
 

 

April 27, 2015 

Mr. Ed Jones 
Washington State Department of Ecology, NWRO 
3190 160th Avenue SE 
Bellevue, Washington  98008-5452  

Re: West of 4th Site Agreed Order #DE10402 
Revised Technology Screening FS Technical Memorandum 
 

Dear Mr. Jones: 

Please find enclosed the revised Technology Screening FS Technical Memorandum. This report 
was prepared by Pacific Groundwater Group on behalf of the four potentially liable persons (PLPs) 
[Art Brass Plating, Blaser Die Casting, Capital Industries, and PSC Environmental Services, LLC] 
identified by Ecology in the Agreed Order #DE10402 for the West of 4th Site. 

Sincerely, 

Aspect consulting, LLC 

 
 
 
 
Dana Cannon, LHG 
W4 Project Coordinator 
dcannon@aspectconsulting.com 

Attachments: Revised Technology Screening FS Technical Memorandum 
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Technical Memorandum 

To: Ed Jones, Department of Ecology, NWRO 

From: Pacific Groundwater Group 

Cc: Blaser Die-Casting, Inc.  
Burlington Environmental, LLC and Pacific Crest Consulting, LLC  
Capital Industries, Inc. and Farallon Consulting, LLC  
Art Brass Plating, Inc. and Aspect Consulting, LLC 

Re: Revised Technology Screening Memo – W4 Feasibility Study  
W4 Joint Deliverable 

Date: April 27, 2015 

This draft Technology Screening Memorandum was prepared on behalf of the four potentially 
liable parties (PLPs) [Art Brass Plating (ABP), Blaser Die Casting (BDC), Capital Industries 
(CI), and PSC Environmental Services, LLC1 (PSC)] identified by the Washington State De-
partment of Ecology (Ecology) in Agreed Order (AO) No. DE10402 for the West of 4th (W4) 
Site. The AO requires the four PLPs (the W4 Group) to complete a Feasibility Study (FS) and 
prepare a draft Cleanup Action Plan (dCAP) for the W4 Site. The environmental consultants ad-
dressing technical aspects of the FS and dCAP on behalf of the W4 Group (W4 Consultants) are: 
Aspect Consulting (Aspect) for ABP; Farallon Consulting (Farallon) for CI; Pacific Groundwater 
Group (PGG) for BDC; and Pacific Crest Environmental (Pacific Crest) for PSC. 

The purpose of this memo is to evaluate a range of potentially applicable remedial technologies 
that have been proven effective in settings similar to W4 Site Units 1 (SU1) and 2 (SU2) (Figure 
1). This memo:  

 Identifies general and site-unit-specific remedial action objectives; 

 Identifies applicable local state and federal laws (ARARs) as in WAC 173-340-710; 

 Identifies and screens applicable technologies; 

 Concludes with a list of candidate technologies to be considered for (or as) remedial 
alternatives in the Feasibility Study (FS). 

This memo uses tables to organize and screen technologies.  

                                                      
1 Burlington Environmental, LLC is a wholly-owned subsidiary of PSC Environmental Services, LLC which is a 
wholly-owned subsidiary of Stericycle Environmental Solutions, Inc., hereafter referred to in this document as 
“Stericycle” for simplicity.     
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CONSTITUENTS OF CONCERN 

Potentially applicable technologies will be evaluated based on their effectiveness to address con-
stituents of concern (COCs) in the W4 area. COCs include: 

 Volatile organic compounds (VOCs) (SU1 and SU2), including chlorinated COCs, 
tetrachloroethene (PCE), trichloroethene (TCE), dichloroethenes (DCE), and vinyl 
chloride;  

 Semi-volatile organic compounds (SVOCs) including1,4-dioxane (groundwater on-
ly); 

 Metals (SU1 and SU2): iron, manganese; and  

 Metals (SU1): arsenic, barium, copper, nickel, zinc. 

The presence of 1,4-dioxane-contaminated groundwater at the Site is due to the migration of 
contaminated groundwater originating from areas east of 4th Avenue South, and not from a re-
lease west of 4th Avenue South.  Remedial actions focused on the reduction of concentrations of 
this COC at both the Site and areas east of 4th Avenue South will be planned and conducted un-
der Agreed Order No. DE 7347.  Therefore, addressing 1,4-dioxane is not a specific objective of 
the W4 FS (Ecology, 2014). However, the W4 FS will discuss beneficial or adverse effects of the 
technologies included in the cleanup alternatives on 1,4-dioxane, including potential impacts on 
remedial actions being conducted east of 4th Avenue South. 

REMEDIAL ACTION OBJECTIVES 

General remedial action objectives (RAOs) for the W4 area include reducing concentrations of 
COCs to acceptable levels. Acceptable levels are the preliminary cleanup levels (PCULs) for 
each media, as defined in either the Revised Preliminary Site Cleanup Standards Technical 
Memorandum or in an interim mitigation measure plan to reduce exposure to levels protective of 
receptors (Farallon, 2014a). Acceptable levels of risk are the risks and/or hazard quotients corre-
sponding to these preliminary media cleanup levels.2  General site-wide RAOs include: 

 RAO 1: Reduce soil COC concentrations posing a potentially unacceptable direct 
contact health risk to acceptable levels.  Or, if this is not practicable, reduce risks as-
sociated with contacting surface or subsurface soils to acceptable levels through the 
use of institutional controls or engineered barriers.  

 RAO 1A: Reduce soil COC concentrations posing a potentially unacceptable health 
risk via dust inhalation to acceptable levels.  Or, if this is not practicable, reduce risks 
associated with inhaling contaminated dust to acceptable levels through the use of in-
stitutional controls or engineered barriers.  

                                                      
2 In general, each preliminary cleanup level corresponds to a risk no higher than 1E-5 and a hazard quotient equal to 
or less than 1. 
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 RAO 2: Reduce soil and shallow groundwater VOC concentrations posing a poten-
tially unacceptable vapor intrusion health risk to acceptable levels.  Or, if this is not 
practicable, reduce risks associated with inhaling contaminated indoor air to accepta-
ble levels through the use of institutional controls or engineered controls.  

 RAO 3: Within a reasonable timeframe, reduce soil and groundwater COC concentra-
tions posing a potentially unacceptable health risk to human and ecological surface 
water receptors to acceptable levels.  Or, if this is not practicable, reduce the health 
risks associated with COC exposure to acceptable levels through the use of institu-
tional controls or engineered barriers.  

 RAO 4: Reduce COC concentrations in groundwater discharging to surface water to 
acceptable levels.   

RAOs specific to SU1 and SU2 are discussed below in the context of the site conceptual model 
(Aspect, 2014b). Depending on location and local conditions, the RAOs may be achieved by ex-
isting conditions, by implementation of remediation technologies, or implementation of engi-
neered barriers and/or non-engineered institutional controls. Where cleanup levels are referred to 
in the SU1 and SU2 RAO discussions below, they reference the Preliminary Site Cleanup Stand-
ards (Farallon, 2014). 

SITE UNIT 1 REMEDIAL ACTION OBJECTIVES 

The nature and extent of contamination in SU1 is described in previous reports (Aspect, 2012; 
2014a) and a brief summary is provided below, by media. RAOs in SU1 include addressing im-
pacted soil, groundwater, surface water, sediment, and air.  

Soil 

Areas where vadose zone soils exceed PCULs include, by exposure pathway: 

 Direct contact pathway: Soil under the ABP facility for TCE; 
 Surface water pathway: Soil under the ABP Facility for TCE, vinyl chloride, copper, 

nickel, zinc. Soil in the adjacent 3rd Avenue South right-of-way immediately west of the 
ABP Facility for nickel only; and 

 Air pathway: Soil under the ABP Facility for TCE and vinyl chloride. 
 
RAOs for soil in SU1 are: 

 Direct Contact Pathway:  
o SU1 RAO-1A, Reduce concentrations of COCs in soil to meet Model Toxics 

Cleanup Act (MTCA) Method B direct contact PCULs at the point of compliance 
within a reasonable time; or  

o SU1 RAO-1B, Use engineering controls to protect receptors from directly con-
tacting soils with concentrations of COCs exceeding direct contact PCULs. 

 Surface Water Pathway:  
o SU1 RAO-2, Reduce or immobilize concentrations of COCs in soil such that 

MTCA Method B surface-water protection cleanup levels in groundwater are met 
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at the conditional point of compliance (Art Brass Property boundary or adjacent 
right-of-way) within a reasonable time. 

 Air Pathway: 
o SU1 RAO-3A, Reduce concentrations of COCs in soil to meet MTCA Method B 

cleanup levels protective of indoor and outdoor air quality; or 
o SU1 RAO-3B, Use engineering controls to protect receptors. 

 
Remediation levels may be identified in the FS Report. The FS Report will discuss why such 
levels were used, how they would be used during Site cleanup, and how the PLPs derived these 
levels. 

Groundwater 

Environmental investigation data show the downgradient migration of TCE and its degradation 
products DCE and vinyl chloride via groundwater flow exceeding PCULs in the Water Table, 
Shallow, and Intermediate Intervals. Historical release of plating solutions has resulted in de-
pressed pH and concentrations of copper, nickel, and zinc in groundwater exceeding PCULs be-
neath, and in close proximity to, the ABP Facility. As illustrated in nature and extent figures 
from the Site Conceptual Model Plan (Aspect 2014a), the following provides an overview of 
where COCs exceed PCULs in groundwater in SU1. 

