEMENTATION
Project Management per year $10,000 1 $10,000 [Pricefrom similar job
Subtotal $10,000
10 |PROPERTY OPPORTUNITY COST (16 YEARS)
Opportunity Cost year $367,500 1 $367,500 |Using an interest cost of 7%
Subtotal $367,500
Notes:

1. All costsin 2007 Dollars.

2. All costs taken from the 2005 Means Environmental were increased by 10%
3. Assumed 40 hour work week.

4. No taxes have been included.

&= Geomatrix
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J\8770.000 PSC GT\048\Appendix A\Rev SWFS Cost Estimate-ver-05.2(High)

TABLE A-39

IMPLEMENTATION COSTSFOR ALTERNATIVE HA-2 (HIGH)

PSC Georgetown Facility

Seattle, Washington

Item Unit Unit Cost Quantity Cost Sour ces/Notes
1 Cap Construction
M obilization/Demobilization Lump Sum $2,000 1 $2,000 (|Price from similar job
3" Asphalt Paving SY $10] 167 $1,700 |[RSM eans Building Construction p. 548; 32 12 16.13 0460
Construction Oversight day $800 1 $800 |[1 engineer/scientist, Geomatrix standard rate
Equipment day $100] 1 $100 |[PID rental, Geomatrix standard rate
Task 1 Total $4,600
2 Performance Monitoring Well Installation
M obilization/Demobilization Lump Sum $3,000 1 $3,000 [|2005 RSMeans Environmental p. 9-243; 33 23 1201
Drill and Install 2" PVC Monitoring Well LF $31 160 $5,000 |[2005 RSMeans Environmental p. 9-253; 33 23 2504; 4 Wells, 2 at 30' bgs, 2 at 50' bgs
Surveying day $495 1 $500 ||RSMeans Building Construction p. 24; 02 21 13.09 0020
Construction Oversight day $800 5 $4,000 |1 engineer/scientist, Geomatrix standard rate
Equipment day $100] 5 $500 ||PID rental, Geomatrix standard rate
Task 2 Total $13,000
3 Pilot Study
M obilization/Demobilization Lump Sum $3,000 1 $3,000 |[2005 RSM eans Environmental p. 9-243; 33 23 1201
8" dia. Hollow Stem Auger Drilling (Injection Wells) LF $39.20 200 $7,800 [|2005 RSM eans Environmental p. 9-236; 33 23 1101; 4 injection wells at 50' bgs
4" PVC, Schedule 80, Well Casing LF $26.93 40 $1,100 ||2005 RSM eans Environmental p 9-211; 33 23 0112; 10' of casing for 4 wells
4" PVC, Schedule 80, Well Screen LF $29.03 160 $4,600 [|2005 RSM eans Environmental p 9-215; 33 23 0203; 40' of screen for 4 wells
4" Well, Grout (Annular Seal) LF $128.04 4 $500 [|2005 RSMeans Environmental p 9-246; 33 23 1802
4" Well, Locking Cap EA $170.52 4 $700 ||2005 RSMeans Environmental p 9-246; 33 23 1702
4" Submersible Pump, 8-14 gpm, Head <= 80', 1/3 hp, w/ controls EA $1,755 1 $1,800 |[2005 RSMeans Environmental p. 9-224; 33 23 0526; 1 extraction well at 50' bgs
8" dia. Hollow Stem Auger Drilling (Extraction Wells) LF $39.20 50 $2,000 ||2005 RSMeans Environmental p. 9-236; 33 23 1101; 1 extraction well at 50' bgs
6" PVC, Schedule 80, Well Casing LF $45.75 10 $500 [|2005 RSMeans Environmental p 9-211; 33 23 0103; 10' of casing for 1 well
6" PVC, Schedule 80, Well Screen LF $48.93 40 $2,000 [|2005 RSM eans Environmental p 9-215; 33 23 0203; 40' of screen for 1 well
6" Well, Grout (Annular Seal) LF $188.69 1 $200 [|2005 RSMeans Environmental p 9-246; 33 23 1803
6" Well, Locking Cap EA $208.03, 1 $200 {[2005 RSMeans Environmental p 9-246; 33 23 1703
Construction Oversight day $800] 3 $2,400 ||1 engineer/scientist, Geomatrix standard rate
Recirculation/Injection Labor day $1,600 4 $6,400 ||2 engineers/scientists, Geomatrix standard rate
Equipment day $200] 2 $400 |(General Equipment, Geomatrix standard rate
Mol assess Ibs $1] 1,950 $2,000 |[Price from similar job
Performancce Monitoring L abor day $1,600 1 $1,600 ||2 engineers/scientists, Geomatrix standard rate
Analytical Lump Sum $2,000] 1 $2,000 |[Price from similar job
Reporting Lump Sum $15,000 1 $15,000 ||Price from similar job
Task 3 Total $54,200
4 Full-Scale Installation
M obilization/Demobilization Lump Sum $3,000 1 $3,000 |[2005 RSM eans Environmental p. 9-243; 33 23 1201
8" dia. Hollow Stem Auger Drilling (Injection Wells) LF $39.20 900 $35,300 ||2005 RSMeans Environmental p 9-236; 33 23 1101; 18 injection wells at 50' bgs
4" PV C, Schedule 80, Well Casing LF $26.93 180 $4,800 [|2005 RSMeans Environmental p. 9-211; 33 23 0112; 10' of casing for 18 wells
4" PVC, Schedule 80, Well Screen LF $29.03 720 $20,900 ||2005 RSMeans Environmental p 9-215; 33 23 0203; 40' of screen for 18 wells
4" Well, Grout (Annular Seal) LF $128.04 18 $2,300 [|2005 RSM eans Environmental p. 9-246; 33 23 1802
4" Well, Locking Cap EA $170.52 18 $3,100 |[2005 RSM eans Environmental p. 9-246; 33 23 1702
4" Submersible Pump, 8-14 gpm, Head <= 80', 1/3 hp, w/ controls EA $1,755 9 $15,800 [|2005 RSMeans Environmental p. 9-224; 33 23 0526; 9 extraction wells at 50' bgs
8" dia. Hollow Stem Auger Drilling (Extraction Wells) LF $39.20 450 $17,600 ||2005 RSMeans Environmental p. 9-236; 33 23 1101, 9 extraction wells at 50' bgs
6" PVC, Schedule 80, Well Casing LF $45.75 90 $4,100 [|2005 RSMeans Environmental p. 9-211; 33 23 0103; 10' of casing for 9 wells
6" PVC, Schedule 80, Well Screen LF $48.93 360 $17,600 ||2005 RSMeans Environmental p 9-215; 33 23 0203; 40' of screen for 9 wells
6" Well, Grout (Annular Seal) LF $188.69 9 $1,700 [|2005 RSM eans Environmental p. 9-246; 33 23 1803
6" Well, Locking Cap EA $208.03 9 $1,900 |[2005 RSM eans Environmental p. 9-246; 33 23 1703
Construction Oversight day $300] 10 $8,000 |1 engineer/scientist, Geomatrix standard rate
Equipment day $100] 10 $1,000 ||General Equipment, Geomatrix standard rate
Surveying day $495 1 $500 ||RSMeans Building Construction p. 24; 02 21 13.09 0020
Task 4 Total $137,600
Subtotal $209,400
Professional Technical Services
Permitting % 7% $209,400 $14,700 ([Geomatrix standard rate
Engineering Design Costs % 12% $209,400 $25,100 |[from EPA, 2000, Exh. 5-8
Construction Management % 8% $209,400 $16,800 [[from EPA, 2000, Exh. 5-8
Project Management % 6% $209,400 $12,600 |[from EPA, 2000, Exh. 5-8
Subtotal, Professional Services| $69,200
TOTAL INITIAL IMPLEMENTATION COST $278,600

Notes:

1. 2007 Dallars.

2. All costs taken from the 2005 Means Environmental were increased by 10%
3. 40 hour work week.

4. Level D PPE.

5. Assume all paving 3" asphalt

&= Geomatrix



&= Geomatrix
TABLE A-40

RECURRING COSTSFOR ALTERNATIVE HA-2 (HIGH)
PSC Georgetown Facility
Seattle, Washington

Annual
ITEM Unit Unit Cost | Quantity [Annual Cost Sour ces
1 |INSPECTION (18 YEARYS)
Site Inspection EA $550 1 $550 [2005 RSMeans Environmental p. 9-81; 33 08 0501
Subtotal $550
2 [TREATMENT SYSTEM ANNUAL COSTSINCLUDING O&M (18 YEARYS)
Annual operation labor day $800 52 $41,600 |1 engineer/scientist, Geomatrix standard rate
Electricity Lump sum $4,800 1 $4,800 |Current System Costs
Waste Water Discharge Lump sum $12,000 1 $12,000 |Current System Costs
Misc. Maintenance Lump sum $70,000 1 $70,000 [Current System Costs
Treatment system cleaning Lump sum $28,800 1 $28,800 |Current System Costs
Well Maintenance per well $5,000 1 $5,000 |Est. 10% of wells need maintence
Subtotal $162,200
3 |JANNUAL REPLACEMENT COSTS (18 YEARS)
Controls & Instruments EA $100 1 $100 |Price from similar job
Surface Cover Maintenance per year $400 1 $400 |Price from similar job
Discharge Permit (Annualized, 5 year permit) per year $2,000 1 $2,000 [Current System Costs
Monitoring Well Installation (2" PVC) LF $55 13 $720 [2005 RSMeans Environmental p. 9-253; 33 23 2504
Waste Disposal drum $50 1 $70 |Price from similar job
Subtotal $3,290
4 |SEMI-ANNUAL INJECTION (4 YEARS)
Mol assess Ibs $1 48750 $48,750 [Price from similar job
Recirculation/Injection Labor day $1,600 13 $20,800 |2 engineers/scientists, $100/hour
Subtotal $69,550
6 |SEMI ANNUAL I1SB MONITORING (6 YEARS)
Sampling Labor day $1,600 2 $3,200 |2 engineers/scientists, $100/hour
Anaysis- VOCs, Ethenes per well $285 12 $3,420 |ARI
Reporting per round $10,000 2 $20,000 [Price from similar job
Subtotal $26,620
7 |PROJECT MANAGEMENT (18 YEARYS)
Project Management per year $15,000 1 $15,000 |Price from similar job
Subtotal $15,000
8 |PROJECT MANAGEMENT AFTER IMPLEMENTATION
Project Management per year $10,000 1 $10,000 [Price from similar job
Subtotal $10,000
9 |PROPERTY OPPORTUNITY COST (5 YEARYS)
Opportunity Cost year $367,500 1 $367,500 |Using an interest cost of 7%
Subtotal $367,500

Notes:

1. All costsin 2007 Dallars.

2. All costs taken from the 2005 Means Environmental were increased by 10%
3. Assumed 40 hour work week.

4. No taxes have been included.
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TABLE A-43

RECURRING COSTSFOR ALTERNATIVE HA-3 (HIGH)

PSC Georgetown Facility

Seattle, Washington

Annual
Item Unit Unit Cost | Quantity | Annual Cost Sour ces
1 |[INSPECTION (18 YEARS)
Site Inspection EA $550] 1 $550 |2005 RSMeans Environmental p. 9-81; 33 08 0501
Subtotal $550
2 |SVE/DEWATERING ANNUAL COSTSINCLUDING O&M (4 YEARS)
Annual operation labor day $800] 52 $41,600 |1 engineer/scientist, Geomatrix standard rate
Electricity Lump sum $4,800 1 $4,800 |Current System Costs
Waste Water Discharge Lump sum $48,000 1 $48,000 |Current System Costs x 4 (to account for more discharge water)
Misc. Maintenance Lump sum $70,000 1 $70,000 |Current System Costs
Well Maintenance per well $5,000 1 $5,000 |[Current System Costs
Subtotal $169,400
3 |TREATMENT SYSTEM ANNUAL COSTSINCLUDING O&M (18 YEARYS)
Annual operation labor day $800] 52 $41,600 |1 engineer/scientist, Geomatrix standard rate
Electricity Lump sum $4,800 1 $4,800 |Current System Costs
Waste Water Discharge Lump sum $12,000 1 $12,000 |Current System Costs
Misc. Maintenance Lump sum $70,000 1 $70,000 |Current System Costs
Treatment system cleaning Lump sum $28,800 1 $28,800 |Current System Costs
Well Maintenance per well $5,000 1 $5,000 [Est. 10% of wells need maintence
Subtotal $162,200
4 |ANNUAL REPLACEMENT COSTS (18 YEARYS)
Controls & Instruments EA $100 1 $100 |Price from similar job
Surface Cover Maintenance per year $400 1 $400 [Price from similar joh
Discharge Permit (Annualized, 5 year permit) per year $2,000 1 $2,000 |Current System Costs
Monitoring Well Installation (2" PVC) LF $55 13 $720 |2005 RSMeans Environmental p. 9-253; 33 23 2504
Waste Disposal drum $50 1 $70 |Price from similar job
Subtotal $3,290
5 |SEMI-ANNUAL INJECTION (4 YEARS)
M olassess Ibs $1| 48750 $48,750 |Price from similar job
Recirculation/Injection Labor day $1,600 13 $20,800 |2 engineers/scientists, $100/hour
Subtotal $69,550
6 |SVE/DEWATERING SYSTEM MONITORING (4 YEARYS)
Monthly Vapor Sample Collection Labor day $800 12 $9,600 |1 engineer/scientist, Geomatrix standard rate
Analysis- VOCs, Ethenes per sample $600 12 $7,200 |Air Toxics Inc.
Subtotal $16,800
8 |SEMI ANNUAL ISB MONITORING (6 YEARS)
Sampling L abor day $1,600 2 $3,200 |2 engineers/scientists, $100/hour
Analysis- VOCs, Ethenes per well $285 12 $3,420 (ARI
Reporting per round $10,000 2 $20,000 |Price from similar job
Subtotal $26,620
9 |PROJECT MANAGEMENT (18 YEARYS)
Project Management per year $20,000 1 $20,000 |Price from similar job
Subtotal $20,000
10 |PROJECT MANAGEMENT AFTER IMPLEMENTATION
Project Management per year $10,000 1 $10,000 |Price from similar job
Subtotal $10,000
11 |[PROPERTY OPPORTUNITY COST (9 YEARYS)
Opportunity Cost year $367,500 1 $367,500 |Using an interest cost of 7%
Subtotal $367,500
Notes:

1. All costsin 2007 Dallars.

2. All costs taken from the 2005 Means Environmental were increased by 10%
3. Assumed 40 hour work week.

4. No taxes have been included.
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TABLE A-46

RECURRING COSTSFOR ALTERNATIVE HA-4 (HIGH)

PSC Georgetown Facility

Seattle, Washington

Annual
Item Unit Unit Cost | Quantity | Annual Cost Sour ces
1 |INSPECTION (18 YEARS)
Site Inspection EA $550, 1 $550 [2005 RSMeans Environmental p. 9-81; 33 08 0501
Subtotal $550
2 [SVE/DEWATERING ANNUAL COSTSINCLUDING O&M (4 YEARS)
Annual operation labor day $300; 52 $41,600 |1 engineer/scientist, Geomatrix standard rate
Electricity Lump sum $4,800 1 $4,800 |Current System Costs
Waste Water Discharge Lump sum $48,000 1 $48,000 |Current System Costs x 4 (to account for more discharge water)
Misc. Maintenance Lump sum $70,000 1 $70,000 |Current System Costs
Well Maintenance per well $5,000 1 $5,000 |Current System Costs
Subtotal $169,400
3 |TREATMENT SYSTEM ANNUAL COSTSINCLUDING O&M (18 YEARS)
Annua operation labor day $800] 52 $41,600 |1 engineer/scientist, Geomatrix standard rate
Electricity Lump sum $4,800 1 $4,800 |Current System Costs
Waste Water Discharge Lump sum $12,000 1 $12,000 |Current System Costs
Misc. Maintenance Lump sum $70,000 1 $70,000 |Current System Costs
Treatment system cleaning Lump sum $28,800 1 $28,800 |Current System Costs
Well Maintenance per well $5,000, 1 $5,000 |Est. 10% of wells need maintence
Subtotal $162,200
4 |ANNUAL REPLACEMENT COSTS (18 YEARYS)
Controls & Instruments EA $100 1 $100 |Price from similar job
Surface Cover Maintenance per year $400 1 $400 |Price from similar job
Discharge Permit (Annualized, 5 year permit) per year $2,000 1 $2,000 |Current System Costs
Monitoring Well Installation (2" PVC) LF $55 13 $720 |2005 RSMeans Environmental p. 9-253; 33 23 2504
Waste Disposal drum $50 1 $70 |Price from similar job
Subtotal $3,290
5 [SEMI-ANNUAL INJECTION (4 YEARYS)
Potassium Permanganate (KMNO,) Ibs $2| 236250 $382,730 |Carcus Chemical Company
Recirculation/Injection Labor day $1,600 30 $48,000 |2 engineers/scientists, $100/hour
Subtotal $430,730
6 [SVE/DEWATERING SYSTEM MONITORING (4 YEARYS)
Monthly Vapor Sample Collection L abor day $800 12 $9,600 |1 engineer/scientist, Geomatrix standard rate
Analysis - VOCs, Ethenes per sample $600 12 $7,200 |Air Toxics Inc.
Subtotal $16,800
8 [SEMI ANNUAL ISCO MONITORING (6 YEARS)
Sampling L abor day $1,600 2 $3,200 |2 engineers/scientists, $100/hour
Analysis - VOCs, Ethenes per well $285 12 $3,420 |ARI
Reporting per round $10,000 2 $20,000 |Price from similar job
Subtotal $26,620
9 [PROJECT MANAGEMENT (18 YEARYS)
Project Management per year $20,000 1 $20,000 |Price from similar job
Subtotal $20,000
10 |PROJECT MANAGEMENT AFTER IMPLEMENTATION
Project Management per year $10,000 1 $10,000 |Price from similar job
Subtotal $10,000
11 |PROPERTY OPPORTUNITY COST (9 YEARS)
Opportunity Cost year $367,500 1 $367,500 |Using an interest cost of 7%
Subtotal $367,500
Notes:

1. All costsin 2007 Dollars.

2. All costs taken from the 2005 Means Environmental were increased by 10%

3. Assumed 40 hour work week.
4. No taxes have been included.
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J\8770.000 PSC GT\048\Appendix A\Rev SWFS Cost Estimate-ver-05.2(High)

TABLE A-51

IMPLEMENTATION COSTSFOR ALTERNATIVE HA-6 (HIGH)
PSC Georgetown Facility
Seattle, Washington

