
MEMORANDUM 
Project No.: 050067-011-02 

June 25, 2015 

To: Ed Jones, Department of Ecology, NWRO 

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

From: Aspect Consulting, LLC 

Re: Remedial Alternative Technical Memorandum – W4 Feasibility Study 
Site Unit 1 Deliverable 

This draft Remedial Alternative Technical Memorandum was prepared on behalf of Art Brass 
Plating (ABP), one of the four potentially liable parties (PLPs) identified by the Washington State 
Department of Ecology (Ecology) in Agreed Order (AO) No. DE10402 for the West of 4th (W4) 
Site (the Site). The memo was prepared in coordination with the other W4 PLPs: Blaser Die 
Casting (BDC), Capital Industries (CI), and PSC Environmental Services, LLC (PSC)1. 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 addressing 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 Stericycle. 

This memo presents a range of remedial action alternatives that will be evaluated in the Site Unit 1 
(SU1) portion of the FS for the W4 Site (Figure 1) using the remedial technologies retained in the 
Revised Technology Screening Memo dated April 27, 2015 (PGG, 2015). Each alternative 
description includes a brief discussion of the following: 

 How the alternative addresses remedial action objectives (RAOs);  

 A conceptual implementation approach; and 

 A qualitative discussion of potential cost and restoration time frame relative to other 
alternatives. 

The purpose of this memo is to identify a reasonable range of alternatives that can satisfy SU1 
RAOs to be carried forward to the FS for detailed evaluation. Additional details, such as a more 
detailed implementation strategy, cost estimates, and discussion of potential restoration time 
frames, will be provided in the FS for retained alternatives. This memo does not evaluate the 

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. 

e a r t h + w a t e r Aspect Consulting, LLC   401 2nd Avenue S.   Suite 201   Seattle, WA 98104   206.328.7443   www.aspectconsulting.com  
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alternatives with respect to the requirements and criteria specified in WAC 173-340-360 (including 
applicable or relevant and appropriate requirements [ARARs]) – that will also be done in the FS. 
However, the alternatives presented are designed to meet the threshold requirements for 
protectiveness, compliance with cleanup standards, compliance with ARARs, and provisions for 
compliance monitoring. 

The primary constituents of concern (COCs) for SU1 are chlorinated volatile organic compounds 
(cVOCs) and plating metals (i.e. copper, nickel, and zinc). 1,4-dioxane and non-plating metals (i.e. 
arsenic, iron, and manganese) are considered secondary COCs (not released by ABP) that were not 
explicitly considered in developing the remedial alternatives. However, the FS will consider the 
effects of each alternative on 1,4-dioxane and non-plating metals with respect to attainment of 
cleanup levels and restoration time frame. 

Detailed discussion regarding SU1 COCs, the nature and extent of contamination, and Remedial 
Action Objectives (RAOs) is provided in previous reports and memoranda (Aspect, 2012; 2014a; 
2014b; PGG, 2015). 

Areas Requiring Remediation 
Based on the data provided in previous reports and memoranda, the primary areas requiring 
remediation and their drivers for cleanup are as follows: 

 Source area2 soil and groundwater for protection of air from trichloroethene (TCE) and for 
protection of surface water from nickel (Figure 2); 

 Downgradient area3 groundwater for protection of surface water from TCE (Figure 3); and 

 Site-wide groundwater for protection of air and surface water from vinyl chloride (VC) 
(Figure 4). 

Remedial alternatives to address these areas are discussed in the following sections. 

Remedial Alternative Assembly 
The remedial alternatives discussed in this memo were assembled using the retained technologies 
from the Revised Technology Screening Memo. Six alternatives have been developed for 
consideration in the FS. These alternatives are summarized in Table 1 and include: 

 Alternative 1 – Air Sparging/Soil Vapor Extraction (AS/SVE) and pH neutralization in the 
source area with In-Situ Chemical Reduction (ISCR) downgradient (pH/AS/SVE/ISCR);  

 Alternative 2 – Enhanced Anaerobic Biodegradation (EAnB) in both the source and 
downgradient areas with pH neutralization in the source area (pH/EAnB); 

 Alternative 3 – ISCR in both the source and downgradient areas with pH neutralization in 
the source area (pH/ISCR); 