 COCs exceeding Groundwater PCULs Protective of Surface Water are as follows:  

o Water Table Interval: TCE and nickel exceedances are on the ABP property and 
extend approximately 250-300 feet southwest of ABP. Zinc and copper exceed-
ances are primary on and immediately downgradient of the ABP property. Local-
ized copper exceedances have also been detected at the intersection of Findlay 
and 2nd Avenue South. Manganese concentrations exceed surface water criteria 
throughout SU1. Arsenic exceeds the PCUL at well MW-9 west of 3rd Avenue 
South. 

o Shallow Interval: TCE exceedances extend downgradient of the ABP property to 
the Lower Duwamish Waterway (Waterway). Vinyl chloride exceedances are up-
and downgradient of the ABP property from east of 4th Avenue South to the Wa-
terway. Nickel exceedances extend approximately 250 feet southwest from the 
ABP property. Manganese concentrations exceed surface water criteria through-
out SU1. 

o Intermediate Interval: TCE and vinyl chloride exceedances extend from 2nd Ave-
nue South past East Marginal Way South but data indicates that it does not extend 
to the Waterway at this Interval. Localized copper exceedances have also been de-
tected at well MW-16-75 (100 feet north of Orcas Street and 2nd Avenue South). 
Manganese concentrations exceed surface water criteria throughout SU1. 

 TCE exceeding Groundwater PCULs Protective of air for unrestricted land use in the 
Water Table Interval on the ABP property, extending approximately 300 feet southwest 
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of ABP. Probe data indicate that vinyl chloride contamination may be present between 
Marginal Way and the Waterway.  

RAOs for groundwater in SU1, by pathway, are: 

 Surface Water Protection: 

o SU1 RAO-4A, Reduce COC concentrations to achieve either natural background3 
or Method B surface water criteria at and downgradient of the conditional point of 
compliance (the ABP Property boundary or adjacent right-of-way), within a rea-
sonable restoration time frame if practicable. As stated in WAC-173-340-720(8), 
the PLP “shall demonstrate that all practicable methods of treatment are to be 
used in site cleanup” when proposing a conditional point of compliance; and   

o SU1 RAO-4B, Protect waterway receptors until either natural background or 
Method B surface water criteria are achieved in groundwater discharging to the 
Waterway.  

 Air Protection: 

o SU1 RAO-5A, Reduce VOC concentrations in the water table interval to meet 
Method B VI-based groundwater PCULs at and downgradient of the CPOC (ABP 
property boundary or adjacent right-of-way).  

o SU1 RAO-5B, Apply engineered controls to protect receptors until VI-based 
Method B PCULs are attained.  

Remediation levels may be identified in the FS Report. The FS Report will discuss why such 
levels were used, how they would be used during Site cleanup, and how the PLPs derived these 
levels. 

Air 

Soil and groundwater concentrations in SU1 exceed cleanup levels protective of air. The RAO 
for air (SU1 RAO-6) will be reduction of soil and groundwater concentrations to below cleanup 
levels protective of air quality. Interim vapor intrusion measures and monitoring are discussed in 
the Revised Vapor Intrusion Assessment, Monitoring and Mitigation (VIAMM) memo (Farallon, 
2015). 

Surface Water/Sediment 

Investigation data from SU1 has confirmed that the chlorinated COCs plume has reached the 
Duwamish Waterway. Porewater data for vinyl chloride only exceeds cleanup standards for pro-
tection of surface water. 

RAOs for pore water discharge in SU1 include: 

                                                      
3 The concept of natural background applies to inorganic COCs. 
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 SU1 RAO-7A, Reduce pore water COC concentrations to achieve either natural 
background or Method B surface water criteria. 

 SU1 RAO-7B, Reduce or control groundwater concentrations to prevent sediment 
contamination. .  

SITE UNIT 2 REMEDIAL ACTION OBJECTIVES 

Multiple commingled VOC groundwater plumes are present in SU2 (Aspect, 2014b). Details of 
the nature and extent of contamination in SU2 are described in previous Remedial Investigation 
reports (PGG, 2012; Farallon, 2012). RAOs in SU2 include addressing impacted soil, groundwa-
ter and air. The following sections present the RAOs for each media of concern. 

Soil 

Areas where vadose zone soil exceeds PCULs4, by exposure pathway include: 

 Surface water pathway: surface water is not impacted in SU2 although soil VOC concen-
trations above levels protective of groundwater are present in SU2; and 

 Air pathway: remaining soil beneath Blaser and Capital Industries Plant 2 and 4 for TCE. 
 
RAOs for soil in SU2 are: 

 Surface Water Pathway:  
o SU2 RAO-1, Maintain compliance with MTCA Method B soil cleanup levels pro-

tective of groundwater concentrations protective of surface water, or reduce the 
soil leaching to groundwater pathway to acceptable levels. 

 Air Pathway: 
o SU2 RAO-2A, Reduce VOC concentrations in soil to meet MTCA Method B 

cleanup levels protective of indoor and outdoor air quality; or 
o SU2 RAO-2B, Use engineering controls to protect receptors. 

 
Remediation levels may be identified in the FS Report. The FS Report will discuss why such 
levels were used, how they would be used during Site cleanup, and how the PLPs derived these 
levels. 

Groundwater 

Environmental investigation data show the releases at the Blaser and Capital Industries facilities 
have resulted in downgradient migration of TCE and its degradation products DCE and vinyl 
chloride in groundwater with exceedances of one or more of the PCULs in the Water Table, 
Shallow, and Intermediate Intervals. As illustrated in nature and extent figures from the Site 
Conceptual Model Plan (Aspect 2014a), the following provides an overview of where COCs ex-
ceed PCULs in groundwater in SU2. 

                                                      
4 Soils do not exceed direct contact pathway criteria in SU2, therefore there is no RAO associated with the direct 
contact pathway. 
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 COCs exceeding Groundwater PCULs Protective of Surface Water are as follows:  

o Water Table Interval: TCE and daughter products exceed at the Blaser facility and 
are commingled with a plume at the Capital Plant 2 facility, together extending as 
a groundwater plume approximately 1,100 feet to the vicinity of 1st Avenue 
South. A second plume of PCE and TCE extends approximately 500 feet down-
gradient from the area proximate to Capital Plant 4. Groundwater exceedances do 
not extend to the Waterway in SU25. 

o Shallow Interval: TCE exceedances are present in the vicinity of Olympic Medi-
cal building and extending to East marginal Way. Vinyl chloride exceeds PCULs 
extending from east of 4th Avenue South to downgradient of 1st Avenue. 

o Intermediate Interval: Vinyl chloride exceedances extend from 4th Avenue South 
to 3rd Avenue South and from Capital Plant 2 to East Marginal Way. 

 TCE exceeding Groundwater PCULs Protective of air for unrestricted land use in the 
Water Table Interval on the Blaser and Capital Industries properties, extending approxi-
mately 1,300 feet southwest of the Blaser facility and 500 to 700 feet southwest of Capi-
tal Industries. 

RAOs for groundwater in SU2, by pathway, are: 

 Surface Water Protection: 

o SU2 RAO-3A, Reduce COC concentrations to achieve Method B surface water 
criteria or natural background at the point of compliance within a reasonable res-
toration time frame if practicable; and   

o SU2 RAO-3B, Protect waterway receptors by ensuring that groundwater discharg-
ing to the Waterway continues to contain COCs below or Method B surface water 
criteria.  

 Air Protection: 

o SU2 RAO-4A, Reduce COC concentrations in the Water Table Interval to meet 
Method B VI-based groundwater PCULs at and downgradient of the Blaser and 
Capital Industries facilities.  

o SU2 RAO-4B, Apply engineered barriers and non-engineered institutional con-
trols to protect receptors until VI-based Method B PCULs are attained.  

Remediation levels may be identified in the FS Report. The FS Report will discuss why such 
levels were used, how they would be used during Site cleanup, and how the PLPs derived these 
levels. 

                                                      
5 There have been historic and recent detections of COCs immediately upgradient of Slip 2 that are not necessarily 
related to releases from the W4 PLPs. 
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Air 

Soil and groundwater concentrations in SU2 exceed cleanup levels protective of air. The RAO 
for air (SU2 RAO-5) will be reduction of soil and groundwater concentrations to below cleanup 
levels protective of air quality. Interim vapor intrusion measures and monitoring are discussed in 
the Revised Vapor Intrusion Assessment, Monitoring and Mitigation (VIAMM) memo (Farallon, 
2015). 

ARAR EVALUATION 

WAC 173-340-7106 lists general requirements for complying with applicable local, state, and 
federal laws (Applicable or Relevant and Appropriate Requirements [ARARs]) applicable to 
cleanup actions under MTCA. ARARs applicable to cleanup actions often include various con-
struction-related permits, air emission requirements, water discharge requirements, offsite-
disposal requirements including both solid waste and highway department transport regulations, 
and other issues related to impacts in and around the site. For cleanup actions conducted under 
Agreed Order or Consent Decree, certain permit requirements may be waived while maintaining 
the requirement to meet the standards in the applicable ARARs (WAC 173-340-710(9)).  

For the purposes of this technology screening memo, specific elements of ARARs applicable to 
individual remedial technologies will be discussed where they are relevant to technology reten-
tion or rejection. For example, contaminated soil transport and disposal ARARs can be deciding 
factors in excavation-based technologies, but are typically not relevant for natural attenuation-
based technologies. 

