
























































































































































































































































 

 

 

Tables 

   

















































































 

 

 

Figures 

 

   



AutoCAD SHX Text
DALTON

AutoCAD SHX Text
OLMSTED

AutoCAD SHX Text
FUGLEVAND



AutoCAD SHX Text
DALTON

AutoCAD SHX Text
OLMSTED

AutoCAD SHX Text
FUGLEVAND



AutoCAD SHX Text
DALTON

AutoCAD SHX Text
OLMSTED

AutoCAD SHX Text
FUGLEVAND











AutoCAD SHX Text
DALTON

AutoCAD SHX Text
OLMSTED

AutoCAD SHX Text
FUGLEVAND

AutoCAD SHX Text
}



AutoCAD SHX Text
DALTON

AutoCAD SHX Text
OLMSTED

AutoCAD SHX Text
FUGLEVAND

AutoCAD SHX Text
}



AutoCAD SHX Text
DALTON

AutoCAD SHX Text
OLMSTED

AutoCAD SHX Text
FUGLEVAND



AutoCAD SHX Text
DALTON

AutoCAD SHX Text
OLMSTED

AutoCAD SHX Text
FUGLEVAND



AutoCAD SHX Text
DALTON

AutoCAD SHX Text
OLMSTED

AutoCAD SHX Text
FUGLEVAND



AutoCAD SHX Text
DALTON

AutoCAD SHX Text
OLMSTED

AutoCAD SHX Text
FUGLEVAND



AutoCAD SHX Text
DALTON

AutoCAD SHX Text
OLMSTED

AutoCAD SHX Text
FUGLEVAND



AutoCAD SHX Text
DALTON

AutoCAD SHX Text
OLMSTED

AutoCAD SHX Text
FUGLEVAND



AutoCAD SHX Text
DALTON

AutoCAD SHX Text
OLMSTED

AutoCAD SHX Text
FUGLEVAND



AutoCAD SHX Text
DALTON

AutoCAD SHX Text
OLMSTED

AutoCAD SHX Text
FUGLEVAND



AutoCAD SHX Text
DALTON

AutoCAD SHX Text
OLMSTED

AutoCAD SHX Text
FUGLEVAND



AutoCAD SHX Text
DALTON

AutoCAD SHX Text
OLMSTED

AutoCAD SHX Text
FUGLEVAND



 

 

 

Appendix A 

Revised Technical Memorandum: Feasibility 
Study – Point of Compliance and Preliminary 

Cleanup Level Assessment 

   



 

 
Revised Technical Memorandum: 
Feasibility Study – Point of Compliance 

and Preliminary Cleanup Level 

Assessment 

 
WASHOUGAL FACILITY 
 
WASHOUGAL, WASHINGTON 
 
 

November 12, 2019 

 

Prepared by: 

DALTON, OLMSTED, & FUGLEVAND 
1001 SW Klickitat Way Suite 200B  
Seattle, Washington 98134 
 

 

Prepared for: 

STERICYCLE ENVIRONMENTAL SOLUTIONS  
CORRECTIVE ACTION GROUP 
18000 72nd Avenue South, Suite 217 
Kent, WA 98032 
 
 
 
 

 



Table of Contents 

Contents 
1.0  Introduction .................................................................................................................................... 1 

2.0  Approach to CLEANUP Standards ................................................................................................... 1 

2.1  Groundwater Preliminary Cleanup levels .................................................................................. 3 

2.1.1  Beneficial Use of Groundwater .......................................................................................... 6 

2.2  Soil Preliminary Cleanup Levels .................................................................................................. 6 

2.3  Adjustment for Multiple Hazardous Substances ........................................................................ 8 

3.0  Point of Compliance ....................................................................................................................... 8 

3.1  Regulatory Requirements ........................................................................................................... 8 

3.1.1  Soil Point of Compliance ..................................................................................................... 9 

3.1.2  Groundwater Point of Compliance ................................................................................... 10 

3.2  Proposed Points of Compliance ............................................................................................... 12 

3.2.1  Proposed Soil Point of Compliance .................................................................................. 12 

3.2.2  Proposed Groundwater Conditional Points of Compliance ............................................. 12 

4.0  References .................................................................................................................................... 14 

5.0  Closing .......................................................................................................................................... 15 

 

   



 

November 12, 2019 

 
TABLES 

Table 1 Groundwater Preliminary Cleanup Levels – MTCA Groundwater Table 
Values 

Table 2 Groundwater Preliminary Cleanup Levels – Surface Water ARARs 
Table 3 Groundwater Preliminary Cleanup Levels – Vapor Intrusion 
Table 4 Groundwater Practical Quantitation Limits 
Table 5 Groundwater Preliminary Cleanup Levels 
Table 6 Soil Preliminary Cleanup Levels for Stericycle On-Property Soils 
Table 7 Soil Preliminary Cleanup Levels for Off-Property Soils 
 



 

November 12, 2019 

 

Page 1 of 15 

1.0 INTRODUCTION 

This technical memorandum was prepared to summarize the outcome of discussions regarding 
components of the Feasibility Study (FS), currently under revision, for the Stericycle 
Environmental Solutions (Stericycle) Washougal, Washington facility. Washington Department 
of Ecology (Ecology), Ridolfi (Ecology’s technical consultant), Stericycle, and Dalton, Olmsted, 
and Fuglevand (DOF) met on August 8, 2019.  The purpose of that meeting was to discuss 
Stericycle’s planned approach to addressing Ecology’s 2019 comments on the FS, particularly 
with regards to the Point of Compliance and revision to site potential cleanup levels.  

DOF prepared this technical memorandum on behalf of Stericycle to document information 
presented at that August 8, 2019 meeting and allow preliminary review of how those topics will 
be discussed in the revised FS. This memorandum has been revised based on comments 
received from Ecology in September 2019 via email (Ecology, 2019).  

The approach to cleanup standards for the Washougal facility is described below including 
derivation of potential cleanup levels and consideration of points of compliance (POCs) 
established in accordance with the Model Toxic Control Act (MTCA) regulations. 

Constituents of concern and preliminary cleanup levels were developed in the Remedial 
Investigation (RI) and draft FS (AMEC, 2013a and b). This memorandum updates that 
previously presented approach to cleanup levels to address comments received from Ecology 
and account for regulatory revisions made since the RI and Draft FS were completed. To 
streamline this memorandum background information and terminology defintions related to 
areas of the site and the conceptual site model are not repeated here and should be referenced 
in the RI, draft FS, and Ecology comments.  

2.0 APPROACH TO CLEANUP STANDARDS 

This section outlines the approach used to develop preliminary cleanup levels for the facility. 
The preliminary cleanup levels must be established for affected media and must be appropriate 
for the land use and relevant exposure pathways identified in the conceptual site model. 
Affected media identified through previous investigations include soil in the area of the former 
tank farm, including areas outside the tank farm footprint, and groundwater beneath the 
Stericycle property that is migrating beyond the Stericycle property boundary. 

MTCA regulations require that remedial action alternatives achieve cleanup standards. MTCA 
regulations establish three primary components for cleanup standards: 

 Cleanup levels for constituents of concern; 
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 The POC where these cleanup levels must be met; and 

 Other regulatory requirements that apply. 

MTCA regulations define three basic methods of determining cleanup levels for soil and 
groundwater. 

 Method A – applies to “routine” sites or where few hazardous substances are 
involved. Method A cleanup levels have been established for unrestricted and 
industrial land uses. 

 Method B – the “universal” method that can be applied to all media at all sites 
(unrestricted and industrial use). Two types of Method B cleanup levels can be used: 
standard (or default) cleanup levels based on standard assumptions, and modified 
cleanup levels that incorporate chemical-specific or site-specific information. 

 Method C – a conditional cleanup level that can be used where more rigorous 
cleanup levels cannot be achieved. Similar to Method B, Method C comprises two 
types: standard and modified. Use of Method C cleanup levels requires institutional 
controls to ensure future protection of human health and the environment and is 
generally applicable only to industrial sites. 

For carcinogenic constituents of concern, MTCA Method B and Method C cleanup levels are 
generally defined by the upper bound of the estimated lifetime cancer risk, which cannot exceed 
1 x 10-6 and 1 x 10-5, respectively, for each method, for individual carcinogens. Hazard indices 
for both Methods B and C cannot exceed 1.0, and the total risk for COCs under each method 
cannot exceed 1 x 10-5. 

Cleanup standards in MTCA Methods A, B, and C are required by RCW 70.105D.030 (2)(d) to 
be “at least as stringent as all applicable state and federal laws.” These requirements are similar 
to the applicable, relevant and appropriate requirements (ARAR) approach of the federal 
Superfund law, and are described in entirety in WAC 173-340-710. In addition, the Stericycle 
property meets criteria established in WAC 173-340-200 and 173-340-745 for a site to be 
defined as an industrial property, as described in the RI. Although there is a potential for the 
property to be used sometime in the future for residential use (and therefore residential 
exposure was considered in the conceptual site model as a potentially complete exposure 
pathway), the property and surrounding industrial park are industrial and are expected to remain 
industrial for the foreseeable future, and institutional controls are anticipated to be established at 
the site as part of the cleanup action, restricting use of the property to industrial uses. As noted 
in the RI, groundwater from the Stericycle property discharges to the Steigerwald Lake National 
Wildlife Refuge, and since Steigerwald Marsh is not zoned as industrial, the entire “facility” or 
“site” cannot be viewed as industrial and cleanup levels must reflect this distinction for areas 
outside the industrial park. 
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Preliminary site-specific cleanup levels must be protective of the pathways established in the 
conceptual site model, including the following media exposure pathways: 

 Groundwater – the groundwater-to-surface water pathway (the Shallow Groundwater 
Zone groundwater discharges to the Steigerwald Marsh and Gibbons Creek 
Remnant Channel, and the Lower Aquifer groundwater discharges to the Columbia 
River);  

 Groundwater – indoor vapor inhalation pathway; 

 Soil – industrial direct human exposure pathways (ingestion, inhalation, dermal 
absorption); 

 Soil – indoor vapor inhalation pathway; and 

 Soil – groundwater pathway (protective of a groundwater level that accounts for all 
groundwater-related pathways including drinking water, surface water, and vapor 
pathways). 

Since groundwater in the Lower Aquifer is also considered a potential drinking water source, 
and the Shallow Aquifer appears to have some connectivity to the Lower Aquifer, these aquifers 
must also be considered for direct ingestion of groundwater (levels protective of drinking water).  

2.1 GROUNDWATER PRELIMINARY CLEANUP LEVELS 
Preliminary groundwater cleanup levels are based on a general analysis of groundwater use 
and the MTCA methodology for establishing cleanup levels. Final cleanup levels will be 
established in the Cleanup Action Plan (CAP) for use in designing the final remedy for the 
facility. For groundwater in the Shallow Groundwater Zone (above or in the Silt Layer) as well as 
for groundwater in the Lower Aquifer (in or below the Silt Layer), the preliminary cleanup level 
for each constituent of concern is a MTCA Method B Cleanup level selected by choosing the 
minimum of the following: 

 MTCA Groundwater Table Values (from CLARC [Ecology, 2019]) (Table 1) 

 MTCA Method A levels for constituents that do not have a Method B level 
available; 

 MTCA standard Method B levels based on drinking water beneficial use, which 
include Federal Maximum Contaminant Levels (MCLs); 

 Surface Water ARARs (Table 2) 

Several surface water criteria have changed since the RI and draft FS due to 
updates in EPA's National Recommended Water Quality Criteria (304[a]) in 2015 
and 2016,  Ecology's Water Quality Standards (WAC 173-201A) in 2016, and EPA's 
2016 "Revision of Certain Federal Water Quality Criteria Applicable to Washington" 
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(40 CFR 131.45; formerly the Washington criteria were in 40 CFR 131.36, referred to 
as the National Toxics Rule, or NTR).  

 Water Quality Standards for Surface Waters of the State of Washington 
(WAC 173-201A) – Acute and Chronic effects, Aquatic Life, Human Health (water 
and organism), Human Health (organism only), Freshwater; 

 National Recommended Water Quality Criteria (NRWQC) (Clean Water Act 
§304) – Freshwater, Acute and Chronic effects, Aquatic Life and for the 
Protection of Human Health; 

 National Toxics Rule (40 CFR 131) – Freshwater, Human Health, Consumption 
of Water and Organisms; 

 MTCA Surface Water Table Values (from CLARC) (Table 2) 

 MTCA Method B Surface Water levels from Ecology’s Cleanup Levels and Risk 
Calculation (CLARC) tables if a federal or local surface water value is not found 
in the above references (Ecology, 2019); and 

 Values Protective of Indoor Air (Table 3) 

 For the Shallow Groundwater Zone only, MTCA Method B groundwater cleanup 
levels protective of vapor intrusion, obtained from CLARC (Ecology, 2019).  

After selecting the minimum value from the MTCA Method B levels and the ARARs, preliminary 
cleanup levels were established for use in the FS. For some constituents, the preliminary 
Method B cleanup levels were revised upward in accordance with the MTCA regulations [WAC 
173-340-705(6)] so that the screening levels were not lower than the practical quantitation limits 
(PQLs) obtained by the project laboratory. The preliminary cleanup levels established by this 
process are modified MTCA Method B cleanup levels. In reviewing the modified Method B 
cleanup levels based on analytical considerations, Ecology may consider the availability of 
improved analytical techniques and require their use. In accordance with WAC 173-340-707, if 
the PQL for a constituent was higher than the preliminary groundwater cleanup level, the 
cleanup level was raised to the PQL level if: 

 The PQL is no greater than 10 times the method detection limit (MDL); and 

 The laboratory PQL is not higher than the PQL established by the EPA. 

The PQLs were obtained from the current project laboratory, Agriculture & Priority Pollutants 
Laboratories, Inc. (APPL) of Clovis, California, which is certified by the state of Washington. 
APPL performs low-level and selective ion monitoring (SIM) for VOCs and SVOCs, and 
analyses for PCBs, to attain PQLs below typical reporting limits. For some constituents, the 
APPL PQL was slightly higher than 10 times the MDL. In these cases, the value of 10 times the 
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MDL was used as the PQL. Applicable PQLs used for adjusting the Method B groundwater 
cleanup levels are provided in Table 4. 

The preliminary groundwater cleanup levels are summarized in Table 5. Additional adjustments 
for background were considered for arsenic in accordance with WAC 173-340-705 and -706, 
which establish the applicability of Method B and C to determine cleanup levels for this 
constituent (further discussed in the RI).  