ltem Unit Unit Cost Quantity Cost Sour ces/Notes
1 Cap Construction
M obilization/Demobilization Lump Sum $2,000) 1 $2,000 ||Price from similar job
3" Asphalt Paving SY $10| 167 $1,700 ||RSM eans Building Construction p. 548; 32 12 16.13 0460
Construction Oversight day $800 1 $800 |1 engineer/scientist, Geomatrix standard rate
Equipment day $100] 1 $100 [|PID rental, Geomatrix standard rate
Task 1 Total $4,600
2 Performance Monitoring Well Installation
Mobilization/Demobilization Lump Sum $3,000] 1 $3,000 {|2005 RSMeans Environmental p. 9-243; 33 23 1201
Drill and Install 2" PVC Monitoring Well LF $31 160 $5,000 [[2005 RSM eans Environmental p. 9-253; 33 23 2504; 6 Wells, 2 at 30' bgs, 2 at 50' bgs, 2 at 90' bgs
Surveying day $495 1 $500 [|[RSMeans Building Construction p. 24; 02 21 13.09 0020
Construction Oversight day $800 5 $4,000 |1 engineer/scientist, Geomatrix standard rate
Equipment day $100] 5 $500 [|PID rental, Geomatrix standard rate
Task 2 Total $13,000
3 Dewatering and Soil Vapor Extraction System (3 extra ext. wells)
M obilization/Demobilization Lump Sum $10,000 1 $10,000 ||Price from similar job
1.5' Dia. 19' Packing Height Stripper, with Blower, 50 gpm EA $17,045 1 $17,000 {|2005 RSMeans Environmental p 9-124; 33 13 0715
Internal Parts for Air Stripper FT $3,782 2 $5,700 [[2005 RSM eans Environmental p 9-125; 33 13 0736
1"-3.5" Packing for Air Stripper Tower CF $18] 34 $600 {|2005 RSMeans Environmental p 9-125; 33 13 0738
1.5' Diameter Tower, Skid Mount EA $913 1 $900 {|2005 RSMeans Environmental p 9-127; 33 26 0752
Air Stripper System Controls Lump Sum $2,500 1 $2,500 [[Similar system intallation quote
50 gpm, 100' Head, 3 hp, Centrifugal Pump EA $902 1 $900 {|2005 RSMeans Environmental p 9-277; 33 29 0103
4" Submersible Pump, 8-14 gpm, Head <= 80', 1/3 hp, w/ controls EA $1,755 3 $5,300 [[2005 RSM eans Environmental p 9-224; 33 23 0526
1500 CFM Fluidized Bed Gas Scrubber, Single Stage, Off-Gas EA $36,300 1 $36,300 [|2005 RSMeans Environmental p 9-157; 33 13 9101
1000 SCFM Simple Thermal Oxidizer MO $3,687 12 $44,200 [|2005 RSMeans Environmental p 9-78; 33 07 0404; Total Cost divided by 24 for monthly rental
1000 SCFM, Vapor Recovery System EA $27,034 1 $27,000 [|2005 RSMeans Environmental p 9-154; 33 13 2361
SVE System Controls Lump Sum $2,000 1 $2,000 ||Similar system intallation quote
50 gpm, 1,050 Ib Fill, High-density Polyethylene, Carbon Assorption EA $5,457 2 $10,900 [|2005 RSMeans Environmental p. 9-148; 33 13 2016
2"PVC, Schedule 80, Connection Piping LF $3.83 300 $1,100 |[2005 RSMeans Environmental p 9-258; 33 26 0428
4" PVC, Schedule 80, Connection Piping LF $8.99 300 $2,700 |[2005 RSM eans Environmental p 9-258; 33 26 0430
2" PVC Piping Including Fiitings & Hangers LF $10.47 100 $1,000 [[2005 RSM eans Environmental p 9-257; 33 26 0404
4" PVC Piping Including Fittings & Hangers LF $13.55 100 $1,400 [[2005 RSM eans Environmental p 9-258; 33 26 0406
8" dia. Hollow Stem Auger Drilling (Extraction Wells) LF $39.20 120 $4,700 [[2005 RSM eans Environmental p. 9-236; 33 23 1101, 3 extraction wells at 40' bgs
6" PVC, Schedule 80, Well Casing LF $45.75 30 $1,400 [[2005 RSM eans Environmental p 9-211; 33 23 0103; 10' of casing for 3 wells
6" PVC, Schedule 80, Well Screen LF $48.93 90 $4,400 2005 RSM eans Environmental p 9-215; 33 23 0203; 30" of screen for 3 wells
6" Well, Grout (Annular Seal) LF $188.69 3 $600 [|2005 RSMeans Environmental p 9-246; 33 23 1803
6" Well, Locking Cap EA $208.03 3 $600 [2005 RSMeans Environmental p 9-246; 33 23 1703
Precast Concrete Vaults for Extraction Wells EA $722 3 $2,200 |[2005 RSMeans Environmental p 9-248; 33 23 2201
8" dia Hollow Stem Auger Drilling (SVE Extraction Wells) LF $39.20 140 $5,500 |[2005 RSMeans Environmental p. 9-236; 33 23 1101; 4 SVE wells at 25' bgs, 4 SVE wells at 10" bgs
4" PVC, Schedule 40, Well Casing LF $24.66) 40 $1,000 [[2005 RSMeans Environmental p 9-211; 33 23 0102; 5' of casing for 8 wells
4" PVC, Schedule 40, Well Screen LF $35.95) 100 $3,600 [[2005 RSM eans Environmental p 9-215; 33 23 0202; 20' of screen for 4 wells, 5' of screen for 4 wells
4" Well, Grout (Annular Seal) LF $128.04 8 $1,000 |[2005 RSM eans Environmental p 9-246; 33 23 1802
4" Well, Locking Cap EA $170.52 8 $1,400 [[2005 RSM eans Environmental p 9-246; 33 23 1702
Automatic Controls/Panel EA $50,000 1 $50,000 ||Price from similar job
Portable Building, 18' ceiling, Installed SF $6 400 $2,200 2005 RSMeans Environmental p. 9-81; 33 07 9905
Construction Oversight day $800| 10 $8,000 ||1 engineer/scientist, Geomatrix standard rate
Task 3 Total $248,100
4 Steam Injection
Similar Case Study Overall Costs CYy $650) 61,834 NA|(Based on reported range of costs for published applications.
Task 4 Total NA
5 Excavation and Disposal
M obilization/Demobilization Lump Sum $10,000 1 $10,000 ||Price from similar job
Track Mounted Excavator, 1 C.Y. bucket, +15% for loading onto trucks BCY $3 3,300 $9,500 |[2007 RSMeans Building Construction p. 528; 31 23 16.42 0200
Tanker Trailer Transport, Hazardous Waste MI $3 70,500 $211,500 (2005 RSMeans Environmental p. 9-178; 33 190254; 3000 tons, 16.5 tons/truck, 260 miles to Arlington, OR
Landfill Hazardous Solid Bulk Waste TON $163 4,500 $732,600 [|2005 RSMeans Environmental p. 9-204; 33 19 72641
Confirmation Soil Sampling day $800| 3 $2,400 ||1 engineer/scientist, Geomatrix standard rate
Analytical on Soil Samples Lump Sum $2,000 1 $2,000 ||Price from similar job
Clean Fill, Delivered TON $15| 5,625 $84,400 |[Price from similar job
Dozer Backfilling, compacting in 6" to 12" lifts with Vibratory Compactor ECY $3 3,300 $8,700 |[2007 RSMeans Building Construction p. 532; 31 23 23.13 1600
Asphalt Paving SY $10 987 $9,900 ||IRSMeans Building Construction p. 548; 32 12 16.13 0460
Construction Oversight day $800] 15 $12,000 [|1 engineer/scientist, Geomatrix standard rate
Task 6 Total $1,083,000
Subtotal $1,348,700
Professional Technical Services
Permitting % % $1,348,700 $94,400 [|Geomatrix standard rate
Engineering Design Costs % 12% $1,348,700 $161,800 [[from EPA, 2000, Exh. 5-8
Construction Management % 8% $1,348,700 $107,900 |[from EPA, 2000, Exh. 5-8
Project Management % 6% $1,348,700 $80,900 |[from EPA, 2000, Exh. 5-8
Subtotal, Professional Serviced $445,000
TOTAL INITIAL IMPLEMENTATION COST $1,793,700

Notes:

1. 2007 Doallars.

2. All costs taken from the 2005 Means Environmental were increased by 10%
3. 40 hour work week.

4. Level D PPE.

5. Assume all paving 3" asphalt

&= Geomatrix



TABLE A-52

RECURRING COSTSFOR ALTERNATIVE HA-6 (HIGH)
PSC Georgetown Facility
Seattle, Washington

Annual
Item Unit Unit Cost | Quantity | Annual Cost Sour ces
1 |INSPECTION
Site Inspection EA $550 1 $550 |2005 RSMeans Environmental p. 9-81; 33 08 0501
Subtotal $550
2 [SVE/DEWATERING ANNUAL COSTSINCLUDING O&M (4 YEARS)
Annual operation labor day $800) 52 $41,600 |1 engineer/scientist, Geomatrix standard rate
Electricity Lump sum $4,800 1 $4,800 |Current System Costs
Waste Water Discharge Lump sum $48,000 1 $48,000 |Current System Costs x 4 (to account for more discharge water)
Misc. Maintenance Lump sum $70,000 1 $70,000 |Current System Costs
Well Maintenance per well $5,000 1 $5,000 [Current System Costs
Subtotal $169,400
3 [TREATMENT SYSTEM ANNUAL COSTSINCLUDING O&M
Annual operation labor day $800 52 $41,600 |1 engineer/scientist, Geomatrix standard rate
Electricity Lump sum $4,800 1 $4,800 [Current System Costs
Waste Water Discharge Lump sum $12,000 1 $12,000 |Current System Costs
Misc. Maintenance Lump sum $70,000 1 $70,000 |Current System Costs
Treatment system cleaning Lump sum $28,800 1 $28,800 |Current System Costs
Well Maintenance per well $5,000 1 $5,000 |Est. 10% of wells need maintence
Subtotal $162,200
4 |DEWATERING ANNUAL COSTSINCLUDING O&M (5 YEARSAFTER STEAM)
Annual operation labor day $800 52 $41,600 |1 engineer/scientist, Geomatrix standard rate
Electricity Lump sum $4,800 1 $4,800 [Current System Costs
Waste Water Discharge Lump sum $36,000 1 $36,000 |Current System Costs x 3 (to account for more discharge water)
Misc. Maintenance Lump sum $70,000 1 $70,000 |Current System Costs
Treatment system cleaning Lump sum $28,800 1 $28,800 |Current System Costs
Well Maintenance per well $5,000 1 $5,000 |Est. 10% of wells need maintence
Subtotal $186,200
5 [ANNUAL REPLACEMENT COSTS
Controls & Instruments EA $100 1 $100 |Price from similar job
Surface Cover Maintenance per year $400 1 $400 [Price from similar job
Discharge Permit (Annualized, 5 year permit) per year $2,000 1 $2,000 |Current System Costs
Monitoring Well Installation (2" PVC) LF $55 13 $720 |2005 RSMeans Environmental p. 9-253; 33 23 2504
Waste Disposal drum $50 1 $70 |Price from similar job
Subtotal $3,290
6 [SVE/DEWATERING SYSTEM MONITORING (4 YEARS)
Monthly Vapor Sample Collection Labor day $800 12 $9,600 |1 engineer/scientist, Geomatrix standard rate
Andysis - VOCs, Ethenes per sample $600 12 $7,200 |Air ToxicsInc.
Subtotal $16,800
7 [SEMI-ANNUAL MONITORING (15 YEARS DURING GW EXTRACTION/REINJECTION)
Sampling L abor day $1,600 4 $6,400 |2 engineers/scientists, $100/hour
Andysis - VOCs, Ethenes per well $285 32 $9,120 |ARI
Anaysis- Metas per well $290 32 $9,280 |ARI
Reporting per round $10,000 2 $20,000 |Price from similar job
Subtotal $44,800
8 |PROJECT MANAGEMENT
Project Management per year $25,000 1 $25,000 |Price from similar job
Subtotal $25,000
9 [PROJECT MANAGEMENT AFTER IMPLEMENTATION
Project Management per year $10,000 1 $10,000 |Price from similar job
Subtotal $10,000
10 |PROPERTY OPPORTUNITY COST (16 YEARS)
Opportunity Cost year $367,500 1 $367,500 |Using an interest cost of 7%
Subtotal $367,500
Notes:

1. All costsin 2007 Dallars.
2. All costs taken from the 2005 Means Environmental were increased by 10%
3. Assumed 40 hour work week.
4. No taxes have been included.
J\8770.000 PSC GT\048\Appendix A\Rev SWFS Cost Estimate-ver-05.2(High)
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8= Geomatrix
TABLE A-58

RECURRING COSTSFOR ALTERNATIVE HA-2 (LOW)
PSC Georgetown Facility
Seattle, Washington

Annual
Item Unit Unit Cost | Quantity [Annual Cost Sour ces
1 [INSPECTION (18 YEARS)
Site Inspection EA $550 1 $550 |2005 RSMeans Environmental p. 9-81; 33 08 0501
Subtotal $550
2 |TREATMENT SYSTEM ANNUAL COSTSINCLUDING O&M (18 YEARS)
Annual operation labor day $800 52 $41,600 |1 engineer/scientist, Geomatrix standard rate
Electricity Lump sum $4,800 1 $4,800 |Current System Costs
Waste Water Discharge Lump sum $12,000 1 $12,000 |Current System Costs
Misc. Maintenance Lump sum $70,000 1 $70,000 |Current System Costs
Treatment system cleaning Lump sum $28,800 1 $28,800 [Current System Costs
Well Maintenance per well $5,000 1 $5,000 |Est. 10% of wells need maintence
Subtotal $162,200
3 |ANNUAL REPLACEMENT COSTS (18 YEARS)
Controls & Instruments EA $100 1 $100 |Price from similar job
Surface Cover Maintenance per year $400 1 $400 |Price from similar job
Discharge Permit (Annualized, 5 year permit) per year $2,000 1 $2,000 [Current System Costs
Monitoring Well Installation (2" PV C) LF $55 13 $720 2005 RSMeans Environmental p. 9-253; 33 23 2504
Waste Disposal drum $50 1 $70 [Price from similar job
Subtotal $3,290
4 |SEMI-ANNUAL INJECTION (4 YEARS)
Mol assess Ibs $1 29250 $29,250 |Price from similar job
Recirculation/Injection Labor day $1,600 8 $12,800 |2 engineers/scientists, $100/hour
Subtotal $42,050
6 [SEMI ANNUAL I1SB MONITORING (6 YEARS)
Sampling Labor day $1,600 2 $3,200 |2 engineers/scientists, $100/hour
Analysis - VOCs, Ethenes per well $285 12 $3,420 |ARI
Reporting per round $10,000 2 $20,000 |Price from similar job
Subtotal $26,620
7 |PROJECT MANAGEMENT (18 YEARS)
Project Management per year $15,000 1 $15,000 [Price from similar job
Subtotal $15,000
8 [PROJECT MANAGEMENT AFTER IMPLEMENTATION
Project Management per year $10,000 1 $10,000 |Price from similar job
Subtotal $10,000
9 |PROPERTY OPPORTUNITY COST (5 YEARYS)
Opportunity Cost year $367,500 1 $367,500 |Using an interest cost of 7%
Subtotal $367,500

Notes:

1. All costsin 2007 Dollars.

2. All costs taken from the 2005 Means Environmental were increased by 10%
3. Assumed 40 hour work week.

4. No taxes have been included.
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TABLE A-61

RECURRING COSTSFOR ALTERNATIVE HA-3 (LOW)

PSC Georgetown Facility

Seattle, Washington

Annual
Item Unit Unit Cost | Quantity | Annual Cost Sour ces
1 [INSPECTION (18 YEARY)
Site Inspection EA $550] 1 $550 [2005 RSMeans Environmental p. 9-81; 33 08 0501
Subtotal $550
2 |SVE/DEWATERING ANNUAL COSTSINCLUDING O&M (4 YEARS)
Annual operation labor day $800 52 $41,600 |1 engineer/scientist, Geomatrix standard rate
Electricity Lump sum $4,800 1 $4,800 |Current System Costs
Waste Water Discharge Lump sum $48,000 1 $48,000 |Current System Costs x 4 (to account for more discharge water)
Misc. Maintenance Lump sum $70,000 1 $70,000 |Current System Costs
Well Maintenance per well $5,000 1 $5,000 |Current System Costs
Subtotal $169,400
3 |TREATMENT SYSTEM ANNUAL COSTSINCLUDING O&M (18 YEARYS)
Annual operation labor day $800 52 $41,600 |1 engineer/scientist, Geomatrix standard rate
Electricity Lump sum $4,800 1 $4,800 |Current System Costs
Waste Water Discharge Lump sum $12,000 1 $12,000 |Current System Costs
Misc. Maintenance Lump sum $70,000 1 $70,000 |Current System Costs
Treatment system cleaning Lump sum $28,800 1 $28,800 |Current System Costs
Well Maintenance per well $5,000 1 $5,000 [Est. 10% of wells need maintence
Subtotal $162,200
4 |ANNUAL REPLACEMENT COSTS (18 YEARYS)
Controls & Instruments EA $100 1 $100 |Price from similar job
Surface Cover Maintenance per year $400 1 $400 |Price from similar job
Discharge Permit (Annualized, 5 year permit) per year $2,000 1 $2,000 |Current System Costs
Monitoring Well Installation (2" PVC) LF $55 13 $720 [2005 RSMeans Environmental p. 9-253; 33 23 2504
Waste Disposal drum $50 1 $70 [Price from similar job
Subtotal $3,290
5 |SEMI-ANNUAL INJECTION (4 YEARS)
Mol assess Ibs $1 | 29250 $29,250 |Price from similar job
Recirculation/Injection L abor day $1,600 8 $12,800 |2 engineers/scientists, $100/hour
Subtotal $42,050
6 |SVE/DEWATERING SYSTEM MONITORING (4 YEARS)
Monthly Vapor Sample Collection Labor day $300 12 $9,600 |1 engineer/scientist, Geomatrix standard rate
Analysis - VOCs, Ethenes per sample $600 12 $7,200 |Air Toxics Inc.
Subtotal $16,800
8 |SEMI ANNUAL ISB MONITORING (6 YEARYS)
Sampling Labor day $1,600 2 $3,200 |2 engineers/scientists, $100/hour
Analysis - VOCs, Ethenes per well $285 12 $3,420 [ARI
Reporting per round $10,000 2 $20,000 |Pricefrom similar job
Subtotal $26,620
9 |PROJECT MANAGEMENT (18 YEARS)
Project Management per year $20,000 1 $20,000 |Price from similar job
Subtotal $20,000
10 |[PROJECT MANAGEMENT AFTER IMPLEMENTATION
Project Management per year $10,000 1 $10,000 |Price from similar job
Subtotal $10,000
11 |[PROPERTY OPPORTUNITY COST (9 YEARYS)
Opportunity Cost year $367,500 1 $367,500 |Using an interest cost of 7%
Subtotal $367,500
Notes:

1. All costsin 2007 Dallars.

2. All costs taken from the 2005 Means Environmental were increased by 10%
3. Assumed 40 hour work week.

4. No taxes have been included.
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TABLE A-67

RECURRING COSTSFOR ALTERNATIVE HA-5 (LOW)
PSC Georgetown Facility

Seattle, Washington

Annual Annual
Item Unit Unit Cost | Quantity Cost Sour ces
1 [INSPECTION (12 TOTAL YEARYS)
Site Inspection EA $550, 1 $550 2005 RSMeans Environmental p. 9-81; 33 08 0501
Subtotal $550
2 |SVE/DEWATERING ANNUAL COSTSINCLUDING O&M (4 YEARS)
Annual operation labor day $800, 52 $41,600 |1 engineer/scientist, Geomatrix standard rate
Electricity Lump sum $4,800 1 $4,800 |Current System Costs
Waste Water Discharge Lump sum $48,000 1 $48,000 |Current System Costs x 4 (to account for more discharge water)
Misc. Maintenance Lump sum $70,000 1 $70,000 |Current System Costs
Well Maintenance per well $5,000 1 $5,000 |Current System Costs
Subtotal $169,400
3 |TREATMENT SYSTEM ANNUAL COSTSINCLUDING O&M (18 YEARS
Annual operation labor day $800, 52 $41,600 |1 engineer/scientist, Geomatrix standard rate
Electricity Lump sum $4,800 1 $4,800 |Current System Costs
Waste Water Discharge Lump sum $12,000 1 $12,000 |Current System Costs
Misc. Maintenance Lump sum $70,000 1 $70,000 |Current System Costs
Treatment system cleaning Lump sum $28,800 1 $28,800 |Current System Costs
Well Maintenance per well $5,000 1 $5,000 |Est. 10% of wells need maintence
Subtotal $162,200
4 |ANNUAL REPLACEMENT COSTS (12 TOTAL YEARYS)
Controls & Instruments EA $100 1 $100 |Price from similar job
Surface Cover Maintenance per year $400 1 $400 |Price from similar job
Discharge Permit (Annudlized, 5 year permit) per year $2,000 1 $2,000 |Current System Costs
Monitoring Well Installation (2" PVC) LF $55 13 $720 |2005 RSMeans Environmental p. 9-253; 33 23 2504
Waste Disposal drum $50 1 $70 |Price from similar job
Subtotal $3,290
5 |SEMI-ANNUAL INJECTION (4 YEARS)
Mol assess Ibs $1 | 29250 $29,250 |Price from similar job
Recirculation/Injection Labor day $1,600 8 $12,800 |2 engineers/scientists, $100/hour
Subtotal $42,050
6 |SVE/DEWATERING SYSTEM MONITORING (4 YEARS)
Monthly Vapor Sample Collection Labor day $800 12 $9,600 |1 engineer/scientist, Geomatrix standard rate
Analysis - VOCs, Ethenes per sample $600 12 $7,200 |Air ToxicsInc.
Subtotal $16,800
8 |SEMI ANNUAL I1SB MONITORING (6 YEARYS)
Sampling L abor day $1,600 2 $3,200 |2 engineers/scientists, $100/hour
Analysis - VOCs, Ethenes per well $285 12 $3,420 |ARI
Reporting per round $10,000 2 $20,000 |Price from similar job
Subtotal $26,620
9 |PROJECT MANAGEMENT (12 TOTAL YEARYS)
Project Management per year $20,000 1 $20,000 |Price from similar job
Subtotal $20,000
10 [PROJECT MANAGEMENT AFTER IMPLEMENTATION
Project Management per year $10,000 1 $10,000 |Price from similar job
Subtotal $10,000
11 [PROPERTY OPPORTUNITY COST (19 YEARYS)
Opportunity Cost year $367,500 1 $367,500 |Using an interest cost of 7%
Subtotal $367,500
Notes:

1. All costsin 2007 Dollars.

2. All costs taken from the 2005 Means Environmental were increased by 10%
3. Assumed 40 hour work week.

4. No taxes have been included.
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APPENDIX B
HCIM AREA REMEDIATION LEVEL EVALUATION
PSC Georgetown Facility
Seattle, Washington

1.0 INTRODUCTION

This appendix presents modeling to support selection of remediation levels for the area located
inside the Hydraulic Control Interim Measures (HCIM) barrier wall at the Philip Services
Corporation (PSC) former dangerous waste treatment and storage facility (the facility). As
constructed, the low permeability subsurface barrier wall combined with groundwater
withdrawal inside the wall areato create an inward gradient is effectively containing site
constituents of concern (COCs). The areawithin the barrier wall isreferred to asthe HCIM
Area. Based on recent groundwater monitoring events, the HCIM has resulted in a steep
decline of COCsin monitoring wells downgradient of the HCIM Area and groundwater
monitoring trend charts in the 2006 HCIM Annual Performance Monitoring Report
(Geomatrix, 2007b) indicate a reduction in VOC concentrations downgradient as far as Fourth
Avenue (Geomatrix, 2007b). Based on this datathe HCIM isworking as proposed and isa
critical part of the various alternatives being evaluated in the Site Wide Feasibility Study.
However, since the HCIM is a containment technology and since all alternatives being
evaluated for the HCIM Area cleanup rely on this containment approach, Ecology is concerned
that if the HCIM falils, i.e. the barrier wall breaks, releases from the HCIM Area could
potentially result in exposure to downgradient receptors. For this reason, Ecology has
requested PSC develop remediation levels that would be protective of off-site receptors,
specifically the Duwamish Waterway, under some assumed future barrier wall failure and
resulting loss of containment of COCs.

The intent of the developing remediation levelsisto alow an evaluation of HCIM Area
alternatives with respect to each alternative’ s ability to achieve remediation levels for
reasonable assumptions for barrier wall failure. Technical Memorandum 1 (Geomatrix, 2006a)
calculated remediation levels for the Outside Area and Conditional Point of Compliance
(CPOC). Theremediation levels developed for the CPOC can be used as the “no wall”
scenario since COC concentrations inside the HCIM Areawould need to meet those
remediation levels at the CPOC if the wall did not exist. This appendix, therefore, evaluates
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various scenarios of wall failure to provide a ranges of remediation levels to which alternatives
can be compared against as part of the evaluation of Protectiveness and Risk Reduction (one of
MTCA'’scriteriafor the evaluation of alternatives).

Development of potential failure scenarios and associated remediation levels are documented in
the following sections.