                                                   
2 The source area for cVOCs and metal contamination is generally located in the Water Table Interval and 
bounded by 2nd Ave S and 4th Ave S (east-west) and S Lucile St and S Orcas St (north-south). 
3 The downgradient cVOC groundwater plume area is generally located in the Shallow and Intermediate Intervals 
west of 3rd Ave S extending to the Duwamish Waterway. 
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 Alternative 4 – ISCR and pH neutralization in the source area with EAnB downgradient 
(pH/ISCR/EAnB); 

 Alternative 5 – In-Situ Chemical Oxidation (ISCO) and Groundwater Pump and Treat 
(P&T) in the source area with ISCR downgradient (ISCO/P&T/ISCR); and 

 Alternative 6 – Excavation/Off-Site Disposal and In-Situ Stabilization in the source area 
with ISCR downgradient (Excavation/ISS/ISCR). 

Each of these proposed alternatives will require some degree of engineering and institutional 
controls, as well as MNA, to ultimately meet the RAOs outlined in the Technology Screening 
Memo. As a result, the FS may propose SU1-specific remediation levels and discuss when it may be 
appropriate to transition to a primarily MNA approach for the duration of the cleanup.  

Alternative 6 is considered the most permanent alternative and will be considered as a baseline for 
comparison in the FS. Each of the alternatives will generally consider the standard point of 
compliance for each medium. However, because of practicability considerations, all alternatives 
(including Alternative 6) potentially include setting a conditional point of compliance for 
groundwater at the downgradient edge of the facility or in the adjacent street right-of-way.  

EAnB and ISCR are the only active treatment technologies retained for treatment of the 
downgradient area at SU1. As stated in the Technology Screening Memo, ISCO and groundwater 
P&T are not considered suitable for treatment of widespread groundwater plumes and were retained 
only for source area treatment. Downgradient impacts are also too deep for excavation and ISS is 
not considered a viable technology for cVOCs. Finally, AS/SVE was removed from consideration 
primarily because there is no place to put the above ground equipment required, the extensive size 
of the system that would be required, and the potential to mobilize cVOCs from deeper 
groundwater to the water table and create a vapor concern in areas where there currently is none. 

Additionally, active treatment of VC in Site-wide groundwater (outside of the primary TCE 
groundwater plume) is not considered practicable at this time due to size of the groundwater plume 
and area-wide accessibility constraints. Therefore, an MNA approach is adopted in each of these 
alternatives to address VC while performance monitoring of the remedy is ongoing.   

Most alternatives include distinct approaches and application methods in the source and 
downgradient areas. Below we first discuss the source area components of each alternative 
followed by the downgradient components of each alternative. Finally, two contingency actions 
were retained for areas of SU1 where additional measures may be necessary in the future for the 
protection of human and ecological receptors. These contingency actions summarized in Table 1 
and described below following the descriptions of the source and downgradient components of the 
alternatives. 

Pilot testing of the technologies incorporated into these alternatives is not planned prior to 
finalizing the FS. Depending on the preferred alternative selected in the FS, pilot testing may be 
proposed as part of design to confirm the effectiveness of specific amendments for EAnB, ISCR, or 
ISCO prior to full-scale implementation. Sequenced application of selected technologies in the 
source and downgradient areas may be appropriate (e.g., pH neutralization prior to EAnB, to 
improve microbial conditions), and adaptive implementation of technologies may be more effective 



 MEMORANDUM 
June 25, 2015 Project No.: 050067-011-02 

Page 4 

than pilot-testing to evaluate and optimize remedy performance. The FS will describe the 
implementation strategy for each alternative, including sequencing and pilot testing if needed.  

Source Area Components 
This section describes the components of Alternatives 1 through 6 being considered for the source 
area at SU1. 

Alternative 1 Source Area Component – Air Sparging and Soil Vapor Extraction with pH 
Neutralization 
The source area component for Alterative 1 maintains protectiveness of potential exposure 
pathways through controls and monitoring while reducing contaminant concentrations in the source 
area using the existing AS/SVE treatment system and pH buffering. Fate and transport modeling 
suggests TCE in the source area has been remediated to levels that are protective of surface water, 
while a shift in pH to more neutral conditions may be sufficient to prevent nickel from reaching the 
Duwamish Waterway (Aspect 2015). This component includes the following elements:  

 Maintaining the SVE system currently operating as part of the interim action in the source 
area while as long as the AS system is in operation. The SVE system addresses the direct 
contact, surface water, and air pathways for soil in the source area by reducing 
concentrations of cVOCs in soil in the vadose zone.  