Both area and natural background were considered in developing cleanup levels for arsenic. 
Background values were calculated using upgradient site data outside of contaminated source 
areas as described in the RI. These calculated values are 22.84 µg/L for the Shallow 
Groundwater Zone and 1.42 µg/L for the Lower Aquifer. It is difficult to ascertain if these 
background values should be categorized strictly as natural background values or area 
background values given that the site has both natural and anthropogenic (area) influences: 

 Natural - The site and surrounding industrial park are built over a large marsh, 
resulting in naturally reducing conditions. These naturally reducing conditions are 
directly impacting concentrations of arsenic on the site. The arsenic concentrations 
show a clear and consistent trend of higher concentrations in the Shallow 
Groundwater Zone during the summer months (when the groundwater elevation is 
lowest and we observe the strongest reducing conditions) and lower concentrations 
in the winter months when recharge of oxygenated rainwater occurs. The natural 
conditions (high organic content and peat layers that promote reducing conditions) 
would encourage mobility of arsenic. 

 Area - The site is located within a man-made industrial park, constructed on imported 
fill. The shallow aquifer is actually within this fill zone, but the geochemistry of this 
unit is strongly influenced by the methanogenic conditions produced by the 
underlying marsh deposits. 

In 2010, the MTCA Science Advisory Board reviewed a statewide dataset of groundwater data 
for arsenic (San Juan, 2010). For this background study, arsenic study data were obtained from 
the Washington Department of Health Drinking Water Program. A total of 18,238 groundwater 
sample results, collected over a 10-year period (2000-2010) from 6,776 drinking water wells 
(depths of 10 to 2,200 feet.), were evaluated. Ecology used the “MTCAStat” statistical software 
to estimate background arsenic concentrations using the procedures specified in WAC 173-340-
709. The review produced the following key results:  

 On a statewide basis, Ecology estimated that arsenic concentrations of 10.7 µg/L 
represent the 90th percentile of the sampling distribution for groundwater in the 
State. 

 High arsenic concentrations (> 25 µg/L) were detected in 12 western Washington 
counties (Clark, Cowlitz, Island, Jefferson, King, Lewis, Mason, Skagit, Skamania, 
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Snohomish, Thurston, and Whatcom). The PSC Washougal facility is located in 
Clark County. 

Stericycle’s site-specific background calculation yielded results consistent with Ecology’s study 
that indicates high arsenic concentrations are present in Clark County. Stericycle set the 
preliminary cleanup level for arsenic iat 22.84 µg/L for the Shallow Groundwater Zone and 
1.42 µg/L for the Lower Aquifer. 

The arsenic assessment and background calculation were described in Appendix O of the RI. 

2.1.1 Beneficial Use of Groundwater 
The designation of the highest beneficial use of groundwater in an area governs potential 
exposure to groundwater in that area. The designation of the highest beneficial use of 
groundwater in a particular area is regulated by several different agencies, including Ecology, 
the Washington State Department of Health (WDOH), and county and city governments. 
The requirements, rules, and guidance of each of these agencies are considered in the 
determination of the highest beneficial use of groundwater under MTCA (WAC 173-340-720). 
According to WAC 173-340-720, groundwater cleanup levels must be based on the highest 
beneficial use of groundwater, which is human ingestion, unless the criteria outlined in 
WAC 173-340-720(2) subsections (a) through (c) are met. Unless all of the criteria can be 
demonstrated, WAC 173-340-720(2) defines all groundwater as potable. 

Since groundwater in the Lower Aquifer is considered a potential drinking water source, cleanup 
levels must be developed based on an exposure pathway that includes direct ingestion of 
groundwater (levels protective of drinking water). Groundwater in the Shallow Groundwater 
Zone of the site is not a current source of drinking water, and has a very low yield; however, the 
Shallow Groundwater Zone is partially connected to the Lower Aquifer groundwater, which 
could potentially be used as a drinking water source, and therefore drinking water is a potential 
exposure mechanism for both the Shallow Groundwater Zone and the Lower Aquifer. 

2.2 SOIL PRELIMINARY CLEANUP LEVELS 
The Stericycle property is located in an area zoned for heavy industrial use; therefore, MTCA 
Method C soil cleanup levels are appropriate for use at the Stericyle property. In addition, the 
Stericycle property meets criteria established in WAC 173-340-200 and 173-340-745 for a site 
to be defined as an industrial property, as described in the RI. However, portions of the site that 
are east of the property, outside the industrial park, do not meet this definition since a national 
wildlife refuge exists in this area. Areas of the site outside the industrial park require 
development of more stringent cleanup levels, which would apply in these areas. MTCA Method 
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C industrial soil cleanup levels are based on adult occupational exposures and assume that 
current and future land use will be restricted to industrial purposes. 

Preliminary cleanup levels for soil on the property are selected by choosing the minimum of the 
following MTCA cleanup levels (Table 6): 

 MTCA Method C - Industrial Cleanup Level based on direct contact/ingestion 
obtained from the CLARC website (Ecology, 2019); 

 For those constituents with no available Method C cleanup levels, MTCA Method A 
Industrial Soil Cleanup Levels (MTCA Table 745-1); 

 Soil cleanup levels protective of the preliminary groundwater cleanup levels 
described in Section 2.1 [WAC 173-340-747(4)];  

 EPA Regional Screening Levels (RSLs); and 

 Ecological Indicator Soil Concentrations for Protective of Terrestrial Plants and 
Animals (MTCA Table 749-3). 

Additionally, areas of the site outside the Industrial Park will be considered with regard to MTCA 
Method A and B – Unrestricted Cleanup Levels (and residential EPA RSLs), based on direct 
contact/ingestion obtained from the CLARC website (Table 7). After selecting the minimum 
value from the levels described above, the preliminary cleanup levels are established below. For 
some constituents, the preliminary cleanup levels were revised upward when compared to 
natural background levels and PQLs in accordance with the MTCA regulations [WAC 173-340-
709 and WAC 173-340-705(6)]. The modified preliminary cleanup levels were established as 
follows. 

 The risk-based soil cleanup level selected for each constituent was compared to the 
natural background concentration. If the risk-based cleanup level was less than the 
natural background concentration, the natural background concentration was 
selected for comparison to the PQL. 

 If natural background concentrations were lower than the risk-based soil cleanup 
level, the risk-based soil cleanup level was selected for comparison to the PQL. 

 If the selected natural background concentration or risk-based soil cleanup level was 
less than the PQL, the PQL was selected as the PCL. 

Natural background levels for metals were defined by Ecology (1994) for the Clark County area. 
The Clark County natural background values were calculated as the 90th percentile value using 
Ecology’s MTCA STAT program on a sample set of n = 45. Screening levels that were below 
the defined Clark County natural background levels were adjusted up to the applicable natural 
background level in accordance with the limitations set forth in WAC 173-340-706(6). 
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Applicable PQLs were established for soil in the same manner described in Section 2.1 for 
groundwater. The preliminary cleanup levels for on-property soils are listed in Table 6, and for 
off-property soils in Table 7.  

2.3 ADJUSTMENT FOR MULTIPLE HAZARDOUS SUBSTANCES 
Cleanup levels for some hazardous substances may be adjusted downward in accordance with 
WAC 173- 340-705(4) (multiple hazardous substances or pathways) as part of completion of the 
CAP and establishment of final cleanup levels for the site. Cleanup levels may be adjusted 
downward if the total combined excess cancer risk potential (calculated in accordance with 
MTCA methods) for the carcinogenic substances exceeds one in 100,000 (1 x 10-5), or if the 
hazard index (HI) calculated in accordance with MTCA methods exceeded 1. The HI is 
calculated by summing hazard quotients (HQs) for individual COCs. The cleanup levels 
applicable at the POC must be adjusted to meet these two total risk criteria. 

3.0 POINT OF COMPLIANCE 

To develop and evaluate a reasonable range of cleanup alternatives in the FS, a POC must be 
defined for contaminated sites. As defined in the MTCA regulations, the POC is the point or 
points at which cleanup levels must be attained. The POC, cleanup levels, and other applicable 
standards taken together define the cleanup standard. Sites that achieve the cleanup standards 
at the point of compliance and comply with applicable state and federal laws are presumed to 
be protective of human health and the environment, as approved by Ecology. The POC or 
multiple POCs will be used in the FS for design and evaluation of potential remedial 
alternatives. After approval of the FS, the proposed final POC(s) will be incorporated into the 
CAP and final design for the cleanup alternative selected in the FS. The basis for selecting the 
POC(s) for the FS is defined in the following subsections. The final POC(s) to be used for 
implementing the cleanup action will be determined after Ecology approval of the CAP and after 
completing the requirements specified in the MTCA regulations for approval by other agencies, 
other property owners, and the public. 

3.1 REGULATORY REQUIREMENTS 
The MTCA regulations specify POCs for various media that may become contaminated. MTCA 
defines both the standard POC (SPOC) and the less stringent conditional POC (CPOC). The 
SPOC applies to all soil, groundwater, air, or surface water at or adjacent to any location where 
releases of hazardous substances have occurred or that has been impacted by releases from 
the location. A CPOC is usually defined only for groundwater, air, or surface water. A CPOC 
typically applies to a specific location as near as possible to the source of the release. 
Site-specific conditions determine whether the SPOC or CPOC would be appropriate for a site. 
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Several requirements are specified in the MTCA regulations for establishing a CPOC, as 
discussed in more detail below. The most important criterion for approval of a CPOC is the 
practicality of attaining cleanup levels within a reasonable time frame throughout the plume. 
A common situation for use of a CPOC is migration of contaminated groundwater beyond the 
property boundary. In this case, a CPOC is most frequently established at the property 
boundary beyond which contaminated groundwater has migrated. However, in certain instances 
a CPOC may be established beyond the property boundary if Ecology and any landowners 
located between the source area and the CPOC approve the CPOC before it can be 
incorporated into a final cleanup action. 

As described in the RI Report, affected media at the facility include soil and groundwater. POCs 
for soil and groundwater are established separately and may be different due to different 
regulatory requirements and potential exposure pathways associated with the two media. The 
regulatory requirements for POCs in soil and groundwater are summarized in Sections 3.1.1 
and 3.1.2 below. 

3.1.1 Soil Point of Compliance 
The regulatory requirements for the soil POC are presented in the MTCA regulations, WAC 173-
340-740(6). The requirements for the soil POC depend on the relevant exposure pathway. 
Therefore, MTCA may require different soil POCs for different COCs. The requirements 
specified by MTCA are as follows. 

 For soil COCs whose cleanup level is based on protection of groundwater, the POC 
shall be in soils throughout the site. 

 For soil COCs whose cleanup level is based on the vapor/inhalation pathway, the 
POC must be the soils throughout the site (from the ground surface to the uppermost 
water table). 

 For soil COCs whose cleanup level is based on human exposure (i.e., the 
Commercial Cleanup Level defined in the RI Report), the POC must include the soils 
throughout the site from the ground surface to a depth of 15 feet bgs. 

 For soil COCs whose cleanup level is based on ecological exposure, additional 
specific requirements that must be addressed are presented in 
WAC 173-370-7490(4). 

The soil POCs defined above by MTCA would apply to soil at the surface and beneath the 
surface affected by releases from the Stericycle operations. However, for cleanup actions that 
involve containment of contamination, WAC 173-340-740(6)(f) establishes the following 
provisions for the cleanup to comply with the cleanup standards: 
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For those cleanup actions selected under this chapter that involve containment of 

hazardous substances, the soil CULs will typically not be met at the points of compliance 

specified in (b) through (e) of this subsection. In these cases, the cleanup action may be 

determined to comply with cleanup standards, provided: 

(i) The selected remedy is permanent to the maximum extent practicable. 

(ii) The cleanup is protective of human health. 

(iii) The cleanup action is demonstrated to be protective of terrestrial ecological 

receptors. 

(iv) Institutional controls are put in place … that prohibit or limit activities that could 

interfere with the long-term integrity of the containment system. 

(v) Compliance monitoring and periodic reviews are designed to ensure the long-

term integrity of the containment system. 

(vi) The types, levels and amounts of hazardous substances remaining on-site and 

the measures that will be used to prevent migration and contact with those substances 

are specified in the cleanup action plan. 

3.1.2 Groundwater Point of Compliance 
The groundwater SPOC, as described in WAC 173-340-720(8)(b), would include all 
groundwater within the saturated zone beneath the Stericycle property and in any area affected 
by releases from the Stericycle operations. Under WAC 173-340-720(8)(c), Ecology may 
approve use of a CPOC if the responsible person demonstrates that it is not practicable to attain 
the SPOC within a reasonable restoration time frame and that all practicable methods of 
treatment have been used. A CPOC is essentially a vertical surface extending downward from 
the water table and laterally so that it spans the vertical area affected by the release (e.g., the 
contaminated groundwater extending beyond the boundary of the Stericycle property). 
Groundwater cleanup levels would apply everywhere downgradient from the CPOC; 
groundwater cleanup levels could be exceeded upgradient from the CPOC. Under WAC 173-
340-720(8)(c), a CPOC must be as close as practicable to the source of hazardous substances 
and not exceed the property boundary.  

The MTCA regulations favor a permanent solution for groundwater cleanup at the SPOC. If a 
permanent cleanup action (e.g., a cleanup action capable of attaining cleanup levels of all 
COCs in groundwater at the SPOC) is not selected for a site, then MTCA imposes additional 
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requirements as described in WAC 173-340-360(2)(c)(ii). Under this section, MTCA requires 
treatment or removal of the sources of the release for liquid wastes, high concentration COC 
areas, highly mobile COCs, or COCs that cannot be reliably contained. This may include 
removal of light non-aqueous phase liquids through generally accepted remedial technologies. 
MTCA states containment may be appropriate for dense non-aqueous phase liquids after 
generally accepted remedial technologies have been exhausted. Groundwater containment 
measures are required to the maximum extent practicable to avoid lateral and vertical migration 
of COCs in groundwater. During development of alternatives these requirements will be 
addressed if a non-permanent remedy is proposed.        

Under MTCA, additional requirements apply for establishing a groundwater CPOC beyond the 
property boundary for facilities such as the Stericycle Washougal facility that are near, but not 
abutting, surface water are set forth in WAC 173-340-720(8)(d)(ii). 

 The CPOC must be located as close as practicable to the source of the release. 

 The CPOC must not be located beyond the point or points where groundwater flows 
into surface water. 

 The conditions specified in WAC 173-340-720(8)(d)(i) must be met. 

 All affected property owners between the source of contamination and the CPOC 
agree in writing to the CPOC location. 

 The CPOC cannot be located beyond the extent of groundwater contamination 
exceeding cleanup levels when Ecology approves the CPOC. 

A CPOC at the property boundary may be selected for groundwater. The specific regulatory 
requirements that will apply for establishing a groundwater CPOC for the facility include the 
following. 

 It is not practicable to attain the SPOC within a reasonable restoration time frame 
[WAC 173-340-720(8)(c)]. 

 The CPOC shall be as close as practicable to the source of the release 
[WAC 173-340-720(8)(c)]. 

 All practicable methods of treatment are used in the site cleanup 
[WAC 173-340-720(8)(c)]. 