2.0 CONCEPTUAL MODEL OF WALL FAILURE

In order to estimate remediation levels for the area located inside the conditional point of
compliance (HCIM barrier wall), it is necessary to establish a scenario for failure of the barrier
wall. The barrier wall is expected to have avery long life, asit is constructed of earthen
materials that are not likely to degrade in the subsurface environment. Structural failure of the
barrier wall due to amajor earthquake is considered the most likely cause of failure for the
barrier wall. Barrier walls using slurry trenching techniques for installation have been in place
for approximately 80 years with the technology originating in Europe. Barrier walls are
typically installed using either soil/clay mixes or cement/clay mixes with bentonite being the
most commonly used clay. Cement/bentonite walls are common for applications requiring the
wall to have strength such as long-term dewatering applications and dam stability
reinforcement. Soil/clay walls are more common for contaminant containment where lateral
forces are not great and the primary goal is alow permeability. The barrier wall installed using
dlurry trench methods at the PSC facility is a cement/clay wall. Due to site constraints the wall
was installed by vibrating beam technology which resultsin arelatively thin wall (6 inchesin
thickness) as opposed to excavated slurry trenches which result in athick wall up to 3 feet in
thickness. Ecology is concerned that the relatively thin and more rigid wall (compared to a
soil/clay wall which is plastic in nature) could be more likely to fail during an earthquake.
Although data are not available on slurry wall failures, large seismic events are viewed as
having the most potential for barrier wall failure. Since we cannot use an existing example of a
barrier wall failure and it is not possible to predict the size or specific location of aseismic
event, there is no one failure scenario that can be anticipated. For this reason, we developed a
range of potential scenarios that would result in different severities of wall breakage to develop
arange of potential releases and allow modeling to develop various remediation levels. The
following four conceptual failure scenarios were developed for evaluation:
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1. Earthquake motion produces asingle, vertical, 6-inch wide crack extending along
the entire vertical depth of the downgradient side of the barrier wall.

2. Earthquake motion produces four vertical, 6-inch wide cracks (total of 2 feet of wall
failure) extending along the entire vertical depth of the downgradient side of the
barrier wall. The cracks are evenly distributed along the horizontal length of the
wall.

3. Earthquake motion produces 12 vertical, 6-inch wide cracks (total of 6 feet of wall
failure) extending along the entire vertical depth of the downgradient side of the
barrier wall. The cracks are evenly distributed along the horizontal length of the
wall.

4. Earthquake motion completely reduces the barrier wall material to cobble-sized
rubble, and 25 percent of the wall material is replaced by relatively permeable
aquifer material. Thiswould produce the equivalent of 100 feet of open space along
the 400-foot downgradient side of the wall.

These failure scenarios range from unlikely but reasonable magjor earthquake failure scenarios
(e.g., single or multiple cracks) to an extremely unlikely, absolute worst-case endpoint with the
entire wall reduced to rubble.

The following assumptions were made for each of the failure scenarios.

1. Groundwater flow rates through open areas in the wall were equal to ambient, area-
wide groundwater flow rates in the water table/shallow and intermediate depth
interval aquifers. This, therefore assumes that the breaks in the wall extend through
both downgradient and upgradient portions of the wall.

2. Groundwater within the Outside Area had been remediated to or below cleanup
levels prior to failure of the barrier wall, such that the HCIM areais only source of
contaminants.

The assumption that the maximum historically detected COC concentrations would be exposed
by the cracksis a highly conservative assumption. It is more likely that any exposed
concentrations would be lower since the highest COC concentrations are located within the
interior of the HCIM area, rather than along the downgradient edge of the wall.

The assumption that ambient COC concentrations were negligible simplifies modeling and
acknowledges the low probability for wall failure. This conceptual model was used to assess
remediation levels for the HCIM Area.
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2.0 FATE AND TRANSPORT MODELING APPROACH

This section presents modeling approach used to evaluate fate and transport of organic COCs
from the HCIM area downgradient to the Duwamish Waterway and establish remediation
levels protective of surface water receptors for each failure scenario. This evaluation did not
consider the potential vapor intrusion pathway since cleanup levels would need to be met for
this pathway.

There are 50 organic COCs for the water table and shallow depth intervals (hereafter referred to
as the shallow depth interval) and 23 organic COCs for the intermediate depth interval for
which fate and transport from the HCIM were evaluated. Modeling of the exposed HCIM Area
constituents was performed using BIOCHL OR, and the general modeling approach is
consistent with that presented in Technical Memorandum No.1. BIOCHLOR models were
developed for 49 COCs, including the chlorinated V OCs and benzene, toluene, ethylbenzene,
and total xylenes (BTEX compounds). These models were then used to develop potential
remediation levels for these COCs under each wall failure scenario.

Fate and transport of 24 non-halogenated hydrocarbon COCs in the shallow depth interval were
not directly modeled. Remediation levels for these COCs were instead developed based on the
remediation levels of other hydrocarbon COCs, specifically ethylbenzene, which exhibited the
least attenuation of the BTEX compounds. The remediation level for agiven COC (RLcoc)
was calculated using the following equation:

RLcoc = (CU Lcoc/CU Lethylbenzene) * RI-ethylbenzene

Where CUL coc isthe cleanup level of the COC, CULenyivenzene) 1S the ethylbenzene cleanup
level, and RL ahyibenzene 1S the ethylbenzene remediation level.

The following sections discuss selection of the BIOCHLOR model input parameters. Model
parameters are also summarized on Tables B-1 and B-2.

2.1 GENERAL MODEL PARAMETERS

General model input parameters, including hydraulic conductivity, hydraulic gradient, porosity,
soil bulk density, and soil total organic carbon content, are the same as those used in Technical
Memorandum No. 1. Groundwater seepage velocities were calculated based on hydraulic
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conductivity, hydraulic gradient, and effective porosity values for each depth interval. The
groundwater seepage velocity applied in the model for the shallow depth interval was 187 feet
per year (ft/yr). The groundwater seepage velocity in the intermediate depth interval in the
vicinity of the facility was 6.1 ft/yr. The predominantly silty sand and silt material in the
intermediate depth interval near the facility gradesto aless silty, sand to the west. Based on a
review of drilling logs, it appears that the predominantly silty sand and silt material extends at
least 400 feet to the west of the facility. The groundwater velocities west of this area are likely
higher than the 6.1 ft/yr estimated for near the facility. The groundwater seepage velocity
applied in the model west of these locations (i.e., 400 feet downgradient of the facility) was
187 ft/yr, the same as the water table/shallow depth intervals. BIOCHLOR was hot developed
to account for variable flow rates along a flow path. A modified modeling approach was
developed for the intermediate depth interval, as discussed in Section 2.4 of this appendix.

Chemical-specific organic Koc are the same as were used for the selection of indicator COCs
and the fate and transport modeling in Technical Memorandum No.1. Longitudinal (o)
dispersivity was calculated based on the flow path length to the waterway. Transverse (o)
dispersivity was set equal to 0.1 times o, based on the standard of practice and best
professional judgment.

2.2 BIODEGRADATION HALF LIVES

Biodegradation half lives for PCE, TCE, DCE, and VC are the same as were used in Technical
Memorandum No.1. The VC biodegradation half life of 2.4 years used in Technical
Memorandum No.1 is three times the half life estimated through model calibration. The larger
half life was selected previously to provide conservative remediation levelsin and isused in
this analysis for the same reasons.

Biodegradation half lives for other COCs are the literature values presented in Technical
Memorandum for use in selecting indicator COCs. For several COCs there were either no
reliable data on biodegradation half lives, or the literature indicated that biodegradation is
negligible. Inthese cases, it was assumed that no biodegradation would occur and the
biodegradation half lifein the BIOCHLOR model was set equal to 10% years.

J\8770.000 PSC GT\048\Appendix B\Appendix B RL Modeling ver02_Sx.doc 5
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2.3 SOURCE AREA TERMS

Source area concentrations were varied methodically until modeled concentrations at the
Duwamish Waterway were below cleanup levels. The maximum source area concentration for
agiven failure scenario that met cleanup levels was selected as the remediation level. The
source type was modeled as “ continuous’, meaning that concentrations exiting the HCIM
barrier wall were assumed to be constant over time.

The source area width was varied, depending on the failure scenario. BIOCHLOR is not
capable of modeling multiple sources, as would be the case with a series of failure cracksin the
wall. Two approaches for accounting for multiple cracks were evaluated. The first approach
was to use superposition, where model results for a single crack are multiplied by the number
of cracks. The second approach modeled the source area width as equal to the total lateral open
area along the length of the wall, such that four 6-inch cracks were modeled as a single 2 foot
opening. Modeled concentrations at the Duwamish Waterway showed differences of less than
1 percent between the two approaches. For ease in model development and to allow direct
comparison of model results between failure scenarios, the second approach described above
was used for modeling the source area width.

2.4 INTERMEDIATE DEPTH INTERVAL MODEL APPROACH

Groundwater within the intermediate depth interval is expected to show two substantially
different flow regimes. Near the facility, intermediate depth interval soils are predominantly
interbedded silty sand and silt, and groundwater is estimated to flow at a velocity of about

6.1 ft/yr. Beginning approximately 400 feet downgradient from the facility, the intermediate
aquifer materials become less silty and less interbedded. At this point the groundwater velocity
is expected to be higher; more similar to the shallow depth interval of the aquifer. For the
purposes of this evaluation, groundwater velocities in the intermediate depth interval 400 feet
downgradient from the facility were assumed to be equal to the velocities in the water table and
shallow depth intervals, or 187 ft/yr.

The different flow velocities observed in the intermediate depth interval require an appropriate
modeling approach. The hydraulic component of the equations used in the BIOCHL OR model
is based on a uniform groundwater velocity and does not allow for the use of different
groundwater velocitiesin different locations. As noted above, the two groundwater flow rates
observed in the intermediate depth interval do not fit the assumption of uniform flow inherent
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in the BIOCHLOR model. For thisreason, the intermediate depth interval modeling was done
by running the model in two steps, as follows. Inthefirst step, the model was run using the
6.1 ft/yr velocity. The modeled steady state concentration at the downgradient end of the low
velocity zone (established at 400 feet downgradient from the facility) was then used as the
initial concentration to model the remaining flow path from the downgradient location to the
Duwamish Waterway. Based on the 3,800-foot distance from the facility to the Duwamish
Waterway, the first 400 feet was modeled with the 6.1 ft/yr seepage velocity and the remaining
3,400 feet with the 187 ft/yr velocity.

3.0 RESULTS

Based on the conceptual model of the failure scenarios outlined above and modeling using
BIOCHLOR, remediation levels were devel oped that met groundwater cleanup levels prior to
discharge to the Duwamish Waterway. Modeled remediation levels for each failure scenario
in the shallow and intermediate depth intervals are presented in Tables B-3 and B-4,
respectively. For reference, the maximum historical detected COC concentrations in each
depth interval are also presented. In several cases the modeled remediation levels exceeded
concentrations of 1 percent (10,000,000 ug/L). In these cases the remediation level isindicated
as >10,000,000 ug/L.

Based on these results, maximum measured concentrations inside the HCIM are equal to or less
than remediation levels protective of the Duwamish Waterway for wall failures of up to
approximately 6 feet of lateral open area (twelve 6-inch cracks). Under the complete wall
failure scenario maximum measured concentrations of the chlorinated ethenes, PCE, TCE,
DCE, and VC in the shallow depth interval as well as several relatively non-degradable COCs
in the shallow and intermediate depth interval s exceed remediation levels protective of the
Duwamish Waterway. However, maximum concentrations of most other COCs, including
chlorinated ethanes and non-hal ogenated hydrocarbons in the shallow depth interval and
biodegradable hydrocarbons and the chlorinated ethenes and ethanes and in the intermediate
depth interval, would be below remediation levels.
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TABLE B-1 7= Geomatrix

GENERAL MODEL INPUT PARAMETERS
PSC Georgetown Facility
Seattle, Washington

Par ameter | Value Units Sour ce
Advection - Shallow Depth Interval

Geometric mean of water table and shallow depth

Hydraulic Conductivity 0.032 cm/s |interval hydraulic conductivity values
Site-wide average for the water table and shallow
Hydraulic Gradient 0.0017 ft/ft |sampleintervals from the Rl Report
Effective Porosity 0.3 unitless|Ecology default value
Seepage Velocity - Shallow Calculated from conductivity times gradient
Depth Interval 187.6 ft/yr |divided by porosity
Advection - | ntermediate Depth Interval
Hydraulic Conductivity - Near Geometric mean of intermediate sample interval
PSC Facility 0.0011 cm/s  |hydraulic conductivity values
Site-wide average for the intermediate depth
Hydraulic Gradient 0.0016 ft/ft |interval from the Rl Report
Effective Porosity 0.3 unitless|Ecology default value
Seepage Velocity - Near PSC Calculated from conductivity near facility times
Facility 6.1 ft/yr |gradient divided by porosity
Seepage Velocity - Assumed to be same as water table and shallow
Downgradient of PSC Facility 187.6 ft/yr |depthinterval seepage velocity
Dispersion
Based on flow path length, calculated using
Oly 41.6 Feet [modified Xu and Ekstein equation
Assumed as 0.1 times o, based on standard of
Oly 4.2 Feet (practice
No vertical dispersion into intermediate unit
0, 0 Feet |assumed
Adsor ption
Soil Bulk Density 151 kg/L |Ecology default value
Fraction Organic Carbon 0.001 unitless|Ecology default value

M odel Dimensions

Model Length 3800 Feet [Distance from barrier wall to Duwamish River
Model Width 300 Feet [Sufficiently wide to define downgradient plume
Source Area Width 0.5to 100 Feet |Variable, depending on Failure Scenario
Simulation Time 1,000 Years |Sufficient time to reach steady state conditions
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PARTITIONING AND BIODEGRADATION INPUT PARAMETERS

TABLE B-2

PSC Georgetown Facility

Seattle, Washington

&= Geomatrix

Constituent Koc Half Life

Constituent Class (L/Kg) (Years)
Tetrachloroethene HAL VOC 265 1.2
Trichloroethene HAL VOC 94 3
cis-1,2-Dichloroethene HAL VOC 35.5 0.65
trans-1,2-Dichloroethene HAL VOC 38 0.65
1,1-Dichloroethene HAL VOC 65 0.65
Vinyl chloride HAL VOC 18.6 2.4
1,1,1-Trichloroethane HAL VOC 135 0.83
1,1-Dichloroethane HAL VOC 53 0.31
1,2-Dichloroethane HAL VOC 38 0.45
Chloroethane HAL VOC 37.6 1
Chloroform HAL VOC 53 2.4
1,2-Dichlorobenzene MISC 379 No Degradation
1,4-Dichlorobenzene MISC 616 No Degradation
1,4-Dioxane MISC 4 No Degradation
2,4-Dimethylphenol MISC 210 Biodegrades
2-Methylphenol MISC 21.9 Biodegrades
4-M ethyl phenol MISC 48.7 Biodegrades
Aroclor 1016 MISC 107,285 Not Determined
Aroclor 1232 MISC 107,285 Not Determined
Carbon disulfide MISC 45.7 Not Determined
Cyanide MISC 4.5 Biodegrades
M ethylphenol MISC 21.9 Biodegrades
Pentachlorophenol MISC 592 Not Determined
Phenol MISC 29 15
1,2,4-Trimethylbenzene Non-HAL HC 3,715 No Degradation
1,3,5-Trimethylbenzene Non-HAL HC 1,622 No Degradation
1-Methyl naphthalene Non-HAL HC 730 Biodegrades
2-Hexanone Non-HAL HC 24 Biodegrades
2-Methylnaphthalene Non-HAL HC 2,512 Biodegrades
Benzene Non-HAL HC 62 1.1
Benzo(a)anthracene Non-HAL HC 357,537 Biodegrades
Benzo(b)fluoranthene Non-HAL HC 1,230,000 Biodegrades
Benzo(k)fluoranthene Non-HAL HC 1,230,000 Biodegrades
Benzoic acid Non-HAL HC 398,000
Chrysene Non-HAL HC 398,000 Biodegrades
Cumene Non-HAL HC 2,818 Not Determined
Dibenzo(a h)anthracene Non-HAL HC 1,789,101 Biodegrades
Diesel Non-HAL HC 2,510 Biodegrades
Ethylbenzene Non-HAL HC 204 1.6
Gasoline Non-HAL HC 800 2
Indeno(1,2,3-cd)pyrene Non-HAL HC 3,470,000 Biodegrades
Lube Oil Non-HAL HC 2,510 2
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PARTITIONING AND BIODEGRADATION INPUT PARAMETERS

TABLE B-2

PSC Georgetown Facility

Seattle, Washington

&= Geomatrix

Constituent Koc Half Life
Constituent Class (L/Kg) (Years)

Methyl isobutyl ketone (MIBK) [Non-HAL HC 19 Biodegrades
Naphthalene Non-HAL HC 1,191 0.53
n-Hexane Non-HAL HC 1,468 Biodegrades
Propylbenzene Non-HAL HC 741 Not Determined
sec-Butylbenzene Non-HAL HC 891 Not Determined
Styrene Non-HAL HC 912 No Degradation
Toluene Non-HAL HC 140 0.98
Xylenes (Total) Non-HAL HC 196 1.2
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APPENDIX C
REMEDIAL TECHNOLOGY PERFORMANCE
HCIM AREA
PSC Georgetown Facility
Seattle, Washington

Ecology has requested that PSC eval uate the capabilities and performance of groundwater
remediation technologies that may be implemented at the PSC Georgetown facility and
estimate the time frame for these technologies to reach cleanup levels and remediation levels.
The remediation technologies evaluated include:

e Monitored natural attenuation;

e Enhanced anaerobic bioremediation;

e Insitu chemical oxidation;

¢ Insituthermal treatment (steam injection); and
e Groundwater extraction for mass reduction.

Several factors within the HCIM Area limit the ability of PSC to estimate cleanup time frames
with any degree of certainty, including the suspected presence and nature of distribution of
DNAPL. PSC performed aliterature review to identify other sites with conditions similar to
the PSC Georgetown facility where these technol ogies were implemented. When available,
information on the performance of the remediation technol ogies was reviewed, including mass
reduction achieved, time frame, and cost. In addition, significant hurdles that were encountered
during the implementation of these technologies were also identified. The results of this
literature review are summarized on Tables C-1 through C-19. The conditions (e.g., COCs,
contaminant mass, lithology, depth of impacts, etc.) of the sites where these technol ogies were
implemented were then compared and contrasted to the conditions at the PSC Georgetown
facility. Finally, the potential performance of these technologies was estimated for the PSC
Georgetown site based on their performance at other sites (taking into account differing
conditions between the facility and the other sites). In addition, the time frame for each HCIM
arearemedial alternative to achieve cleanup levels was also estimated. It should be stressed
that time frames for achieving cleanup levels cannot be calculated accurately for in situ
technologies and aternatives, particularly where site conditions are extremely complex. Asa
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result, the time frames provided should be considered relative to each other rather than explicit
time frames.

MONITORED NATURAL ATTENUATION

As shown on Tables C-1 through C-3, multiple Air Force facilities were identified where
monitored natural attenuation was evaluated for use at petroleum hydrocarbon and chlorinated
solvent sites. At Kelly Air Force Base, it was estimated that source removal (excavation) and
natural attenuation would reduce concentrations of benzene in groundwater from 2,800 pg/L to
below groundwater quality standards within 10 years. However, the mechanism under which
petroleum hydrocarbons were attenuating at the site (e.g., dispersion, aerobic oxidation,
anaerobic oxidation, etc.) was not identified in the information reviewed. For sites where free-
phase hydrocarbons were present, BTEX compounds were estimated to naturally attenuate
below cleanup standards within approximately 30 years.

Multiple Air Force sites with chlorinated solves (PCE, TCE, and associated daughter products)
were also evaluated for natural attenuation. The degree and rate of intrinsic bioremediation
was determined to be highly site specific and dependent upon the groundwater biochemistry
and geochemistry at the site under consideration. The study concluded that quantifying
intrinsic bioremediation at chlorinated solvent sitesis difficult.

Although free-phase petroleum hydrocarbons have not been observed within the HCIM Area,
elevated concentrations of ethylbenzene (21.9 mg/L), toluene (66.9 mg/L), and total xylenes
(15.9 mg/L) have been detected in the water table and shallow depth groundwater intervals.
Groundwater conditions within the HCIM Area are significantly different than the sites
evaluated in the Air Force study due to the presence of the barrier wall, which limits off-site
migration of COCs and groundwater recharge of the HCIM Area. However, it can be
reasonably assumed that intrinsic bioremediation would reduce concentrations of petroleum
compounds within HCIM Area groundwater below cleanup standards within 20 to 30 years
within the Shallow Aquifer based on results of monitored natural attenuation observed at other
sites (see Tables C-2 and C-3). Thistime frameislikely optimistic since hydrocarbons
biodegrade primarily under aerobic conditions and the HCIM Areais expected to remain
anaerobic for along time.

Although intrinsic bioremediation was observed at 14 Air Force sites with chlorinated solvent
impacts in groundwater, the degree and rate of natural attenuation were highly variable. As
discussed in Technical Memorandum No. 1, DNAPL is suspected to be present in two locations
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in the HCIM Area based on detected groundwater concentrations in the intermediate zone. The
conceptual site model assumes that DNAPL islikely present primarily in the intermediate
aquifer, which is consists of interbedded silty sands and sandy silts. However, DNAPL ganglia
may remain in the shallow depth interval in limited quantities. Intrinsic bioremediation is
unlikely to reduce concentrations of chlorinated solvents in the intermediate groundwater depth
interval in the foreseeable future due to the fact that the majority of the DNAPL massislikely
sorbed to the silt or within the silt and as such will not be amenable to fast biodegradation. In
addition, DNAPL and highly impacted source areas have not been shown to naturally attenuate
in areasonable time frame. For cost estimating purposes, groundwater cleanup levels for
chlorinated VOCs would not likely be attained for the water table/shallow interval and
intermediate depth interval for at least 100 to 250 years—in essence the foreseeabl e future.