 Maintaining the AS system currently operating as part of the interim action in the source 
area. The AS system addresses the direct contact, surface water, and air pathways for 
saturated soil and groundwater in the source area by reducing concentrations of cVOCs at 
the water table interval. The AS system been in operation since 2008 and is considered to 
be nearing a point of diminishing returns. Pulsed operation of the AS system has been 
conducted since 2012 and only modest rebound has been observed during periods of 
inactivity. It is assumed the AS system will be operated for approximately one additional 
year beyond the conclusion of the interim action before being shut down and transitioning 
to MNA. 

 Converting the SVE system to a vapor mitigation system following the conclusion of AS. 
The vapor mitigation system will address the air pathway for soil and groundwater in the 
source area until groundwater concentrations are protective of air. Periodic compliance 
monitoring for air quality will be required. 

 Application of pH buffering/neutralization in areas of low groundwater pH to 
immobilize/precipitate plating metals in saturated soil and groundwater. Neutralization of 
pH addresses the surface water pathway for plating metals. 

 Maintaining existing engineering controls, including impervious surfaces (capping) and 
vapor mitigation systems (sub-slab and sub-membrane depressurization), to address the 
direct contact and/or air pathway for cVOCs in soil and/or groundwater. 

 Periodic compliance monitoring (including groundwater, soil, air) of the remedial action, 
including MNA of cVOCs and plating metals in groundwater for protection of surface 
water. 

 If contaminant concentrations on the property or in the adjacent street rights-of-way exceed 
cleanup levels at the conclusion of active remediation, an environmental covenant would be 
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placed to control subsurface activities where complete remediation of soil and/or 
groundwater is not achievable. 

The recommended application techniques for pH buffering amendment is via engineered injection 
wells. Multiple injection events may be necessary to achieve RAOs and permanent wells provide 
continued access. Existing AS/SVE wells and infrastructure may also be utilized for application of 
amendments, but since these wells were not designed for this use it is likely that supplemental 
injection wells will be needed to effectively distribute amendments. 

Specific amendments considered appropriate for pH neutralization include non-proprietary 
carbonate products (e.g. sodium bicarbonate) as well as a proprietary carbonate blends such as 
NuBuff from Redox Tech. Selected products will be prepared as aqueous solutions and are 
compatible with injection well applications. Additionally, sodium bicarbonate is preferred over 
other buffering agents (i.e. sodium or potassium carbonate or hydroxide) because it will not drive 
the pH too high, which could cause toxicity to microorganisms or precipitation of salts. 
Alternative 2 Source Area Component – Enhanced Anaerobic Biodegradation with pH 
Neutralization 
This source area component for Alternative 2 uses pH adjustment and EAnB as the primary 
mechanisms to treat COCs and reduce the restoration time frame for the source area while 
maintaining protectiveness of potential exposure pathways through controls and monitoring. This 
component includes the following elements: 

 Application of pH buffering/neutralization in areas of low groundwater pH to adjust pH to a 
range more conducive to EAnB of cVOCs and immobilization/precipitation of plating 
metals in saturated soil and groundwater. Neutralization of pH addresses the surface water 
pathway for plating metals. 

 Application of an EAnB amendment in the source area (Figure 2) to treat cVOCs and 
stimulate reducing conditions, which may also contribute to immobilization/precipitation of 
metals through the production of sulfides and reduction of metals. EAnB addresses direct 
contact, surface water, and air pathways by providing treatment of COCs in saturated soil 
and groundwater. 

 Application of a bioaugmentation culture may be necessary depending on the availability 
and population of indigenous microorganisms to degrade TCE. 

 Maintaining existing engineering controls, including impervious surfaces (capping) and 
vapor mitigation systems (sub-slab and sub-membrane depressurization), to address the 
direct contact and/or air pathway for cVOCs in soil and/or groundwater during the cleanup 
action. 

 Periodic compliance monitoring (including groundwater, soil, air) of the remedial action, 
including MNA of groundwater. 