The regulatory requirements in the bullet list above must be met in order to specify a 
groundwater CPOC for the facility.  
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3.2 PROPOSED POINTS OF COMPLIANCE 
As defined in the MTCA regulations, the POC is the point or points at which CULs must be 
attained. Given the nature and extent of contamination in the source area within the site and in 
the groundwater downgradient from the source area, some cleanup alternatives incorporate a 
CPOC for groundwater. The POCs proposed for consideration in completing the FS are 
described in Sections 3.2.1 and 3.2.2. 

3.2.1 Proposed Soil Point of Compliance 
The soil POC includes soil throughout the site, as required under WAC 173-340-740(6). For 
remedial alternatives to be considered in the FS that rely on containment and will not meet the 
soil cleanup level at the POC, the requirements specified in the MTCA rules under WAC 173-
340-740(6)(f) to demonstrate compliance with the soil POC will be presented in the description 
of the alternative. 

Based on the site conditions presented in the RI, the FS assumes that soil cleanup levels will 
not be met at the POC and that the provisions of WAC 173-340-740(6)(f) will apply. It is not 
practicable to attain the preliminary cleanup levels at the POC for soil because buildings on the 
property limit the accessibility to some portions of the subsurface, and the presence of shallow 
groundwater limits the practicable depth of many technologies, including excavation. PSC 
conducted an interim measure to remove shallow impacted soils from the former tank farm area. 
This excavation was successful at removing shallow zone soils that were a significant source of 
COCs to soil and groundwater. However, it is not practicable to remove the impacted Silt Layer 
below the water table. In addition, the Silt Layer provides some protection from migration of 
shallow impacted groundwater to deeper, less impacted water-bearing zones. Therefore, 
removal of the Silt Layer may not be desirable. This will be described further in the FS. 

Additional treatment methods that may be applicable are described and evaluated as part of the 
FS; however, the results of these treatments are uncertain. Therefore, it is unlikely that soil 
cleanup levels at the POC will be achieved in a reasonable time frame. Further discussion of the 
source area characteristics that would make complying with soil cleanup levels at the POC 
challenging will be discussed further in the FS. 

3.2.2 Proposed Groundwater Conditional Points of Compliance 
For groundwater, if a CPOC is necessary, a CPOC near the property boundary will be evaluated 
for areas where the effectiveness of a particular remedial alternative is uncertain.  

As noted above, the CPOC must be located as close to the source area as practicable. Site 
characterization data confirm that COC concentrations exceeding preliminary cleanup levels in 
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the Shallow Groundwater Zone and Lower Aquifer extend downgradient from the source area in 
the former tank farm. Some remedial alternatives to be considered in the FS may not attain 
cleanup levels throughout the site for an extended period of time, but are expected to improve 
groundwater quality sufficiently to decrease concentrations below cleanup levels near the 
Stericycle property line much faster. Since the property use is not expected to change, 
institutional controls could be readily implemented to support a CPOC placed near the boundary 
of the Stericycle property. 

The CPOC shown in Figure 3-1 of the draft FS was placed to comply with the regulatory 
requirements of WAC 173-340-720(8)(c), as described below: 

1. The impacted silt layer in the Former Tank Farm Area will serve as an ongoing 
source to groundwater. Due to the difficulty in removing or treating the impacted silt 
layer, it is not practicable to attain the standard POC for groundwater within a 
reasonable restoration time frame. 

2. The groundwater CPOC is as close to the source area as practicable. The 
groundwater CPOC encompasses the area of the impacted Silt Layer in the former 
tank farm area and the resulting chlorinated VOC plume located on the property. It is 
impracticable to treat the plume without addressing the source. Because the Silt 
Layer will act as an ongoing source of contaminants to groundwater, the inclusion of 
both the source area and the plume within the groundwater CPOC boundary is 
appropriate. 

3. Stericycle conducted an interim measure to remove shallow impacted soils from the 
former tank farm area to the maximum extent practicable. Although additional 
treatment is considered in the FS, it is unlikely that cleanup levels can be obtained at 
the standard POC in a reasonable time frame using practicable treatment methods. 

Assuming the provisions in WAC 173-340-740(6)(f) are applicable for the Facility, Stericycle 
plans to comply with the requirements of this subsection as follows: 

(i) Practicable, permanent treatment methods were used to remove the source area 
historically. Additional treatment methods that may be applicable will be described and 
evaluated as part of this FS and adhere to the requirements specified under WAC 173- 340-
360. 
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(ii) Preliminary cleanup levels have been established to protect human health; in those 
locations where cleanup levels will not be achieved, the receptor pathways will be evaluated 
and suitable institutional controls will be included in the final remedy to protect human health. 

(iii) The RI evaluated terrestrial ecological receptors and determined that site conditions 
were safe for these receptors, with the exception of on-property receptors exposed to soil. For 
these receptors, barium was the only constituent identified at concentrations above screening 
levels for terrestrial ecological receptors (MTCA Table 749-3). However, the RI demonstrated 
that barium concentrations are far below reported background levels for barium in the region 
and statewide. Therefore terrestrial ecological receptors are not expected to be at risk, and 
evaluation of all remedies will consider any additional harm that could be caused by a remedy. 

(iv) Institutional controls that maintain the integrity of the containment system will be part of 
the selected final remedy. 

 (v) Compliance monitoring and long-term controls necessary for the remedy will be defined 
in the design of the final remedy. 

If a CPOC is selected in the CAP, groundwater compliance monitoring will be conducted along 
or immediately downgradient of the CPOC. This location is consistent with the location-specific 
CPOC requirements cited in the MTCA regulations. The practicability of attaining an SPOC or a 
CPOC will be discussed in relation to the remedial alternatives to be considered in the FS.  
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5.0 CLOSING 

The services described in this report were performed consistent with generally accepted 
professional consulting principles and practices. No other warranty, expressed or implied, is 
made. This report is solely for the use and information of our client unless otherwise noted. Any 
reliance on this report by a third party is at such party’s sole risk. 

 



TABLE 1
GROUNDWATER-BASED PRELIMINARY CLEANUP LEVELS1

Stericycle Washougal Facility 
Technical Memorandum (8/26/19)

Concentrations in micrograms per liter (µg/L)

1 of 16

Constituent
CAS 

Number

Groundwater, 
MTCA Method A 
Cleanup Level

Groundwater, 
MTCA Method B 
Cleanup Level, 
Carcinogenic

Groundwater, 
MTCA Method B 
Cleanup Level, 

Non-
carcinogenic

Groundwater 
ARAR-Federal 

MCL2

Groundwater 
ARAR - State 

MCL3
Minimum 

Level

Ammonia (as nitrogen) 7664-41-7 -- -- -- -- -- --
Arsenic, inorganic 7440-38-2 5 0.058 4.8 10 10 0.058
Barium 7440-39-3 -- -- 3,200 2,000 2,000 2000
Cadmium 7440-43-9 5 -- 8 5 5 5
Chromium 7440-47-3 50 -- -- 100 100 50
Copper 7440-50-8 -- -- 640 1,300 1,300 640
Cyanide 57-12-5 -- -- 10 200 200 10
Iron 7439-89-6 -- -- 11,000 -- -- 11000
Lead 7439-92-1 15 -- -- 15 15 15
Manganese 7439-96-5 -- -- -- -- -- --
Nickel 7440-02-0 -- -- 320 -- 100 100
Silver 7440-22-4 -- -- 80 -- -- 80
Vanadium 7440-62-2 -- -- 80 -- -- 80
Zinc 7440-66-6 -- -- 4,800 -- -- 4800

Benzene 71-43-2 5 0.8 32 5 5 0.8
Bromodichloromethane 75-27-4 -- 0.71 160 80 80 0.71
Bromoform 75-25-2 -- 5.5 160 80 80 5.5
Bromomethane 74-83-9 -- -- 11 -- -- 11
Carbon disulfide 75-15-0 -- -- 800 -- -- 800
Carbon tetrachloride 56-23-5 -- 0.625 32 5 5 0.625
Chlorobenzene 108-90-7 -- -- 160 100 100 100
Chloroform 67-66-3 -- 1.4 80 80 80 1.4
Chloromethane 74-87-3 -- -- -- -- -- --
1,2-Dibromo-3-chloropropane 96-12-8 -- 0.055 1.6 0.2 0.2 0.055
Dibromochloromethane 124-48-1 -- 0.52 160 80 80 0.52
1,4-Dichlorobenzene 106-46-7 -- 8.1 560 75 75 8.1
1,1-Dichloroethane 75-34-3 -- 7.7 1,600 -- -- 7.7
1,2-Dichloroethane 107-06-2 5 0.48 48 5 5 0.48
1,1-Dichloroethene 75-35-4 -- -- 400 7 7 7
1,2-Dichloroethene (total) 540-59-0 -- -- 72 -- -- 72
cis-1,2-Dichloroethene 156-59-2 -- -- 16 70 70 16
trans-1,2-Dichloroethene 156-60-5 -- -- 160 100 100 100
Dichlorodifluoromethane 75-71-8 -- -- 1,600 -- -- 1600
1,2-Dichloropropane 78-87-5 -- 1.2 320 5 5 1.2
Ethyl chloride (chloroethane) 75-00-3 -- -- -- -- -- --
Ethylene dibromide (EDB) (1,2-
Dibromoethane) 106-93-4 0.01 0.022 72 0.05 0.05 0.01
Methylene chloride 75-09-2 5 22 48 5 5 5
Styrene 100-42-5 -- -- 1,600 100 100 100
1,1,1,2-Tetrachloroethane 630-20-6 -- 1.68 240 -- -- 1.68
1,1,2,2-Tetrachloroethane 79-34-5 -- 0.22 160 -- -- 0.22
Tetrachloroethene 127-18-4 5 21 48 5 5 5

Inorganics

VOCs
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GROUNDWATER-BASED PRELIMINARY CLEANUP LEVELS1

Stericycle Washougal Facility 
Technical Memorandum (8/26/19)

Concentrations in micrograms per liter (µg/L)
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Constituent
CAS 

Number

Groundwater, 
MTCA Method A 
Cleanup Level

Groundwater, 
MTCA Method B 
Cleanup Level, 
Carcinogenic

Groundwater, 
MTCA Method B 
Cleanup Level, 

Non-
carcinogenic

Groundwater 
ARAR-Federal 

MCL2

Groundwater 
ARAR - State 

MCL3
Minimum 

Level

Toluene 108-88-3 1,000 -- 640 1,000 1,000 640
1,2,4-Trichlorobenzene 120-82-1 -- 1.51 80 70 70 1.51
1,1,1-Trichloroethane 71-55-6 200 -- 16,000 200 200 200
1,1,2-Trichloroethane 79-00-5 -- 0.77 32 5 5 0.77
Trichloroethene 79-01-6 5 0.54 4 5 5 0.54
1,2,3-Trichloropropane 96-18-4 -- 0.0015 32 -- -- 0.0015
Vinyl chloride 75-01-4 0.2 0.029 24 2 2 0.029
m,p-Xylene 106-42-3 -- -- 1,600 -- -- 1600

2,4,6-Trichlorophenol 88-06-2 -- 4 8 -- -- 4
2-Chlorophenol 95-57-8 -- -- 40 -- -- 40
2-Methylnaphthalene 91-57-6 -- -- 32 -- -- 32
Aniline 62-53-3 -- 7.7 56 -- -- 7.7
Benzo(a)anthracene 56-55-3 -- -- -- -- -- --
Benzo(a)pyrene 50-32-8 0.1 0.023 4.8 0.2 0.2 0.023
Benzo(b)fluoranthene 205-99-2 -- -- -- -- -- --
Benzo(k)fluoranthene 207-08-9 -- -- -- -- -- --
bis(2-Chloroethyl) ether 111-44-4 -- 0.04 -- -- -- 0.04
bis(2-Ethylhexyl) phthalate 117-81-7 -- 6.3 320 6 6 6
Chrysene 218-01-9 -- -- -- -- -- --
3,3'-Dichlorobenzidine 91-94-1 -- 0.19 -- -- -- 0.19
1,4-Dioxane 123-91-1 -- 0.44 240 -- -- 0.44
2,4-Dichlorophenol 120-83-2 -- -- 24 -- -- 24
2,4-Dinitrophenol 51-28-5 -- -- 32 -- -- 32
2,4-Dinitrotoluene 121-14-2 -- 0.28 32 -- -- 0.28
2,6-Dinitrotoluene 606-20-2 -- 0.058 16 -- -- 0.058
Dibenzo[a,h]anthracene 53-70-3 -- -- -- -- -- --
Dibenzofuran 132-64-9 -- -- 16 -- -- 16
Dinoseb 88-85-7 -- -- 16 7 7 7
Hexachlorobenzene 118-74-1 -- 0.055 13 1 1 0.055
Hexachlorobutadiene 87-68-3 -- 0.56 8 -- -- 0.56
Hexachlorocyclopentadiene 77-47-4 -- -- 48 50 50 48
Hexachloroethane 67-72-1 -- 1.1 5.6 -- -- 1.1
Indeno(1,2,3-cd)pyrene 193-39-5 -- -- -- -- -- --
Isophorone 78-59-1 -- 46.05 1,600 -- -- 46.05
N-Nitroso-di-n-propylamine 621-64-7 -- 0.013 -- -- -- 0.013
N-Nitrosodiphenylamine 86-30-6 -- 18 -- -- -- 18
Nitrobenzene 98-95-3 -- -- 16 -- -- 16
p-Chloroaniline 106-47-8 -- 0.22 32 -- -- 0.22
Pentachlorophenol 87-86-5 -- 0.22 80 1 1 0.22

Gasoline 86290-81-5 800 -- -- -- -- 800
Lube oil NA 500 -- -- -- -- 500

SVOCs

TPH
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Constituent
CAS 

Number

Groundwater, 
MTCA Method A 
Cleanup Level

Groundwater, 
MTCA Method B 
Cleanup Level, 
Carcinogenic

Groundwater, 
MTCA Method B 
Cleanup Level, 

Non-
carcinogenic

Groundwater 
ARAR-Federal 

MCL2

Groundwater 
ARAR - State 

MCL3
Minimum 

Level

Notes

1.  All levels downloaded from Washington State Department of Ecology Cleanup Levels and Risk Calculations (CLARC) Web site, https://fortress.wa.gov/ecy/c

2.  Federal MCL established under the Safe Drinking Water Act.

3.  State MCL established under Washington Administrative Code Chapter 246-290.

4.  Values for endosulfan (CAS 115-29-7) listed.

Abbreviations

-- = not available

CAS = Chemical Abstracts Service   

MCL = maximum contaminant level

MTCA = Model Toxics Control Act 

NA = not applicable

PCBs = polychlorinated biphenyls

SVOCs = semivolatile organic compounds 

VOCs = volatile organic compounds
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GROUNDWATER PRELIMINARY CLEANUP LEVELS – SURFACE WATER ARARS 1