Once a set of preferred cleanup actions is selected and approved by Ecology for the Site, a State 
Environmental Policy Act (SEPA) checklist will be completed and Ecology will make a SEPA 
threshold determination.  Typically this occurs prior to soliciting public comment on the draft 
Cleanup Action Plan (CAP).  The public is then asked to comment on both the proposed CAP 
and the threshold determination.  

SELECTION OF CLEANUP ACTIONS UNDER MTCA 

MTCA establishes a required framework for the selection of cleanup alternatives under WAC 
173-340-360 and -370. The framework’s criteria emphasize the adoption of alternatives that are 
permanent to the extent practicable, protective of human health and the environment, are verifia-
ble through monitoring, and achieve cleanup objectives in a reasonable timeframe. Where multi-
ple cleanup actions are considered, MTCA requires that a disproportionate cost analysis (DCA) 
be performed. The DCA is used to determine whether a cleanup action alternative uses perma-
nent solutions to the maximum extent practicable, and requires a comparison of the costs and 
benefits of the competing remedial alternatives. 

                                                      
6 http://app.leg.wa.gov/WAC/default.aspx?cite=173-340-710. 
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Evaluated cleanup actions for the W4 Site will include combinations of remediation technologies 
to address the multiple potential exposure pathways and feasibility constraints in different por-
tions of SU1 and SU2. The ranking and selection of cleanup alternatives developed from combi-
nations of remediation technologies will be consistent with the MTCA criteria and presented in 
the forthcoming Alternatives Development Memos and FS reports for SU1 and SU2. Individual 
remediation technologies will be evaluated here in light of their technical applicability and limi-
tations, and ability to fulfill RAOs. 

POTENTIALLY APPLICABLE REMEDIATION TECHNOLOGIES 

Various remediation technologies have proven effective at reducing the COCs present at the W4 
Site. The following sections describe the initial screening process used to assess available tech-
nologies for applicability to the W4 Site. As presented in Table 1, the potentially applicable re-
mediation technologies include in-situ and ex-situ methods to destroy, remove, or contain the 
COCs. The relationship of applicable technologies to general and site-unit specific RAOs is 
summarized in Table 1. The cost-effectiveness of technology implementation depends on the 
method of application. Therefore, cost-effectiveness is discussed in technology screening if typi-
cal implementation of a technology is expensive for a given result, or only cost-effective in spe-
cific configurations. Those remediation technologies considered applicable will be advanced to 
the detailed evaluation in the FS.  

IN-SITU TECHNOLOGIES 

In-situ remediation technologies use physical and/or chemical processes to promote degradation 
or destruction of the COCs directly in the subsurface. The sections that follow present potential 
in-situ remediation technologies applicable to the cleanup of COCs at the W4 Site. 

Air Sparge/Soil Vapor Extraction 

Air Sparge/Soil Vapor Extraction (AS/SVE) is a combined in-situ vadose zone and saturated 
zone remediation technology. AS/SVE removes VOCs by flushing air through the contaminated 
media and extracting the VOCs from the subsurface where they are collected for off-site dispos-
al, treated on-site, or discharged to the ambient air when concentrations of VOCs are within 
permissible concentrations.  

AS wells inject air below a contaminated zone. The injected air travels horizontally and vertical-
ly through the soil column, creating a “stripping effect” that removes contaminants by volatiliza-
tion. The injected air transports contaminants up to the vadose zone where they are removed by a 
SVE system.  The SVE component consists of an applied vacuum in the vadose zone to both re-
move VOCs from vadose zone soil and capture VOCs generated by the injection of air into the 
saturated zone by AS. AS/SVE systems typically require hundreds to thousands of pore-volumes 
of air to pass through a contaminated interval to achieve remediation goals.  

The effectiveness of AS can be limited by heterogeneities in the subsurface or preferential air 
channelization, both of which reduce efficiency and the ability to meet the RAOs. Silt layers at 
the W4 Site would preclude effective implementation of AS in the shallow and intermediate in-
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tervals, and portions of the WT interval through much of SU1 and SU2, mitigating air flow and 
resulting in preferential pathways limiting treatment of VOCs in the lower permeability silt lay-
ers. AS design and feasibility would include evaluation of the distribution of silt layers in the 
subsurface, and potential impacts on air flow pathways and matrix diffusion effects. 

The application of SVE technologies at the W4 Site is limited by the shallow groundwater that is 
less than 10 feet below the ground surface on average throughout the W4 Site.  Use of vertical 
SVE wells would be limited by the vacuum that could be applied without also extracting signifi-
cant volumes of groundwater reducing the ability of SVE to extract VOCs from lower permeabil-
ity silty soils.  Horizontal SVE trenches or low vacuum applications would likely be necessary.  
The radius of influence of the SVE system would need to be examined to also ensure that VOC 
vapors generated by the application of AS can be effectively captured without resulting in migra-
tion of VOCs to air.  SVE systems can be designed to mitigate VI similar to the function of sub-
slab depressurization systems. 

The infrastructure for AS/SVE systems can be intrusive at some sites including installation of 
multiple wells with trenching networks and mechanical/electrical systems. Off-gas treatment is 
typically included to limit emissions and meet Puget Sound Clean Air Agency discharge crite-
ria7, depending upon VOC concentrations generated. Water extracted by the SVE system also 
requires a storage tank(s) where it may be stored then treated and discharged, or transported off-
site for treatment and disposal. 

The injection of oxygen into the aquifer may shift the oxidation-reduction potential of the aquifer 
chemical environment towards more oxidizing conditions. This will reduce the mobility of most 
metals species, similar to the much stronger effects induced by introduction of oxidants (see be-
low). These chemical effects are likely to be restricted to the treatment area and return to back-
ground oxidation state after system shutdown. 

AS/SVE can be a cost-effective technology when the site has favorable geologic conditions and a 
well-defined source area. However, AS/SVE may have reduced cost effectiveness later in system 
operation when contaminant mass and dissolved concentrations have been reduced and the per-
formance is dominated by back-diffusion in aquifer materials rather than volatilization. There-
fore, implementation of AS/SVE should have realistic expectations for shut-down criteria for 
cost-effective implementation. 

An AS/SVE system is currently operational at the ABP Facility in SU1 and SVE without AS was 
used by Stericycle at their former facility located east of 4th Avenue South.  At the ABP facility, 
the limitations of these technologies were confirmed and while AS/SVE significantly improved 
groundwater quality, the technologies did not meet the RAOs for soil or groundwater.  Due to its 
proven effectiveness and potential for this technology to remediate VOCs while providing pro-
tection from vapor intrusion, AS/SVE has been retained as a remediation technology for the W4 
Site.  

                                                      
7 While remedial actions conducted under agreed orders are exempt from many permitting processes, the substantive 
requirements of the discharge permits would still apply. 
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In-Situ Chemical Oxidation 

In-situ chemical oxidation (ISCO) is a permanent remediation technology that converts organic 
COCs to non-hazardous or less toxic compounds that are more stable, less mobile, and/or inert 
through resulting chemical reactions with the selected oxidation agent injected into soil and 
groundwater. Oxidants react with the organic COCs and produce substances such as carbon diox-
ide and water. Oxidizing agents include ozone, hydrogen peroxide, permanganate, and persul-
fate. These oxidants can cause the rapid and complete chemical destruction of many organic 
chemicals. Oxidants are often introduced to the subsurface through injection wells, direct-push 
injection points, sparge points, circulation wells, or infiltration galleries. ISCO technologies can 
be applied to both the vadose and saturated zones, though some reactants are not applicable in 
the vadose zone due to chemical or application constraints.  

This technology is typically considered most effective for treatment of source areas or as a sup-
plemental technology to treat limited areas of residual contamination.  ISCO is not well suited to 
treatment of widespread plumes of organic COCs, or plumes with significant vertical distribu-
tion.  The technology relies upon direct contact with the organic COCs to react.  Large volumes 
of the liquid oxidizing agent solutions would be required to both overcome naturally occurring 
oxidant demands and be distributed throughout the plume area.  Distributing either liquid or gas-
eous (ozone) oxidizing agents throughout the affected plume areas coupled with the heterogene-
ous soil conditions makes ISCO impracticable on a large scale as a stand-alone remediation 
technology   

The effectiveness of this remedy also depends on the properties of the organic COCs and their 
susceptibility to oxidative degradation, and on conditions in the subsurface including pH, tem-
perature, concentration of the oxidant, and concentrations of other oxidant-consuming substances 
such as natural organic matter, reduced minerals, carbonate, and other free radical scavengers. 
Because the reaction rates between oxidants and reduced substances, distribution throughout the 
contaminated area is critical. ISCO technologies often require multiple applications, or continu-
ous application due to the short-lived nature of the oxidizing agents in the subsurface and the 
heterogeneity of the soil matrix. Heterogeneity can lead to difficulty injecting into lower perme-
ability layers such as silts, resulting in matrix diffusion effects as the organic COCs diffuse from 
the soil matrix into groundwater. 

ARARs for ISCO technologies include safe handling practices and injection permits. ISCO re-
quires safe handling and proper management of large quantities of reactive, hazardous oxidizing 
chemicals and the site health and safety plans should describe proper handling techniques. Addi-
tionally, underground injection control (UIC) permits issued by Ecology are typically required 
for oxidant injection.  Further, due to the extreme exothermic reaction of some oxidizing agents, 
application of these agents in areas where utilities and other subsurface features that may be ad-
versely affected by the oxidant reaction may limit the areas where ISCO can be applied. Care 
must be taken to control injected oxidants or reaction byproducts from discharging to surface wa-
ter bodies (e.g., via groundwater transport or flow along preferential pathways such as sewer 
lines). Application of this technology near the Duwamish Waterway is not anticipated. 