 If contaminant concentrations on the property or in the adjacent street rights-of-way exceed 
cleanup levels at the conclusion of active remediation, an environmental covenant would be 
placed to control subsurface activities where complete remediation of soil and/or 
groundwater is not achievable. 
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EAnB does not provide direct treatment of metals, however it is possible it will indirectly 
contribute to conditions that are amenable to precipitation of metals. Fate and transport modeling 
for nickel suggests that a shift in pH to more neutral conditions alone will immobilize nickel and 
prevent it from reaching surface water by stabilizing and shrinking the plume, therefore further 
treatment of metals may not be necessary. Revised modeling as part of compliance monitoring 
activities may be appropriate to evaluate the effects of the pH adjustment to confirm this. 

pH buffering would be applied as described in the source area component for Alternative 1 
(AS/SVE). Application of EAnB amendments is also recommended via injection wells. Multiple 
injection events may be necessary to achieve RAOs and permanent wells provide continued access. 
Injection wells can be configured to provide hotspot treatment over a desired area, if accessible, or 
perpendicular to the groundwater plume to provide a permeable reactive barrier (PRB). 

There are a number of proprietary products on the market for the enhancement of anaerobic 
biodegradation. Specific products that will be considered include EHC-L from Peroxychem, 3D 
Microemulsion from Regenesis, EDS-ER from Tersus Environmental, and ABC-CH4 from 
Provectus Environmental4. These products are also injected as liquid solutions and are compatible 
with injection well applications. 

Prior to implementation of this alternative, sampling to determine whether there are existing 
populations of indigenous microorganisms available for degradation of TCE is recommended. Low 
pH conditions in the source area may have impaired the ability of these microorganisms to 
proliferate and bioaugmentation may be recommended to bolster an EAnB approach in this area. 
Specific products being considered for bioaugmentation include KB-1 and KB-1 Plus5 from 
SiREM. 
Alternatives 3 and 4 Source Area Component – In-Situ Chemical Reduction with pH 
Neutralization 
As in source area components for Alternatives 1 and 2, this component involves pH adjustment in 
the source area to facilitate enhanced reductive dechlorination of cVOCs and immobilization of 
plating metals. ISCR would be applied to provide additional treatment of COCs while maintaining 
protectiveness of potential exposure pathways through controls and monitoring. This component 
includes the following elements: 

 Application of pH buffering/neutralization in areas of low groundwater pH to facilitate 
enhanced reductive dechlorination and immobilization/precipitation of plating metals.  

 Application of an ISCR amendment in the source area (Figure 2) to treat COCs by creating 
highly reducing aquifer conditions, supporting reductive dechlorination of cVOCs through 
abiotic as well as biotic reactions, and immobilizing/precipitating plating metals. ISCR 
addresses direct contact, surface water, and air pathways by providing treatment of COCs in 
saturated soil and groundwater. 

 Maintaining existing engineering controls, including impervious surfaces (capping) and 
vapor mitigation systems (sub-slab and sub-membrane depressurization), to address the 

                                                   
4 For more information on specific products and vendors identified in this memo, refer to product information 
accessible on vendor websites. 
5 KB-1 Plus is acclimated to dechlorinate ethenes at a lower pH range of 5.8-6.3 versus 6.8-7.8 with KB-1. 
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direct contact and/or air pathway for cVOCs in soil and/or groundwater during the cleanup 
action. 

 Periodic compliance monitoring (including groundwater, soil, air) of the remedial action, 
including MNA of groundwater. 

 If contaminant concentrations on the property or in the adjacent street rights-of-way exceed 
cleanup levels at the conclusion of active remediation, an environmental covenant would be 
placed to control subsurface activities where complete remediation of soil and/or 
groundwater is not achievable. 

Recommended application techniques and amendments for pH buffering are expected to be similar 
to those described in the source area components of Alternatives 1 and 2. There are a number of 
proprietary products on the market for ISCR. Specific products that will be considered for 
implementation include EHC-M from PeroxyChem, Provect-IRM from Provectus, and eZVI from 
Tersus Environmental. These products are engineered to provide iron- and sulfide-based 
precipitation metals, which are expected to target immobilization of nickel based on fate and 
transport modeling. 

Direct push injection and/or hydraulic/pneumatic fracturing techniques are the recommended 
application techniques for ISCR amendments as these amendments include a zero-valent iron (ZVI) 
component and are not conducive to injection through well screens. However, the longevity of ZVI 
makes multiple injection events unlikely over the subsequent 5 to 10 year period. Injection points 
can be configured to provide hotspot treatment over a desired area or perpendicular to the 
groundwater plume to construct a PRB. A PRB could also be installed in the source area at water 
table depth interval (i.e., maximum depth of 20 feet) using traditional trenching methods. 