Stericycle Washougal Facility 

Concentrations in micrograms per liter (µg/L)
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Constituent
CAS 

Number

Surface Water, 
MTCA Method B 
Cleanup Level, 
Carcinogenic

Surface Water, 
MTCA Method B 
Cleanup Level, 

Non-  carcinogenic

Surface Water ARAR - 
Aquatic Life - 

Fresh/Acute (WAC 173-
201A)

Surface Water ARAR - 
Aquatic Life - 

Fresh/Chronic (WAC 
173-201A )

Surface Water ARAR - 
Human Health - water 
& organism (WAC 173-

201A )

Surface Water ARAR - 
Human Health -  

organism only (WAC 
173-201A )

Surface Water ARAR - 
Human Health - Fresh 
Water - NTR (40 CFR 

131)

Surface Water ARAR - 
Aquatic Life - 

Fresh/Acute (CWA 
§304)

Surface Water ARAR - 
Aquatic Life - 

Fresh/Chronic (CWA 
§304)

Surface Water ARAR - 
Human Health - Fresh 

Water (CWA §304)
Minimum 

Level

Inorganics

Ammonia (as nitrogen) 7664-41-7 -- -- -- -- -- -- -- -- -- -- --

Arsenic, inorganic 7440-38-2 0.098 18 360 190 10 10 0.018 340 150 0.018 0.018

Barium 7440-39-3 -- -- -- -- -- -- -- -- -- 1,000 1000

Cadmium 7440-43-9 -- 41 3.7 1 -- -- -- 1.8 0.72 -- 0.72

Chromium 7440-47-3 -- -- -- -- -- -- -- -- -- -- --

Copper 7440-50-8 -- 2,900 17 11 1300 -- -- -- -- 1,300 11

Cyanide 57-12-5 -- 1,600 22 5.2 19 270 9 22 5.2 4 4

Iron 7439-89-6 -- -- -- -- -- -- -- -- 1,000 -- 1000

Lead 7439-92-1 -- -- 65 2.5 -- -- -- 65 2.5 -- 2.5

Manganese 7439-96-5 -- -- -- -- -- -- -- -- -- 50 50

Nickel 7440-02-0 -- 1,100 470 160 150 190 80 470 52 610 52

Silver 7440-22-4 -- 26,000 3.4 -- -- -- -- 3.2 -- -- 3.2

Vanadium 7440-62-2 -- -- -- -- -- -- -- -- -- -- --

Zinc 7440-66-6 -- 17,000 110 100 2300 2900 -- 120 120 7,400 100

VOCs

Benzene 71-43-2 23 2,000 -- -- 0.44 1.6 -- -- -- 0.58 0.44

Bromodichloromethane 75-27-4 28 14,000 -- -- 0.77 3.6 -- -- -- 0.95 0.77

Bromoform 75-25-2 220 14,000 -- -- 5.8 27 4.6 -- -- 7 4.6

Bromomethane 74-83-9 -- 970 -- -- 520 2400 -- -- -- 100 100

Carbon disulfide 75-15-0 -- -- -- -- -- -- -- -- -- --

Carbon tetrachloride 56-23-5 4.9 550 -- -- 0.2 0.35 -- -- -- 0.4 0.2

Chlorobenzene 108-90-7 -- 5,000 -- -- 380 890 100 -- -- 100 100

Chloroform 67-66-3 56 6,900 -- -- 260 1200 100 -- -- 60 56

Chloromethane 74-87-3 -- -- -- -- -- -- -- -- -- -- --

1,2-Dibromo-3-chloropropane 96-12-8 -- -- -- -- -- -- -- -- -- -- --

Dibromochloromethane 124-48-1 21 14,000 -- -- 0.65 3 -- -- -- 0.8 0.65

1,4-Dichlorobenzene 106-46-7 22 3300 -- -- 460 580 200 -- -- 300 22

1,1-Dichloroethane 75-34-3 -- -- -- -- -- -- -- -- -- -- --

1,2-Dichloroethane 107-06-2 59 13,000 -- -- 9.3 120 8.9 -- -- 9.9 8.9

1,1-Dichloroethene 75-35-4 -- 23,000 -- -- 1200 4100 700 -- -- 300 300

1,2-Dichloroethene (total) 540-59-0 -- -- -- -- -- -- -- -- -- -- --

cis-1,2-Dichloroethene 156-59-2 -- -- -- -- -- -- -- -- -- -- --

trans-1,2-Dichloroethene 156-60-5 -- 33,000 -- -- 0.015 0.023 -- -- -- 100 0.015

Dichlorodifluoromethane 75-71-8 -- -- -- -- -- -- -- -- -- -- 0

1,2-Dichloropropane 78-87-5 43 25000 -- -- 0.71 3.1 -- -- -- 0.9 0.71

Ethyl chloride (chloroethane) 75-00-3 -- -- -- -- -- -- -- -- -- -- --

Ethylene dibromide (EDB) (1,2-Dibromoethane) 106-93-4 -- -- -- -- -- -- -- -- -- -- --

Methylene chloride 75-09-2 3600 17,000 -- -- 16 250 10 -- -- 20 10

Styrene 100-42-5 -- -- -- -- -- -- -- -- -- -- --

1,1,1,2-Tetrachloroethane 630-20-6 -- -- -- -- -- -- -- -- -- -- --

1,1,2,2-Tetrachloroethane 79-34-5 6.5 10,000 -- -- 0.12 0.46 0.1 -- -- 0.2 0.1

Tetrachloroethene 127-18-4 100 500 -- -- 4.9 7.1 2.4 -- -- 10 2.4

Toluene 108-88-3 -- 19,000 -- -- 180 410 72 -- -- 57 57

1,2,4-Trichlorobenzene 120-82-1 2 230 -- -- 0.12 0.14 0.036 -- -- 0.071 0.036

1,1,1-Trichloroethane 71-55-6 -- 930,000 -- -- 47000 160000 -- -- -- 10000 10000

1,1,2-Trichloroethane 79-00-5 25 2,300 -- -- 0.44 1.8 0.35 -- -- 0.55 0.35

Trichloroethene 79-01-6 13 120 -- -- 0.38 0.86 0.3 -- -- 0.6 0.3

1,2,3-Trichloropropane 96-18-4 -- -- -- -- -- -- -- -- -- -- --

Vinyl chloride 75-01-4 3.7 6,600 -- -- 0.02 0.26 -- -- -- 0.022 0.02

m,p-Xylene 106-42-3 -- -- -- -- -- -- -- -- -- -- --
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Constituent
CAS 

Number

Surface Water, 
MTCA Method B 
Cleanup Level, 
Carcinogenic

Surface Water, 
MTCA Method B 
Cleanup Level, 

Non-  carcinogenic

Surface Water ARAR - 
Aquatic Life - 

Fresh/Acute (WAC 173-
201A)

Surface Water ARAR - 
Aquatic Life - 

Fresh/Chronic (WAC 
173-201A )

Surface Water ARAR - 
Human Health - water 
& organism (WAC 173-

201A )

Surface Water ARAR - 
Human Health -  

organism only (WAC 
173-201A )

Surface Water ARAR - 
Human Health - Fresh 
Water - NTR (40 CFR 

131)

Surface Water ARAR - 
Aquatic Life - 

Fresh/Acute (CWA 
§304)

Surface Water ARAR - 
Aquatic Life - 

Fresh/Chronic (CWA 
§304)

Surface Water ARAR - 
Human Health - Fresh 

Water (CWA §304)
Minimum 

Level

SVOCs

2,4,6-Trichlorophenol 88-06-2 3.9 17 -- -- 0.25 0.28 -- -- -- 1.5 0.25

2-Chlorophenol 95-57-8 -- 97 -- -- 15 17 -- -- -- 30 15

2-Methylnaphthalene 91-57-6 -- -- -- -- -- -- -- -- -- -- --

Aniline 62-53-3 -- -- -- -- -- -- -- -- -- -- --

Benzo(a)anthracene 56-55-3 -- -- -- -- 0.014 0.021 0.00016 -- -- 0.0012 0.00016

Benzo(a)pyrene 50-32-8 0.035 0.26 -- -- 0.0014 0.0021 1.60E-05 -- -- 0.00012 0.000016

Benzo(b)fluoranthene 205-99-2 -- -- -- -- 0.014 0.021 0.00016 -- -- 0.0012 0.00016

Benzo(k)fluoranthene 207-08-9 -- -- -- -- 0.014 0.21 0.0016 -- -- 0.012 0.0016

bis(2-Chloroethyl) ether 111-44-4 0.85 -- -- -- 0.02 0.06 -- -- -- 0.03 0.02

bis(2-Ethylhexyl) phthalate 117-81-7 3.6 400 -- -- 0.23 0.25 0.045 -- -- 0.32 0.045

Chrysene 218-01-9 -- -- -- -- 1.4 2.1 0.016 -- -- 0.12 0.016

3,3'-Dichlorobenzidine 91-94-1 0.046 -- -- -- 0.0031 0.0033 -- -- -- 0.049 0.0031

1,4-Dioxane 123-91-1 -- -- -- -- -- -- -- -- -- -- --

2,4-Dichlorophenol 120-83-2 -- 190 -- -- 25 34 10 -- -- 10 10

2,4-Dinitrophenol 51-28-5 -- 3,500 -- -- 60 610 30 -- -- 10 10

2,4-Dinitrotoluene 121-14-2 5.5 1,400 -- -- 0.039 0.18 -- -- -- 0.049 0.039

2,6-Dinitrotoluene 606-20-2 -- -- -- -- -- -- -- -- -- -- --

Dibenzo[a,h]anthracene 53-70-3 -- -- -- -- 0.0014 0.0021 1.60E-05 -- -- 0.00012 0.000016

Dibenzofuran 132-64-9 -- -- -- -- -- -- -- -- -- -- --

Dinoseb 88-85-7 -- -- -- -- -- -- -- -- -- -- --

Hexachlorobenzene 118-74-1 0.00047 0.24 -- -- 0.000051 0.000052 5.00E-06 -- -- 0.000079 0.000005

Hexachlorobutadiene 87-68-3 30 930 -- -- 0.69 4.1 0.01 -- -- 0.01 0.01

Hexachlorocyclopentadiene 77-47-4 -- 3,600 -- -- 150 630 1 -- -- 4 1

Hexachloroethane 67-72-1 1.9 21 -- -- 0.11 0.13 0.02 -- -- 0.1 0.02

Indeno(1,2,3-cd)pyrene 193-39-5 -- -- -- -- 0.014 0.021 0.00016 -- -- 0.0012 0.00016

Isophorone 78-59-1 1,600 120,000 -- -- 27 110 -- -- -- 34 27

N-Nitroso-di-n-propylamine 621-64-7 0.82 -- -- -- 0.0044 0.058 -- -- -- 0.005 0.0044

N-Nitrosodiphenylamine 86-30-6 9.7 -- -- -- 0.62 0.69 -- -- -- 3.3 0.62

Nitrobenzene 98-95-3 -- 1,800 -- -- 55 320 30 -- -- 10 10

p-Chloroaniline 106-47-8 -- -- -- -- -- -- -- -- -- -- --

Pentachlorophenol 87-86-5 1.5 1,200 20 13 0.046 0.1 0.002 19 15 0.03 0.002

TPH

Gasoline 86290-81-5 -- -- -- -- -- -- -- -- -- -- --

Lube oil NA -- -- -- -- -- -- -- -- -- -- --

Notes

1.   All levels downloaded from Washington State Department of Ecology, Cleanup Levels and Risk Calculations (CLARC) Web site, https://fortress.wa.gov/ecy/clarc/CLARCHome.aspx.

2.   Values for endosulfan (CAS 115-29-7) listed.

3. Value found in 40 C.F.R. 131.36

Abbreviations

-- = not available

ARAR = applicable or relevant and appropriate requirement

 CAS = Chemical Abstracts Service

CFR = Code of Federal Regulations

 CWA = Clean Water Act

MTCA = Model Toxics Control Act 

NA = not applicable

NTR = National Toxics Rule 

PCBs = polychlorinated biphenyls 

PQL = practical quantitation limit

SVOCs = semivolatile organic compounds  

TPH = total petroleum hydrocarbons

VOCs = volatile organic compounds

WAC = Washington Adminstrative Code



TABLE 3
GROUNDWATER PRELIMINARY CLEANUP LEVELS - VAPOR INTRUSION

Stericycle Washougal Facility 

Concentrations in micrograms per liter (µg/L)

Chemical Name CAS #
Groundwater 

Screening Level
Method B

Noncancer

Groundwater
Screening Level

Method B
Cancer

Minimum 
Level

benzene 71-43-2 100 2.4 2.4
bromodichloromethane 75-27-4 -- 1.8 1.8
bromoform 75-25-2 -- 200 200
bromomethane 74-83-9 13 -- 13
carbon disulfide 75-15-0 400 -- 400
carbon tetrachloride 56-23-5 62 0.56 0.56
chlorobenzene 108-90-7 290 -- 290
chloroform 67-66-3 490 1.2 1.2
chloromethane 74-87-3 150 -- 150
dichlorobenzene;1,4- 106-46-7 7900 4.9 4.9
dichlorodifluoromethane 75-71-8 5.6 -- 5.6
dichloroethane;1,1- 75-34-3 -- 11 11
dichloroethane;1,2- 107-06-2 140 4.2 4.2
dichloroethylene;1,1- 75-35-4 130 -- 130
dichloropropane;1,2- 78-87-5 28 10 10
ethylene dibromide (EDB) 106-93-4 270 0.27 0.27
methylene chloride 75-09-2 4800 4400 4400
styrene 100-42-5 8200 -- 8200
tetrachloroethane;1,1,1,2- 630-20-6 -- 7.4 7.4
tetrachloroethane;1,1,2,2- 79-34-5 -- 6.2 6.2
tetrachloroethylene 127-18-4 46 24 24
toluene 108-88-3 15000 -- 15000
trichlorobenzene;1,2,4- 120-82-1 39 -- 39
trichloroethane;1,1,1- 71-55-6 5500 -- 5500
trichloroethane;1,1,2- 79-00-5 4.6 7.9 4.6
trichloroethylene 79-01-6 3.8 1.5 1.5
vinyl chloride 75-01-4 57 0.35 0.35
xylenes 1330-20-7 330 -- 330



TABLE 4
GROUNDWATER PRACTICAL QUANTITATION LIMITS

Stericycle Washougal Facility 
Technical Memorandum (8/26/19)

Concentrations in micrograms per liter (µg/L)