An additional consideration when applying ISCO is that many of the oxidizing agents will kill 
off existing beneficial bacteria in the saturated zone that are currently resulting in biodegradation 
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of the PCE and TCE to nonhazardous end products.  While the bacterial populations would re-
bound with time following application of ISCO, this process may be slow. This technology also 
has the potential to affect aquifer geochemistry by increasing oxidation-reduction potential 
(ORP) and is known to introduce metals to the subsurface in the oxidant solution (e.g., manga-
nese in permanganate, or chromium impurities in potassium permanganate) and create the poten-
tial for mobilization of chromium to the more mobile and toxic chromium VI; however, metals 
mobilization from ISCO is generally locally limited to near the application area (EPA 2006). 
Manganese oxides that precipitate in the aquifer after permanganate injection can reduce the mo-
bility of some heavy metals (including copper, nickel, and zinc) through sorption (EPA 
2006).ISCO could achieve remedial objectives related to COC mass reduction in the source area, 
but would not be applicable to the dilute portions of the groundwater plumes (Table 1). It is like-
ly that ISCO can be a cost-effective remedial technology for targeted treatment of organic COC 
hot spots in locations with favorable aquifer chemical and physical characteristics. Therefore, 
ISCO is retained as a component of the remedial alternatives and an interim measure until RAOs 
are met at the point-of-compliance. 

In-Situ Chemical Reduction 

In-situ chemical reduction (ISCR) is a permanent remedial technology that provides treatment of 
COCs primarily by chemical reduction, or abiotic processes. Indirect contaminant reduction via 
biotic processes can also play a role in ISCR technology. Reducing agents include zero valent 
iron (ZVI), ferrous iron, sodium dithionite, sulfide salts, and hydrogen sulfide. These reductants 
can cause the rapid establishment of highly reducing conditions in the aquifer (lowered ORP), 
resulting in treatment of metals and degradation or destruction of organic COCs. Metals that are 
more mobile under reducing conditions (e.g., iron or arsenic) may be locally mobilized in the 
area of application. Reductants can be introduced to the subsurface through injection wells, di-
rect push injection, trenching, soil mixing, and pneumatic fracturing. Permeable reactive barriers 
(PRBs) are a common application of ISCR technology. 

There are a number of products available on the market that utilize ISCR technology, primarily 
containing various forms of reduced iron and carbon substrates. Potential amendments that will 
be evaluated in the FS include EHC® ISCR Reagent, EHC® Liquid Amendment, EHC® Metals 
Amendment, and emulsified Zero Valent Iron (eZVI). 

ARARs for ISCR technologies may require UIC permits for injections. Application of this tech-
nology adjacent to the Duwamish Waterway is not anticipated, however potential impacts to the 
aquifer (including lowered ORP and elevated dissolved iron) are generally limited to near the 
application area, and ISCR can likely be safely applied near the Waterway in a controlled appli-
cation after appropriate design and testing. 

ISCR is a proven technology for remediating metals and chlorinated COCs with a substantial his-
tory of success in a variety of applications. Therefore, it is retained as a component of the reme-
dial alternatives for further consideration in the FS for the W4 Site. 
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Thermal Treatment 

Thermal treatment is a permanent remedial technology that reduces contaminant concentrations 
in soil and groundwater through heating and volatilization of contaminants to facilitate extrac-
tion. Heating of contaminated soil and groundwater can be achieved by steam or hot air injec-
tion, or by electrical resistance heating or radio frequency heating. Vaporized components rise to 
the vadose zone where they are extracted and either burned off or collected for recycling/disposal 
depending on the vapor concentration range and system design. Extraction of the vapor phase 
contamination generated by thermal treatment is similar to standard SVE, although heat resistant 
extraction wells are required. This method is commonly used to address semi-volatile organic 
constituents (SVOCs) and fuel contamination. The effectiveness and cost of thermal remediation 
depends on contaminant distribution, soil type, geology, and hydrogeology.  

The infrastructure for thermal remediation systems can be intrusive at some sites. It includes 
networks of heat-resistant injection and extraction wells, blowers, and gas collection manifolds. 
In addition, off-gas treatment is typically included to limit emissions and potential exposure 
pathways.  Further, the effects of the heating and electrical current present challenges on active 
sites where people are present or subsurface utilities susceptible to impacts from the heating ex-
ist. 

Similar to ISCO, this technology is typically considered only for treatment of highly impacted 
source areas. It is not well suited to dilute groundwater plumes because of the high energy that 
would be required to raise groundwater temperature over a large area and the resulting high dis-
proportionate remediation costs. Thermal treatment is unlikely to be cost-effective relative to 
competing remedial technologies, even for targeted applications. Therefore, this technology is 
rejected as a remedy for the W4 Site. 

Monitored Natural Attenuation 

Natural attenuation (NA) is a proven technology that has been effective in reducing contaminant 
concentrations in groundwater when appropriate conditions are present. This process relies on 
the attenuation of COCs in groundwater by natural processes including biodegradation, abiotic 
degradation, adsorption, and dilution. Natural attenuation of metals may occur through immobi-
lization via sorption or precipitation. Natural attenuation of some metals may be enhanced by 
conditions that result in a change in the valence state of the metal, such as an increase in redox 
potential in some near shore environments.  

A formal monitored NA (MNA) remediation alternative includes a source control component 
followed by long-term groundwater monitoring to document remediation progress and verify 
plume stability (WAC 173-340-370(7)(a)). In the case of organic COCs, a biodegradation com-
ponent must also be demonstrated to verify the COCs are being fully biodegraded to nonhazard-
ous end products.   

Because it does not include significant mechanical infrastructure, MNA can be readily imple-
mented with minimal institutional issues such as permitting or arranging for access permissions, 
and generally has low maintenance requirements. At sites with slow degradation rates and rela-
tively limited extent of contamination, MNA costs may be disproportionate relative to active 
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remedies due to the expense of extended monitoring programs, or may not meet requirements for 
remediation within a reasonable time frame.  

The target contaminants for MNA include organic COCs and metals. It may be appropriate for 
some metals when natural attenuation processes include precipitation, sorption, and result in a 
change in the valence state of the metal that results in immobilization, such as an increase in re-
dox potential in some nearshore environments. Application of MNA should also consider if 
changes in redox associated with organic contaminants adversely affects metals concentrations.  

Natural attenuation processes occur in both the vadose zone and saturated zone. The degradation 
rates vary between these zones due to the differences in available moisture and oxygen and the 
specific metabolic pathway for biodegradation, and volatilization effects. Vadose zone biodegra-
dation rates are often slower than in the saturated zone. In soils, monitoring of decreased soil 
concentrations is conducted through mechanical sample collection rather than groundwater 
monitoring. 

MNA is typically implemented in association with source control or other remedial measures. 
Source area contaminant mass reduction can reduce the time required to achieve site remedial 
objectives. The relative remedial benefit and cost effectiveness of MNA and source control var-
ies between sites, and is typically evaluated as part of the DCA. 

NA processes including biodegradation are indicated in the W4 Site by the presence of degrada-
tion products of PCE and TCE including DCE and vinyl chloride, and decreasing concentration 
gradients along groundwater flow paths8 (Aspect, 2014b).  Geochemical parameters collected 
also have provided supporting data that biodegradation of PCE and TCE are occurring. MNA 
can be a cost-effective technology provided that remedial objectives can be achieved in a reason-
able time and the monitoring component is efficient. MNA is retained as a remedial technolo-
gy/alternative for consideration in the FS.   

Enhanced Aerobic Biodegradation 

Bioremediation is the in situ biological process of indigenous microorganisms (e.g. fungi, bacte-
ria, and other microbes) in the subsurface degrading organic contaminants in soil and groundwa-
ter, and converting them to innocuous end products. This natural process can be enhanced with 
the addition of nutrients, electron receptors used by microorganisms such as oxygen, or other 
amendments that stimulate increased rates of bioremediation and contaminant desorption. In the 
presence of sufficient oxygen (i.e. aerobic conditions) and other nutrient elements, microorgan-
isms will convert many organic contaminants to carbon dioxide, water and microbial cell mass.  

Enhanced aerobic biodegradation of soil typically involves percolating or injecting groundwater 
or uncontaminated water mixed with nutrients and saturated with dissolved oxygen throughout 
the contaminated area. For chlorinated COCs in soil, the applied technologies are generally more 
effective when implemented as SVE or ISCO technologies for direct degradation or removal ra-
ther than biostimulation.  

                                                      
8 Concentrations increase in some locations due to the effects of commingled plumes and multiple source areas. 



 

W4 TECHNOLOGY SCREENING MEMO 15  
APRIL 2015 

Aerobic biodegradation of COCs in groundwater is commonly enhanced by injecting nutrients, 
electron acceptors, and/or microorganisms (bioaugmentation) to stimulate biodegradation. Oxy-
gen enhancement in a contaminated area can be achieved by AS, by circulating low concentra-
tions of hydrogen peroxide, or by adding solid-phase peroxide-based products (e.g. oxygen re-
leasing compound [ORC]). Hydrogen peroxide is commonly introduced to groundwater by slow-
ly feeding the chemical into vertical wells and relying on passive diffusion to deliver oxygen to 
the aquifer, or by withdrawing groundwater, adding peroxide or ozone, and re-injecting the 
groundwater. ORC is often introduced to contaminated groundwater by direct-push injection.  