ENHANCED ANAEROBIC BIOREMEDIATION

As shown in Tables C-4 through C-8, several sites were identified where enhanced anaerobic
bioremediation was implemented to reduce concentrations of chlorinated solvents, including
three sites where the presence of DNAPL was suspected. Although results varied, significant
reductions in concentrations were observed at all sites with reported data. At the Pinellas
Northeast Site (suspected DNAPL site), VOC concentrations were reduced between
approximately 60 and 90 percent (%) within 2 months of initiating enhanced anaerobic
bioremediation. It should be noted, however, that a significant portion of the concentration
reductions observed were likely due to groundwater mixing and contaminant redistribution
resulting from the groundwater recirculation system installed at the site. At the Boone site (part
of astudy of multiple dry cleaner sites), PCE concentrations were reduced by 85 to 95%.
However, based on a pre-biostimulation PCE concentration of 89,800 ug/L, PCE
concentrations above 5,000 pg/L remain at one of the sites remediated.

Based on areview of available data, enhanced anaerobic bioremediation could conservatively
be expected to reduce VOC concentrations in the water table/shallow depth interval in the
HCIM Area by approximately 75% in lessthan 5 years. However, significant concentrations of
chlorinated VOCs would remain. Based on maximum detected concentrationsin the HCIM
Area, remaining cis-1,2-DCE, and vinyl chloride concentrations could be as high as

3,600 pg/L, and 3,900 pg/L, respectively. It isanticipated that natural attenuation of the
remaining VOC would achieve cleanup levelsin the water table/shallow depth interval within
approximately 30 to 40 years following the compl etion of enhanced anaerobic bioremediation
activities (Table C-20); however, remediation of the Intermediate Aquifer would not likely be
possible using enhanced anaerobic bioremediation due to the issue of interbedded silt and sand
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discussed above. Asaresult, diffusion from the Intermediate Aquifer to the Shallow Aquifer is
likely and concentrations would remain above cleanup levels for the foreseeable future.

INSITUCHEMICAL OXIDATION

Two studies were identified during the literature review that evaluated the performance of

in situ chemical oxidation at sites with halogenated VOCs (Tables C-9 and C-10). At the Cape
Canavera Air Force Station, a dilute solution of potassium permanganate (1.4 to 2%) was used
to treat TCE in groundwater to a depth of 45 feet bgs. As shown on Table C-9 the mass of
dissolved phase TCE and DNAPL was reduced by 77 and 76%, respectively. Approximately
840,000 gallons of permanganate solution were injected during three injection events
[approximately 150,000 pounds of permanganate (ITRC, 2005)]. The greatest mass reductions
occurred in the upper treatment zone, which consisted of coarse grained sandy soils. Oxidant
distribution was limited in some portions of the study area due to local heterogeneities.

The second study identified during the literature review evaluated the performance of 1SCO at
six dry cleaner sites. DNAPL was reported or suspected to be present at five of the six sites.
Potassium permanganate was used as the oxidant at three of the sites. Cleanup goals were
achieved at one of the six sites. Concentrations of chlorinated solvents at the remaining sites
were not significantly reduced, or were not reduced below cleanup goals. The mass reduction
achieved at each site was not reported. It should be noted that at sites where DNAPL is
present, significant reductionsin DNAPL mass must be achieved in order to reduce
concentrations of dissolved phase organics.

Based on the amount of mass reduction achieved at the Cape Canavera site, in situ chemical
oxidation may reduce the mass of halogenated VOCs in the water table/shallow groundwater
depth interval within the HCIM Area by 75% within 4 years (the duration of the proposed
|SCO program). However, a significant mass of chlorinated VOCs would remain within the
treatment zone. In addition, the studies all indicate that success is greatly reduced by
heterogeneous soils, and as aresult ISOC is not considered to be effective for significantly
reducing VOCs within the Intermediate Aquifer. Asaresult, ISOC is not proposed for the
Intermediate Aquifer. Similar to enhanced anaerobic bioremediation, it is anticipated that
natural attenuation of the remaining VOC concentrations would be expected to achieve cleanup
levelsin the water table/shallow depth interval within approximately 30 to 40 years following
the completion of the ISCO program (Table C-20) if the Intermediate Aquifer was also able to
be remediated. Since the Intermediate Aquifer cannot be effectively treated with ISOC,
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diffusion and mixing of COCs from the intermediate to the shallow groundwater would keep
COC concentrations above cleanup levels for the foreseeabl e future.

STEAM INJECTION

As shown on Tables C-11 to C-14, several studies were identified during the literature review
that evaluated the use of thermal technologies to reduce dissol ved-phase VOC concentrations
and DNAPL massin groundwater. At aformer electronics manufacturing facility in Skokie,
[llinois, steam injection reduced the area of halogenated solvent impacts (TCE, TCA, and DCE)
from approximately 115,000 sguare feet to approximately 23,000 square feet (80%). However,
the amount of contaminant mass removed by steam injection was not identified. Six-phase
thermal heating was subsequently conducted at the site in areas where subsurface features
(man-made) reduced the effectiveness of the steam injection system. Reductionsin
groundwater concentrations achieved by six-phase heating ranged from 92 to 96%. The
treatment depth for of steam and six-phase heating at the site was 24 feet, and the treated
groundwater interval was 17 feet in thickness.

At atelecommunications manufacturing facility in Chicago, Illinois, steam-enhanced
groundwater and vapor-phase extraction removed approximately 25,900 pounds of chlorinated
VOCs and minerals spirits. The contaminant mass present at the site prior to treatment was not
provided. Mean TCE concentrations were reduced from 45,000 to 500 pg/L during 24 months
of system operation. Prior to treatment, both LNAPL and DNAPL were present in soil and
groundwater at the facility. During the duration of the study, the number of wells that indicated
the potential presence of DNAPL (TCE concentration of 10 mg/L or greater) was reduced from
13to 1. Thelithology of the treatment zone consists primarily of highly permeable glacial till.
Steam injection was conducted at depths up to 45 feet bgs at the site.

The steam injection system included in HCIM Area Alternatives HA-5 and HA-6 issimilar to
the system implemented at the Illinois telecommunications manufacturing facility. However,
several key differences between the HCIM Area and the lllinois site may result in lower mass
reductions within the HCIM Area, including:

e The depth of the targeted treatment zone in the HCIM Area extends to 90 feet bgs;

e Theintermediate depth interval consists of discontinuous interbedded silty sand and
sandy silt lenses;
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e The presence of the HCIM barrier wall and the TASCO building precludes the
treatment of a significant portion (approximately 40%) of the suspected DNAPL
areas.

If the steam injection system proposed for Alternatives HA-5 and HA-6 reduced the mass of
dissolved-phase organics and DNAPL by 90% in the treatment area (an optimistic assumption
based on the Chicago study), 46% of the origina COC mass would remain within the HCIM
Area. Thisreductionin massis unlikely to reduce concentrations of dissolved-phase organics
at intermediate depth due to the continued presence of DNAPL. Enhanced anaerobic
bioremediation and monitored natural attenuation (Alternative HA-5) may take up to an
additional 20 to 30 years to reduce the remaining VOC concentrations below cleanup levelsin
the water table/shallow depth interval (Table C-20). Monitored natural attenuation in the
intermediate depth interval would be unlikely to reduce VOC concentrations below cleanup
levelsfor up to 120 years (Table C-21. Asaresult, diffusion and mixing from the intermediate
zone to the shallow zone will likely result in VOC concentrations not being reached in the
shallow zone for the foreseeable future.

PUMP AND TREAT

Five sites with pump and treat systems were identified during the literature that had similar
conditions to the PSC Georgetown facility, including the presence of DNAPL and elevated
metal s concentrations (Tables C-15 through C-19). At the Lawrence Livermore National
Laboratory sitein California, a groundwater recovery and treatment system removed an
estimated VOC mass of 21.8 pounds from 93.8 million gallons of groundwater over a period of
6 years (at atotal cost of $38.6M, including installation and operation of an SVE system
(Table C-15). Itisestimated that the groundwater extraction system at the site would need to
operate for 55 years to achieve MCLs. The size and depth of the targeted treatment area were
not identified in the information provided.

At the Solid State Circuits Superfund Site in Missouri (Table C-17), a groundwater recovery
and treatment system removed approximately 2,800 pounds of TCE during approximately

10 years of operations (1987 through 1996). Seven groundwater extraction wells, installed to
depths of 90 to 985 feet bgs, were pumped at an average total rate of 34 gpm. The size of the
VOC plume and mass of contaminants present were not identified in the information provided.
TCE concentrations remained well above cleanup goals (5 pg/L) at the end of the study.

A groundwater pump and treat system at the Odessa Chromium |11 Superfund Site (Table C-19)
removed 141 pounds of chromium from 121 million gallons of treated groundwater over
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4 years of operation (Dec. 1993 — Dec. 1997). The system included 10 extractions wells
installed to depths of 70 and 165 feet bgs. Treated groundwater was reinjected at the 20-acre
site. Similar to the HCIM Area, the site was surrounded by alow-permeability barrier wall.
Chromium concentrationsin all 10 extraction wells were below the cleanup goal by December
1999, and the system was decommissioned. Problems encountered during initial startup
operations of the system included clogging of injection wells and precipitation of iron and
calcium on a multimediafilter (part of the groundwater treatment system).

Alternative HA-6 includes operation of a groundwater recovery system following the
completion of steam injection inthe HCIM Area. As discussed above, steam injection would
reduce the mass of VOC in HCIM Area groundwater (dissolved phase and DNAPL) by
approximately 54%. Based on the mass reductions achieved at similar sites, the pump and treat
system could potentially reduce organic COC concentrations below cleanup levelsin the water
table/shallow depth interval within 10 to 15 years (Table C-20), but the organic COC
concentrations in the intermediate depth interval are unlikely to be reduced below cleanup
levelsfor up 200 years (Table C-21). Asaresult, COC concentrations in the shallow aquifer
are likely to continually be impacted for yearsto come. It should also be noted that pump and
treat relies on groundwater moving by contaminant mass and solubilizing the COCs such that
they can be captured by the pump and treat. However, in reality pumping wells create an
increase in groundwater velocity toward the pump which lessens the chance for COCsto
become soluble. This resultsin less mass than expected being removed and longer remediation
time frames. For this reason, pump and treat has not been used for mass removal in recent
years, but remains effective as a hydraulic control.

REFERENCES

ITRC (Interstate Technology Regulatory Council), Technical and Regulatory Guidance for In
Situ Chemical Oxidation of Contaminated Soil and Groundwater, January 2005.
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EXAMPLE APPLICATION OF MONITORED NATURAL ATTENUATION FOR GASOLINE IN SOIL, GROUNDWATER, AND SOIL VAPOR

TABLE C-1

&= Geomatrix

Site Description

Remediation Activities

Reduction Achieved

Time Frame

Cost

Site Name: Kelly Air Force Base
Location: Kelly AFB, Texas
Contaminants.

Gasoline constituents

BTEX concentrations in groundwater measured as high as 2,807 p/L in November
1997

Type/Quantity of Media Treated:
Soil, groundwater, and soil gas
e Source area plus dissolved plume covers 1.5 acres

e Thesiteisunderlain by silty clay; with adistinct clay unit from 35 to 40 feet
(ft) bgs

e Groundwater occurs primarily in silt and possibly caliche seams that produce only
small amounts of water; static groundwater levels range from 5 to 25 ft bgs,
depending on location and season

o Hydraulic conductivity of the silty clay unit is 0.2 to 0.5 ft/day based on slug tests,
and the estimated horizontal groundwater flow velocity is 31 ft/year.
Description:
Asaresult of UST integrity testing in 1989, the former Building 2093 Gas Station at
Kelly Air Force Base, Texas, was found to be leaking, and the UST and associated
piping were removed in 1991. Site investigations found BTEX contamination in the
groundwater. A 1-year bioventing pilot test was concluded in January 1995; the test
results indicated that site soils were not sufficiently permeable to enable use of this
in situ source reduction technique. In 1995, the dispensing islands and remaining
below-grade piping were removed, and 2,750 cubic yards of soil in the area of the
former tank pad and dispensing islands were excavated. Based on a RBCA analysis,
the Texas Natural Resources Conservation Commission (TNRCC) issued ano-
further-action memorandum closing the site based on plume stability, the occurrence
of natural attenuation of fuel residuals, and the conclusion that site contamination
will not pose a significant risk to potential receptors.

Monitored Natural Attenuation:
Monitoring network not described

Regulatory Requirements/Cleanup Goals:

TNRCC Plan A target concentrations for
Category Il aquifers and TNRCC target
concentrations for construction worker exposure
are the cleanup goals for affected groundwater.

Results:

Based on aTier 1 screening, only the Plan A
concentration for benzene of 0.0294 mg/L was
exceeded, and benzene in groundwater and soil
was identified as a contaminant of potential
concern.

Fate and transport modeling using the analytical
code BIOSCREEN indicated that the maximum
migration distance of dissolved benzene from
the source areawill be approximately 300 ft, and
that dissolved benzene concentrations will be
below groundwater quality standards within 10
years.

Results of groundwater sampling events
indicated that the dissolved contaminant plume
isnot increasing in areal extent, and that natural
attenuation indicator parameters exhibit trends
associated with a plume that is being naturally
degraded.

The site was identified as a candidate for
immediate closure according to TNRCC
guidance.

The Air Force will restrict use of the shallow
groundwater at the site until all dissolved
benzene concentrations decrease below TNRCC
Plan A Category |1 criterion of 0.0294 mg/L.

Maximum-detected concentrations of BTEX in
soil gas were compared to the chemical-specific
OSHA 8-hour time-weighted average
permissible exposure limits (PELS), and there
were no exceedances.

July 1997 to July 1998

Not provided.
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EXAMPLE APPLICATION OF MONITORED NATURAL ATTENUATION FOR PETROLEUM HYDROCARBONSIN GROUNDWATER

Site Description Remediation Activities Reduction Achieved Time Frame Cost
Site Name: Multiple AF Sites Monitored Natural Attenuation (MNA) Regulatory Requirements/Cleanup Goals: Field demonstrations The average cost per sitein this
L ocation: Multiple locations throughout U.S. « Intrinsic bioremediation including » Goals of the demonstration included gglr;dgggeg;’neéwee” S?J‘Sﬁjgﬂé’r&;’{o?ﬁf ng
Contaminants: sulfate reduction, methanogenesis, evaluating the potential for fuel hydrocarbons December 1998, existing monitoring wells and a

BTEX, Tota Petroleum Hydrocarbons (TPH)

e BTEX concentrations were measured as high as 46,300 /L (benzene),
57,000 WL (toluene), 4,410 /L (ethylbenzene), and 68,000 /L (xylenes)

e TPH concentrations were measured as high as 120,000 mg/L
Type/Quantity of Media Treated:

Groundwater

¢ Depthsto groundwater ranged from O to 48 feet (ft) bgs

e Plume areas ranged from 0.3 to 60 acres

¢ Average groundwater temperatures ranged from 5.5 to 26.9°C

o Aquifer matrices ranged from silty claysto coarse sand and gravel
Description:

In June 1993, the Air Force Center for Environmental Excellence (AFCEE), in
cooperation with EPA/ORD, began an initiative to evaluate the effectiveness of
MNA for remediation of groundwater contaminated with fuel hydrocarbons (also,
refer to separate report about use of MNA for groundwater contaminated with
chlorinated solvents). From 1993 to 1998, field demonstrations of MNA were
conducted at 42 Air Force sites throughout the country. Thisincluded installing
additional sampling points at the sites and collecting and evaluating data over a
period of time.

The sites were evaluated for evidence that fuel hydrocarbons were being naturally
attenuated, and to identify the degree and rate of attenuation. Data showed that fuel
hydrocarbons were undergoing natural attenuation at all 42 Air Force sites, and that
the degree and rate of intrinsic bioremediation was site-specific, involving processes
such as sulfate reduction, methanogenesis, iron reduction, denitrification, and
aerobic oxidation. The effect on plume size varied, with the plume stable at 35 sites,
receding at six sites, and expanding at one site. For sites with measurable free-phase
product, the average predicted time frame for dissolved BTEX to naturally attenuate
to below cleanup standards was estimated at approximately 30 years; the addition of
engineered source reduction reduced the estimate to 20 years or less, depending on
type of source reduction used.

denitrification, and aerobic oxidation.

During the demonstrations,
groundwater was sampled for
contaminant concentrations, and other
parameters including pH, temperature,
conductivity, oxidation/reduction
potential, dissolved oxygen, nitrate,
nitrite, sulfate, sulfide, ferrousiron,
total iron, methane, carbon dioxide, and
akalinity; geochemical trends and
biodegradation rates also were
evaluated.

to be naturally attenuated, the type of
biodegradation processes taking place, and the
effect on plume size.

Results:
¢ Fuel hydrocarbons were undergoing natural

attenuation at all 42 Air Force sites.

Key biodegradation processes were identified,
in decreasing order of assimilative capacity,
as sulfate reduction, methanogenesis, iron
reduction, denitrification, and aerobic
oxidation; the total BTEX assimilative
capacity of groundwater averaged 64 mg/L.

o With respect to plume size, 35 sites had

plumes that appeared to be stable, six sites
had plumes that were receding, and one site
had a plume that was expanding.

For sites with measurabl e free-phase product,
the average predicted time frame for dissolved
BTEX to naturally attenuate to below cleanup
standards was estimated at approximately

30 years; the addition of engineered source
reduction reduced the estimate to 20 years or
less, depending on type of source reduction
used.

Regulatory authorities have approved the
partial or full use of MNA with institutional
controls at 17 of the 42 sites.

Periods of operation
were not provided for
each site.

Geoprobe®, laboratory and data
analysis, fate and transport
modeling, and reporting was
$125,000.

A recommended long-term
monitoring program for MNA,
including an average network of
11 wells, has a projected average
annual cost of $192,000.
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EXAMPLE APPLICATION OF MONITORED NATURAL ATTENUATION FOR CHLORINATED SOLVENTSIN GROUNDWATER
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Site Description

Remediation Activities

Reduction Achieved

TimeFrame

Cost

Site Name: Multiple AF Sites

L ocation: Multiple locations throughout U.S.
Contaminants:

Chlorinated Solvents

o Chlorinated aliphatic hydrocarbons, including TCE, cis- and trans-1,2-DCE, 1,1-
DCE, andVC

o TCE was the most pervasive contaminant, followed by cis-1,2-DCE - found
at13 of 14 sites

Maximum values for TCE ranged from 39,400 pg/L to 259 pg/L
Maximum values for DCE ranged from 4,590 pg/L to 1,400 pg/L
Maximum values for VC ranged from 1,350 pug/L to 1.3 pg/L
Type/Quantity of Media Treated:

Groundwater

Depths to groundwater ranged from 0 to 60 feet (ft) bgs
Plume areas ranged from 1.6 to 210 acres

Average groundwater temperatures ranged from 9.1 to 25.6°C

Aquifer matrices ranged from clays to coarse sand and gravel
Description:

In June 1993, the Air Force Center for Environmental Excellence (AFCEE), in
cooperation with EPA/ORD, began an initiative to evaluate the effectiveness of
monitored natural attenuation (MNA) for remediation of groundwater
contaminated with chlorinated solvents (also, refer to separate report about use of
MNA for groundwater contaminated with fuel hydrocarbons). From 1993 to 1999,
field demonstrations of MNA were conducted at 14 Air Force sites throughout the
country. Thisincluded installing additional sampling points at the sites and
collecting and evaluating data over a period of time.

The sites were evaluated for evidence that chlorinated solvents were being
naturally attenuated, and to identify the degree and rate of attenuation. Data
showed that chlorinated solvents were undergoing natural attenuation at all 14 Air
Force sites, and that the degree and rate of intrinsic bioremediation was highly
site-specific, and depended on the bio- and geo-chemistries of groundwater at the
sites. The effect on plume size varied, with the plume expanding at three sites,
remaining stable or expanding slowly at six sites, and remaining stable or receding
at five sites. The study concluded that use of MNA for remediation of chlorinated
solventsis highly site-specific, and that quantifying intrinsic bioremediation is
difficult. The study states that engineered alternatives, such as source reduction,
also should be evaluated to determine how they would limit plume migration
and/or accelerate attainment of target cleanup levels.

Monitored Natural Attenuation (MNA)

¢ During the demonstrations, groundwater
was sampled for contaminant
concentrations, and other parameters
including pH, temperature, conductivity,
oxidation/reduction potential, dissolved
oxygen, nitrate, nitrite, sulfate, sulfide,
ferrousiron, total iron, and dissolved
hydrogen; geochemical trends and
biodegradation rates also were evaluated.

o Four types of plume behavior were
studies - Type 1 (anaerobic groundwater
conditions with anthropogenic carbon);
Type 2 (anaerobic groundwater
conditions with native carbon); Type 3
(aerobic groundwater conditions with
anthropogenic and/or native carbon); and
mixed (different portions of the
groundwater plume exhibiting different
types of behavior).

Regulatory Requirements/Cleanup Goals:

e Goals of the demonstration included
evaluating the potentia for chlorinated
solvents to be naturally attenuated, the type
of attenuation processes taking place, and
the effect on plume size.

Results:

e Chlorinated solvents were undergoing
natural attenuation at all 14 Air Force sites.

e The degree and rate of intrinsic
bioremediation was highly site-specific,
and depended on the bio- and geo-
chemistries of groundwater at the sites.

o 11 of the sites exhibited mixed behavior,
with nine exhibiting Type 1 coupled with
either Type 2 or Type 3, and two sites
exhibiting Type 2 behavior coupled with
Type 3. Three of the sites exhibited
primarily Type 1 behavior.

o With respect to plume size, three sites had
expanding plumes, six sites had plumes that
were either stable or expanding slowly, and
five sites had plumes that were either stable
or receding.

e Field demonstrations
conducted between
July 1993 and
August 1999.

e Periods of operation
were not provided
for each site.