Constituent CAS Number Lab PQL
Inorganics
Ammonia (as nitrogen) 7664-41-7 --
Arsenic, inorganic 7440-38-2 5
Barium 7440-39-3 3
Cadmium 7440-43-9 1
Chromium 7440-47-3 10
Copper 7440-50-8 2
Cyanide 57-12-5 10
Iron 7439-89-6 40
Lead 7439-92-1 3
Manganese 7439-96-5 3.5
Nickel 7440-02-0 3
Silver 7440-22-4 5
Vanadium 7440-62-2 6
Zinc 7440-66-6 20
VOCs
Benzene 71-43-2 1
Bromodichloromethane 75-27-4 1
Bromoform 75-25-2 1
Bromomethane 74-83-9 2
Carbon disulfide 75-15-0 1
Carbon tetrachloride 56-23-5 1
Chlorobenzene 108-90-7 1
Chloroform 67-66-3 1
Chloromethane 74-87-3 1
1,2-Dibromo-3-chloropropane 96-12-8 2
Dibromochloromethane 124-48-1 1
1,4-Dichlorobenzene 106-46-7 1
1,1-Dichloroethane 75-34-3 1
1,2-Dichloroethane 107-06-2 1
1,1-Dichloroethene 75-35-4 1
1,2-Dichloroethene (total) 540-59-0 1
cis-1,2-Dichloroethene 156-59-2 1
trans-1,2-Dichloroethene 156-60-5 1
Dichlorodifluoromethane 75-71-8 1
1,2-Dichloropropane 78-87-5 1
Ethyl chloride (chloroethane) 75-00-3 1
Ethylene dibromide (EDB) (1,2-Dibromoethane) 106-93-4 1
Methylene chloride 75-09-2 5
Styrene 100-42-5 1
1,1,1,2-Tetrachloroethane 630-20-6 1
1,1,2,2-Tetrachloroethane 79-34-5 1
Tetrachloroethene 127-18-4 1
Toluene 108-88-3 1
1,2,4-Trichlorobenzene 120-82-1 1
1,1,1-Trichloroethane 71-55-6 1
1,1,2-Trichloroethane 79-00-5 1
Trichloroethene 79-01-6 1
1,2,3-Trichloropropane 96-18-4 2
Vinyl chloride 75-01-4 0.02
m,p-Xylene 106-42-3 2
SVOCs
2,4,6-Trichlorophenol 88-06-2 10
2-Chlorophenol 95-57-8 10
2-Methylnaphthalene 91-57-6 0.2
Aniline 62-53-3 --
Benzo(a)anthracene 56-55-3 0.2
Benzo(a)pyrene 50-32-8 0.2



TABLE 4
GROUNDWATER PRACTICAL QUANTITATION LIMITS

Stericycle Washougal Facility 
Technical Memorandum (8/26/19)

Concentrations in micrograms per liter (µg/L)

Constituent CAS Number Lab PQL
Benzo(b)fluoranthene 205-99-2 0.2
Benzo(k)fluoranthene 207-08-9 0.2
bis(2-Chloroethyl) ether 111-44-4 10
bis(2-Ethylhexyl) phthalate 117-81-7 20
Chrysene 218-01-9 0.2
3,3'-Dichlorobenzidine 91-94-1 10
1,4-Dioxane 123-91-1 1
2,4-Dichlorophenol 120-83-2 10
2,4-Dinitrophenol 51-28-5 20
2,4-Dinitrotoluene 121-14-2 0.5
2,6-Dinitrotoluene 606-20-2 0.5
Dibenzo[a,h]anthracene 53-70-3 0.2
Dibenzofuran 132-64-9 20
Dinoseb 88-85-7 --
Hexachlorobenzene 118-74-1 0.05
Hexachlorobutadiene 87-68-3 1
Hexachlorocyclopentadiene 77-47-4 --
Hexachloroethane 67-72-1 10
Indeno(1,2,3-cd)pyrene 193-39-5 0.2
Isophorone 78-59-1 10
N-Nitroso-di-n-propylamine 621-64-7 10
N-Nitrosodiphenylamine 86-30-6 10
Nitrobenzene 98-95-3 0.5
p-Chloroaniline 106-47-8 10
Pentachlorophenol 87-86-5 20
TPH
Gasoline 86290-81-5 20
Lube oil NA 100

Abbreviations
-- = not available
 CAS = Chemical Abstracts Service
PQL = practical quantitation limit
SVOCs = semivolatile organic compounds  
TPH = total petroleum hydrocarbons
VOCs = volatile organic compounds



TABLE 5
GROUNDWATER PRELIMINARY CLEANUP LEVELS

Stericycle Washougal Facility 
Technical Memorandum (8/26/19)

Concentrations in micrograms per liter (µg/L)

Constituent CAS Number Lab PQL

Minimum 
Shallow 
Criteria 
(Tables 
1,2&3)

Minimum 
Lower 
Criteria 

(Tables 1&2)

Shallow 
Groundwater 
Preliminary 

Cleanup Level

Lower 
Aquifer 

Groundwater 
Preliminary 

Cleanup 
Level

Inorganics
Ammonia (as nitrogen) 7664-41-7 -- -- -- --
Arsenic, inorganic 7440-38-2 5 0.018 0.018 22.84 1.42
Barium 7440-39-3 3 1000 1000 1000 1000
Cadmium 7440-43-9 1 0.72 0.72 1 1
Chromium 7440-47-3 10 50 50 50 50
Copper 7440-50-8 2 11 11 11 11
Cyanide 57-12-5 10 4 4 10 10
Iron 7439-89-6 40 1000 1000 1000 1000
Lead 7439-92-1 3 2.5 2.5 3 3
Manganese 7439-96-5 3.5 50 50 50 50
Nickel 7440-02-0 3 52 52 52 52
Silver 7440-22-4 5 3.2 3.2 5 5
Vanadium 7440-62-2 6 80 80 80 80
Zinc 7440-66-6 20 100 100 100 100
VOCs
Benzene 71-43-2 1 0.44 0.44 1 1
Bromodichloromethane 75-27-4 1 0.71 0.71 1 1
Bromoform 75-25-2 1 4.6 4.6 4.6 4.6
Bromomethane 74-83-9 2 11 11 11 11
Carbon disulfide 75-15-0 1 400 800 400 800
Carbon tetrachloride 56-23-5 1 0.2 0.2 1 1
Chlorobenzene 108-90-7 1 100 100 100 100
Chloroform 67-66-3 1 1.2 1.4 1.2 1.4
Chloromethane 74-87-3 1 150 -- 150 --
1,2-Dibromo-3-chloropropane 96-12-8 2 0.055 0.055 2 2
Dibromochloromethane 124-48-1 1 0.52 0.52 1 1
1,4-Dichlorobenzene 106-46-7 1 4.9 8.1 4.9 8.1
1,1-Dichloroethane 75-34-3 1 7.7 7.7 7.7 7.7
1,2-Dichloroethane 107-06-2 1 0.48 0.48 1 1
1,1-Dichloroethene 75-35-4 1 7 7 7 7
1,2-Dichloroethene (total) 540-59-0 1 72 72 72 72
cis-1,2-Dichloroethene 156-59-2 1 16 16 16 16
trans-1,2-Dichloroethene 156-60-5 1 0.015 0.015 1 1
Dichlorodifluoromethane 75-71-8 1 5.6 -- 5.6 --
1,2-Dichloropropane 78-87-5 1 0.71 0.71 1 1
Ethyl chloride (chloroethane) 75-00-3 1 -- -- -- --
Ethylene dibromide (EDB) (1,2-Dibromoethane) 106-93-4 1 0.01 0.01 1 1
Methylene chloride 75-09-2 5 5 5 5 5
Styrene 100-42-5 1 100 100 100 100
1,1,1,2-Tetrachloroethane 630-20-6 1 1.68 1.68 1.68 1.68
1,1,2,2-Tetrachloroethane 79-34-5 1 0.1 0.1 1 1
Tetrachloroethene 127-18-4 1 2.4 2.4 2.4 2.4
Toluene 108-88-3 1 57 57 57 57
1,2,4-Trichlorobenzene 120-82-1 1 0.036 0.036 1 1
1,1,1-Trichloroethane 71-55-6 1 200 200 200 200
1,1,2-Trichloroethane 79-00-5 1 0.35 0.35 1 1
Trichloroethene 79-01-6 1 0.3 0.3 1 1
1,2,3-Trichloropropane 96-18-4 2 0.0015 0.0015 2 2
Vinyl chloride 75-01-4 0.02 0.02 0.02 0.02 0.02
m,p-Xylene 106-42-3 2 330 1600 330 1600
SVOCs
2,4,6-Trichlorophenol 88-06-2 10 0.25 0.25 10 10
2-Chlorophenol 95-57-8 10 15 15 15 15



TABLE 5
GROUNDWATER PRELIMINARY CLEANUP LEVELS

Stericycle Washougal Facility 
Technical Memorandum (8/26/19)

Concentrations in micrograms per liter (µg/L)

Constituent CAS Number Lab PQL

Minimum 
Shallow 
Criteria 
(Tables 
1,2&3)

Minimum 
Lower 
Criteria 

(Tables 1&2)

Shallow 
Groundwater 
Preliminary 

Cleanup Level

Lower 
Aquifer 

Groundwater 
Preliminary 

Cleanup 
Level

2-Methylnaphthalene 91-57-6 0.2 32 32 32 32
Aniline 62-53-3 -- 7.7 7.7 7.7 7.7
Benzo(a)anthracene 56-55-3 0.2 0.00016 0.00016 0.2 0.2
Benzo(a)pyrene 50-32-8 0.2 0.000016 0.000016 0.2 0.2
Benzo(b)fluoranthene 205-99-2 0.2 0.00016 0.00016 0.2 0.2
Benzo(k)fluoranthene 207-08-9 0.2 0.0016 0.0016 0.2 0.2
bis(2-Chloroethyl) ether 111-44-4 10 0.02 0.02 10 10
bis(2-Ethylhexyl) phthalate 117-81-7 20 0.045 0.045 20 20
Chrysene 218-01-9 0.2 0.016 0.016 0.2 0.2
3,3'-Dichlorobenzidine 91-94-1 10 0.0031 0.0031 10 10
1,4-Dioxane 123-91-1 1 0.44 0.44 1 1
2,4-Dichlorophenol 120-83-2 10 10 10 10 10
2,4-Dinitrophenol 51-28-5 20 10 10 20 20
2,4-Dinitrotoluene 121-14-2 0.5 0.039 0.039 0.5 0.5
2,6-Dinitrotoluene 606-20-2 0.5 0.058 0.058 0.5 0.5
Dibenzo[a,h]anthracene 53-70-3 0.2 0.000016 0.000016 0.2 0.2
Dibenzofuran 132-64-9 20 16 16 20 20
Dinoseb 88-85-7 -- 7 7 7 7
Hexachlorobenzene 118-74-1 0.05 0.000005 0.000005 0.05 0.05
Hexachlorobutadiene 87-68-3 1 0.01 0.01 1 1
Hexachlorocyclopentadiene 77-47-4 -- 1 1 1 1
Hexachloroethane 67-72-1 10 0.02 0.02 10 10
Indeno(1,2,3-cd)pyrene 193-39-5 0.2 0.00016 0.00016 0.2 0.2
Isophorone 78-59-1 10 27 27 27 27
N-Nitroso-di-n-propylamine 621-64-7 10 0.0044 0.0044 10 10
N-Nitrosodiphenylamine 86-30-6 10 0.62 0.62 10 10
Nitrobenzene 98-95-3 0.5 10 10 10 10
p-Chloroaniline 106-47-8 10 0.22 0.22 10 10
Pentachlorophenol 87-86-5 20 0.002 0.002 20 20
TPH
Gasoline 86290-81-5 20 800 800 800 800
Lube oil NA 100 500 500 500 500

Abbreviations
-- = not available
 CAS = Chemical Abstracts Service
PQL = practical quantitation limit
SVOCs = semivolatile organic compounds  
TPH = total petroleum hydrocarbons
VOCs = volatile organic compounds



TABLE 6

SOIL PRELIMINARY CLEANUP LEVELS FOR STERICYCLE PROPERTY SOILS 1
Stericycle Washougal Facility

Concentrations are in milligrams per kilogram (mg/kg)
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Constituent
CAS 

Number

Terrestrial 
MTCA Table 

749-3

Soil, MTCA 
Method A 

Cleanup Level, 
Industrial

Soil, MTCA 
Method C 

Cleanup Level, 
Carcinogenic2

Soil, MTCA Method 
C Cleanup Level, 

Non-carcinogenic2

EPA Regional 
Screening 

Levels3 

(Industrial)

Soil Cleanup 
Level Protective 

of Groundwater4,8

Minimum 
Screening 

Level

Clark County 
Natural 

Background 
Level5 PQL

Stericycle-
Property Soil 
Preliminary 

Cleanup Level7

Inorganics
Barium 7440-39-3 500 -- -- 700,000 220,000 824 500 -- 0.25 500
Cadmium 7440-43-9a 4 2 -- 3,500 980 0.138 0.138 1.1 0.1 1.1
Chromium (total) 7440-47-3 42 -- -- -- -- 1,000 42 27 0.5 42
Copper 7440-50-8 50 -- -- 140,000 47,000 4.88 4.88 34 2.5 34
Cyanide 57-12-5 -- -- -- 2,200 150 -- 150 -- -- --
Lead 7439-92-1 50 1,000 -- -- 800 600 50 24 0.1 50
Mercury 7439-97-6 0.1 2 -- -- 46 *** 0.1 0.04 0.1 0.1
Nickel 7440-02-0 30 -- -- 70,000 22,000 67.8 30 21 0.35 30
Selenium and compounds 7782-49-2 0.3 -- -- 18,000 5,800 5.2 0.3 -- 0.5 0.5
Silver 7440-22-4 2 -- -- 18,000 5,800 0.85 0.85 -- 0.1 0.85
Thallium, soluble salts 7440-28-0 1 -- -- 35 12 0.23 0.23 -- 0.1 0.23
Vanadium 7440-62-2 2 -- -- 18,000 5,800 1600 2 -- 0.5 2
Zinc 7440-66-6 86 -- -- 1,100,000 350,000 124 86 96 2.5 96

PCBs/Pesticides
Aldrin 309-00-2 0.1 -- 7.7 110 0.18 *** 0.1 -- 0.005 0.1
delta-BHC 319-86-8 -- -- -- -- -- *** -- -- 0.005 --
4,4'-DDD 72-54-8 0.75 16 -- 550 110 9.6 *** 9.6 -- 0.005 9.6
4,4'-DDT 50-29-3 0.75 16 4 390 1,800 8.5 *** 8.5 -- 0.005 8.5
Dieldrin 60-57-1 0.07 -- 8.2 180 0.14 *** 0.07 -- 0.005 0.07
Endrin 72-20-8 0.2 -- -- 1,100 250 *** 0.2 -- 0.005 0.2
Heptachlor 76-44-8 0.4 18 -- 29 1,800 0.63 *** 0.63 -- 0.005 0.63
Heptachlor epoxide 1024-57-3 0.4 18 -- 14 46 0.33 *** 0.33 -- 0.005 0.33
Lindane 58-89-9 -- 0.01 12 1,100 2.5 *** 2.5 -- -- --
Toxaphene 8001-35-2 -- -- 120 320 2.1 *** 2.1 -- 0.1 2.1