This technology performs well for organic COCs that can be readily degraded aerobically, in-
cluding DCE and vinyl chloride. The technology is not effective for PCE and TCE, which de-
grade exclusively or primarily via anaerobic processes, nor is it generally effective for remedia-
tion of heavy metals9. Aerobic biodegradation is not known to be effective for TCE without the 
addition of a co-metabolic inducer and aerobic conditions may actually slow the degradation rate 
for TCE. Therefore, aerobic biodegradation is only likely to be effective for DCE and vinyl chlo-
ride in down gradient areas where parent constituents (TCE, PCE) have already decreased to be-
low cleanup levels. Aerobic biodegradation is not expected to have significant effects on the aq-
uifer geochemistry with respect to the fate and transport of metals. 

Mechanical factors that may limit the effectiveness of enhanced aerobic biodegradation are de-
creased contact between the injected fluids/gases and the contaminants through preferential 
pathways, and heterogeneity and low permeability materials that limit oxygen transfer. Most typ-
ical sites require multiple rounds of injection for effective remediation.  

ARARs for aerobic degradation technologies include UIC permits for injections. Access agree-
ments for injection or installation of equipment not directly on PLP sites would also be required. 

Enhanced aerobic biodegradation is retained as a remedial technology for consideration in the 
FS.  

Enhanced Anaerobic Biodegradation 

In anaerobic conditions, microorganisms degrade PCE and TCE to ethene/ethane, limited 
amounts of carbon dioxide, and trace amounts of hydrogen gas. In these reactions, bacteria use 
the chlorinated COCs as electron acceptors, removing chlorine atoms that are replaced with hy-
drogen. Nitrate, ferric iron, manganese (IV), sulfate, carbon dioxide, oxidized metals, or other 
organic compounds also replace oxygen as an electron acceptor/energy source to fuel the reac-
tion and growth of beneficial bacteria. The source of hydrogen is commonly associated with the 
fermentation of native organic material in the subsurface that serves as a food source, or electron 
donor.  

During anaerobic biodegradation of chlorinated COCs, chloride ions are sequentially removed. 
The more highly chlorinated (more oxidized) compounds, such as PCE and TCE, are degraded 
                                                      
9 The addition of oxygen to the subsurface can raise ORP and reduce the mobility of some redox-sensitive metals 
such as iron, manganese, and arsenic through oxidation. However, elevated ORP resulting from aerobic remediation 
is typically short-lived under naturally-reducing groundwater conditions. 
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more readily than the less chlorinated (less oxidized) compounds, such as DCE and vinyl chlo-
ride, which require more energy and a more highly anaerobic environment to support the bacteri-
al strains capable of complete reductive dechlorination to ethene and ethane.  

This technology typically involves stimulating microorganisms in contaminated groundwater 
through injection of an electron donor to create reducing conditions and enhance the naturally 
occurring reductive dechlorination process. Electron donors serve as a source of food for bacteria 
and include substances such as simple sugars (molasses), lactate, vegetable oils, or engineered 
compounds specifically designed to promote enhanced biodegradation for extended time periods. 
Electron donors can be injected into existing wells, direct push probes, or groundwater recircula-
tion systems. Potentially, a large number of injection points could be required for large areas, but 
can also be implemented as permeable reactive zones.  Electron donors have variable properties 
where some donors have a limited radius of influence from the injection point while others dis-
solve readily in the saturated zone transporting hydrogen with groundwater, effectively increas-
ing the treatment area. 

In some cases, regardless of introduction of biostimulation amendment, the bacteria required to 
support complete reductive dechlorination of DCE and vinyl chloride may not be present at suf-
ficient quantities.  Enhanced bioremediation remedies may also include bioaugmentation as a 
supplementary component of the technology application. Bioaugmentation would include injec-
tion of a consortium of beneficial bacteria that would increase the rate of biodegradation and re-
sult in complete reduction of vinyl chloride to ethene/ethane. 

ARARs for anaerobic degradation technologies include UIC permits for injection applications.  
UIC permits are typically easily acquired since electron donors are food-grade products that typ-
ically do not adversely affect groundwater quality.  Access agreements for injection or installa-
tion of equipment not directly on PLP sites would also be required. 

This technology would likely address chlorinated COCs at the W4 Site, although its effective-
ness may be lower for vinyl chloride depending on redox conditions achieved and presence of 
methanogenic microbes. It could assist in remediation of metals which are less mobile under cer-
tain reducing conditions through in-situ biogeochemical transformation (ISBGT) processes. Site 
conditions that are favorable for chlorinated COC degradation and/or metals immobilization via 
ISBGT include the presence of reduced iron (e.g., iron sulfide) minerals, availability of sulfate in 
groundwater, availability of ferrous iron in groundwater or ferric iron in soil, neutral to slightly 
elevated pH, and naturally occurring organic matter to maintain reducing conditions (NAVFAC 
2014). These conditions are currently being evaluated as part of the SU1 data gaps investigation 
and fate and transport modeling. Appropriate enhancements for anaerobic bioremediation and 
ISBGT will depend on conditions of the targeted treatment area. Potential ISBGT enhancement 
methods include application of products described under the ISCR technology that promote bio-
degradation of chlorinated COCs and immobilization of metals through a combination of re-
duced iron and organic substrates. 

Enhanced anaerobic biodegradation may transiently increase certain metals concentrations in 
groundwater such as arsenic, ferrous iron, and manganese (II), if they are mobilized due to re-
ducing conditions. This risk is minimized in naturally reducing conditions and redox and dis-
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solved metals conditions would be expected to return to background levels as the electron-donor 
compounds were depleted and the system returned to background redox conditions.  

Enhanced anaerobic biodegradation is a proven technology for remediating the chlorinated 
COCs at the W4 Site with a substantial history of success in a variety of applications. Therefore, 
it is retained as a remediation technology and an interim measure for application to the source 
areas that are dominated by PCE or TCE until RAOs at met at the point-of-compliance. Addi-
tional methods may need to be considered to remediate portions of the groundwater plume that 
are dominated by vinyl chloride.  

Electrochemical Treatment 

Electrochemical treatment is also referred to as electrochemical remediation or electro-kinetic 
remediation. In this technology, a low-intensity direct current is applied to the subsurface via 
electrodes placed in the soil (e.g., driven rods or sheet piles). Metals are mobilized and travel to 
the electrodes, where they precipitate. The treatment process occurs in three stages. First, the 
metal must be transformed into a soluble form, with or without injection of solutions. Second, 
the electric current mobilizes the solubilized metal towards an electrode. Finally, the precipitated 
metal is recovered when the electrodes are removed. The technology has been used to remediate 
a number of metals including copper, nickel, and zinc. This technology is most effective in fine-
grained soils, in which migration of charged and uncharged species may occur by electro-
osmosis. Effectiveness can be hampered by electrode corrosion under conditions of high salinity 
or low or elevated pH (Niroumand, 2011). 

Electrochemical treatment of contaminated soil is considered an innovative technology with few 
proven case studies. The majority of saturated zone metals-contaminated soils in SU1 are sandy 
soils for which treatment is expected to be inefficient. Low pH conditions in the area of elevated 
nickel concentrations may create corrosion issues that limit performance. In areas where impact-
ed soils are readily accessible, electrochemical treatment is unlikely to be cost-competitive with 
excavation or in-situ solidification/stabilization (technologies discussed below). In areas where 
access is limited by buildings and/or subsurface utilities, significant uncertainties exist as to 
whether electrochemical treatment could be safely or feasibly implemented. For these reasons, 
electrochemical treatment is not retained as a technology for development of remedial alterna-
tives in the FS. 

In-Situ Solidification/Stabilization (ISS)  

In-situ solidification/stabilization (ISS) involves physically binding or enclosing contaminants 
within a stabilized mass (solidification) or inducing chemical reactions between the stabilizing 
agent and the contaminants to reduce their mobility (stabilization). The soil is mixed with bind-
ers such as Portland cement to create a slurry, paste, or other semi-liquid state, which is allowed 
time to cure into a solid form. The ISS process may also include addition of amendments such as 
pH adjustment agents, fly ash, zeolites, polymer binders, phosphates, or sulfur reagents to reduce 
the setting or curing time, increase the compressive strength, or reduce the leachability of con-
taminants. Amendments can be mixed with soil in situ using large-diameter augers, with an ex-
cavator, or jet-grouting equipment. Fugitive emissions generated in the mixing process can be 
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managed using specialty equipment such as shrouds equipped with air controls. The soil volume 
would increase as a result of amendment addition and soil fluffing. 

ISS is potentially effective for immobilizing metals, including nickel, copper, and zinc (ITRC 
2011). ISS may not be fully effective for the organic COCs in site soils although mobility is gen-
erally reduced due to the low hydraulic conductivity of the solidified mass. It may be applicable 
for localized areas of relatively high metals concentrations, particularly where excavation is im-
practicable, although buildings and utilities can limit the application of this technology. For 
treatment of saturated soils, the resulting low-permeability mass would alter groundwater flow 
patterns and, depending on the amendments used, could potentially alter shallow groundwater 
geochemistry as well. Treatability studies would be required to evaluate treatment effectiveness 
(with respect to both metals and organic COCs) and potential impacts to groundwater geochem-
istry.  

ISS is retained for development of remedial alternatives. 