ISCR is not only considered effective for abiotic treatment of cVOCs but also can enhance 
conditions for anaerobic bioremediation. Therefore, this alternative includes an option for 
bioaugmentation to further enhance anaerobic degradation of TCE. Sampling to determine existing 
populations of indigenous microorganisms capable of degrading TCE following application of 
ISCR is recommended to provide a baseline and assess the need for bioaugmentation. Specific 
products considered appropriate for bioaugmentation include KB-1 and KB-1 Plus (acclimated to 
dechlorinate ethenes at lower pH) from SiREM. Bioaugmentation products would be applied via 
the same injection wells as the pH buffer.  
Alternative 5 Source Area Component – In-Situ Chemical Oxidation with Groundwater 
Pump and Treat 
This source area component for Alternative 5 uses ISCO and groundwater P&T to reduce 
concentrations of COCs and the restoration time frame for the source area while maintaining 
protectiveness of potential exposure pathways through controls and monitoring. This component 
includes the following elements: 

 Injection of an ISCO amendment in the source area around the ABP facility (Figure 2) to 
chemically degrade cVOCs. Groundwater P&T is included with this alternative to assist is 
distribution of the oxidant (through recirculation) and provide extraction of dissolved phase 
plating metals. The combination of these technologies addresses direct contact, surface 
water, and air pathways by providing treatment of COCs in saturated soil and groundwater. 
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 Maintaining existing engineering controls, including impervious surfaces (capping) and 
vapor mitigation systems (sub-slab and sub-membrane depressurization), to address the 
direct contact and/or air pathway for cVOCs in soil and/or groundwater during the cleanup 
action. 

 Periodic compliance monitoring (including groundwater, soil, air) of the remedial action, 
including MNA of groundwater. 

 If contaminant concentrations on the property or in the adjacent street rights-of-way exceed 
cleanup levels at the conclusion of active remediation, an environmental covenant would be 
placed to control subsurface activities where complete remediation of soil and/or 
groundwater is not achievable. 

Potassium permanganate is recommended as a suitable ISCO amendment as it is effective in a wide 
range of pH (3.5 to 12) and amenable to recirculation applications.  Recirculation is recommended 
because direct contact with cVOCs is required for ISCO to be effective and adequate coverage of 
the source area using injection techniques is not realistic given spatial limitations. ISCO may inhibit 
local biodegradation; however, pH in groundwater in much of the source area is already prohibitive 
of EAnB. However, ISCO is not considered conducive to the natural attenuation processes already 
taking place in the vicinity of the source area6 and could extend the restoration time frame if it were 
to disrupt these naturally occurring attenuation processes. 
Alternative 6 Source Area Component – Excavation/Off-Site Disposal and In-Situ 
Stabilization 
This source area component for Alternative 6 involves excavation of accessible soil, and in-situ 
stabilization for deeper soil impacts, to provide treatment of COCs and reduce the restoration time 
frame for the source area while maintaining protectiveness of potential exposure pathways. This 
component includes the following elements: 

 Excavation of accessible soil above cleanup levels in the water table interval (i.e., 
maximum depth of 20 feet) in source area around the ABP facility (Figure 2), and in-situ 
stabilization/solidification of deeper soils as needed, to remove and immobilize cVOCs and 
plating metals. To facilitate excavation and solidification to the extent practicable, areas 
inside the facility would be cleared of equipment and materials. Building foundation 
elements and utilities in the rights-of-way would be left in place. The combination of these 
technologies addresses direct contact, surface water, and air pathways by providing 
treatment or off-site disposal of COCs in soil and groundwater. 

 Maintaining existing engineering controls, including impervious surfaces (capping) and 
vapor mitigation systems (sub-slab and sub-membrane depressurization), to address the 
direct contact and/or air pathway for cVOCs in soil and/or groundwater during the cleanup 
action. 

 Periodic compliance monitoring (including groundwater, soil, air) of the remedial action, 
including MNA of groundwater. 

                                                   
6 As evidenced by the presence of TCE-daughter products in the source area. 
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 If contaminant concentrations on the property or in the adjacent street rights-of-way exceed 
cleanup levels at the conclusion of active remediation, an environmental covenant would be 
placed to control subsurface activities where complete remediation of soil and/or 
groundwater is not achievable. 

Downgradient Area Components 
This section describes the components of Alternatives 1 through 6 being considered for the 
downgradient area at SU1. 