Typical Natural Attenuation Treatability

Study Costs:

Site Visit / Technical
Support

Work Plan / Regulatory
Approval

Field Work Labor

Field Work Other Direct Costs (ODCs):

Survey/Supplies/
Per Diem

Geoprobe/Cone
Penetrometer Operation

Data AnalysisgAnalytical

Total Field Work ODCs

Modeling

Treatability Study Report

TOTAL

$9,010

$20,300

$9,760

$6,150

$378

$18,200

$25,300

$19,400

$38,100

$147,098
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EXAMPLE APPLICATION OF ENHANCED ANAEROBIC BIOREMEDIATION FOR CHLORINATED SOLVENTSIN GROUNDWATER
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Site Description

Remediation Activities

Reduction Achieved

Time Frame

Cost

Site Name: Pinellas Northeast Site

L ocation: Largo, Florida

Contaminants:

Chlorinated solvents, including trichloroethene, methylene chloride,

dichloroethene, and vinyl chloride

Concentrations ranged from 10-400 mg/kg

DNAPL suspected to occur in localized areas

Type/Quantity of Media Treated:

Groundwater
o Water table present approximately 3-4 feet (ft) below ground surface (bgs)
e Aquifer characterized as sandy

¢ Hydraulic conductivity of surficial aquifer in study isrelatively heterogeneous;
zones of reduced hydraulic conductivity occur at depths between 10 to 14 ft and 22
to 29 ft

o Approximately 250,000 gallons of water were treated
Description:

The Pinellas STAR Center operated from 1956 to 1994, manufacturing neutron
generators and other electronic and mechanical components for nuclear weapons under
contract to the U.S. Department of Energy and its predecessor agencies. The Northeast
site is associated with the location of aformer waste solvent staging and storage area.
In the 1950s and 1960s, an existing swampy area at the site was used for staging and
buria of construction debris and drums, some of which contained solvents. The site
consists of ashallow groundwater aquifer contaminated with a variety of VOCs,
including chlorinated solvents such as trichloroethene, methylene chloride,
dichloroethene, and vinyl chloride.

From February 7, 1997, to June 30, 1997, ademonstration using in situ anaerobic
bioremediation was conducted at the site. The demonstration was part of a program at
the Pinellas STAR Center to evaluate several innovative remediation technologies that
could enhance the cost or performance of an existing pump-and-treat system. The pilot
system was located in an area of the site that had total chlorinated contaminant
concentrations in groundwater generally ranging from 10-400 mg/kg, with one
monitoring well having concentrations in excess of 2,900 mg/kg. The bioremediation
pilot system consisted of three 8-ft deep gravel-filled, surface infiltration trenches and
two 240-ft long horizontal wells with 30-ft screened intervals. The horizontal wells,
directly underlying and parallel to the middle surface trench, were at 16- and 26-ft
depths. The study area was about 45 ft by 45 ft and extended from the surface down to
athick, clay confining layer 30 ft below the surface. Groundwater was extracted from
the upper horizontal well and recirculated via the surface trenches and the lower
horizontal well while benzoate, |actate, and methanol were added to the recircul ated
water to serve as nutrients for the dechlorinating bacteria.

In Situ Anaerobic
Bioremediation

e Three, 8-ft deep gravel-filled,

surface infiltration trenches
and two, 240-ft long
horizontal wells with 30-ft
screened intervals.

Groundwater extracted from
upper horizontal well and
recirculated via surface
trenches and lower horizontal
well at arate of about
1.5gpm.

Benzoate, |actate, and
methanol added to

recircul ated water to serve as
nutrients for dechlorinating
bacteria

250,000 gallons of water
circulated during pilot study
over 5-month period

Regulatory Requirements/Cleanup
Goals:

The objectives of this demonstration
included evaluating the use of
nutrient injection to enhancein situ
anaerobic biological degradation of
chlorinated VOCs in areas of
moderate contaminant concentrations
and obtaining operating and
performance data on this technology.

Results:

Evaluated use of nutrient injection to
enhance in situ anaerobic biological
degradation of chlorinated VOCsin
areas of moderate contaminant
concentrations.

Obtained operating and performance
datato optimize the design and
operation of afull-scale system.

V OC concentrations reduced 60% -
91% within 4 to 8 weeks after
nutrient arrival.

Contaminant reduction probably
result of groundwater mixing and
contaminant redistribution.

Limiting factors for successful, cost
effective implementation are ability
to deliver appropriate nutrients to all
contaminated areas and hydraulic
travel times.

February 7, 1997, to June 30,
1997

Mobilization and
preparatory work

Monitoring, sampling,
testing, and analysis

Groundwater collection
and control

Biological treatment

General requirements

TOTAL

$35,000

$87,536

$238,310

$23,748

$12,480

$397,074
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EXAMPLE APPLICATION OF ENHANCED ANAEROBIC BIOREMEDIATION AT MULTIPLE DRY CLEANER SITES
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Site Description Remediation Activities Reduction Achieved Time Frame Cost
Site Name: Multiple (5) Dry Cleaner Sites - In Situ Bioremediation In situ bioremediation - various | Regulatory Requirements/Cleanup Goals: e Blacks - Blacks:
L ocation: -- Blacks Cleaners, Portland, Oregon additives Blacks: Cleanup goals primarily based on vapor Summer 2002 | ¢t for design
e Boone Drv Cleaners. Jackson. Tennessee Blacks - In-situ bioremediation | intrusion into buildings; preliminary remediation to present and implementa-
Y ’ ’ using sodium lactate followed goals (PRGs) for groundwater: 1 pg/L PCE; (Full-scale) tion $30,000
e Carousel Cleaners, Oregon City, Oregon by emul§iﬁed soybean oil. 100 pg/L TCE; and 20 pg/L vinyl chloride. Boone - April | oM per year for
e Former 60 Minute Cleaners, Ft. Myers, Florida System includes three Boone: Soil - EPA Region 9 PRGs; Groundwater — to December | perindic injection
horizontal injection points MCLs 2002 of electron donor
e Village Green Shopping Center, Rockledge, Florida beneath building footprint, a ' .
Contam| nants: horizontal injection syster;l in Carousel: Final Cleanup goals yet to be established. Car.()usel - and baCterlal $35 000
) former source area, and several | Likely cleanup goals for groundwater and soil will Sprmg 2001 treatment >
Blacks (Groundwater) cis-1,2-DCE - 39 mg/L; dichlorobenzenes - 0.003 mg/L; PCE - 8.7 mg/L; TCE - 10.4 mg/L; vinyl chloride 0.35 vertical injection wells between | be basgd on vapor intrgsion modeling, and to Winter x 5 years, to 2007  $17,5000
mg/L; xylenes 0.05 mg/L dry cleaner facility and adjacent | protection of deep aquifer at the MCL of 5 ug/L 2003 On going ground-
(Soil) cis-1,2-DCE - 10.9 mg/kg; PCE - 1,100 mg/kg; TCE - 91.6 mg/kg; vinyl chloride - 0.14 mg/kg apartment building. for PCE. Former 60 - water, soil gas, and
Boone (Groundwater) 1,1-DCE - 2.7 pg/L; benzene - 32,100 pg/L; cis-1,2-DCE - 1780 pg/L; m-xylene - 16,300 pg/L; PCE - 89,800 pg/L; | Boone - In-situ bioremediation | Former 60: Groundwater - PCE - 3 ug/L, TCE - 3 g/é%rjhtg 3d’ate Indoor air monitor-
trans-1,2-DCE - 6.0 pg/L; TCE — 610 pg/L; vinyl chloride - 220 pg/L using corn syrup, Simple Mg; i ‘ilsl B%EDCS - 7/0LHg{L, ltraﬁS-1212-D1Cg -1 /OLO O ing per year $20,000
Green®, and table oil: pg/L; 1,1- -/ ug/L; vinyl chloride - 1.0 ng/L.
(Soil): cis-1,2-DCE - 156 pg/kg; lead - 151 mg/kg; m-xylene - 283 pg/kg; PCE - 6,090 mg/kg; trans-1-2-DCE - 13 pg/kg; TCE - 39 pg/kg FEeT™, anc vegelable ol S(%il’ PCE - 30 ne/k g‘TCE _);0 /k & . x5 years, t0 2007 $100,000
g : He/ke, HE/XE. Village Green
e Twelve 4" injection wells and ) TOTAL $305.000
Carousel (Groundwater) PCE - up to 25,700 pg/L eight 2" pilot test monitoring Village Grgen: Groundwater - PCE - 3 ng/L, TCE - _ )
(Soil) PCE - up to 7,000 mg/kg wells installed to a depth of | - 3 n&/L, cis-1,2-DCE - 70 pg/L. Soil 12\1(;)0vzentlber 12, 2?22.? and Village
i leachability): PCE - 30 pg/kg; TCE - 30 ng/kg. , to :
Former 60 (Groundwater) 1,1-DCA - 8.6 ug/l; 1,1-DCE - 1,050 pg/l; benzene - 150 ug/l; cis-1,2-DCE - 2,321 pg/l; MTBE - 29.5 ug/l; PCE | 18 ft (leachability) Heke Herke February 13 _
- 6,820 pg/l; trans- 1,2-DCE - 150 pg/l; TCE - 2,040 pg/l; vinyl chloride - 150 pg/l Carousel - In situ Results: 2003 » | Carousd: g"ft
! L . . . ata
(Soil): PCE - 1,800 pg/kg; TCE - 2.97 pg/kg Ef’lfgmed‘atlon using BioRem | Blacks - Not available. unavailable
Village Green (Groundwater) cis-1,2-DCE - 8,550 pg/L; PCE - 27,300 ug/L; TCE - 7,900 pg/L; vinyl chloride — 780 pg/L , Boone - Wells with greatest PCE impact indicated 2-year pilot
i Former 60 - In situ an 85-95% decrease by August 2002. d trati
(Soil) PCE - 564,000 pg/kg; TCE - 5,007 ug/kg bioremediation using ethyl c LB bl to degrade PC emorfls rzillons
Type/Quantity of Media Treated: lactate injection/groundwater arousel - BloRem H-10 was a ¢ to degrade P E costs for the
withdrawal and re-injection: without generation and accumulation of more toxic injection system
Soil, groundwater, DNAPL daughter products, namely TCE and vinyl chloride. and monitoring $75,000

e Blacks: Groundwater, soil, DNAPL; depth to groundwater: varies seasonally from 6 to 12 feet (ft)

e Boone: Groundwater, soil; depth to groundwater: 10.11 ft (shallow); 45.87 (intermediate); 65.85 (deep)
e Carousel: Groundwater, soil; depth to groundwater: seasonally varies from 10 to 20 ft bgs

e Former 60: Groundwater, soil; depth to groundwater: 4 ft bgs

¢ Village Green: Groundwater, soil, DNAPL; depth to groundwater: 4 ft bgs

Description:

In situ bioremediation was conducted at five drycleaner sites contaminated primarily with chlorinated solvents from dry cleaning
operations. PCE, TCE, DCE, and vinyl chloride were the main contaminants of concern in soil and groundwater. At two sites (Blacks and
Village Green), DNAPLs were present. The remediations, including full-scale and pilot-scale bioremediation, involved the subsurface
injection of various additives such as sodium lactate, soybean oil, corn syrup, Simple Green®, vegetable oil, BioRem H-10, and ethyl
lactate.

Results of the bioremediation were available for four of the five sites. Reductions in PCE and TCE concentrations and increases in PCE and
TCE biodegradation products were reported for all four sites. At Boone, the remedy of corn syrup, Simple Green, and vegetable oil caused
the vegetable oil to float on top of water. A lesson learned from this application was that remedial designs that call for injections of oil
containing nutrient-enriched emulsions should consider the separation of oil from the emulsion.

o A total of 110 gallons
injected in a 1-2% solution.

Village Green - In situ
bioremediation using ethyl
lactate:

e 12 injection points and
7 recovery wells installed in
the source area for the
bioremediation.

¢ In dissolved phase portion,
4 shallow and 5 deep
injection wells were installed.

A total of 880 gallons of ethyl
lactate were pumped into the 12
injection points above the
source area.

Former 60 - There was a rapid decrease in PCE
concentrations in system influent in the first
quarter of system operation, coupled with an
increase in cis-1,2-DCE in groundwater influent
concentrations.

Village Green - The site is currently in natural
attenuation monitoring with semi-annual dilute
ethyl lactate dosing.

Confirmatory soil sampling revealed that
maximum PCE contaminant concentrations in soil
decreased from 564,000 pg/kg to 2,300 pg/kg.

BioRem contributed
the H-10 bacteria
product for the study $0

TOTAL $75,000
Former 60:

Design $32,300
Construction $107,500
O&M for the first

year (include

ethyl lactate,

injection, monitor-

ing, and reporting)  $140,200
TOTAL $280,000
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TABLE C-6

EXAMPLE APPLICATION OF ENHANCED ANAEROBIC BIOREMEDIATION FOR VOLATILE ORGANIC COMPOUNDSIN GROUNDWATER

Site Description Remediation Activities Reduction Achieved TimeFrame Cost
Site Name: Idaho National Engineering and Environmental In Situ Bioremediation (ISB) Regulatory Requirements/Cleanu 1999 - 2000 Capital Cost 3,750,000
g g €d y Req p ap
Laboratory (INEEL) « Sodium lactate (electron donor) Goals: O&M cost for 15years 31,508,000
L ocation: Idaho Falls, Idaho injection, extraction, above-ground air No specific cleanup levelsidentified for D&D cost 152 000
Contaminants: stripping, and re-injection. the demonstration. '
o Weekly sodium lactate injections from
e VOCs y : TOTAL 35,410,000

e TCE, PCE, 1,2-DCE

e Two milelong TCE plume; TCE concentration ranged from
100 mg/L at source zoneto 5 pug/L at distal end of plume

e Source area (DNAPL) - about 200 ft in diameter
Type/Quantity of Media Treated:
Groundwater

e TCE plume located in afractured basalt aquifer, 200 to 200 feet
(ft) below ground surface (bgs)

o Unconfined aquifer; groundwater flow - 0.35 to 0.79 ft/day
Description:

At the Test AreaNorth (TAN) at INEEL, liquid wastes containing
solvents and radionuclides were injected into an aquifer between
1953 and 1972, resulting in groundwater contamination at the site.
TCE, PCE, and 1,2-DCE and radionuclides are present in the
groundwater, and the contaminant plume is about 2-miles long
and 200 to 450 ft deep.

In 1999, ademonstration of ISB was initiated at the TAN siteto
treat the source area of the contaminant plume and the more dilute
dissolved plume with natural attenuation. Sodium lactate was
injected into the subsurface using one injection well and extracted
using one well located downgradient of the source to create a
treatment cell about 492-ft long. After a 1-year period, TCE
concentrations in a number of wells were reduced to non-
detectable levels and evidence of natural attenuation was observed
in the dissolved plume. The system continued to operate through
2001. According to DOE, the technical applicability of ISB is
dependent upon site geology, concentrations of native nutrients,
and the natural oxidation potential of the subsurface.

January to September 1999; no lactate
injections from September 2000 to
February 2000 because el ectron donor
had accumulated in the aquifer; March
2000 on, bi-monthly injections
performed.

o 492-ftlong treatment cell created by one
injection well and one extraction well;
extraction well operated continuously at
an extraction rate of 190 L/min.

Results:

After 1 year of operation, TCE levels
were to non-detectable levelsin a number
of wells, including the original injection
well and three monitoring wells where
TCE concentrations were the highest.

Monitoring dataindicate that TCE is
being degraded by natural attenuation.
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TABLE C-7

EXAMPLE APPLICATION OF ENHANCED ANAEROBIC BIOREMEDIATION FOR PETROLEUM HYDROCARBONSAND CONSTITUENTSIN GROUNDWATER

&= Geomatrix

Site Description

Remediation Activities

Reduction Achieved

Time Frame

Site Name:
Multiple Service Station Sites
L ocation: - Brentwood, Caifornia

e VVancouver, Washington

¢ Great Bend, Kansas
Contaminants:
Benzene, toluene, ethylbenzene, and xylenes (BTEX) and total petroleum
hydrocarbons (TPH)
Type/Quantity of Media Treated:
Groundwater - estimated 20,400 square feet for Fourth Plain; estimates were
not provided for Balfour Road or Steve's Standard.
Description:
Contamination at each site resulted from leaks in underground petroleum storage tanks and
supply pipelines at or near retail dispensing locations. Refined petroleum product was rel eased
to the subsurface soil and groundwater at each site for unknown periods of time, until being
detected in the 1990s. The three sites were cleaned up under their respective state voluntary
cleanup programs. Oversight was performed by the respective state agency without EPA’s
involvement. Enhanced bioremediation using ORC® was selected by the lead contractors for
each of the sites because it was expected to reduce the mass of contaminants in the aquifer by
more than 50% in only 6 months, thereby reducing risk to human health and the environment
from exposure to contaminated groundwater, and because it required a smaller capital
investment and lower operating expenses than alternative technologies, such as pump and treat.
Regenesis Bioremediation Products, Inc. (Regenesis) indicated that enhanced bioremediation
using ORC® was not expected to treat the groundwater to the federal maximum contaminant
levels (MCL), but that the treatment would reduce substantially the dissolved-phase mass of
contaminants present in the aquifer, as well as reduce sources characterized as moderate smear
Zones.

Enhanced bioremediation was performed at the three sites, using application of ORC®. ORC®
isaproprietary formulation based on magnesium peroxide and is available from Regenesis.
According to Regenesis, the quantity of ORC® required for asite is based on several factors
including the estimated mass of contaminant at the site (dissolved-phase concentration) and the
specific properties of the aquifer such as porosity and thickness. Details on the specific
applications of thistechnology at each of the three sites are included in the report. As of October
1997, the cleanup goals had not been met at either the Balfour Road or Fourth Plain sites;
however, the geometric mean concentration and mass of benzene, total BTEX, and TPH had
been reduced by approximately 50% in the aquifersin only 6 months for roughly $50,000 per
site. In addition, at the Steve's Standard site, the concentration and mass of benzene, total BTEX,
and TPH had been reduced in portions of the aquifer. The report presents a detailed summary of
the progress at each site and the plans for future activities at the sites.

Enhanced Bioremediation of
Groundwater using ORC®

e ORC® (oxygen release
compound) isa
proprietary formulation
based on magnesium
peroxide and is available
from Regenesis.

e ORC® is applied to the
groundwater using
different methods and
dosages (dosage based
on several factors
including the estimated
mass of contaminant at
the site and the specific
properties of the
aquifer).

¢ Details of the application
method and dosage for
each siteareincluded in
the report.

Regulatory
Requirements/Cleanup
Goals:

Balfour Road - federal
MCLsfor groundwater.

Fourth Plain - benzene -
0.005 mg/L, total BTEX -
0.095 mg/L and TPH -
1.0 mg/L.

Steve's Standard - no
cleanup goals;
demonstration project.

Results:

Balfour Road and Fourth
Plain sites - the cleanup
goals had not been met at
either the Balfour Road or
Fourth Plain sites as of
October 1997. The
geometric mean
concentration and mass of
benzene, total BTEX, and
TPH had been reduced by
approximately 50%.
Steve's Standard - over the
first 7 months of operation,
the concentration and mass
of benzene, total BTEX,
and TPH had been reduced,;
however, over the next 9
months, concentrations
appeared to stabilize or rise
dlightly; a continuing
source was identified at the
site.

¢ Balfour Road:
December 1995 to
present (report covers
the period through
October 1997)

e Fourth Plain; July 1996
to present (report
coversthe period
through October 1997)

e Steve's Standard: July
1996 to present (report
coversthe period
through October 1997)

Cost
Balfour Road:
Treatment Cost $33,500
Other $8,100
TOTAL $41,600
Fourth Plain:
Treatment Cost $35,700
Other $1,600
TOTAL $37,300
Steve's Standard: (two service
stations located next to each
other)
Treatment Cost $93,400
Other $2,600
TOTAL $96,000
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TABLE C-8

EXAMPLE APPLICATION OF ENHANCED ANAEROBIC BIOREMEDIATION FOR PETROLEUM HYDROCARBONSAND MTBE IN GROUNDWATER

&= Geomatrix

Site Description Remediation Activities Reduction Achieved Time Frame Cost
Site Name: Brownfield Site In Situ Bioremediation Regulatory January 1999 to _ o
L ocation: Chattanooga, Tennessee e In situ bioremediation using the Requirements/Cleanup Goals: present .Start-lup.costs, including initia
Contaminants: Enzyme-Catalyzed In Situ The cleanup criteria specified for (dataavailable inoculation $30,000
' Dissolved Oxygen Treatment this site were benzene - 100 mg/kg | through December
MTBE, BTEX, TPH (DO-IT) process; pa_tentgd in soil and 70 pg/L in grpund_water, 1999) Monthly maintenance have been
o MTBE concentrations as high as 5,000 pg/L process uses a combination of | and TPH - 1,000 mg/kg in soil and approximately $4,000
BTEX rati idh 25 8.000 L/L proprietary multi-enzyme 1,000 pg/L in groundwater.
. concentrations as high as 8, - -
g Hg complexes (proteins that are No cleanup levels were specified
e TPH concentrations as high as 300,000 ug/L gxtrfgfed fllrjom “y;; ng TPH- for MTBE: however, MTBE was
rading bacterial cultures), ot fi ; _
e Plume containing MTBE and benzene covers approximately 16,000 square aneg acon?sorti um of total ) identified as a contaminant of through December 1999 is 12x
feet; TPH plume covers approximately 66,000 square feet (1.5 acres) petroleum hydrocarbon (TPH) | 2" for the site. monthly, $48,000
Type/Quantity of Media Treated: degrading bacteria, with Results:
Groundwater supplemental oxygen; generates | Results were available for the first
a concentration of dissolved 360 days of operation (January to TOTAL $78,000

¢ On-site groundwater islocated within atight clay soil horizon at 5-7 bgs

o Off-site groundwater is located in bedrock consisting of limestone and shale
beds at depths of greater than 10 feet (ft) bgs

Description:

Asaresult of leaking USTSs, gasoline, diesel fuel, and waste oil releases occurred
at an abandoned gasoline service station in a mixed-use area. The service station
has no remaining on-site structures or facilities. The releases resulted in
contamination of soil and groundwater at the site with MTBE, BTEX, and
petroleum constituents. Concentrations of contaminants measured in
groundwater at the site were as high as MTBE at 5,000 ug/L, benzene at

8,000 pg/L, and total petroleum hydrocarbons at 300,000 ug/L. The vendor
estimated that 1,500 cubic yards of soil at the site were impacted by the
contamination. In the mid-1990s, the USTs were removed and decommissioned.