In-Situ Vitrification 

In-situ vitrification involves application of a strong electrical current to the subsurface, heating 
soil to temperatures above 2,400°F to fuse it into a glassy solid. Organic compounds are de-
stroyed or volatilized by the heating process; volatilized compounds are collected in the off-gas 
and treated. Inorganic compounds are immobilized within the glass. Due to its very high energy 
requirement, safety considerations associated with occupied sites and effects on subsurface utili-
ties, in-situ vitrification is an extremely high-cost/high risk technology that is mainly used at mil-
itary installations to remediate soils contaminated with heavy metals mixed with radioactive el-
ements.  

In situ vitrification is not retained as a technology for development of remedial alternatives. 

pH Buffering/Neutralization and Metals Precipitation/Immobilization  

For the purpose of this FS evaluation, pH buffering/neutralization and metals precipita-
tion/immobilization are inter-related technologies. Both refer to the addition of chemical 
amendments to the aquifer for the primary purpose of altering geochemical conditions and en-
hancing metals sorption or precipitation from groundwater.  

Under pH buffering/neutralization, chemical amendments, such as lime or sodium hydroxide, 
would be added to the aquifer in areas of low pH to raise the pH and reduce the mobility of met-
als10. These amendments would also restore groundwater pH to more-neutral conditions. Chemi-
cal amendments may also include zero-valent iron, carbonates, silicates or sulfides to enhance 
chemical precipitation and immobilization of metals.  

This technology may also include biologically-mediated precipitation (e.g., nickel sulfide precip-
itation in the presence of sulfate and sulfate-reducing bacteria). Site groundwater conditions in 

                                                      
10 Art Brass Plating (SU1) source area has pH values as low 2 to 3 standard units.  
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the SU1 source area are potentially methanogenic and sulfate-reducing, suggesting that sulfide 
precipitation of metals may be viable. Some applications of enhanced anaerobic bioremediation 
for chlorinated COCs may be effectively combined with metals immobilization. 

Multiple in situ implementation strategies are available for introducing chemical amendments to 
the aquifer, including PRB, trench backfill, area-wide application, groundwater recirculation, and 
liquid, slurry, or gas direct injection. The optimum configuration depends on site-specific condi-
tions, remedial objectives, and other factors. Some implementation strategies would require spe-
cial permits or approvals. For example, wells used to inject fluids or to recirculate treated 
groundwater would require a UIC permit. 

Examples of technology options that may be applicable at SU1 include the following: 

 One or more PRBs containing organic matter such as compost, leaf mulch, or woodchips, 
designed to support a large population of sulfate-reducing bacteria. These bacteria would 
produce sulfides for metals precipitation, while also increasing alkalinity to restore 
groundwater pH to more-neutral conditions. 

 Direct-push injection of a proprietary formulation for metals immobilization. For exam-
ple, EHC® Metals, a slurry formulation sold by PeroxyChem, combines controlled-
release carbon, micro-scale ZVI, and a slow-release source of sulfate, which sequesters 
metals via reductive precipitation. The strong reducing conditions created by injection of 
EHC® Metals are also highly conducive to degradation of the SU1’s organic COCs. 

 One or more trenches backfilled with a slow-dissolving buffering amendment such as 
crushed limestone to raise the pH of acidic groundwater, thereby precipitating metal 
COCs. 

Promising technology options will be incorporated into remedial alternatives and evaluated in the 
FS. The specific amendment mix is typically determined during remedial design, which would 
likely include bench-scale and/or pilot testing. Testing is usually necessary not only to evaluate 
treatment performance, but to understand the effects of amendment introduction on groundwater 
geochemistry. A site-specific evaluation of groundwater geochemistry and metals stability is be-
ing conducted as part of the SU1 data gaps investigation and fate and transport modeling. The 
results of this analysis will be incorporated into alternatives development and evaluation in the 
FS Report. 

In situ pH buffering/neutralization and metals precipitation/immobilization are retained as tech-
nologies for development of remedial alternatives. 

EX-SITU METHODS 

Remediation of soil and groundwater using ex-situ methods requires removal of the affected soil 
by excavation and groundwater by pumping, with subsequent treatment or disposal. Ex-situ 
treatment of soil generally requires shorter time periods than in-situ treatment; however, remedi-
ation of groundwater through pumping is often a very slow process. Excavation and/or ground-
water pumping can lead to increased costs and engineering, and increased material han-
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dling/worker exposure.  The following sections present the ex-situ technologies that will be con-
sidered during the FS. 

Excavation 

Excavation and off-site disposal of contaminated soil is a permanent remedial technology that 
reduces contaminant masses in soil and can also expedite groundwater remediation. Excavation 
could potentially include removal for soil impacted by VOCs and metals. Typically, excavated 
soil is temporarily stockpiled or contained in roll-off bins, characterized, and transported and 
disposed appropriately off site. New clean fill would be placed in the excavation and compacted 
to restore the site. Extensive removal of contaminated soil beneath the water table would require 
significant dewatering of the targeted excavation area.  

Site-wide excavation could achieve RAOs in targeted areas. However, the infrastructure and de-
velopment in the W4 Site area, the depth of contamination, and relatively shallow depth of the 
water table limits the feasibility of complete excavation of contaminated soil.  

Targeted soil excavation has proven effective at removing contaminant mass and reducing VOC 
concentrations in groundwater in SU2. Excavation can be a cost-effective remedy where soil is 
shallow and there are few complications from buildings or utilities. Therefore, excavation is re-
tained as a technology for source control actions and component of the cleanup alternatives that 
will be evaluated in the FS. Excavation alone will not achieve the RAOs.  

Groundwater Pump and Treat 

Groundwater extraction through pumping and subsequent ex-situ treatment can remove contami-
nant mass and hydraulically control downgradient migration of impacted groundwater. Extrac-
tion wells are required to intercept impacted groundwater, which is then treated and either re-
injected or discharged to an appropriate location such as a sanitary sewer, surface water body, or 
recycled on-site for irrigation purposes, depending on the final concentrations of COCs in the 
treated water. Discharge options at the W4 Site would include the King County publically oper-
ated treatment works (POTWs) or discharged to the Waterway via a National Pollutant Dis-
charge Elimination System (NPDES) permit. Discharge to the King County POTW would be 
preferred for this site due to the expense, technical, and infrastructure issues associated with de-
veloping a discharge to the Waterway.  

Site characteristics such as aquifer transmissivity, aquifer heterogeneity, and chemical properties 
of the groundwater plume are critical in evaluating the feasibility of groundwater pump and treat 
systems. Biofouling of the extraction wells and the treatment stream can severely affect system 
performance and should be evaluated prior to implementation. Residual saturation of the contam-
inant in soil pores cannot be removed by groundwater pumping alone resulting in matrix diffu-
sion effects transferring COCs from soil to groundwater. In addition, the permitting and opera-
tional costs of this remedy can be significant.  

For a permeable aquifer, it would likely be necessary to extract large volumes of groundwater to 
hydraulically control the groundwater plumes at the W4 Site. In addition, prior site characteriza-
tion indicates that the majority of the contaminant mass is sorbed, and groundwater pump and 
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treat would be inefficient at reducing this mass. Therefore, this technology will not be considered 
as a primary remedy for chlorinated COCs at the W4 Site. However, pump and treat may be con-
sidered as a hydraulic control measure for certain chlorinated COC hot spot areas downgradient 
of source areas. Therefore, pump and treat is retained as a technology for development of reme-
dial alternatives.  

Treatment options for metals at the W4 Site are limited and, although this technology is not ex-
pected to achieve PCULs, a short-term pump and treat system could remove a considerable 
amount of metals mass in its most mobile form. Therefore, this technology is also retained as a 
component of the remedial alternatives for source control of metals at SU1. 

MITIGATION METHODS 

This section describes remediation technologies that provide interim mitigation of risk along ex-
posure pathways until site-wide remedial action goals can be met.  

Capping 

Capping remedies involve physical barriers, natural or engineered, that limit exposure of human 
and terrestrial ecologic receptors to contaminated media and limit migration of contaminated soil 
via erosion or mechanical disturbance. Capping can also include installation of membrane layers 
as a component of vapor intrusion control systems. The use of low-permeability capping with 
stormwater collection systems minimizes infiltration and potential leaching from soil to ground-
water. 

This remedial technology can achieve RAO-1 if paired with institutional controls, and can con-
tribute to RAO-3 and RAO-4 by reducing potential leaching from soil to groundwater. There-
fore, capping is retained as a remediation technology and component of the cleanup alternatives 
that will be evaluated in the FS and as a potential interim measure until RAOs at met at the 
point-of-compliance. 

Institutional Controls 

Institutional controls limit or prohibit activities that may interfere with the integrity of a remedial 
action and potentially result in exposure to hazardous substances. Institutional controls may in-
clude physical measures such as fences, and formal land use restrictions such as deed re-
strictions, restrictive covenants, or maintenance requirements. MTCA describes criteria for in-
clusion of institutional controls in remedial actions in WAC 173-340-440(4) and (6). This section 
of MTCA indicates both that institutional controls cannot be the primary remedial technology, 
and that institutional controls must be put in place to reduce exposure where contamination re-
mains in place above MTCA Method A or B cleanup levels. For the W4 Site, institutional con-
trols would include restrictive environmental covenants limiting activities that could lead to po-
tential human contact with hazardous substances. If paired with capping, the institutional con-
trols would include requirements for inspections and maintenance of the cap. 
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This technology can achieve RAOs associated with reducing exposure. Institutional controls do 
not contribute to achieving RAOs associated with reduction of contaminant mass. Institutional 
controls are retained as interim mitigation measures and a component of the cleanup alternatives 
that will be evaluated in the FS. 