Alternatives 1, 3, 5, and 6 Downgradient Component – In-Situ Chemical Reduction 
The downgradient component for Alternatives 1, 3, 5, and 6 uses ISCR as the primary mechanism 
for treatment of cVOCs while maintaining protectiveness of potential exposure pathways through 
controls and monitoring. This component includes the following elements: 

 Application of an ISCR amendment in the downgradient area (Figure 3) to treat cVOCs by 
creating highly reducing aquifer conditions and supporting reductive dechlorination of 
cVOCs through abiotic as well as biotic reactions. ISCR addresses the surface water 
pathway by providing treatment of cVOCs in groundwater. 

 Periodic compliance monitoring of the remedial action, including MNA of groundwater. 

 If necessary, at the conclusion of active remediation, an environmental covenant to control 
subsurface activities where complete remediation of groundwater is not achievable. 

 If necessary, contingency actions may be taken to address the surface water and sediment 
pathways for cVOCs in groundwater by reducing concentrations (sparge curtains or 
enhanced aerobic biodegradation). 

Recommended application techniques and amendments for ISCR are expected to be similar to those 
described for the source area components under Alternatives 3 and 4. However, downgradient 
PRBs at the shallow and intermediate groundwater intervals (i.e., depth intervals of 20 to 60 feet) 
will necessitate trenchless installation, direct push injection, hydraulic/pneumatic fracturing, or soil 
mixing/auguring techniques for application. At this time, direct-push injection is the preferred 
method because it is a readily available technology and presumable more cost-effective. However, 
the implementability and effectiveness of the other techniques will be considered during design if 
there is an apparent advantage over direct-push. 
Alternatives 2 and 4 Downgradient Component – Enhanced Anaerobic Biodegradation 
The downgradient component for Alternatives 2 and 4 uses EAnB as the primary mechanism for 
treatment of cVOCs while maintaining protectiveness of potential exposure pathways through 
controls and monitoring. This component includes the following elements: 

 Application of an EAnB amendment in the downgradient area (Figure 3) to treat cVOCs. 
EAnB addresses the surface water pathway by providing treatment of cVOCs in 
groundwater. 
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 Application of a bioaugmentation culture may be necessary depending on the availability 
and population of indigenous microorganisms to degrade TCE. Evidence suggests 
bioaugmentation may be appropriate in downgradient areas7. 

 Periodic compliance monitoring of the remedial action, including MNA of groundwater. 

 If necessary, at the conclusion of active remediation, an environmental covenant to control 
subsurface activities where complete remediation of groundwater is not achievable. 

 If necessary, contingency actions may be taken to address the surface water and sediment 
pathways for cVOCs in groundwater by reducing concentrations (sparge curtains or 
enhanced aerobic biodegradation). 

Recommended application techniques and amendments for EAnB are expected to be similar to 
those described for the Alternative 2 source area component. Specific products that will be 
considered for implementation include EHC-L from Peroxychem, 3D Microemulsion from 
Regenesis, EDS-ER from Tersus Environmental, and ABC-CH4 from Provectus Environmental. 
These products are injected as liquid solutions and are compatible with injection well applications. 

Contingency Actions  
The remedial alternatives include contingency actions that would be implemented to address areas 
of the downgradient groundwater cVOC plume in the event that performance monitoring indicates 
the cleanup action is insufficiently protective. Potential contingency technologies are described 
briefly below. 

Sparge Curtains 
A sparge curtain may be considered for additional protection of the surface water pathway from 
cVOCs at the Duwamish Waterway pending performance of the selected cleanup action. Air 
sparging can be applied to rapidly strip trichloroethylene (TCE) out of groundwater and/or 
aerobically degrade vinyl chloride. Considerations for the use of this technology include the 
requirement for above ground equipment and the fact that aerobic treatment is counterproductive to 
the EAnB and ISCR technologies proposed for downgradient treatment of the cVOC plume. 

Enhanced Aerobic Biodegradation 
Enhanced aerobic biodegradation may be considered for additional protection of the surface water 
and/or vapor pathway from vinyl chloride pending the performance of the selected cleanup action. 
An oxygen releasing amendment can be applied via direct push injection in areas around the edges 
of the groundwater plume to aerobically degrade vinyl chloride. One consideration for the use of 
this technology is that aerobic treatment is counterproductive to the EAnB and ISCR technologies 
proposed for downgradient treatment of the cVOC plume. 