Beginning in January 1999, in situ bioremediation using the Enzyme-Catalyzed
In Situ Dissolved Oxygen Treatment (DO-IT) process was used to treat
groundwater at the site. This process uses a combination of proprietary multi-
enzyme complexes and a consortium of TPH degrading bacteria, with
supplemental oxygen, to biodegrade MTBE, BTEX, and TPH contaminants. At
this site, three horizontal injection wells, two vertical injection wells, and three
extraction/recovery wells were installed within the plume. In January 1999, the
initial inoculation of approximately 75 gallons of enzymes and 150 gallons of
bacteria was performed. Subsequently, 5 gallons of enzymes and 10 gallons of
bacteria have been added to the oxygenated water each month to maintain the
microbial population. As of December 1999, after 360 days of operation, the
concentrations of MTBE, BTEX, and TPH have been reduced by more than 70%.
However, cleanup goals were not reached for benzene or TPH in the groundwater
during thistime, and treatment is ongoing. The technology vendor reported that
this application was aided by the design of injection galleries that were specific to
the low permeability of the soil formation and the intended injection approach.

oxygen in water of
approximately 40 mg/L.

e Three horizonta injection
wells, two vertical injection
wells, and three
extraction/recovery wells were
installed within the plume.

¢ Groundwater was extracted
from down-gradient locations,
amended by adding oxygenated
water, nutrients, and the
enzyme/bacterial consortium
mixture, and then re-injected
using the horizontal and
vertical injection wells; layout
provided for both treatment and
hydraulic control.

e |nitial inoculation in January
1999 consisted of
approximately 75 gallons of
enzymes and 150 gallons of
bacteria; each month, 5 gallons
of enzymes and 10 gallons of
bacteria have been added to the
oxygenated water to maintain
the microbial population.

December 1999) from well MW-2
(the well with the highest
concentrations of contaminants).

MTBE concentrations were reduced
from approximately 5,000 pg/L to
approximately 200 pg/L.

Benzene concentrations were
reduced from as high as 8,000 pg/L
to less than approximately

1,000 pg/L.

TPH concentrations were reduced
from as high as 300,000 pg/L to
less than approximately

50,000 pg/L.

Benzene and TPH concentrations
remain above cleanup goals;
treatment system operation is
ongoing.
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TABLE C-9

&= Geomatrix

EXAMPLE APPLICATION OF IN SITU CHEMICAL OXIDATION FOR HALOGENATED VOLATILE ORGANIC COMPOUNDSIN GROUNDWATER AT CAPE CANAVERAL

Site Description

Remediation Activities

Reduction Achieved

Time Frame

Cost

Site Name: Cape Canavera Air Force Station, Launch
Complex 34

L ocation: Cape Canaveral, Florida
Contaminants:

Halogenated VOCs

TCE - Estimated mass of 6,122 kg in test plot

DNAPL - 5,039 kg of the TCE mass was estimated to be
DNAPL

Type/Quantity of Media Treated:
Groundwater

e Test plot size - 75 ft by 50 ft by 45 ft
Description:

A 1998 site investigation at the Cape Canaveral Air Force
Station in Florida identified alarge DNAPL source at Launch
Complex 34. Historical activities at the site included
discharging wastes generated from rocket engine and parts
cleaning operations into discharge pits. Chlorinated solvents,
including TCE, were used in these cleaning operations. The
Interagency DNAPL Consortium selected this site for
demonstrating DNAPL treatment technologies. One of the
technologies tested wasin situ chemical oxidation (1SCO).

A field demonstration of 1SCO was performed from

September 8, 1999 to April 17, 2000, with the post-
demonstration monitoring performed through February 2001.
During the 8-month demonstration, more than 840,000 gallons
of permanganate solution were injected in three phases.
Following the first injection, monitoring results showed that
local heterogeneities limited oxidant distribution in some areas.
A second and third phase of injections were performed,
focusing on those portions of the plot where interim
monitoring results showed that the area had not received
sufficient oxidant during the previous cycle. 1SCO reduced the
concentrations of dissolved TCE in the groundwater and
reduced the mass of TCE and DNAPL in thetest plot by 77%
and 76%, respectively. While less than the target of 90%, the
removal percentage was considered to be significant for the
technology. The best distribution of the oxidant occurred in the
upper sandy soils; distribution of oxidant was more difficult in
finer-grained soils. Local geologic heterogeneities and native
organic matter content may limit oxidant distribution in some
regions.

In situ chemical oxidation (1SCO)
e Field demonstration of 1SCO -

source zone test plot was 75 ft by 50
ft by 45 ft deep.

A total of 842,985 gal of
permanganate solution (1.4% to 2%)
was injected into the test plot in 3
phases over aperiod of 8 months;
vendor designed and supplied a
continuous mix and automated feed
system for the demonstration.

First injection September to October
1999 - atotal of 304,763 gallons of
solution were injected, first into the
upper unit, then into the middle unit,
followed by the lower unit; a
GeoProbe equipped with a specialy
designed tip was used to inject the
solution; the estimated radius of
influence was 10-12 ft; however,
local heterogeneities limited oxidant
distribution in some areas.

The second (November 1999) and
third (March to April 2000)
injections - focused only on those
portions of the plot where interim
monitoring results showed that the
area had not received sufficient
oxidant during the previous cycle; a
total of 87,483 gallons of solution
were injected during the second
cycle and 450,739 gallons during the
third cycle.

One major system interruption
occurred during the demonstration —
hurricane in September 1999.

Regulatory
Requirements/Cleanup Goals:

The objective of thefield
demonstration was to reduce the
contaminant mass by 90%.

Results:

The mass of TCE and DNAPL was
reduced by 77% and 76%,
respectively; while less than the
target of 90%, the removal
percentage was considered to be
significant for the technology.

The highest level of removal was
observed in the upper sand zone,
indicating that the oxidant
distribution was most efficient in
the coarser soilsin this zone.

TCE and DNAPL removal
pathways included destruction by
oxidation, migration to the
surrounding aquifer, and migration
to the vadose zone and
atmosphere.

Dissolved TCE levels decreased in
most parts of the test plot, with
several monitoring wells showing
levels below the MCL of 5 ug/L.

September 8, 1999, to
April 17, 2000

Total cost for field demonstration,
including costs for design,
procurement, equipment and
oxidant,
mobilization/demobilization, and
process monitoring, was

approximately $1,000,000

Vendor indicated that about 15%
of the cost was due to use of the
technology at a demonstration
rather than afull-scale application

TOTAL $1,000,000
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TABLE C-10

EXAMPLE APPLICATION OF IN SITU CHEMICAL OXIDATION AT DRY CLEANERSFACILITIES

&= Geomatrix

Site Description

Remediation Activities

Reduction Achieved

Time Frame

Cost

Site Name:
Multiple (6) Dry Cleaner Sites

L ocation: - Butler Cleaners #1, Jacksonville, Florida

e Butler Cleaners #2, Jacksonville, Florida

o Former Quick-N-Easy Wash-O-Mat and Former
Avrtistic Cleaners, Wichita, Kansas

o Hanner's Cleaners, Pompano Beach, Florida
e Paul's Classic Dry Cleaners, Wisconsin

o Swift Cleaners, Jacksonville, Florida
Contaminants:

Chlorinated Solvents

o All of the sites were contaminated with PCE and
TCE.

e Concentrations varied by site ranging with
concentrations ranging from 1 to 42 mg/L for
PCE and 0.02 to 012 mg/L for TCE.

o Five sitesreported that DNAPLSs were present or
likely to be present.

Description:
In situ chemical oxidation was conducted at six dry

cleaner sites contaminated with chlorinated solvents
from dry cleaning operations with TCE and PCE as

the primary contaminants in groundwater. At three
sites solutions of potassium permanganate were

injected into the subsurface, at two sites solutions of

hydrogen peroxide and catalyst were injected into
the subsurface, and at one site an ozone in-well air
sparging system was installed. Only one site (Swift
Cleaners) reporting achieving remediation goals.

Other sites reported that contaminant concentrations
were not significantly reduced or that cleanup goals

were not met.

In situ chemical oxidation (ISCO):

At the Butler Cleaners#1, Butler Cleaners #2,
Former Quick-N-Easy Wash-O-Mat, and
Former Artistic Cleaners sites, solutions of
potassium permanganate were injected into the
subsurface to oxidize contaminants. At two
sites the solutions were mixtures of potassium
permanganate with water, with potassium
permanganate making up 8% to 15% of the
solution. At one site, the solution was heated
and tertiary butyl alcohol was added to help
mobilize the contaminants. The solutions were
injected through from one to 45 wells, and
injection volumes ranged from 1,000 to 2,200
gallons. At two of the sites SVE was a so used
to remove contaminants from the soil.

At the Hanner's Cleaners and Swift Cleaners
sites, solutions of water, hydrogen peroxide (12
to 25%), and an unspecified catalyst were
injected into the subsurface to oxidize
contaminants. The solutions were injected
through from 6 to 12 wells, and volumes
ranged from 1,700 to 20,000 gallons. SVE was
also used at both sites to remove contaminants
from the soil.

At the Paul's Classic Dry Cleaners site, afield
demonstration of an ozone in-well air sparging
system was conducted. The treatment system
consisted of asingle well where sequential
sparging and groundwater recirculation
functions were performed in the sparge well.
The system delivered an air and ozone gas
mixture (the composition of the mixture was
not specified) at arate of 1.7 to 2.2 cfmfirst to
the lower sparge point, then the in-well sparge
point, each for a specified period of time. In-
well pumping was then performed. This
process was repeated in acycle over aperiod of
16-18 hourg/day. Multi-phase extraction was
also conducted at the site.

Regulatory
Requirements/Cleanup Goals:

Cleanup goals were based on state

regulatory goals or EPA MCLs.

Specified cleanup goals included
0.005 to 0.014 mg/L for PCE and
0.012 mg/L for TCE.

Results:

Only one site (Swift Cleaners)
reported achieving remediation
goals. Other sites reported that
contaminant concentrations were
not significantly reduced or that
cleanup goals were not met.

Butler Cleaners#1 - ongoing
(dates not specified)

Butler Cleaners #2 - October,
1999

Former Quick-N-Easy Wash-O-
Mat and Former Artistic -
Cleaners- 1999

Hanner's Cleaners - June to
September, 2000

Paul's Classic Dry Cleaners -
Not specified

Swift Cleaners - July 1999

Potassium permanganate systems
Hydrogen peroxide

Ozone sparging

$105,000 to $230,000
$110,000 to $170,000

Not specified
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EXAMPLE APPLICATION OF SIX-PHASE THERMAL TREATMENT FOR CHLORINATED SOLVENTSIN SOIL AND GROUNDWATER AT A FORMER ELECTRONICSMANUFACTURING SITE

Site Description

Remediation Activities

Reduction Achieved

Time Frame

Cost

Site Name:

Former manufacturing facility (confidential commercial client)
L ocation: Skokie, Illinois

Contaminants:

Chlorinated Solvents

e TCE and TCA, aswell as degradation products cis-and trans-1,2- dichloroethene, 1,1-
dichloroethene, 1,1-dichloroethane, vinyl chloride and chloroethane

e Concentrations in groundwater at start of SPH remediation (June 1998) — TCE (130 mg/L
maximum; 54.4 mg/L average), TCA (150 mg/L maximum; 52.3 mg/L average) and DCE (160
mg/L maximum; 37.6 mg/L average)

e - DNAPL present
Type/Quantity of Media Treated:
Source zone (saturated and unsaturated)

e |nitial source zone area - approximately 23,100 cubic yards of soil and groundwater, based on a
treatment area of 26,000 square feet and a depth of 24 ft bgs. Additional source zone area -
11,500 cubic yards of soil and groundwater

e Soil at site - heterogeneous silty sands with clay lensesto 18 ft bgs (hydraulic conductivity -10-4
to 10-5 cm/sec); underlain by dense clay till aquitard (hydraulic conductivity -10-8 cm/sec)

o Depth to groundwater- 7 ft bgs
Description:

Thissiteis aformer electronics manufacturing facility located in Skokie, Ilinois. From 1958 to
1988, manufacturing operations included machining and electroplating. Soil and groundwater at the
site were found to be contaminated with solvents (TCE and TCA), including large pools of dense
nonagqueous phase liquids (DNAPL). The siteis being remediated under Illinois' voluntary Site
Remediation Program. From 1991 to 1998, steam injection combined with groundwater and vapor
extraction reduced the area of contamination from about 115,000 square feet to about 23,000 square
feet. Asof early 1998, the remaining area to be remediated represented four source locations where
manmade subsurface features limited the effectiveness of the previously used steam-based
remediation system. To complete the remediation, the site owner selected SPH.

The SPH process operated at the Skokie site from June 4, 1998, to November 20, 1998, to
remediate the initial estimated 23,000 cubic yards of contaminated soil and groundwater. Based on
the results of sampling conducted in December 1998 that indicated there was a potential for vinyl
chloride to be produced outside theinitial treatment area at levelsin excess of the cleanup levels, a
decision was made to expand the SPH system to cover an additional 11,500 cubic yard treatment
area. The SPH system restarted in December 1998 and operated until April 30, 1999, when cleanup
goals were achieved in the additional area. The unit cost for this technology was $32 per cubic yard
for the initial 23,000 cubic yards of contaminated soil and groundwater and also for the additional
11,500 cubic yards of contaminated media.

Electrical Resistive Heating -
Six-Phase Heating (SPH), and
air stripping for extracted
groundwater condensate.

e |nitial network of 107
electrodes (85 beneath the
floor of awarehouse
building) operated from June
to November 1998; 78
electrodes added (185 total)
and operated from December
1998 to April 1999 to treat
additional area of
contamination.

¢ Electrodes designed to be
electrically conductive
throughout a depth interval of
11 to 21 feet bgs and to
increase the subsurface
temperature in the depth
interval of 5to 24 feet bgsto
the boiling point of water.

e Electrical power input - 1,775
megawatt hours (MW-hrs.)
consumed from June 4 to
November 20, 1998;
information not provided for
Dec. 1998/Jan. 1999 through
May 1999.

e Temperature - 100°C;
operating pressure/vacuum -
7.5 inches of mercury (Hg).

e Network of 37 soil vapor
extraction wells, screened to
5 feet bgs, were used to
capture vapors.

¢ Off-gaswas condensed and
sent through an air stripper
prior to discharge to the
atmosphere.

Regulatory Requirements/Cleanup
Goals:

Tier 111 cleanup criteriafor
groundwater; developed by ENSR
and approved by Illinois EPA asthe
cleanup goalsfor the site.

Tier 111 goalswere TCE (17.5 mg/L);
TCA (8.85 mg/L); and DCE (35.5
mg/L).

No criteria established for soil.
Results:;

Results for the remediation of the
initial 23,000 cubic yards of
contamination:

By December 1998 (6 months of
operation), the Tier 111 cleanup goals
were achieved for TCE, TCA, and
DCE inal wellsintheinitial areaof
contamination.

During thistime, average
groundwater concentrations were
reduced by more than 99% for TCE
(54.4 mg/L to 0.4 mg/L); more than
99% for TCA (52.3 mg/L to

0.2 mg/L), and more than 97% for
DCE (37.6 mg/L to 0.8 mg/L).

Results for the remediation of the
additional 11,000 cubic yards of
contamination:

By April 1999 (5 months of
operation), the Tier 111 cleanup goals
were achieved for TCE, TCA, and
DCE in al wellsin the additional
area of contamination.

During thistime, average
groundwater concentrations were
reduced by more than 96% for TCE
(4.16 mg/L to 0.15 mg/L); more than
92% for TCA (14 mg/L to 1 mg/L);
and more than 90% for DCE (2.39
mg/L to 0.24 mg/L).

e June4, 1998, to
November 20,
1998 (initial area
treated);

o December 1998 to
April 30, 1999,
(additional area
treated).

Initial Source Zone:

The unit cost for this technology
of $32 per cubic yard is based on
a calculated treatment volume of
23,100 cubic yards, or atreatment
area of 26,000 square feet and a
depth of 24 ft bgs

Additional source area:

The unit cost for the treatment
from December 1998 through
May 1999 also was $32 per cubic
yard, based on a calculated
treatment volume of 11,500 cubic
yards

$739,200

$368,000

TOTAL

$1,107,200
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TABLE C-12

EXAMPLE APPLICATION OF SIX-PHASE THERMAL TREATMENT FOR CHLORINATED SOLVENTSIN GROUNDWATER AT CHARLESTON NAVAL COMPLEX

&= Geomatrix

Site Description

Remediation Activities

Reduction Achieved

Time Frame

Cost

Site Name: Charleston Naval Complex, AOC 607
L ocation: North Charleston, South Carolina
Contaminants.

Chlorinated Solvents: PCE Dense Non-Aqueous Phase Liquid
(DNAPL), TCE, cis-1,2-DCE, 1,1-DCE, VC

Initial maximum contaminant concentrations:

e Total volatile organic compounds (VOCs): 18,000 pg/L
e PCE: 8,090 ng/L

Type/Quantity of Media Treated:

Groundwater and DNAPL

Description:

Charleston Naval Complex area of concern (AOC) 607 consisted of a
former dry cleaning facility. PCE was one of the primary chemicals
that was used, stored, disposed of, and accidentally released at the site.

A RCRA Facility Investigation conducted in 1996 and 1997 detected
dissolved-phase chlorinated solvents in the saturated zone including
PCE, TCE, cis-1,2-DCE, 1,1-DCE and VC. In addition, PCE in the
form of DNAPL appeared to have migrated into the shallow saturated
zone. Initial maximum contaminant concentrations included 18,000
ng/L of total VOCs and 8,090 pg/L of PCE. The site was remediated
under the RCRA Corrective Action Program. Operation of the ERH
system was initiated in October 2001 and continued until July 2002.
Approximately 4,300 cubic yards of media were treated. This volume
is based on a 7-foot deep (saturated zone: 4 feet bgs to 11 feet bgs
treatment zone) over a 16,525 square feet (ft2) TTA.

The objective of the ERH treatment was to reduce the amount of
DNAPL present in the aquifer, thereby reducing its potential to act as a
continuing source for dissolved-phase contamination. A quantifiable
cleanup objective was not established during this remediation action.

In general, ERH resulted in a decrease in the area of the plume and a
decrease in the number of high concentration zones. PCE
concentrations reduced by about 95 percent in concentration compared
to the pre-treatment baseline. Total VOCs decreased by 83 percent.
Total CVOCs and PCE mass recovered during ERH system operation
was calculated at 247 and 234 1bs respectively.

One of the main issues that arose during the ERH treatment at AOC
607 was that the treatment took longer than anticipated, mainly due to
slower heating of the groundwater in deeper portions of the saturated
zone. The ERH system was enhanced by using additional electrodes to
achieve adequate heating.

Electrical Resistive Heating - Six-Phase
HeatingTM (SPH) for subsurface heating

Soil Vapor Extraction (SVE) system for vapor
recovery

Above-ground treatment system to process
vapor and liquid wastes generated by SVE

ERH system:

Two 500 kilowatt (kW) power control units
(PCU) operating 101 electrodes.

Electrodes installed to a depth of approximately
10 to 10.5 feet below ground surface (bgs) with
a lateral spacing of approximately 14 feet.

PCU 1 began operating on October 3, 2001 in
the more contaminated southern portion of the
Target Treatment Area (TTA).

PCU 2 began operating in the 1 northern portion
of the TTA on December 13, 2001.

From April 15 to May 15, 2002, the entire ERH
system operated using 101 electrodes, twelve 8-
inch diameter steel piles, six Geoprobe
electrodes, and 310 %-inch diameter ground
rods.

To optimize performance, both PCUs cycled
with 50 minutes of operation followed by 10
minutes of shut-down, to allow re-wetting of the
electrodes and prevent the drying of soils close
to the electrodes.

The average weekly power input during the
nine-month ERH operation was approximately
278 kilowatts (kW), with a maximum power
input of 520 kW that occurred during the week
immediately following the start-up of PCU-2.
The ERH system was shut down on July 8,
2002.

A condenser (to remove water vapor), a cooling
tower (to cool condensate), and granular
activated carbon (GAC) adsorption units (to
treat dry vapor prior to atmospheric release).

- Following completion of the ERH in July
2002, TTA monitoring continued until March
2004.

Regulatory
Requirements/Cleanup Goals:

The objective of the ERH
treatment was to reduce the
amount of chlorinated volatile
organic compounds (CVOC)
DNAPL present in the aquifer,
thereby reducing its potential to
act as a continuing source for
dissolved-phase contamination.
A quantifiable cleanup objective
was not established during this
remediation action.

Results:

In general, ERH resulted in a
decrease in the area of the
plume and a decrease in the
number of high concentration
zones.

In March 2004 (22 months after
ERH shutdown), PCE was
detected in a monitoring well at
a concentration of 283 pg/L.
This suggested a 95 percent
reduction in concentration
compared to the pre-treatment
baseline.

Total volatile organic
compounds concentration
decreased by 83 percent.

Total CVOCs and PCE mass
recovered during ERH system
operation was calculated at 247
and 234 1bs, respectively.

October 2001 to July 2002

Capital Costs $373,000
mobilization/de-mobilization $71,000
Operational Costs $473,000
Retrofit (electrode installation and

well replacement) $60,000
Monitoring (laboratory analytical

services) $50,000
Project Oversight $215,000
TOTAL $1,242,000
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TABLE C-13

EXAMPLE APPLICATION OF SIX-PHASE THERMAL TREATMENT FOR METHYLENE CHLORIDE IN SOIL

&= Geomatrix

Site Description Remediation Activities Reduction Achieved Time Frame Cost
Site Name: Avery Dennison Electrical Resistive Heating (ERH) Regulatory December 1999 to No cost information
Requirements/Cleanup November 2000 was provided for this

L ocation: Waukegan, Illinois

Contaminants:

Methylene chloride concentrations in the soil in this area averaged 1,900 mg/kg.

Type/Quantity of Media Treated:

Source zone- 16,000 yds® (based on an estimated soil density of 1.3 tons per yd®, corresponds to 21,000
tons treated)

The topography of the siteis generally flat, with a slight manmade slope that drains toward stormwater
collection drains. The geology underlying the site is predominantly heterogeneous silty-clay, glacial till
to adepth of about 180 ft bgs. Discontinuous silty sand and sand lenses are present at some locations
within thetill. Bedrock (Niagaran dolomite) is encountered at depths ranging from 180 to 270 ft bgs.
Depth to groundwater ranges from approximately 6 ft to 25 ft bgs. Approximately 17,000 ft* of soil
aong the north side of the building on the site was contaminated with MeCl to depths as great as 24 ft
bgs, with concentrations as high as 40,000 mg/kg.