Sub-Slab Depressurization 

Sub-slab depressurization systems (SSDS) and sub-membrane depressurization systems (SSMS) 
mitigate vapor intrusion risk by applying a vacuum to withdraw air from beneath the slab of 
buildings and basements. The technology was originally developed to mitigate radon gas expo-
sure, and has been successfully applied to mitigate risks from chlorinated COCs. SSDS and 
SMDS are currently in place at multiple structures in SU1 and SU2. Screening of potential SSDS 
and SMDS locations, testing, and maintenance are described in the Revised Vapor Intrusion As-
sessment Monitoring and Mitigation Plan (February 2015).  

SSDS and SMDS systems will meet RAO-2 and -3 while the systems are operational. However, 
the systems do not significantly reduce contaminant mass and are applicable as interim measures. 
SSDS and SMDS systems are retained as interim mitigation measures. 

Physical Containment of Groundwater 

Physical containment involves installing a structural barrier, such as a soil/bentonite slurry wall, 
to control the movement of groundwater. The barrier may be used to prevent off-site migration 
of contaminated groundwater or improve the performance of other technologies, including 
groundwater extraction and permeable reactive barriers (PRBs). Due to Site geology, a barrier 
wall would either be a ‘hanging’ wall (i.e., not keyed into an underlying aquitard) or would need 
to be installed very deep depths. Except when coupled with groundwater extraction (hydraulic 
control), barriers generally retard and inhibit, but do not prevent, the flow of groundwater.  

Physical containment of groundwater would likely require long-term pump-and-treat, and is not 
likely to be cost-competitive or achieve RAOs. Therefore it is not retained as a technology for 
development of remedial alternatives. 

SUMMARY 

The following remedial technologies are retained for consideration in the FS: 

In-Situ Technologies 

 Natural Attenuation/Monitored Natural Attenuation (NA/MNA) 
 In-Situ Chemical Oxidation (ISCO) 
 In-Situ Chemical Reduction (ISCR) 
 Air Sparge/Soil Vapor Extraction (AS/SVE) 
 Enhanced Anaerobic Biodegradation (including possible ISBGT) 
 Enhanced Aerobic Biodegradation 
 Solidification/Stabilization (metals only) 
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 pH Buffering/Neutralization and Precipitation/Immobilization (metals only) 

Ex-Situ Technologies 

 Excavation 
 Groundwater Pump and Treat  

Mitigation Technologies 

 Capping 
 Institutional Controls 
 Sub-Slab and Sub-Membrane Depressurization (SSDS/SMDS) 
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Table 1. Screening of Remediation Technologies 
West of Fourth, Seattle, Washington

Remedial Action Objectives Addressed 1

Group Technology Brief Description Site-Specific Issues and other Technical Limitations
Site Contaminants 
Addressed
(VOCs or Metals)

Site Media 
Addressed
(S, GW, A) *

SU1 SU2 Rationale or Conditions For Retention or Rejection General SU1 SU2

In-Situ Air Sparge / Soil Vapor 
Extraction (AS/SVE)

Air is injected through a contaminated aquifer to remove organic COCs by 
volatilization. The injected air helps to flush the contaminants upward into 
the unsaturated zone, where a soil vapor extraction system uses an 
applied vacuum to remove the vapor phase contamination generated by 
AS and contamination in the vadose zone. 

AS/SVE requires installation of a network of interconnected AS and SVE 
wells and/or trenches to remove/recover organic COCs making application 
impartibly for widespread contamination. These systems require dedicated 
electrical systems and frequent operations and maintenance work to 
maintain equipment and optimize performance. Effectiveness is 
susceptible to heterogeneous geology.

VOCs S, GW, A 
(depending on 
system 
configuration)

Retained 
(Currently 

Operational)

Retained Well-established technology for remediation of VOCs. Not recommended 
for aquifer intervals where silt units are likely to reduce effectiveness. Cost 
likely to be disproportionate to other technologies where low concentrations 
of VOCs exist and contamination is widespread.  Well suited for source 
area treatment/reduction.

1 (SVE), 2, 3, 4 1A, 2, 3A, 3B 
(SVE), 4A, 5A, 
5B (SVE) 6, 
7A, 7B

1, 2A, 3A, 3B, 
4A, 5

In-Situ Chemical Oxidation 
(ISCO)

Oxidation chemically converts hazardous organic COCs to non-hazardous 
or less toxic compounds that are more stable, less mobile, and/or inert. 
Chemical oxidants such as potassium permanganate, hydrogen peroxide, 
ozone, persulfate, or Fenton's reagent are injected into the impacted 
groundwater. Injection of the chemicals can be accomplished using direct-
push techniques, injection wells, or recirculation wells.

Chemical oxidants are reactive, hazardous chemicals that require proper 
design and management to be used safely. Heterogeneous geology and 
geochemistry may limit the effectiveness of this technology. Natural oxidant 
demand of soil can consume large quantities of oxidant. Oxidants can 
mobilize some metals and locally inhibit active natural biological 
degradation processes. Requires direct contact with VOCs to react. 
Requires substantial number of injection points, wells, or infiltration 
galleries to treat widespread contamination.

VOCs S, GW, A Retained Retained Applicable in targeted source area applications or as a polishing technology 
to treat small areas of residual contamination.  Not well-suited for dilute 
widespread groundwater plumes.

1, 2, 3, 4 1A, 2, 3A, 4A, 
5A, 6, 7A, 7B

1, 2A, 3A, 3B, 
4A, 5

In-Situ Chemical Reduction 
(ISCR)

Highly reducing conditions created through the introduction of reductants 
such as zero valent iron immobilize metals and degrade or destroy organic 
chemicals. Introduction of reductants can be accomplished using direct-
push injection, injection wells, soil mixing, and trenching. Permeable 
reactive barriers are considered another application for this technology.

Complex geology and geochemistry, including pH,  may limit the use of this 
technology.

VOCs 
Metals

S, GW, A Retained Retained ISCR is applicable throughout the Site and combines biotic and abiotic 
reaction to accelerate treatment of metals and organic COCs by creating 
highly reducing conditions.

1, 2, 3, 4 1A, 2, 3A, 4A, 
5A, 6,7A, 7B

3A, 4A, 5

Thermal Treatment Temperature increases in the vadose and/or saturated zone are used to 
increase volatility of VOCs, which are then recovered through SVE and 
treated either by discharge to atmosphere, granular activated carbon, or 
other treatment technology.

Remedial effectiveness dependent on soil type, geology, hydrogeology; 
effectiveness can be limited by high organic carbon. Would require 
extensive network of steam injection points or heating elements in addition 
to an off-gas treatment system. High degree of O&M intensity and capital 
investment; requires intensive infrastructure. Not well suited to occupied 
sites or areas where subsurface utilities are present.  Not well suited to 
widespread contamination. High cost technology. Typically sterilizes 
bacterial activity, eliminating biodegradation potential unless 
bioaugmentation is performed following thermal treatment.

VOCs S, GW, A 
(depending on 
system 
configuration)

Rejected Rejected Cost is typically disproportionate relative to other technologies except in 
cases where very rapid cleanup (<2 years) is a design requirement.  
Typically requires sites to be unoccupied due to safety concerns 
associated with electrical current and/or high temperatures required to heat 
subsurface and volatilize COCs. 

NA NA NA

Natural Attenuation / Monitored 
Natural Attenuation (NA/MNA)

NA/MNA relies upon attenuation of COCs in groundwater by natural 
processes including biodegradation, abiotic degradation, adsorption, and 
dilution.

Requires source control action where NA/MNA alone will not result in 
timely cleanup. Requires demonstration of plume stability and a biologic or 
abiotic component of the NA/MNA process. Attenuation rates would also 
have to achieve cleanup levels within a reasonable time frame relative to 
other technologies.

VOCs 
Metals

S, GW, A Retained Retained MNA can be readily implemented with minimal initial investment. Current 
VOC and geochemical data indicate NA is occurring via biodegradation 
throughout W4 Site. Rate of NA/MNA may not achieve cleanup in 
reasonable timeframe in all areas resulting in potential risk to Lower 
Duwamish Waterway surface water and sediment/ecologic receptors.

1, 2, 3, 4 1A, 2, 3A, 4A, 
5A, 6, 7A, 7B 

1A, 2, 3A, 4A, 5

Enhanced Aerobic 
Biodegradation

Introduction of oxygen or an oxygen-releasing compound into the 
subsurface to stimulate naturally-occurring microbial activity to enhance 
biological degradation of organic COCs.

Can be limited by ability to deliver substances to the contaminants. 
Effective for vinyl chloride only.

VOCs GW, A Retained Retained Applicable in down gradient plume areas dominated by DCE or vinyl 
chloride, which are readily degraded under aerobic conditions.

2, 3, 4 4A, 5A, 6, 7A, 
7B

3A, 4A, 5

Enhanced Anaerobic 
Biodegradation

Introduction of an electron donor into groundwater interval(s) to stimulate 
growth of beneficial microbial populations capable of eliminating chlorinated 
COCs.  Electron donor substances may include compounds such as 
simple sugars (molasses, lactate, vegetable oil), or proprietary 
amendments.   