Summary 
Six remedial alternatives have been developed for evaluation in the FS using five potential source 
area components paired with two potential downgradient components. These alternatives are 
intended to address the RAOs for SU1 while providing protection of human health and the 
environment. Each of the alternatives include some degree of engineering and/or institutional 

                                                   
7 Based on low concentrations of TCE daughter products observed in the downgradient groundwater plume. 
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controls, as well as MNA, to meet the RAOs for SU1. The FS will evaluate the alternatives with 
respect to the requirements and criteria specified in WAC 173-340-360 and present a 
disproportionate cost analysis (DCA) to select the preferred remedy for SU1.  
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Limitations 
Work for this project was performed for Art Brass Plating (Client), and this memorandum was 
prepared in accordance with generally accepted professional practices for the nature and conditions 
of work completed in the same or similar localities, at the time the work was performed. This 
memorandum does not represent a legal opinion. No other warranty, expressed or implied, is made. 

All reports prepared by Aspect Consulting for the Client apply only to the services described in the 
Agreement(s) with the Client. Any use or reuse by any party other than the Client is at the sole risk 
of that party, and without liability to Aspect Consulting.  Aspect Consulting’s original files/reports 
shall govern in the event of any dispute regarding the content of electronic documents furnished to 
others. 
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Table 1
Remedial Alternative Technical Memorandum
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Alternative 1 Alternative 2 Alternative 3 Alternative 4 Alternative 5 Alternative 6

pH/Air Sparging/Soil Vapor Extraction/In-
Situ Chemical Reduction 

pH/Enhanced Anaerobic Biodegradation pH/In-Situ Chemical Reduction
pH/In-Situ Chemical Reduction/

 Enhanced Anaerobic Biodegradation

In-Situ Chemical Oxidation/ 
Groundwater Pump and Treat/In-Situ 

Chemical Reduction

Excavation/In-Situ Stabilization/In-Situ 
Chemical Reduction

Capping

Institutional Controls 

Sub-Slab and Sub-Membrane Depressurization cVOCs

Monitored Natural Attenuation

In-Situ Chemical Reduction -- -- Treatment of Soil and Groundwater Treatment of Soil and Groundwater -- --

Enhanced Anaerobic Biodegradation --
Treatment of Soil and  Groundwater 

(Optional Bioaugmentation) 
Optional Bioaugmentation Optional Bioaugmentation -- --

Air Sparge / Soil Vapor Extraction Treatment of Soil and Groundwater -- -- -- -- --

In-Situ Chemical Oxidation -- -- -- -- Treatment of Soil and Groundwater --

In-Situ Solidification / Stabilization -- -- -- -- -- Treatment of Soil and Groundwater

pH Buffering / Neutralization -- --

Immobilization / Precipitation -- --

Groundwater Pump and Treat -- -- -- -- Treatment of Groundwater --

Excavation & Off-Site Disposal -- -- -- -- -- Treatment of Soil and Groundwater

Institutional Controls 

Sub-Slab and Sub-Membrane Depressurization

Monitored Natural Attenuation

In-Situ Chemical Reduction Treatment of Groundwater -- Treatment of Groundwater -- Treatment of Groundwater Treatment of Groundwater

Enhanced Anaerobic Biodegradation -- Treatment of Groundwater -- Treatment of Groundwater -- --

Sparge Curtain cVOCs

Enhanced Aerobic Biodegradation Vinyl Chloride

$$ $$$ $$$ $$-$$$ $$$$ $$$$$

Notes:
1) The source area for cVOCs and metal contamination is generally located in the Water Table and Shallow Intervals and bounded 2nd Ave S and 4th Ave S (east-west) and S Lucile St and S Orcas St (north-south).
2) The downgradient cVOC groundwater plume area is generally located in the Shallow and Intermediate Intervals west of 3nd Ave S extending to the Duwamish Waterway.
3) The contingency actions may be applied at the edges of the cVOC and/or metals groundwater plume where additional measures may be necessary to protect the Duwamish Waterway and/or control the migration of contamination.
4) Groundwater pH in the source area is generally less than 6 and will require adjustment/neutralization to facilitate enhanced reductive dechlorination and precipitation of metals.
5) Immobilization/precipitation of metals can be achieved through both pH neutralization and/or in-situ chemical reduction.

--      Dashes indicate action not included for that alternative.
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