Polychlorinated biphenyls, total9 1336-36-3 40 10 66 -- 0.94 *** 0.94 -- 0.05 0.94

SVOCs
Acetophenone 98-86-2 -- -- -- 350,000 120,000 *** 120000 -- 0.33 120000
Benzidine 92-87-5 -- -- 0.57 11,000 0.01 -- 0.01 -- -- --
Benzo(a)anthracene 56-55-3 -- -- -- -- 21 1.43 1.43 -- 0.005 1.43
Benzo(a)pyrene 50-32-8 12 2 130 110 2.1 3.88 2.1 -- 0.005 2.1
Benzo(b)fluoranthene 205-99-2 -- -- -- -- 21 4.92 4.92 -- 0.005 4.92
Benzo(k)fluoranthene 207-08-9 -- -- -- -- 210 4.92 4.92 -- 0.005 4.92
p-Chloroaniline (4-chloroaniline) 106-47-8 -- -- 660 14,000 11 0.0012 0.0012 -- 0.33 0.33
bis(2-Chloroethyl) ether 111-44-4 -- -- 120 -- 1 0.0552 0.0552 -- 0.33 0.33
2-Chloronaphthalene 91-58-7 -- -- -- 280,000 60,000 *** 60000 -- 0.33 60000
2-Chlorophenol 95-57-8 -- -- -- 18,000 5,800 0.177 0.177 -- 0.33 0.33
Chrysene 218-01-9 -- -- -- -- 2100 1.59 1.59 -- 0.005 1.59
3,3'-Dichlorobenzidine 91-94-1 -- -- 290 -- 5.1 0.185 0.185 -- 0.66 0.66
2,4-Dichlorophenol 120-83-2 -- -- -- 11,000 2,500 0.0694 0.0694 -- 0.33 0.33
Dibenzo[a,h]anthracene 53-70-3 -- -- -- -- 2.1 7.16 2.1 -- 0.005 2.1
Dibenzofuran 132-64-9 0.000002 15 -- -- 3,500 1,000 -- 1000 -- 0.66 1000



TABLE 6

SOIL PRELIMINARY CLEANUP LEVELS FOR STERICYCLE PROPERTY SOILS 1
Stericycle Washougal Facility

Concentrations are in milligrams per kilogram (mg/kg)
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Constituent
CAS 

Number

Terrestrial 
MTCA Table 

749-3

Soil, MTCA 
Method A 

Cleanup Level, 
Industrial

Soil, MTCA 
Method C 

Cleanup Level, 
Carcinogenic2

Soil, MTCA Method 
C Cleanup Level, 

Non-carcinogenic2

EPA Regional 
Screening 

Levels3 

(Industrial)

Soil Cleanup 
Level Protective 

of Groundwater4,8

Minimum 
Screening 

Level

Clark County 
Natural 

Background 
Level5 PQL

Stericycle-
Property Soil 
Preliminary 

Cleanup Level7

2,4-Dimethylphenol 105-67-9 -- -- -- 70,000 16,000 *** 16000 -- 0.33 16000
2,4-Dinitrophenol 51-28-5 20 -- -- 7,000 1,600 0.08 0.08 -- -- --
2,4-Dinitrotoluene 121-14-2 -- -- 420 7,000 7.4 0.00296 0.00296 -- 0.1 0.1
2,6-Dinitrotoluene 606-20-2 -- -- 88 1,100 1.5 0.00892 0.00892 -- 0.1 0.1
1,4-Dioxane 123-91-1 -- -- 1,300 110,000 24 -- 24 -- -- --
bis(2-Ethylhexyl) phthalate 117-81-7 -- -- 9,400 70,000 160 44.5 44.5 -- 0.66 44.5
Hexachlorobenzene 118-74-1 17 -- 82 2,800 0.96 0.082 0.082 -- 0.05 0.082
Hexachlorobutadiene 87-68-3 -- -- 1,700 3,500 5.3 1.08 1.08 -- 0.01 1.08
Hexachloroethane 67-72-1 -- -- 3,300 2,500 8.0 *** 8 -- 0.33 8
Indeno(1,2,3-cd)pyrene 193-39-5 -- -- -- -- 21 13.9 13.9 -- 0.005 13.9
Isophorone 78-59-1 -- -- 140,000.00 700,000 2,400 0.133 0.133 -- 0.33 0.33
4-Methylphenol 106-44-5 -- -- -- 350,000 82,000 -- 82000 -- 0.33 82000
N-Nitroso-di-n-propylamine 621-64-7 -- -- 19 -- 0.33 0.0448 0.0448 -- 0.33 0.33
N-Nitrosodiphenylamine 86-30-6 20 -- 27,000.00 -- 470 0.298 0.298 -- 0.33 0.33
Nitrobenzene 98-95-3 40 -- -- 7,000 22 0.0638 0.0638 -- 0.1 0.1
Pentachlorophenol 87-86-5 3 -- 330 18,000 4.0 0.317 0.317 -- 0.66 0.66
2,4,6-Trichlorophenol 88-06-2 10 -- 12,000 3,500 210 0.116 0.116 -- 0.33 0.33

TPH
Gasoline 86290-81-5 100 30/100 -- -- -- -- 100 -- 1 100
Lube Oil -- 2,000 -- -- -- -- 2,000 -- 10 2000

VOCs
Acetone 67-64-1 -- -- -- 3,200,000 670,000 29 29 -- 0.01 29
Acrolein 107-02-8 -- -- -- 1,800 0.6 *** 0.6 -- 0.02 0.6
Acrylonitrile 107-13-1 -- -- 240 140000 1.1 *** 1.1 -- 0.05 1.1
Benzene 71-43-2 -- 0.03 2,400.00 14,000 5.1 0.00564 0.00564 -- 0.005 0.00564
Bromodichloromethane 75-27-4 -- -- 2,100.00 70,000 1.3 0.00521 0.00521 -- 0.005 0.00521
Bromoform 75-25-2 -- -- 17,000.00 70,000 86 0.0302 0.0302 -- 0.005 0.0302
Bromomethane 74-83-9 -- -- -- 4,900 30 0.0509 0.0509 -- 0.005 0.0509
Carbon disulfide 75-15-0 -- -- -- 350,000 3,500 2.83 2.83 -- 0.005 2.83
Carbon tetrachloride 56-23-5 -- -- 1,900 14,000 2.9 0.00921 0.00921 -- 0.005 0.00921
Chlorobenzene 108-90-7 40 -- -- 70,000 1,300 0.874 0.874 -- 0.005 0.874
Chloroform 67-66-3 -- -- 4200 35,000 1.4 0.00638 0.00638 -- 0.005 0.00638
Chloromethane 74-87-3 -- -- -- -- 460 -- 460 -- 0.005 460
2-Chlorotoluene 95-49-8 -- -- -- 70,000 23,000 -- 23000 -- 0.005 23000
1,2-Dibromo-3-chloropropane 96-12-8 -- -- 160 700 0.064 -- 0.064 -- 0.01 0.064
Dibromochloromethane 124-48-1 -- -- 1,600.00 70,000 39 0.00532 0.00532 -- 0.005 0.00532
1,4-Dichlorobenzene 106-46-7 20 -- 24000 250000 11 0.0808 0.0808 -- 0.005 0.0808
Dichlorodifluoromethane 75-71-8 -- -- -- 700,000 370 -- 370 -- 0.01 370
1,2-Dichloroethane 107-06-2 -- -- 1,400.00 21,000 2.0 0.00483 0.00483 -- 0.005 0.005
1,1-Dichloroethene 75-35-4 -- -- 23000 700,000 1,000 0.0501 0.0501 -- 0.005 0.0501
cis-1,2-Dichloroethene 156-59-2 -- -- -- 7,000 2,300 0.08 0.08 -- 0.01 0.08
trans-1,2-Dichloroethene 156-60-5 -- -- -- 70,000 2,300 0.00543 0.00543 -- 0.005 0.00543
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Concentrations are in milligrams per kilogram (mg/kg)
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Constituent
CAS 

Number

Terrestrial 
MTCA Table 

749-3

Soil, MTCA 
Method A 

Cleanup Level, 
Industrial

Soil, MTCA 
Method C 

Cleanup Level, 
Carcinogenic2

Soil, MTCA Method 
C Cleanup Level, 

Non-carcinogenic2

EPA Regional 
Screening 

Levels3 

(Industrial)

Soil Cleanup 
Level Protective 

of Groundwater4,8

Minimum 
Screening 

Level

Clark County 
Natural 

Background 
Level5 PQL

Stericycle-
Property Soil 
Preliminary 

Cleanup Level7

Ethyl chloride (chloroethane) 75-00-3 -- -- -- -- 57,000 -- 57000 -- 0.005 57000
Ethylbenzene 100-41-4 -- 6 -- 350,000 25 5.9 5.9 -- 0.005 5.9
Ethylene dibromide (EDB) (1,2-
Dibromoethane) 106-93-4 -- 0.005 6.6 32,000 0.16 -- 0.16 -- 0.005 0.16

4-Methyl-2-butanone (4-Methyl-2-
pentanone) 108-10-1 -- -- -- 280,000 140,000 *** 140000 -- 0.01 140000

Methylene chloride 75-09-2 -- 0.02 66,000 21,000 1000 0.0218 0.0218 -- 0.02 0.0218
Styrene 100-42-5 300 -- -- 700,000 35,000 2.24 2.24 -- 0.005 2.24
1,1,2,2-Tetrachloroethane 79-34-5 -- -- 660 70,000 2.7 0.0056 0.0056 -- 0.005 0.0056
Tetrachloroethene 127-18-4 -- 0.05 63,000 21,000 100 0.0255 0.0255 -- 0.005 0.0255
1,1,1-Trichloroethane 71-55-6 -- 2 -- 7,000,000 36,000 1.58 1.58 -- 0.005 1.58
1,1,2-Trichloroethane 79-00-5 -- -- 2,300.00 14,000 5.0 0.00556 0.00556 -- 0.005 0.00556
Trichloroethene 79-01-6 -- 0.03 2,800 1,800 6.0 0.00661 0.00661 -- 0.005 0.00661
1,2,3-Trichloropropane 96-18-4 -- -- 4.4 14,000 0.11 -- 0.11 -- 0.02 0.11
1,2,4-Trimethylbenzene 95-63-6 -- -- -- 35,000 1800 -- 1800 -- 0.005 1800
1,3,5-Trimethylbenzene 108-67-8 -- -- -- 35,000 1,500 -- 1500 -- 0.005 1500
Toluene 108-88-3 200 7 -- 280,000 47,000 0.414 0.414 -- 0.005 0.414
Vinyl chloride 75-01-4 -- -- 88 11,000 1.7 0.000126 0.000126 -- 0.005 0.005

m,p-Xylene10 106-42-3 -- 9 -- 700,000 2,400 3.02 3.02 -- 0.01 3.02

Notes
1. All levels downloaded from Washington State Department of Ecology Cleanup Levels and Risk Calculations (CLARC) website
2. Direct contact (ingestion only), industrial land use.
3. EPA Regional Screening Levels reviewed in 2019.
4. The calculations for soil cleanup levels protective of groundwater followed methods used in the RI. 
5. 90th percentile natural background levels from the 1994 Washington State Department of Ecology
Natural Background Soil Metals Concentrations in Washington State.
6. Applicable PQL updated in 2019.
7. Preliminary cleanup level was selected based on criteria described in text. In some cases, the screening level was adjusted up to the PQL or natural background.
8. For soil COCs that are not groundwater COCs (and did not have a calculated preliminary groundwater cleanup level) the default soil cleanup level protecive of groundwater from CLARC was applied
Abbreviations
-- = not available
*** = Not calculated for COCs not detected in groundwater at concentrations greater than the cleanup level in the last 10 years and, consistent with the empirical demonstration method for deriving soil concentrations for groundwater protec    
CAS = Chemical Abstracts Service
EPA = US Environmental Protection Agency
MTCA = Model Toxics Control Act
PCBs = polychlorinated biphenyls
PQL = practical qnantitation limit
SVOCs = semivolatile organic compounds
TPH = total petroleum hydrocarbons
VOCs = volatile organic compounds
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Inorganics
Barium 7440-39-3 500 -- -- 16,000 -- 700,000 15,000 220,000 824 500 -- 0.25 500
Cadmium 7440-43-9a 4 2 -- 80 -- 3,500 71 980 0.138 0.138 1.1 0.1 1.1
Chromium (total) 7440-47-3 42 -- -- -- -- -- -- -- 1,000 42 27 0.5 42
Copper 7440-50-8 50 -- -- 3,200 -- 140,000 3,100 47,000 4.88 4.88 34 2.5 34
Cyanide 57-12-5 -- -- -- 50 -- 2,200 23 150 -- 23 -- -- --
Lead 7439-92-1 50 250 -- -- -- -- 400 800 600 50 24 0.1 50
Mercury 7439-97-6 0.1 2 -- -- -- -- 11 46 *** 0.1 0.04 0.1 0.1
Nickel 7440-02-0 30 -- -- 1,600 -- 70,000 1,500 22,000 67.8 30 21 0.35 30
Selenium and compounds 7782-49-2 0.3 -- -- 400 -- 18,000 390 5,800 5.2 0.3 -- 0.5 0.5
Silver 7440-22-4 2 -- -- 400 -- 18,000 390 5,800 0.85 0.85 -- 0.1 0.85
Thallium, soluble salts 7440-28-0 1 -- -- 0.8 -- 35 0.78 12 0.23 0.23 -- 0.1 0.23
Vanadium 7440-62-2 2 -- -- 400 -- 18,000 390 5,800 1600 2 -- 0.5 2
Zinc 7440-66-6 86 -- -- 24,000 -- 1,100,000 23,000 350,000 124 86 96 2.5 96