Description:

The Avery Dennison siteislocated in the Waukegan-Gurnee Industrial Park in Waukegan, Illinois.
From 1975 through 1992 film coating operations were performed at the site. Methylene chloride
(MeCl) used in these operations was unloaded in the northeast corner of the building, and transferred by
underground piping to above-ground storage tanks in the northwest corner of the building. In May
1985, an inventory check indicated that approximately 1,585 gallons of MeCl was released from the
underground pipe. Site investigations indicated that the released MeCl was present in the soil and
groundwater beneath the loading area, the bulk storage tank area, the underground transfer pipe, and a
former stormwater drainage system. Cleanup activities at the site performed from 1985 through 1998
included excavation, soil vapor extraction, groundwater pump and treat, and air sparging. The results of
additional investigations indicated that DNAPL was present in soil at the site. ERH was used from
December 1999 through November 2000 to address the DNAPL source in the unsaturated zone.

The ERH system included 95 copper electrodes installed around the perimeter of 20 treatment cells,
including six electrodes installed below an active street, and 16 installed inside the existing building.
Thirty-four recovery wells were installed to extract of soil vapor and steam. Two thermocouples were
installed in the center of each treatment cell, at the shallowest (4 ft) and deepest (24 ft) levels of
contamination. ERH was performed in the western portion of the treatment zone starting in December
1999 and in the eastern portion of the treatment zone starting in June 2000. During the first 4 weeks of
operation, the system did not achieve the target heating rate and power input to the subsurface. The
vendor found that the electrodes had oxidized and that the down hole power cables had been damaged.
System maodifications included installing galvanized steel pipes around the electrodes and using
aboveground power cables. The system was restarted and achieved the target heating rate and soil
temperature, though the power input remained below the design level. With the exception of four
treatment cells, the concentrations of methylene chloride were reduced to below cleanup goals by
October 2000. Additional electrodes were added to these cells and the system was operated another
month to meet the cleanup goals. No cost data were available for this application.

o 20 treatment cells; electrodes were installed
around the perimeter of each cell to a depth of
24 feet; 2 thermocouples wereinstalled in the
center of each treatment cell, at the shallowest
and deepest levels of contamination, 4 and 24 ft
bgs.

o Total of 95 copper eectrodes, including six
installed below an active street and 16 installed
inside the existing building; designed power
input - 610 kKW ; design heating rate of 1°C per
day until atemperature above 75°C was
achieved.

o 34 recovery wells at 20 locations to extract of
soil vapor and steam

o After 4 weeks of operation, the average soil
temperature, heating rate, and input to the
subsurface were below design targets; vendor
determined that the copper electrodes had
oxidized and downhole power cablesto the
electrodes were damaged.

e One-inch galvanized steel pipeswereinstalled
around each electrode; the power cables were
attached above ground.

e Maximum temperature - 65°C to 100°C; average
delivery of power to the subsurface was
320 kW, less than the expected delivery of
610kW.

Goals:

MeCl in the soil below 24
mg/kg, based on Illinois
EPA’s Tiered Approach to
Corrective Action
Objectives (TACO).

Results:

Results of soil samples
taken from the treatment
cellsindicated that, with the
exception of four treatment
cells, concentrations of
MeCl had been reduced to
below the treatment goals
by October 2000.
Additional galvanized steel
pipe electrodes were added
to the four treatment cells,
and the treatment system
was operated in these cells
for another month, with shut
down in November, 2000.
Average MeCl
concentrations in soil were
reduced to 2.51 mg/kg.

application.
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TABLE C-14

EXAMPLE APPLICATION OF STEAM-ENHANCED EXTRACTION

&= Geomatrix

Site Description

Remediation Activities

Reduction Achieved

Time Frame

Cost

Site Name: Former Telecommunications Manufacturing Facility
L ocation: Chicago, Illinois

Contaminants:

Volatile Organic Compounds:

e TCE and daughter products (cis-1,2-DCE)

e Minera spirit constituents (toluene and xylene)

e DNAPLSYLNAPLSs

Type/Quantity of Media Treated:

Groundwater — steam injected into highly permeable glacial till up to 46 feet below
grade. Steam injected across 10-ft zone. 25,900 |bs of volatile organic hydrocarbons
removed.

Soil — Approximately 63,000 tons of impacted soil were excavated and disposed off
site.

Description:

Chlorinated solvents (TCE and cis-1,2-DCE) and mineral spirit components (toluene
and xylene) were discovered in soil and groundwater in the vicinity of aformer tank
farm during the decommissioning of aformer telecommunications facility. Over
63,000 tons of soil were excavated from the facility and disposed off site. DNAPL
and LNAPL wereidentified in soil and groundwater at the facility. Bedrock is
encountered beneath the site at depths of 60 to 90 feet bgs.

Excavation and off-site disposal
(63,000 tons);

Steam-Enhanced Extraction:
e 186 shallow SVE wells

e 76 dual-phase extraction
wells

e 65 steam injection wells

o 2 deep groundwater
extraction wells

e Groundwater treated by an air
stripper and carbon polishing
prior to discharge

Regulatory Requirements/Cleanup
Goals:

Not identified.

Results:

e More thane 25,900 Ibs of VOC
removed (primarily TCE).

e Mean TCE concentrationsin
groundwater reduced from 45,000
Mg/L to 500 pg/L in 24 months.

e Soil temperatures of 29 - 60°C
and groundwater temperatures of
20 to 74°C observed.

e Number of wellswith DNAPL
indicators (10 mg/L TCE) reduced
from 13 to 1 in 21 months.

Study describes 29-month
operation period.

No cost information provided.
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TABLE C-15

&= Geomatrix

EXAMPLE APPLICATION OF PUMP AND TREAT SYSTEM FOR VOLATILE ORGANIC COMPOUNDSAND DENSE NONAQUEOUSPHASE LIQUID IN GROUNDWATER

Site Description Remediation Activities Reduction Achieved Time Frame Cost
Site Name: Lawrence Livermore National Laboratory Eastern GSA pump and Regulatory 6/91 - ongoing (Data Total Central GSA P&T and SVE
L ocation: Livermore, California treat (P&T) Requirements/Cleanup Goals: rlngo;ted through July EyaiemSG cn pat iggggggg
Contaminants: e Three extraction wells | Groundwater - reduce VOC ) en ,200,
i includ concentrationsto MCLsin all
Volatile Organic Compounds: o TreatmentincludessS- | o oinoted groundwater, TOTAL $38,600,000

e Trichloroethene (TCE)

e DNAPLs
Type/Quantity of Media Treated:
Through July 1997:

e Groundwater - atotal of 93.8 million gallons of groundwater; 9.9 kg of VOC mass
removed

e Soil - 399,000 cubic feet of soil vapor; 30.5 kg of VOC mass removed
Description:

Lawrence Livermore National Laboratory Site 300 is a DOE experimental test facility
located near Livermore, California. Craft shops and equipment fabrication and repair
facilitiesin the General Services Area (GSA) used solvents as degreasing agents. In
the eastern portion of the GSA, craft shop debriswas buried in shallow trenches. In the
central portion, rinse waters from operations were disposed of in dry wells. The results
of siteinvestigations, begun in 1982, identified VOC contamination in the soil and
groundwater. Groundwater TCE concentrations have been detected as high as 74 ug/L
in the eastern GSA and 240,000 mcg/L in the central GSA. Groundwater TCE plumes
have been identified in both areas. The highest preremediation concentration of TCE
in soil in the central GSA was 360,000 mcg/L. Remediation beganin 1991 asa
removal action. A Record of Decision was signed moving the cleanup to the remedial
phase.

The remedy at the eastern portion of the GSA, begun in 1991, involves groundwater
extraction using three wells and treatment using carbon adsorption. The system
originally used air sparging; however, as VOC concentrations in the groundwater
decreased, air sparging was replaced with carbon adsorption. After 6 years of
operation, the system has removed 5.1 kg of VOC mass, treated 93 million gallons of
groundwater and reduced the maximum TCE concentration in groundwater to

13 meg/L. The remedy for the central portion of the GSA included both groundwater
extraction and treatment and SVE. The groundwater system, operated since 1993, had
19 extraction wells and includes air stripping for vapors and carbon adsorption for
treatment of groundwater. After 4 years of operation, the system has removed 4.8 kg
of VOC mass, treated 787,000 gallons of groundwater, and reduced maximum TCE
levelsto 33 mcg/L. The SVE system, operated since 1993, has removed 30.5 kg of
VOC mass and reduced TCE concentrations in the soil vapor to 2 ppmv. Levels of
VOC remained above the cleanup goals as of 1997. Cyclic pumping is used to
maximize VOC mass removal efficiency from all three systems. Results of modeling
used to predict the time frame for cleanup indicated that the SVE system would
require 10 years and groundwater extraction and treatment 55 years.

micron particul ate filter
and three aqueous
phase GAC unitsin
serieswith a 50 gpm
capacity Central GSA
pump and treat (P& T)

e 19 extraction wells—
extract groundwater
and soil vapor
simultaneously

e Treatment includes
shallow tray air stripper
(50 gpm); 5-micron
particulate filter; two
vapor-phase GAC
units; air emissions
stack housed in a
portable treatment unit
Central GSA Sail
Vapor Extraction
(SVE)

e Seven extraction wells
e 2-hp vacuum pump

e Four vapor-phase GAC
unitsin series

including a cleanup goa of 5 mcg/L
for TCE. The discharge limit is 0.5
mcg/L for total VOCs.

Soil - soil vapor of 0.36 ppmv; soil
vapor remediation will continue
until; 1) it is demonstrated that VOC
removal from the vadose zoneis no
longer technically or economically
feasible and 2) the VOC inhalation
risk inside Building 875 is
adequately managed.

Results:

Maximum TCE groundwater
concentrations had been reduced
from pre-remediation levels ranging
from as high as 240,000 mcg/L at
the siteto levels of 13 meg/L
(eastern GSA) and 33 mcg/L
(central GSA) as of May 1997.
These levels are above the cleanup
goal of 5mcg/L.

Maximum TCE soil vapor
concentrations had been reduced
from a preremediation level of
450 ppmv to 2 ppmv as of May
1997, above the cleanup goal of
0.36 ppmv.

The discharge limits have been met
while the system was operating.

These costsinclude
preconstruction and construction
activities and post-construction
o&M
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TABLE C-16

EXAMPLE APPLICATION OF PUMP AND TREAT SYSTEMSFOR GROUNDWATER AT DRY CLEANERSSITES

&= Geomatrix

Site Description

Remediation Activities

Reduction Achieved

Time Frame

Cost

Site Name:
Multiple (5) Dry Cleaner Sites

Location: - Former Big B Cleaners, Warrington,
Florida

o Former Sta-Brite Cleaners, Sarasota, Florida
¢ Johannsen Cleaners, Lebanon, Oregon

o Koretizing Cleaners, Jacksonville, Florida

e NuWay Il Cleaners, Oregon
Contaminants:

Chlorinated Solvents

¢ Three of four sites contaminated with PCE and
TCE in soil and groundwater; one
contaminated with PCE only.

e Concentrationsin groundwater varied by site
ranging from 3 to 3,400 mg/L for PCE and 1
to 42 mg/L for TCE.

e DNAPLswere present or likely to be present
at four sites; LNAPL reported at one site.

e Three sites also had soil contamination, with
concentrations of PCE ranging from 76 to
37,000 mg/L. Contamination of soil with other
chlorinated VOCs, such as TCE, and VCE,
was also reported.

Type/Quantity of Media Treated:
Groundwater and Soil

e Groundwater plume areas ranged from 0.27 to
17 acres. The deepest reported plume went to
92 ft bgs. Actual treatment areas ranged from
6,000 to 150,000 cubic feet for groundwater
treatments.

Description:

Multi-phase extraction was conducted at four
drycleaner sites and pump and treat at one
drycleaner site to remediate soil and groundwater
contaminated with chlorinated solvents. The
amount of contaminant removed from the
subsurface varied by site, with as much as 215 |bs
of PCE removed at the Former Big B Cleaners
site.

Multi-phase extraction:

o Multi-phase extraction was applied at
Former Big B Cleaners; Former Sta-Brite
Cleaners; Johannsen Cleaners; and
Koretizing Cleaners

o At the Former Big B Cleaners site, the
treatment system consisted of two soil
vapor extraction (SVE) wellsinstalled in
horizontal trenches 1.5 ft in depth and
one groundwater capture well. A vacuum
of 73 inches of water was applied to the
SVE wells, resulting in an extracted air
flow rate of 102 cfm. The groundwater
well design pumping rate was 10 gpm.
The groundwater treatment system was a
packed tower air stripper. Residual VOCs
were treated with a granular activated
carbon system.

o At the Former Sta-Brite Cleaners site, the
treatment system consisted of 8 recovery
wellsinstalled to depths of 17 to 19 ft
bgs. The design vacuum of the system
was 10 inches of mercury and 70 cfm.

o At the Johannsen Cleaners Site, the
treatment system consisted of two
horizontal headers with vertical wellsto
the groundwater table. The system
removed soil vapor and groundwater
treated them using air stripping or direct
discharge to the atmosphere.

o At the Koretizing Cleaners Site, the
treatment system consisted of
seven extraction wellsto remove
groundwater and soil vapor. Groundwater
and soil vapor removed rates were 2 gpm
and 175 scfm, respectively. Extracted
vapors were treated using granular
activated carbon and extracted
groundwater was treated using alow-
profile air stripper.

Regulatory Requirements/Cleanup
Goals:

At three sites, the reported cleanup
goal for groundwater was the
drinking water MCL for PCE or TCE
(less than 0.003 mg/L ). For soil the
cleanup goals were reported as
leachability-based levels for PCE
(less than 0.03 mg/kg). No cleanup
goals were reported for the
Johannsen Cleaners site. At the Nu
Way |l Cleaners site, no numeric
cleanup goals were reported, but the
goals removal of the contaminant
source and protection or mitigation
of threats to human health and the
environment were reported.

Results:

At the Former Big B Cleaners site,
215 Ibs of PCE were removed from
the unsaturated zone, and post-
treatment PCE |levels were below
detection limits 9 of 14 samples.
Post-treatment PCE concentrations in
groundwater were not specified.

At the Former Sta-Brite Cleaners
site, an estimated 150 |bs of
contaminant mass was removed
during the first 3 months of
operation. Additional performance
data are not provided.

Treatment results were not provided
for the Johannsen Cleaners site.

At the Koretizing Cleaners site,

24 |bs of contaminant were removed,
and the concentrations of chlorinated
ethenes were reduced by
approximately 2 orders of
magnitude.

At the Nu Way Il Cleaners site,
40 Ibs of VOCs and 50 Ibs of
petroleum hydrocarbons were
removed.

e Former Big B Cleaners:
March to August, 2000
and November, 2000 to
January, 2001

e Former Sta-Brite
Cleaners. Juneto
August, 2001

¢ Johannsen Cleaners: Not
provided

o Koretizing Cleaners:
March to October, 2001

e NuWay |l Cleaners:
Three years (remediation
reported to be ongoing,
specific dates not
specified).

Reported design and implementation costs:
Former Big B Cleaners

Former Sta-Brite Cleaners

Johannsen Cleaners

Koretizing Cleaners

Nu Way |1 Cleaners

$61,000

$130,000

$60,000 to $85,000
$245,000

not specified
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TABLE C-17

EXAMPLE APPLICATIONS OF PUMP AND TREAT SYSTEM FOR CHLORINATED SOLVENTSIN GROUNDWATER AT SOLID STATE CIRCUITS SUPERFUND SITE

&= Geomatrix

Site Description

Remediation Activities

Reduction Achieved

Time Frame

Site Name: Solid State Circuits Superfund Site
L ocation: Republic, Missouri
Chlorinated solvents

e Contaminants of greatest concern at this site are TCE, 1,1-DCA,
1,1-DCE, methylene chloride, 1,1,1-TCA, and vinyl chloride

e Maximum concentration of TCE was 290,000 pg/L
Type/Quantity of Media Treated:
Groundwater

e 257 million gallons treated as of March 1997

e DNAPL suspected in groundwater on site

e Extraction wells are located in three aquifers, which are influenced
by a nearby surface water

e Groundwater is characterized as a leaky artesian system occurring
in karst formations, with three units identified at the site

e Hydraulic conductivity ranges from <0.01 to 1.62 ft/day
Description:

From 1968 through November 1973, Solid State Circuits manufactured
circuit boards and used TCE as a cleaning solvent in portions of its
manufacturing process. Since 1973, the site was occupied by a number
of tenants, including Micrographics, Inc., a photographic processing
firm. In November 1979, a fire partially destroyed the building, and the
debris was pushed into the basement under the remaining portion of
the building. In June 1982, the Missouri Department of Natural
Resources (MDNR) collected samples of water from the city's three
municipal wells and detected elevated concentrations of TCE in one
well located 500 ft from the site. In 1984, MDNR investigated the site
and found elevated levels of TCE in the fill dirt and rubble from the
basement, in a 540 ft deep well in the basement, and in shallow
groundwater outside the building. The site was placed on the NPL in
June 1986 and a ROD was signed in September 1989.

The groundwater is characterized as a leaky artesian system occurring
in karst formations, with three units identified at the site, with shallow
and deep bedrock zones extending up to 1,500 ft bgs. The groundwater
extraction system consists of seven wells, one of which is a municipal
well. Extracted groundwater is treated using air stripping. After 9 years
of operation, cleanup goals for TCE have not been achieved. Site
operators are evaluating innovative technologies to enhance the
remedial effort, such as air sparging using a horizontal well.

Pump and Treat

e Groundwater is extracted using seven
wells, four located on site and three
located off site, at an average total
pumping rate of 34 gpm.

e Three wells have depths of 90 ft bgs, two
wells of approximately 300 ft bgs, one of
600 ft bgs, and one of 985 ft bgs.

e Groundwater extracted from on-site
wells is treated with air stripping and
discharged to a POTW.

e Groundwater extracted from off-site
wells is discharged without treatment to
a POTW.

Regulatory Requirements/Cleanup
Goals:

The remedial goals for this site are to
reduce the TCE concentration in
groundwater to 5 pg/L and maintain
hydraulic control over the groundwater
contaminant plume.

Performance goals were that TCE levels
in individual discharge points to the
POTW were below 200 pg/L, and that
average water levels and pump rates
from specific wells be within specified
ranges; these latter requirements were to
ensure hydraulic containment.

Results:

TCE concentrations in some of the
wells have decreased from 1987 to
1996, and are below the cleanup goal in
one well; however, TCE concentrations
in most wells remain well above the
cleanup goal.

From March 1988 through March 1997,
2,754 Ibs of TCE were removed from
the groundwater.

Plume containment has been achieved
for this site.

Status: Ongoing

Report covers: 1993 -

3/97

Cost
Capital Cost $893,700
O&M $1,616,700
TOTAL $2,510,400

The capital cost does not include
the cost for installation of the four
deeper wells; these costs were
accounted for as part of the RI/FS.
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TABLE C-18

&= Geomatrix

EXAMPLE APPLICATION OF PUMP AND TREAT SYSTEM FOR CHLORINATED SOLVENTSIN GROUNDWATER AT SYLVESTER/GILSON ROAD SUPERFUND SITE

Site Description Remediation Activities Reduction Achieved Time Frame Cost
Site Name: Sylvester/Gilson Road Superfund Site Pump and Treat; Vertica Regulatory Requirements/Cleanup Goals: Period of Operation: g‘zp"\;a' Cost $§8;88888
L ocation: Nashua, New Hampshire \IB;arrlaEV>\(lta|;étCap; and Soil The remedial goals for this site were set as Becemger ggé through —
Contaminants: gpor extraction alternate concentration limits (ACLs) within the ecember
_ ' _ . _ e Groundwater was containment structure. ACLswere set at 10% of | (1981 through 1986 for TOTAL $29,700,000
e Chlorinated solvents; volatiles - nonhal ogenated; and heavy metals (selenium) Maximum extracted using 14 wells, | the maximum concentration detected and hydraulic control and
concentrations detected in 1980 included methylene chloride (122,500 mcg/L), chloroform (81,000 located on site, at an consisted of the following: vinyl chloride (95 1986 through 1996

mcg/L ), tetrahydrofuran (1,000,000 mcg/L ), methyl ethyl ketone (80,000 mcg/L), and toluene
(240,000 mcg/L)

Type/Quantity of Media Treated:

Groundwater

e 1.2 billion gallons treated as of December 1996

e LNAPL (toluene) observed in several monitoring wells on site
o Depth to groundwater was not provided for this site

o Extraction wells are located in three hydrogeologic units which are influenced by a nearby surface
water

e Hydraulic conductivity in the upper unit ranges from 30 to 50 ft/day
Description:

The Sylvester/Gilson Road site is a 2-acre site. Approximately 6 acres of the site were used as a sand
borrow pit for an undetermined number of years. Illegal dumping wasfirst discovered in 1970.
Although the total amount of hazardous waste disposed at the site had not been determined, documents
show that approximately 900,000 gallons of hazardous waste were discarded at the site during a 10-
month period in 1979. It was estimated that the site was used for hazardous waste disposal for 5 years.
In 1981, initial remedial investigations by the state showed high concentrations of heavy metals and
organic compounds in the groundwater under the site. A ROD for this site was sighed in July 1982 and
asupplemental ROD in September 1983. ESDs for this site were signed in July 1990 and September
2002.

The remedial application at this site consisted of a pump and treat system, vertical barrier wall, cap,
and soil vapor extraction system. Groundwater was extracted using 14 wells, located on site, and
treated with addition of chemicals, flocculation, clarification, mixed-media pressure filtration, air
stripping, and biological treatment. A slurry wall encloses the 20-acre site, and a HDPE synthetic cap
coversthe areainside the slurry wall. To address an areawith LNAPL (toluene) that was identified
partway through the application, a SVE system was installed that included 66 extraction wells. ACLs
have been attained for all contaminants except chlorobenzene, which is expected to achieve its ACL in
the near future.