Can be limited by ability to deliver electron-donor substances to the 
contaminants. Electron donor compounds are usually bench tested or bait-
trap tested in situ for effectiveness in site-specific conditions.  Radius of 
influence of injections determined by field pilot testing. Chlorinated ethene 
degradation may generate excess vinyl chloride in the absence of sufficient 
populations of bacteria capable of biodegrading vinyl chloride, requiring 
bioaugmentation.  Bioaugmentation may be used as a supplement to 
amendment injection to further increase rate of biodegradation.

VOCs GW, A Retained Retained Works well for PCE and TCE. Potential limitations for DCE and vinyl 
chloride, which may accumulate where sufficient populations of indigenous 
bacteria capable of degrading these compounds are present.  
Bioaugmentation may be used in areas where DCE and vinyl chloride rates 
of biodegradation will not result in achieving RAOs in a reasonable 
timeframe.

2, 3, 4 4A, 5A, 6, 7A, 
7B

3A, 4A, 5

Electrochemical Treatment A low-intensity direct current is applied to the subsurface via electrodes 
placed in the soil (e.g., driven rods or sheet piles). Metals are mobilized 
and travel to the electrodes, where they precipitate. 

This in situ technology is unique among those considered here in its ability 
to remove metals from soil, not just immobilize them. However, requires 
intensive infrastructure; limited full-scale applications to demonstrate 
effectiveness of the technology.

Metals S Rejected Rejected Extensive pilot testing would be required; unlikely to be cost-competitive 
with excavation/disposal and/or solidification/stabilization.

NA NA NA

In-Situ Solidification/Stabilization 
(ISS)

Physically binds or encloses contaminants within a stabilized mass 
(solidification) or induces chemical reactions between the stabilizing agent 
and the contaminants to reduce their mobility (stabilization). 

Requires access for physical mixing of soils (e.g., using large-diameter 
augers). Metals are immobilized, not removed or destroyed. Secondary 
effects on VOCs would be evaluated during feasibility study of specific 
immobilization strategies.

Metals S Retained Rejected Generally not cost-competitive if soil excavation/disposal is feasible. 
Potentially applicable to soils that would be difficult to excavate in hotspots.

NA 2, 4A NA

Screening Result
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Table 1. Screening of Remediation Technologies 
West of Fourth, Seattle, Washington

Remedial Action Objectives Addressed 1

Group Technology Brief Description Site-Specific Issues and other Technical Limitations
Site Contaminants 
Addressed
(VOCs or Metals)

Site Media 
Addressed
(S, GW, A) *

SU1 SU2 Rationale or Conditions For Retention or Rejection General SU1 SU2

Screening Result

In-Situ 
(cont'd)

In-Situ Vitrification High-temperature process designed to immobilize contaminants by 
incorporating them into a vitrified end product (“melt”) which is chemically 
durable and leach resistant. 

Requires extensive infrastructure and application of strong electrical 
current through subsurface to heat soil matrix. Results in thermal treatment 
of VOCs, which must be captured.  Unsafe for occupied sites and sites 
where subsurface utilities exist. Metals are immobilized, not removed or 
destroyed.

Metals S Rejected Rejected High-cost technology that is mainly used at military installations to 
remediate soils contaminated with heavy metals mixed with radioactive 
elements.  Limitations associated with sites within W4 area being occupied 
and having utilities restricts application. 

NA NA NA

pH Buffering/Neutralization Addition of amendments to the aquifer to restore groundwater pH to more-
neutral conditions, which are generally conducive to metals precipitation

Metals are immobilized on soil particles, not removed or destroyed. Metals GW Retained Rejected Potentially applicable as a stand-alone technology or as a component of a 
precipitation/immobilization amendment package.  Rejected at SU2 due to 
absence of metals contamination and potential to impact biodegradation 
processes.

3, 4 2, 4A NA

Immobilization/Precipitation Addition of amendments to the aquifer or soils (e.g., carbon, sulfate, zero 
valent iron) to promote reducing conditions conducive to metals 
precipitation

Metals are immobilized on soil particles, not removed or destroyed. 
Lowering pH below 6 will adversely affect ongoing biodegradation 
processes.

 Metals S,GW Retained Rejected Vendor formulations are potentially effective at simultaneous metals 
immobilization and destruction of chlorinated VOCs in SU1.  Rejected at 
SU2 due to absence of metals contamination and potential to impact 
biodegradation processes.

 3, 4 1A, 2, 4A NA

Ex-Situ Excavation & Off-site Disposal Soil exceeding cleanup or remediation levels are excavated and 
transported off-site for disposal.

Highly invasive technique that creates significant disturbance of the 
affected area. Excavation is not appropriate for widely distributed or deep 
contamination, or where interruptions to site activities are disproportionate 
to benefits and significant dewatering is required.

VOCs 
Metals

S,GW (if 
excavation 
extends below 
water table), A.

Retained Retained Applicable to targeted hot spot removal for source control. Will not be used 
as a stand alone remedy.

1, 2, 3, 4 1A, 2, 3A, 4A, 
5A, 6, 7A, 7B

1, 2A, 3A, 3B, 
4A, 5

Groundwater Pump and Treat Impacted groundwater is extracted to establish a hydraulic depression that 
prevents downgradient groundwater migration and removes contaminant 
mass. Extracted contaminated groundwater is typically treated and 
discharged; some systems recirculate the treated water.

Extraction of a large volume of water may be necessary. National Pollutant 
Discharge Elimination System permits may be required to discharge 
treated groundwater. Construction, operation, and maintenance of 
treatment systems required. Active biological activity in groundwater may 
contribute to well fouling. 

VOCs 
Metals

GW Retained Retained Inefficient at mass reduction because majority of mass is typically sorbed, 
thus requiring thousands of pore volumes to significantly reduce 
contaminant mass. Impractical for widespread lateral and vertical plumes 
due to high volumes of groundwater and ex-situ water storage needs while 
treatment is completed. Potentially applicable for soluble metals or targeted 
hot spot plume hydraulic control.

2, 3, 4 4A, 4B, 7A, 7B 3B

Capping Places a physical barrier to block exposure pathways, control erosion, and 
reduce infiltration of stormwater.

Often coupled with institutional controls. For VOCs, containment remedies 
are likely to be an interim measure until cleanup levels are achieved by 
other means.

VOCs 
Metals

S, GW, A Retained Retained Capping retained as a remedial technology. 1, 2, 3 1B, 5B 2B, 4B, 5

Institutional Controls Measures undertaken to limit or prohibit activities that may interfere with 
the integrity of an interim action or cleanup action or that may result in 
exposure to hazardous substances at a site. MTCA specifies those 
circumstances where IC are required as part of a cleanup action. 
Circumstances include hazardous substances remaining at concentrations 
that exceed applicable cleanup levels, application of industrial cleanup 
levels, use of conditional points of compliance. In most cases, ICs are 
recorded as Restrictive Environmental Covenants with the property deed.

Institutional controls that affect properties not owned by PLPs may include 
additional negotiation. While groundwater is not used as a potable water 
source in this area, an area-wide groundwater restriction could impact 
designs for open loop heat pumps, or other related groundwater uses.

VOCs 
Metals

S, GW, A Retained Retained Institutional Controls retained as interim measure until remedial goals are 
met

1, 2,3 1B, 3B, 4BA, 
5B

(ICs generically 
assumed for 
engineering 
controls)

2B, 4B

(ICs generically 
assumed for 
engineering 
controls)

Sub-Slab and Sub-Membrane 
Depressurization

SSDS and SMDS systems apply a low vacuum to depressurize the area 
below building slabs and membranes to prevent vapor intrusion into the 
building.  Contaminated soil gas extracted is either treated with granular 
activated carbon or discharged to the atmosphere via a stack set at an 
elevation higher than the building.

Applied vacuums can be limited by shallow groundwater. Requires site 
access by building owners including access for periodic operation and 
maintenance visits and confirmation sampling. Requires building owner to 
notify lead potentially liable party when system issues arise.  Sometimes 
requires separate electrical billing or concession to building owner for 
electrical use.

VOCs A Retained 
(Currently 

Operational)

Retained 
(Currently 

Operational)

Retained as a remedial technology until RAOs are met and subsurface 
concentrations no longer constitute and unacceptable VI source. Proven 
technology that is easily installed once access is granted and has minimal 
operation and maintenance needs.

2 3B, 5B, 6 4B, 5

Physical Containment of 
Groundwater

Places a physical barrier, such as a soil/bentonite slurry wall, to control the 
movement of groundwater.

Installation would be challenging due to the high density of buildings, 
utilities, and other obstructions. Groundwater movement is slowed but 
moves around and beneath barriers. Significant intrusion to operations at 
most sites.

VOCs 
Metals

GW Rejected Rejected The technology is neither permanent nor does it treat COCs. At SU2, 
where COCs are not currently reaching the Waterway receptor, alternative 
technologies are more effective at meeting RAOs.

NA NA NA

Notes:

VOCs = Volatile Organic Compounds
S = Soil
GW = Groundwater 
A = Air
* Air included in media addressed where contaminant mass reduction would reduce potential VI issues.
RAO = Remedial Action Objective
MTCA = Model Toxics Control Act
SSDS = Sub-Slab Depressurization System
SMDS = Sub-Membrane Depressurization System
1 General and SU-specific RAOs are as stated in text.

Satisfaction of an RAO as indicated in this table column may apply only to a restricted area or as an interim measure.

NA indicates "Not Applicable" because the technology has been rejected.

Mitigation
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