PCBs/Pesticides
Aldrin 309-00-2 0.1 -- 0.059 2.4 7.7 110 0.039 0.18 *** 0.039 -- 0.005 0.039
delta-BHC 319-86-8 -- -- -- -- -- -- -- -- *** -- -- 0.005 --
4,4'-DDD 72-54-8 0.75 16 -- 4.2 2.4 550 110 1.9 9.6 *** 1.9 -- 0.005 1.9
4,4'-DDT 50-29-3 0.75 16 3 2.9 40 390 1,800 1.9 8.5 *** 1.9 -- 0.005 1.9
Dieldrin 60-57-1 0.07 -- 0.063 4 8.2 180 0.034 0.14 *** 0.034 -- 0.005 0.034
Endrin 72-20-8 0.2 -- -- 24 -- 1,100 19 250 *** 0.2 -- 0.005 0.2
Heptachlor 76-44-8 0.4 18 -- 0.22 40 29 1,800 0.13 0.63 *** 0.13 -- 0.005 0.13
Heptachlor epoxide 1024-57-3 0.4 18 -- 0.11 1 14 46 0.07 0.33 *** 0.07 -- 0.005 0.07
Lindane 58-89-9 -- 0.01 0.91 24 12 1,100 0.57 2.5 *** 0.57 -- -- --
Toxaphene 8001-35-2 -- -- 0.91 7.2 120 320 0.49 2.1 *** 0.49 -- 0.1 0.49

Polychlorinated biphenyls, total9 1336-36-3 40 1 0.5 -- 66 -- 0.23 0.94 *** 0.23 -- 0.05 0.23

SVOCs
Acetophenone 98-86-2 -- -- -- 8,000 -- 350,000 7,800 120,000 *** 7800 -- 0.33 7800
Benzidine 92-87-5 -- -- 0.0043 240 0.57 11,000 0.00053 0.01 -- 0.00053 -- -- --
Benzo(a)anthracene 56-55-3 -- -- -- -- -- -- 1.1 21 1.43 1.1 -- 0.005 1.1
Benzo(a)pyrene 50-32-8 12 0.1 0.19 24 130 110 0.11 2.1 3.88 0.11 -- 0.005 0.11
Benzo(b)fluoranthene 205-99-2 -- -- -- -- -- -- 1.1 21 4.92 1.1 -- 0.005 1.1
Benzo(k)fluoranthene 207-08-9 -- -- -- -- -- -- 11 210 4.92 4.92 -- 0.005 4.92
p-Chloroaniline (4-chloroaniline) 106-47-8 -- -- 5 320 660 14,000 2.7 11 0.0012 0.0012 -- 0.33 0.33
bis(2-Chloroethyl) ether 111-44-4 -- -- 0.91 -- 120 -- 0.23 1 0.0552 0.0552 -- 0.33 0.33
2-Chloronaphthalene 91-58-7 -- -- -- 6,400 -- 280,000 4,800 60,000 *** 4800 -- 0.33 4800
2-Chlorophenol 95-57-8 -- -- -- 400 -- 18,000 390 5,800 0.177 0.177 -- 0.33 0.33
Chrysene 218-01-9 -- -- -- -- -- -- 110 2100 1.59 1.59 -- 0.005 1.59
3,3'-Dichlorobenzidine 91-94-1 -- -- 2.2 -- 290 -- 1.2 5.1 0.185 0.185 -- 0.66 0.66
2,4-Dichlorophenol 120-83-2 -- -- -- 240 -- 11,000 190 2,500 0.0694 0.0694 -- 0.33 0.33
Dibenzo[a,h]anthracene 53-70-3 -- -- -- -- -- -- 0.11 2.1 7.16 0.11 -- 0.005 0.11
Dibenzofuran 132-64-9 0.000002 15 -- -- 80 -- 3,500 73 1,000 -- 73 -- 0.66 73
2,4-Dimethylphenol 105-67-9 -- -- -- 1,600 -- 70,000 1,300 16,000 *** 1300 -- 0.33 1300
2,4-Dinitrophenol 51-28-5 20 -- -- 160 -- 7,000 130 1,600 0.08 0.08 -- -- --
2,4-Dinitrotoluene 121-14-2 -- -- 3.2 160 420 7,000 1.7 7.4 0.00296 0.00296 -- 0.1 0.1
2,6-Dinitrotoluene 606-20-2 -- -- 0.67 24 88 1,100 0.36 1.5 0.00892 0.00892 -- 0.1 0.1
1,4-Dioxane 123-91-1 -- -- 10 2,400 1,300 110,000 5.3 24 -- 5.3 -- -- --
bis(2-Ethylhexyl) phthalate 117-81-7 -- -- 71 1,600 9,400 70,000 39 160 44.5 39 -- 0.66 39
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Hexachlorobenzene 118-74-1 17 -- 0.63 64 82 2,800 0.21 0.96 0.082 0.082 -- 0.05 0.082
Hexachlorobutadiene 87-68-3 -- -- 13 80 1,700 3,500 1.2 5.3 1.08 1.08 -- 0.01 1.08
Hexachloroethane 67-72-1 -- -- 25 56 3,300 2,500 1.8 8.0 *** 1.8 -- 0.33 1.8
Indeno(1,2,3-cd)pyrene 193-39-5 -- -- -- -- -- -- 1.1 21 13.9 1.1 -- 0.005 1.1
Isophorone 78-59-1 -- -- 1,100 16,000 140,000.00 700,000 570 2,400 0.133 0.133 -- 0.33 0.33
4-Methylphenol 106-44-5 -- -- -- 8000 -- 350,000 6,300 82,000 -- 6300 -- 0.33 6300
N-Nitroso-di-n-propylamine 621-64-7 -- -- 0.14 -- 19 -- 0.078 0.33 0.0448 0.0448 -- 0.33 0.33
N-Nitrosodiphenylamine 86-30-6 20 -- 200 -- 27,000.00 -- 110 470 0.298 0.298 -- 0.33 0.33
Nitrobenzene 98-95-3 40 -- -- 160 -- 7,000 5.1 22 0.0638 0.0638 -- 0.1 0.1
Pentachlorophenol 87-86-5 3 -- 2.5 400 330 18,000 1.0 4.0 0.317 0.317 -- 0.66 0.66
2,4,6-Trichlorophenol 88-06-2 10 -- 91 80 12,000 3,500 49 210 0.116 0.116 -- 0.33 0.33

TPH
Gasoline 86290-81-5 100 30/100 -- -- -- -- -- -- -- 100 -- 1 100
Lube Oil -- 2,000 -- -- -- -- -- -- -- 2,000 -- 10 2000

VOCs
Acetone 67-64-1 -- -- -- 72,000 -- 3,200,000 61,000 670,000 29 29 -- 0.01 29
Acrolein 107-02-8 -- -- -- 40 -- 1,800 0.14 0.6 *** 0.14 -- 0.02 0.14
Acrylonitrile 107-13-1 -- -- 1.9 3200 240 140000 0.25 1.1 *** 0.25 -- 0.05 0.25
Benzene 71-43-2 -- 0.03 18 320 2,400.00 14,000 1.2 5.1 0.00564 0.00564 -- 0.005 0.00564
Bromodichloromethane 75-27-4 -- -- 16 1,600 2,100.00 70,000 0.29 1.3 0.00521 0.00521 -- 0.005 0.00521
Bromoform 75-25-2 -- -- 130 1,600 17,000.00 70,000 19 86 0.0302 0.0302 -- 0.005 0.0302
Bromomethane 74-83-9 -- -- -- 110 -- 4,900 7 30 0.0509 0.0509 -- 0.005 0.0509
Carbon disulfide 75-15-0 -- -- -- 8,000 -- 350,000 770 3,500 2.83 2.83 -- 0.005 2.83
Carbon tetrachloride 56-23-5 -- -- 14 320 1,900 14,000 0.65 2.9 0.00921 0.00921 -- 0.005 0.00921
Chlorobenzene 108-90-7 40 -- -- 1,600 -- 70,000 280 1,300 0.874 0.874 -- 0.005 0.874
Chloroform 67-66-3 -- -- 32 800 4200 35,000 0.32 1.4 0.00638 0.00638 -- 0.005 0.00638
Chloromethane 74-87-3 -- -- -- -- -- -- 110 460 -- 110 -- 0.005 110
2-Chlorotoluene 95-49-8 -- -- -- 1,600 -- 70,000 1,600 23,000 -- 1600 -- 0.005 1600
1,2-Dibromo-3-chloropropane 96-12-8 -- -- 1.3 16 160 700 0.0053 0.064 -- 0.0053 -- 0.01 0.01
Dibromochloromethane 124-48-1 -- -- 12 1,600 1,600.00 70,000 8.3 39 0.00532 0.00532 -- 0.005 0.00532
1,4-Dichlorobenzene 106-46-7 20 -- 190 5600 24000 250000 2.6 11 0.0808 0.0808 -- 0.005 0.0808
Dichlorodifluoromethane 75-71-8 -- -- -- 16,000 -- 700,000 87 370 -- 87 -- 0.01 87
1,2-Dichloroethane 107-06-2 -- -- 11 480 1,400.00 21,000 0.46 2.0 0.00483 0.00483 -- 0.005 0.005
1,1-Dichloroethene 75-35-4 -- -- -- 4,000 23000 700,000 230 1,000 0.0501 0.0501 -- 0.005 0.0501
cis-1,2-Dichloroethene 156-59-2 -- -- -- 160 -- 7,000 160 2,300 0.08 0.08 -- 0.01 0.08
trans-1,2-Dichloroethene 156-60-5 -- -- -- 1,600 -- 70,000 160 2,300 0.00543 0.00543 -- 0.005 0.00543
Ethyl chloride (chloroethane) 75-00-3 -- -- -- -- -- -- 14000 57,000 -- 14000 -- 0.005 14000
Ethylbenzene 100-41-4 -- 6 -- 8,000 -- 350,000 5.8 25 5.9 5.8 -- 0.005 5.8
Ethylene dibromide (EDB) (1,2-
Dibromoethane) 106-93-4 -- 0.005 0.5 720 6.6 32,000 0.036 0.16 -- 0.036 -- 0.005 0.036

4-Methyl-2-butanone (4-Methyl-2-
pentanone) 108-10-1 -- -- -- 6,400 -- 280,000 33,000 140,000 *** 6400 -- 0.01 6400

Methylene chloride 75-09-2 -- 0.02 50 4,800 66,000 21,000 57 1000 0.0218 0.0218 -- 0.02 0.0218
Styrene 100-42-5 300 -- -- 16,000 -- 700,000 6,000 35,000 2.24 2.24 -- 0.005 2.24
1,1,2,2-Tetrachloroethane 79-34-5 -- -- 5 1,600 660 70,000 0.6 2.7 0.0056 0.0056 -- 0.005 0.0056
Tetrachloroethene 127-18-4 -- 0.05 480 480 63,000 21,000 24 100 0.0255 0.0255 -- 0.005 0.0255
1,1,1-Trichloroethane 71-55-6 -- 2 -- 160,000 -- 7,000,000 8,100 36,000 1.58 1.58 -- 0.005 1.58
1,1,2-Trichloroethane 79-00-5 -- -- 18 320 2,300.00 14,000 1.1 5.0 0.00556 0.00556 -- 0.005 0.00556
Trichloroethene 79-01-6 -- 0.03 12 40 2,800 1,800 0.9 6.0 0.00661 0.00661 -- 0.005 0.00661
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1,2,3-Trichloropropane 96-18-4 -- -- 0.033 320 4.4 14,000 0.0051 0.11 -- 0.0051 -- 0.02 0.02
1,2,4-Trimethylbenzene 95-63-6 -- -- -- 800 -- 35,000 300 1800 -- 300 -- 0.005 300
1,3,5-Trimethylbenzene 108-67-8 -- -- -- 800 -- 35,000 270 1,500 -- 270 -- 0.005 270
Toluene 108-88-3 200 7 -- 6,400 -- 280,000 4,900 47,000 0.414 0.414 -- 0.005 0.414
Vinyl chloride 75-01-4 -- -- 0.67 240 88 11,000 0.059 1.7 0.000126 0.000126 -- 0.005 0.005

m,p-Xylene10 106-42-3 -- 9 -- 16,000 -- 700,000 560 2,400 3.02 3.02 -- 0.01 3.02

Notes
1. All levels downloaded from Washington State Department of Ecology Cleanup Levels and Risk Calculations (CLARC) website
2. Direct contact (ingestion only), industrial land use.
3. EPA Regional Screening Levels reviewed in 2019.
4. The calculations for soil cleanup levels protective of groundwater followed methods used in the RI. 
5. 90th percentile natural background levels from the 1994 Washington State Department of Ecology
Natural Background Soil Metals Concentrations in Washington State.
6. Applicable PQL updated in 2019.
7. Preliminary cleanup level was selected based on criteria described in text. In some cases, the screening level was adjusted up to the PQL or natural background.
8. For soil COCs that are not groundwater COCs (and did not have a calculated preliminary groundwater cleanup level) the default soil cleanup level protecive of groundwater from CLARC was applied
Abbreviations
-- = not available
*** = Not calculated for COCs not detected in groundwater at concentrations greater than the cleanup level in the last 10 years and, consistent with the empirical demonstration method for deriving soil concentrations for groundwater protection in WAC 173-340-747(3)(f)
CAS = Chemical Abstracts Service
EPA = US Environmental Protection Agency
MTCA = Model Toxics Control Act
PCBs = polychlorinated biphenyls
PQL = practical qnantitation limit
SVOCs = semivolatile organic compounds
TPH = total petroleum hydrocarbons
VOCs = volatile organic compounds
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2.3 GROUNDWATER

2.3.1 Groundwater Trends

 
1 Note that trends have been updated since Stericycle’s September 5, 2019 meeting with Ecology and DOF where 
they were originally shared. The version provided with this memo includes data for well MC-31 (which was 
previously missing) and data from the recently conducted second quarter 2019 monitoring event.  
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TABLE 1
GROUNDWATER FLOW DIRECTION SUMMARY

Stericycle Washougal Facility
Washougal, Washington

Qtr Shallow Lower Aquifer
3Q 2014 E-NE SW-S
3Q 2015 E-NE S
4Q 2015 E-NE SE
1Q 2016 E-NE E
2Q 2016 E-NE SE
3Q 2016 E-NE S
4Q 2016 E-NE SE-S
1Q 2017 E-NE NE
2Q 2017 E-NE NE
3Q 2017 E-NE SE-S
4Q 2017 E-NE SE-S
1Q 2018 E-NE SE
2Q 2018 E-NE SE
3Q 2018 E-NE S
4Q 2018 E-NE S

GW Flow Direction

DRAFTSE-SSE-S
SE-SSE-
SE
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TABLE 2
SUMMARY OF CYANIDE CONCENTRATIONS

Stericycle Washougal Facility
Washougal, Washington

Well 2Q 2004 2Q 2009 4Q 2013 1Q 2014 2Q 2014

MC-14 < 0.01 < 0.003 -- -- < 0.003
MC-15 -- -- < 0.003 < 0.003 --
MC-16 -- -- < 0.003 < 0.003 --
MC-17 -- -- < 0.003 < 0.003 --

Concentrations are in micrograms per liter (mg/L)
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1.0 INTRODUCTION 

This revised technical memorandum was prepared to summarize information presented during 
discussions regarding components of the Feasibility Study (FS), currently under revision, for the 
Stericycle Environmental Solutions (Stericycle) Washougal, Washington facility. Washington 
Department of Ecology (Ecology), Ridolfi (Ecology’s technical consultant), Stericycle, and 
Dalton, Olmsted, and Fuglevand (DOF) met on September 5, 2019. The purpose of that 
meeting was to discuss Stericycle’s planned approach to addressing Ecology’s 2019 comments 
on the 2013 FS (AMEC, 2013), particularly concerning the updated nature and extent of 
contamination, screening of technologies, and remedial alternatives.  