According to the third 5-year review for the site, the current concern is the presence of arsenic in
groundwater, surface water, and sediments. Arsenic was not an original contaminant of concern and
was not part of the sampling strategy during pump and treat operation. The review recommended
expanding the boundaries of existing institutional controls to encompass al areas where groundwater
is contaminated with arsenic. Ecological risks due to elevated arsenic concentrations in sediments are
being evaluated.

average total pumping
rate of 265 gpm.

e Extracted groundwater
was treated with
addition of chemicals
(lime slurry),
flocculation,
clarification, mixed-
media pressure
filtration, air stripping
[at elevated temperature
(175°F)], and biological
treatment (biological
treatment was used for
only 50 of the 265 gpm
extracted).

e Treated groundwater
was reinjected on- and
off-site through recharge
trenches.

o A durry wal, 4 ft wide,
4,000 ft long, and as
much as 100 ft deep,
encloses the 20-acre
site.

e A 40-mil HDPE
synthetic cap covers the
areainside the slurry
wall.

e TheSVE system
included 66 wellsand a
boiler/incinerator for
destruction of VOCs.

mcg/L ), benzene (340 mcg/L ), chloroform
(1,505 meg/L), 1,1,2-TCA (3 meg/L), MEK
(8,000 mcg/L ), chlorobenzene (110 mcg/L),
methylene chloride (12,250 mcg/L ), toluene
(2,900 meg/L), 1,1-DCA (81 mcg/L), trans-1,2-
DCA (1,800 mcg/L), 1,1,1-TCA (200 mcg/L),
methyl methacrylate (350 meg/L), selenium (2.6
mcg/L ), and phenols (400 mcg/L).

Risk-based concentration levels were set for
groundwater outside of the containment
structure.

A performance goal for the remedial system was
to prevent the contaminant plume from further
migration.

Results:

As of December 1996, the remedial action
appeared to have attained ACLsfor all
contaminants except 1,1-DCA and 1,1,2-TCA.
In 2002, the ACL for 1,1-DCA was adjusted to
81 ug/L and 1,1,2-TCA was adjusted to 3 pg/L.
Following this adjustment, all ACLs had been
attained. As of spring 2004, ACLsfor all
contaminants continued to be met with the
exception of chlorobenzene, which was detected
dightly above its ACL of 110 ppb. According to
the most recent 5-year review (September 2004),
chlorobenzene levels are declining and are
expected to reach their ACL in the near future.

From 1986 through 1996, the system removed
approximately 430,000 Ibs of contaminants from
the groundwater.

A net inward flow into the containment structure
has been maintained, thus reducing downward
migration of contaminants. Status: Completed.

for remediation),
followed by monitored
natural attenuation.

Performance data
collected through
December 1995.
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TABLE C-19

EXAMPLE APPLICATION OF PUMP AND TREAT SYSTEM FOR CHROMIUM IN GROUNDWATER

&= Geomatrix

Remediation
Site Description Activities Reduction Achieved Time Frame Cost
Site Name: e Pump and treat Regulatory Requirements/Cleanup e Electrochemical Groundwater P&T:
(P&T) with Goals: Groundwater Pump and Capital costs of remedial

Odessa Chromium |1 Superfund Site, South Plume, OU2
L ocation: Odessa, Ector County, Texas

Contaminants:

Heavy Metals (Chromium)

Maximum concentration of chromium detected during 1986 sampling event was greater than 50 mg/L
(perched zone aquifer)

Type/Quantity of Media Treated:

Groundwater

e Groundwater isfound at 30-45 ft bgs

e Extraction wells are located in 2 aquifers, which are influenced by production wellsin the area
e Hydraulic conductivity ranges from 1.6 to 5.1 ft/day

e 121 million gallons treated as of December 1997

Description:

Basin Radiator & Supply operated aradiator repair facility at this site from 1960 to the early 1970s.
Wastewater containing chromium was discharged to unlined ponds, and waste radiator sludge containing
chromium corrosion inhibitors was buried on the site. In 1977, the TNRCC discovered elevated levels of
chromium in the groundwater during investigations conducted in response to citizen complaints of
contaminated well water. This site later became known as the Odessa Il South (S) site. The Odessa llS
site was placed on the NPL in June 1986, and a ROD was signed for the site in March 1988.

The extraction system used at this site consisted of six extraction wells constructed in the Trinity Sand
Aquifer and four extraction wellsin the Ogallala Formation. Extracted groundwater was treated with
ferrousiron (produced on sitein an electrochemical cell), pH adjustment and aeration, clarification, and
multi-media and cartridge filtration. By December 1997, al of the recovery wells had met the cleanup
goal with the exception of PRW-20 and PRW-28, located in the Perched Zone.

Ferrous sulfate was injected into PRW-20 and PRW-28 on December 4, 1998. The wells were restarted
on December 10, 1998, and sampled on aregular basis. Based on the results of the samples showing
chromium concentrations below the cleanup goal, well PRW-20 was shut off on February 20, 1999.
After 90 days of data showing chromium concentrations remaining below the cleanup goal, the well was
treated with ferrous sulfate a second time, then plugged and abandoned.

In Well PRW-28, chromium concentrations initially decreased to levels below the cleanup goal then
increased to levels above the cleanup goal. On April 30, 1999, the well was treated a second time with
ferrous sulfate. On December 10, 1999, after al wellsin the Perched Zone and Trinity Aquifer had met
the cleanup goals, the Closure Phase began. This phase included decommissioning and pressure washing
the treatment building; plugging the remaining wells; and disconnecting the utilities.

There were severa startup problems that delayed full-scale operation of the P& T system at this site,
including clogging of injection wells and encrustation of the multimediafilter by iron and calcium.
These problems were solved by modifying the P& T system.

electrochemical
precipitation of
chromium using
ferrousion

The extraction
system consisted of
four recovery wells
at adepth of 70 ft
and six recovery
wells at a depth of
165 ft.

Extracted
groundwater was
treated using ferrous
ions (produced on
siteinan
electrochemical cell)
followed by pH
adjustment,
flocculation,
precipitation, and
multimedia and
cartridge filtration.

Treated water was
injected using nine
injection wells.

121 million gallons

of groundwater
treated.

141 Ibs of chromium
removed from
groundwater.

In situ ferrous
sulfate addition

Two wellsthat did
not meet cleanup
goalsusing P& T
were treated using
ferrous sulfate.

Remediate groundwater so that chromium
levels are less than the maximum
contaminant level (MCL) or primary
drinking water standard.

Prior to 1990, the drinking water standard
for chromium was 0.05 mg/L; in 1990,
EPA revised the drinking water standard
to 0.10 mg/L.

Treated effluent that isinjected into the
aquifer must have a chromium level of
lessthan 0.10 mg/L.

Theremedial system was required to
create an inward gradient toward the site
to contain the plume.

Results:
Groundwater P& T

As of December 1997, al six wellsin the
Trinity Aquifer and two wellsin the
Perched Zone had achieved chromium
concentration less than 0.10 mg/L.

The P&T system removed atotal of 141
Ibs of chromium from the groundwater.

Effluent chromium levels met the
required performance standard of 0.1
mg/L. Therefore, injection of effluent
occurred throughout system operation.

The site operators concluded that the
plume had been contained in both
aquifers.

In Situ Ferrous Sulfate Treatment

The two wells, PRW-20 and PRW-28 that
did not meet cleanup goalsusing P& T
were treated with two rounds of ferrous
sulfate. The ferrous sulfate treatment
reduced chromium concentrations to
below the cleanup goal in both wells.

Treat, December
1993 to December 1997

In Situ Chemical
Treatment, December
1998 to April 1999

construction $1,927,502
O&M from 1993 to 1996 $560,232
TOTAL $2,487,734
In Situ Ferrous Sulfate Treatment:

The combined cost of two

treatments with ferrous sulfate

and plant operations for three

months was approximately $42,600

In 1999 dollars.
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&= Geomatrix
TABLE C-21

ESTIMATED REMEDIATION TIME FRAMESFOR HCIM ALTERNATIVESPER COC
INTERMEDIATE GROUNDWATER DEPTH INTERVAL
PSC Georgetown Facility
Seattle, Washington

Maximum
SWFS Detected Half
CUL Concentration Life Estimated Remediation Time Frames (years)*
Constituent [(Te] )] (ngl) (years) HA-1 HA-2 HA-3 HA-4 HA-5 HA-6
1,1-Dichloroethane 47 1,040 0.31 3-10 | 3-20 | 3-10 [ 3-10 | 1-10 | 1-10
1,1-Dichloroethene 25 1,380 3-10 | 3-120 | 3-10 [ 3-10 | 1-10 | 1-10
cis-1,2-Dichloroethene 165 85,400 0.58 | 225-250]225- 250 225 - 250 | 225 - 250 200 - 250 | 200 - 250
trans-1,2-Dichloroethene | 1,691 12,800 200 - 250 | 200 - 250| 200 - 250 | 200 - 250 [ 175 - 250 | 175 - 250
Tetrachloroethene 0.20 40.3 5.3 50-75 | 50-75 [ 50-75 | 50-75 | 30-75 [ 30-75
Trichloroethene 0.79 143,000 7.2 | 200- 250200 - 250 200 - 250 | 200 - 250 150 - 250 150 - 250
1,1,1-Trichloroethane 11 16.5 0.83 1-5 1-5 1-5 1-5 0-5 0-5
\VVinyl chloride 2.04 67,200 3.0 ] 250-300]250-300] 250 - 300 250 - 300 200 - 300 200 - 300
Benzene 117 73.6 1.1 5-10 | 5-10 | 5-10 [ 5-10 | 1-10 | 1-10
[Dieset 500 1,500 Biodeg? | 30-60 | 30-60 | 30-60 | 30-60 | 20-60 | 20-60
|[Ethylbenzene 7.3 2,200 1.6 20-30 | 20-30 [ 20-30 | 20-30 | 15-30 [ 15-30
L ube Qil 500 516 50-100 | 50-200 [ 50-100 | 50-100 | 30-100 [ 30- 100
Styrene 05 6.1 1.6° 10-25 | 10-25 | 10-25 | 10-25 | 7-25 | 7-25
Toluene 9.8 3,520 0.98 10-15 | 10-15 | 10-15 [ 10-15 | 7-15 | 7-15
1,2,4-Trimethylbenzene 78 475 ND* | 100-150] 100- 150 100- 150| 100- 150 | 75- 150 | 75- 150
Xylenes (Total) 141 884 1.2 5-10 5-10 5-10 5-10 1-10 1-10
Carbon disulfide 0.92 46.6 NotDet’| 5-10 | 5-10 [ 5-10 | 5-10 1-5 1-5
Cyanide 10 64.9 Biodeg | 5-10 | 5-10 [ 5-10 | 5-10 | 1-10 [ 1-10
1,2-Dichlorobenzene 14 197 ND ] 100-150]100- 150 100- 150] 100- 150] 75-150 [ 75- 150
2,4-Dimethylphenol 285 444 0.11 1-10 | 1-120 | 1-20 [ 1-10 | 1-10 | 1-10
2-Methylphenol 13 302 0.11 1-10 | 1-120 | 1-20 [ 1-10 | 1-10 | 1-10
4-Methylphenol 108 2,230 0.08 1-10 | 1-120 | 1-20 [ 1-10 | 1-10 | 1-10
Phenol 118 4,670 0.11 1-10 | 1-120 | 1-20 [ 1-10 | 1-10 | 1-10
[larsenic 0.051 17.8 ND .5
|(Barium 4 64 ND
|[Chromium 10 76 ND
|[Copper 3.1 25.3 ND
|tron 1,000 75,000 ND
|lLead 25 7.13 ND
|[Manganese 100 268
|[Nickel 8.2 67.2 ND
[[Vanadium 20 41 - - - - . -

Notes:

1. Remediation time frames estimated based on: (1) COC half lives (when available); (2) ratio of maximum detected
concentration to CUL; (3) performance of remediation technologies at sites similar to the HCIM Area
Only constituents that have been detected in the water table/shallow groundwater depth interval above the cleanup level in the
HCIM Areaarelisted in the table.

. Biodeg. = literature sources indicate constituent biodegrades under anaerobic conditions; however, biodegradation rates
were only identified for aerobic conditions.

. No available half lifedata. Half lives are based on available data for similar compound.

. ND = No degredation

. Not Det. = Not determined. No suitable data identified; degradation rate could not be determined.

. --- = limited or no mass reduction, cleanup levels unlikely to be obtained

N
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APPENDIX D
MONITORED NATURAL ATTENUATION OF METALSUNDER MTCA
PSC Georgetown Facility
Seattle, Washington

1.0 INTRODUCTION

Under the Model Toxics Control Act (MTCA), monitored natural attenuation (MNA) is
considered an active remedial measure if certain conditions are met. MNA, either as a stand-
alone measure or in combination with other remedial measures, is a component for the Outside
Areaof all remedia alternatives for organic and inorganic (metals) constituents of concern
(COCs) evaluated in Technical Memorandum No. 5. This appendix evaluates the application
of MNA to metals COCs in the context of MTCA requirements.

20 MTCA REQUIREMENTSAND DEFINITIONS

Natural attenuation is defined in Chapter 173-340-200 Washington Administrative Code
(WAC) asfollows: “natural attenuation means a variety of physical, chemical, or biological
processes that, under favorable conditions, act without human intervention to reduce the mass,
toxicity, mobility, volume, or concentration of hazardous substances in the environment. These
in situ processesinclude: Natural biodegradation; dispersion; dilution; sorption; volatilization;
and, chemical or biological stabilization, transformation, or destruction of hazardous
substances.” This chapter goes on to state that “a cleanup action that includes natural
attenuation and conforms to the expectation in WAC 173-340-370(7) can be considered an
active remedial measure.”

Chapter 173-340-370 (7) WAC sets forth conditions under which MNA may be considered as
part of aremedial action. Specifically, “(t)he department expects that natural attenuation of
hazardous substances may be appropriate at sites where: () Source control (including removal
and/or treatment of hazardous substances) has been conducted to the maximum extent
practicable; (b) Leaving contaminants on site during the restoration time frame does not pose
an unacceptabl e threat to human health or the environment; (c) Thereis evidence that natural
biodegradation or chemical degradation is occurring and will continue to occur at a reasonable
rate at the site; and (d) Appropriate monitoring requirements are conducted to ensure that the
natural attenuation processis taking place and that human health and the environment are
protected.”
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It is aso important to note that Ecology does not consider MNA a“model remedy” under
Chapter 173-340-390 WAC. Assuch, selection of MNA as a component of remedial action at
the site requires completion of afeasibility study under Chapter 173-340-350(8) WAC,
including screening and evaluation of alternatives.

3.0 NATURAL ATTENUATION OF METALS

In comments on Technical Memorandum No. 4, Ecology requested an explanation of the
mechanism by which MNA would reduce metals COC concentrations to cleanup levels and an
estimate of the associated remediation time frame. Technical Memorandum No. 1 provided a
lengthy discussion of the geochemical processes (primarily oxidation-reduction [redox]
reactions) that are affecting the fate and transport of metals downgradient of the facility. Redox
conditions in the area are controlled partially by the natural aguifer geochemistry and this
naturally reducing condition isincreased by the biodegradation of organic COCs released from
the PSC facility and other downgradient sources. Biodegradation of organic COCsresultsin
stronger reducing conditions than occur under natural aguifer conditions. These reducing
conditions result in the mobilization and transport of metals and, therefore, stronger reducing
conditions resulting from COC biodegradation increase the mobility of the metals. The metals
most sensitive to redox conditions are arsenic, iron, and manganese, which are also the metals
with the most wide-spread distribution within the SWFS study area at concentrations greater
than cleanup levels.

Downgradient of the PSC facility (the source areafor releases of organics), concentrations of
COCs are decreasing due to biodegradation, dilution, and sorption of the organic source
materials. Asthe organic COC concentrations decrease, the effects of biodegradation on redox
conditions also decrease. In these areas, redox conditions rebound toward natural aquifer
conditions (more oxidizing conditionsO, which in turn results in a decrease in metals mobility.
Asdiscussed in Technical Memorandum No.1, under moderately oxidizing conditions iron will
form insoluble oxide and oxyhydroxide compounds, which precipitate on aguifer mineral
surfaces. Metals such as arsenic, chromium, copper, lead, selenium, and zinc are strongly
adsorbed to the iron oxides and oxyhydroxides, with near complete adsorption occurring at pH
valuesin the range of 6 to 8.

The redox-controlled precipitation and coprecipitation reactions are the primary mechanisms by
which natural attenuation of metalsis expected to occur downgradient of the facility. More
oxidizing conditions necessary to support natural attenuation of metals COCs will be achieved
by decreasing the concentrations of organic COCs that are currently biodegrading and
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producing reducing redox conditions. Since metals in the area downgradient of the PSC
facility are not aresult of arelease of metals but are aresult of the change (increase) in
reducing conditions related to breakdown of organic COCs, the remediation of metals COCs
through natural attenuation is directly dependent on remediation of the organic COCs. As such,
the remediation time frame for the metals is expected to generally coincide with the
remediation time frame for organic COCs. Technical Memorandum 1 outlined the remediation
time frames for organic COCs based on biodegradation modeling.

4.0 MNA OF METALSUNDER MTCA

Ecology has also requested a discussion of the suitability of MNA for inorganic COCs under
MTCA. Asdiscussed above, application of MNA as aremedial measure at a site may be
appropriate if the following conditions specified in Chapter 173-340-370 (7) WAC are met:

o afeashbility study is completed under Chapter 173-340-350(8) WAC,;
e source control is conducted to the maximum extent practicable;

e contaminants left on site during the restoration time frame do not pose an
unacceptable threat to human health or the environment;

e natural biodegradation or chemical degradation is occurring and will continue to
occur; and

e monitoring is conducted to ensure that the natural attenuation is taking place and
that human health and the environment are protected.

Each of these requirements is addressed in the following sections.

4.1 FEASIBILITY STUDY

Technical Memoranda Nos. 1 through 5 address the requirements specified in Chapter 173-
340-350(8) WAC for completing afeasibility study, including screening and evaluation of
alternatives. Ecology approved Technical Memorandum No. 4 which proposed final
aternatives for the SWFS. Based on the Technical Memorandum No. 4 feasibility study
screening and evaluation, MNA of metals and organic COCs was identified as an applicable
remedy at the site.

4.2 SOURCE CONTROL

Based on site history and use, releases of metals-containing wastes may have occurred at the
PSC facility; however, the available soil analytical data do not indicate any apparent soil source
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areas for metals. Asdiscussed in Technical Memorandum No. 1, the metals (arsenic, iron,
manganese) with the most wide-spread distribution in groundwater at concentrations above
cleanup levels appear to occur partially or entirely due to dissolution from the aquifer matrix,
rather than as aresult of ametals release at the facility. This*“release” of metals from aquifer
materialsis due to geochemical conditions in the aquifer resulting from biodegradation of
organic COCs.

Source area controls for metals COCs in groundwater that may be derived from potential
metal s rel eases at the facility include capping/cover of soils at the facility and maintenance of
the HCIM barrier wall. Remedial actions that decrease organic COC concentrationsin
groundwater and, in turn, alter the geochemical conditions that result in “releases’ of metals
from the agquifer matrix, would serve effectively as source area controls for arsenic, iron, and
manganese.

4.3 UNACCEPTABLE THREAT TO HUMAN HEALTH OR THE ENVIRONMENT

The only current exposure pathway for metals-impacted groundwater is discharge to the
Duwamish Waterway. Asdiscussed in Technical Memorandum No. 1, groundwater
monitoring data indicate that, with the exception of arsenic, iron, and manganese, metals are
currently attenuated to below cleanup levels by approximately 6th Avenue South and all metals
are unlikely to reach the Duwamish Waterway at concentrations greater than cleanup levels.
Arsenic, iron, and manganese concentrations exceed cleanup levels farther downgradient than
the other metals, and elevated concentrations generally correspond to reducing geochemical
conditions associated with the organic COC plumes. The concentration and mobility of
arsenic, iron, and manganese are strongly affected by geochemical conditions, with higher
concentrations and greater mobility associated with reducing conditions. Under oxidizing
conditions, iron will precipitate out of solution as insoluble oxide and oxyhydroxide
compounds, while arsenic and other metals will co-precipitate with the iron minerals,
effectively immobilizing these metals. High concentrations of arsenic, iron, and manganese are
not expected to persist downgradient of the reducing conditions associated with the organic
COC plumes. MNA and other remedial actions designed to address organic COC
concentrations will shrink the associated area of reducing conditions downgradient from the
facility, limiting further downgradient migration of metals toward the waterway. Based on this,
MNA of metalswill be protective of human health and the environment.
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4.4 EVIDENCE NATURAL BIODEGRADATION OR CHEMICAL DEGRADATION
Biodegradation is generally not considered in evaluating natural attenuation of metals species.
The term “chemical degradation” is not defined in MTCA; however, the definition of natural
attenuation processes in Chapter 173-340-200 WAC includes chemical “stabilization,
transformation, or destruction of hazardous substances’. As discussed in Technical
Memorandum No. 1 (Geomatrix, 2006a), chemical transformation and stabilization of metals
from more mobile (e.g., ferrousiron) and toxic (e.g., arsenite or HAsOs") reduced metals
species to less mobile (e.g., ferric iron) and less toxic (e.g., arsenate or H,AsO,) oxidized
metal s species is occurring downgradient of the facility in response to changes in geochemical
conditions. Under more oxidizing conditions, metals such asiron, manganese, and arsenic are
far less mobile and, in the case of arsenic species, lesstoxic. Additionally, under moderately or
highly oxidizing conditions, dissolved iron will precipitate as insoluble oxide and oxyhydroxide
compounds. Other metals such as arsenic, chromium, copper, lead, selenium, and zinc co-
precipitate with the iron-containing minerals and are effectively immobilized.

4.5 APPROPRIATE MONITORING

All aternatives include comprehensive groundwater quality monitoring programs to ensure the
effectiveness of the final selected remedial alternatives. Monitoring will be maintained until
aquifer conditions meet cleanup levelsfor al COCs.
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