DOF prepared this technical memorandum on behalf of Stericycle to document information 
presented at that September 5, 2019 meeting and subsequently expanded on, based on 
Ecology’s requests for additional technology review in the revised FS. This memorandum 
updates previously presented information about potential remedial technologies developed in 
the 2013 FS to address comments received from Ecology and account for more recently 
developed technologies. This includes consideration of comments received from Ecology on a 
draft version of this memo in October 2019 (Ecology, 2019).  

2.0 DEVELOPMENT OF REMEDIAL ALTERNATIVES 

WAC 173-340-360 describes the minimum requirements and procedures for selecting cleanup 
actions under the Model Toxics Control Act (MTCA). Cleanup actions selected under MTCA 
must meet “threshold requirements” outlined in WAC 173-340-360(2)(a) of: 

• Protecting human health and the environment; 

• Complying with cleanup standards; 

• Complying with applicable state and federal laws; and 

• Providing for compliance monitoring. 

In addition, cleanup shall adhere to “other requirements” outlined in WAC 173-340-360(2)(b): 

• Using permanent solutions to the maximum extent practicable. 

• Providing for a reasonable restoration time frame. 

• Considering public concerns. 

Additional cleanup action requirements are addressed in the remaining portions of WAC 173-
340-360(2)(c through h).  
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Potentially applicable remediation technologies are considered in the revised FS to address 
the exposure pathways associated with concentrations of COCs in soil and groundwater. A 
wide range of potentially applicable technologies were selected for evaluation relative to the 
specific remediation considerations for the site. If appropriate for the site conditions, 
technologies will be assessed in different combinations as remedial alternatives that will 
satisfy the MTCA criteria described above. This memorandum includes information about 
newly identified technologies and additional detail regarding potential applicability of various 
technologies at the site.  

Often a disproportionate cost analysis is conducted as part of an FS to aid in evaluating 
permanence of a potential clean action. WAC 173-340-360(f) outlines evaluation criteria to be 
used in such an analysis. These criteria provide a helpful framework for evaluating 
technologies against site-specific conditions and have therefore been incorporated in the 
screening summarized in this memo. Cost is one of the seven criteria under the DCA 
framework, but was not used as a basis for retention or rejection of a technology in Tables 5-2 
and 5-4.  

After the technology screening presented in this memorandum has been approved, 
technology combinations will be identified as separate cleanup action alternatives for 
consideration at the site. Alternatives will carefully consider the requirements of WAC 173-
340-360 noted above.   

3.0 POTENTIALLY APPLICABLE REMEDIAL TECHNOLOGIES 

This section presents the potentially applicable remediation technologies considered in the 
revised FS.  Technologies were re-evaluated based on updated state of practice since the 
2013 FS was submitted. Several technologies are now included that had not been previously 
evaluated in the 2013 FS. Because the revised FS is intended to be a focused FS, only those 
technologies that show the greatest potential to satisfy the site remediation objectives were 
retained for development of remedial alternatives. A summary of the remediation technologies 
considered for the revised FS for soil and groundwater are provided in Tables 5-1 and 5-3, 
respectively.  The results of the technology screening are presented in Table 5-2 for soil and 
in Table 5-4 for groundwater. A list of the retained technologies for both soil and groundwater 
is presented in Table 5-5. Table numbering used in the 2013 FS was preserved in this 
memorandum to make comparisons easier for review.  

 
3.1 TECHNOLOGY SCREENING CRITERIA 
The technologies described in Tables 5-1, 5-2, 5-3, and 5-4 were screened to identify those 
technologies best suited for potential use in developing remedial alternatives for the site. The 
applicability of each technology was considered in light of:  
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• Remediation objectives presented in Section 4.2 of the 2013 FS;  

• Updated data on technology performance (with heavier weight given to peer reviewed 
and government agency provided literature, as well as data regarding implementation 
of technologies performed under similar geologic and hydrologic conditions); and  

• Physical site characteristics. 

Potential remediation technologies were originally screened in the 2013 FS based on the 
following four screening criteria: 
 

1. Technology Development Status (bench, pilot, or full scale): This criterion refers to 
the level of development for the technology in addressing the COCs observed at the 
site. Technologies with full-scale implementation are favored over less developed 
technologies, such as those that have shown limited effectiveness at treating the 
COCs observed at the site or that are still in early stages of development (such as 
technologies only tested in bench-scale or pilot studies). 

2. Performance Record: This criterion refers to the technology’s record of successfully 
attaining the remediation objectives established for the technology in prior 
implementations for projects with similar site conditions. Factors to evaluate include 
ability to achieve cleanup levels, the time required to meet the cleanup levels, and the 
ability to meet the cleanup levels without the potential for future re-contamination (i.e., 
mobilization of contaminants). Technologies successfully implemented in a variety of 
environmental and geologic settings (especially environments similar to the site) are 
favored over technologies with a more restricted application record. 

 
3. Contaminants Addressed: This criterion refers to the constituents the technology 

is capable of addressing. Only technologies demonstrated capable of addressing 
the specific constituents in the specific media of interest (soil or groundwater) are 
retained for the FS. 

4. Implementability within the Constraints of the Site: This criterion refers to the 
ability to be implemented including consideration of whether the alternative is 
technically possible, availability of necessary off-site facilities, services and 
materials, administrative and regulatory requirements, scheduling, size, complexity. 
Monitoring requirements, access for construction operations and monitoring, and 
integration with existing facility operations and other current and potential remedial 
actions. Technologies requiring minimal access and simpler permitting are favored 
over technologies requiring extensive permitting or access to numerous locations. 
Technologies that require significant infrastructure (permanent wells, extensive 
piping runs, public and private easements, and access agreements) might be 
difficult to implement due to the associated logistical and administrative challenges; 
it is possible that in select cases some of these technologies might not be 
practicably implementable. Technologies that support and build on the documented 
natural degradation of VOCs are favored over those technologies that arrest or 
interrupt this natural degradation. However, technologies that arrest or interrupt 
natural degradation are not discounted if they achieve cleanup levels.  

In the 2013 FS, Tables 5-1 and 5-3 provided information on criteria 1, 2, and 3 above, with 
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Tables 5-2 and 5-4 providing details on criteria #4 and a summary of why the technology 
was retained or rejected. The attached revised Tables 5-1, 5-2, and 5-3 are similarly setup, 
with updates based on changes in information available on technology, or site conditions, 
since the 2013 FS was submitted. New technologies added for consideration after the 2013 
FS submittal are noted.   

A review of the nature and extent of soil contamination was completed as part of the revised FS. 
No new soil data has been collected and no new interim measures have been performed that 
would change the conclusions of the 2013 FS for soil. The source areas for soil noted in the 
2013 FS were the area around the former tank farm and Building 1, the soil under the former 
container storage areas at Building 2 and Building 3, and west of the waste oil tank system 
around GP-109.  In contrast, additional groundwater data has been collected quarterly since the 
2013 FS, allowing for development of long term trends that provide insight on the nature and 
extent of site contaminants (DOF, 2019).  Groundwater monitoring data in shallow wells around 
Building 1 indicate predominantly decreasing concentration trends. The decreasing trends 
coupled with seasonally high groundwater that is only a few feet from the surface leaves 
uncertainty as to how much VOC contaminant mass may remain underlying Building 1. 
Stericycle plans to conduct soil gas sampling underneath Building 1 to further evaluate current 
concentrations of VOCs in this area. For purposes of technology identification and screening the 
conditions are assumed to potentially require treatment and therefore details on the soil 
technology screening approach remain unchanged, aside from new technologies added into the 
review.  

Significant revisions to Table 5-4 (groundwater technology screening summary) were made due 
to the complexity of site use, physical conditions, long term COC trends, and the range of COCs 
still of concern in groundwater. Additional columns were added to Table 5-4 to clarify the site 
specific concerns of each groundwater technology. The technologies were evaluated against 
protectiveness, permanence, cost, effectiveness over the long-term, management of short term 
risks, and technical and administrative implementability. These criteria are typically used for 
disproportionate cost analysis of alternatives (WAC 173-340-360(f)), but in response to 
questions raised in Ecology’s review of the 2013 FS, they have been used to provide a helpful 
framework for evaluating technologies against site-specific conditions. Table 5-4 also includes a 
brief summary of the reasons each technology was rejected or accepted.  

4.0 REVISED FS NEXT STEPS 

Once the retained technologies for soil and groundwater are approved by Ecology, Stericycle 
will update the FS Section 5 text (which covers detailed descriptions of remedial technologies), 
and Section 6 FS text regarding Remedial Alternative Evaluation Criteria. The remedial 
alternatives provided in Section 7 of the 2013 FS (Development and Evaluation of Remedial 
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Alternatives) will be re-evaluated to see if new technologies warrant addition, or if there are 
different combinations of technologies that should be compared in the revised FS to provide 
improvements in protectiveness, permanence, cost, effectiveness over the long-term, 
management of short term risks, and/or technical and administrative implementability. 

Draft remedial alternatives will be provided to Ecology for review, and once agreed upon, a 
revised FS Section 7 will be prepared. Once Section 7 is approved, the full revised FS will be 
submitted for Ecology review. 

5.0   REFERENCES 

AMEC, 2013, Final Feasibility Study Report, PSC Washougal Facility, December. 

DOF, 2019, Technical Memorandum: Feasibility Study – Nature and Extent of Contamination 
Update, September. 

Ecology, 2019, Email RE: Stericycle Washougal FS Technology Screening, from Kaia Petersen, 
Ecology, to Tasya Gray, DOF, October 28.  

6.0 CLOSING 

The services described in this report were performed consistent with generally accepted 
professional consulting principles and practices. No other warranty, expressed or implied, is 
made. This report is solely for the use and information of our client unless otherwise noted. Any 
reliance on this report by a third party is at such party’s sole risk. 

 



TABLE 5-1        
SUMMARY OF REMEDIATION TECHNOLOGIES CONSIDERED FOR SOIL       

Stericycle Washougal Facility        
Washougal, Washington       
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General Response 
Actions

Remediation 
Technologies Section Technology Description

Technology 
Development 

Status
General Performance Record Site Areas Addressed Site Contaminants 

Addressed

Bioventing 5.2.1.1
Oxygen is delivered to contaminated unsaturated soils by 
forced air movement (either extraction or injection of air) to 
increase oxygen concentrations and stimulate biodegradation.

Full-Scale

Performs well for nonhalogenated organic 
compounds in moist soils that biodegrade 
aerobically (such as BTEX). Low effectiveness 
for halogenated organics. Ineffective on PCBs, 
inorganics, and in dry soils

Upper Sand Unit east of Building 1 
and in the former tank farm area. TPH Constituents and VC.

Enhanced 
Bioremediation 5.2.1.2

The activity of naturally occurring microbes is stimulated by 
circulating water-based solutions through contaminated soils to 
enhance in situ biological degradation of organic contaminants. 
Nutrients, oxygen, or other amendments may be used to 
enhance bioremediation and contaminant desorption from 
subsurface materials.

Full-Scale

Anaerobic bioremediation has been moderately 
effective on halogenated VOCs. Aerobic 
bioremediation has been moderately effective 
for VC, SVOCs and effective for TPH. 
Ineffective on inorganics and PCBs.

Areas located beneath the former 
fuel farm area and  Building 1 
(Upper and Lower Aquifer Units).

Halogenated VOCs (ethenes 
and TCP), SVOCs, TPH 
(BTEX).

Phytoremediation 5.2.1.X
Broadly defined as the use of vegetation to address  in situ 
biological degradation, sequestration, or capture of 
contaminants. 

Full-Scale

Typical organic contaminants, such as 
petroleum hydrocarbons, gas condensates, 
crude oil, chlorinated compounds, pesticides, 
and explosive compounds, can be addressed 
using plant-based methods. Phytotechnologies 
also can be applied to typical inorganic 
contaminants, such as heavy metals, metalloids, 
radioactive materials, and salts (ITRC 2009).

Areas outside of containment 
located along the east fence line 
(possible source for 1,4-dioxane) 
and the area west of the waste oil 
tank system.

Halogenated VOCs, SVOCs, 
TPH, metals, and 1,4-
dioxane.

Chemical 
Oxidation 5.2.1.3

Oxidation chemically converts hazardous contaminants to 
nonhazardous or less toxic compounds that are more stable, 
less mobile, and/or inert. The oxidizing agents most commonly 
used are ozone, hydrogen peroxide, persulfate, or 
permanganate. Reaction occurs only in aqueous solution.

Full-Scale
Technology demonstrated to be effective under 
certain site conditions. Ineffective for most 
inorganics, but would be effective for cyanide.

Areas located beneath the former 
fuel farm area and Building 1 
(Upper and Lower Aquifer Units).

Halogenated and 
nonhalogenated VOCs and 
SVOCs, TPH compounds, 
and 1,4-dioxane.

Soil Flushing 5.2.1.4

Water, or water containing an additive to enhance contaminant 
solubility, is applied to the soil or injected into the groundwater 
to raise the water table into the contaminated soil zone. 
Contaminants are leached into the groundwater, which is then 
extracted and treated.

Full-Scale Poor performance record. Few sites have been 
successfully remediated using this technology.

Vadose zone soil areas located 
beneath the former fuel farm area 
and east of Building 1.

Some inorganics and some 
organics, depending on site 
and constituent conditions 
and additive used (i.e. metals 
with chelatants, solvents with 
cosolvents, etc.).

In Situ Biological 
Treatment

Technology Characteristics

In Situ 
Physical/Chemical 

Treatment
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General Response 
Actions

Remediation 
Technologies Section Technology Description

Technology 
Development 

Status
General Performance Record Site Areas Addressed Site Contaminants 

Addressed

   

Technology Characteristics

Soil Vapor 
Extraction 5.2.1.5

Removes volatile constituents from the vadose zone. Using a 
blower, a vacuum is applied to wells screened in the vadose 
zone, and the volatiles are entrained in the extracted air and 
removed with the soil vapor. Off gases are generally treated to 
control emissions using thermal destruction or adsorption 
technologies.

Full-Scale
Proven reliable and effective technology for 
VOCs. Not effective for SVOCs, PCBs, and 
inorganics.

Vadose zone soil areas on site 
around the former tank farm area 
and Building 1 .

Halogenated VOCs and TPH 
Constituents.

Solidification/ 
Stabilization 5.2.1.6

Contaminants are physically bound or enclosed within a 
stabilized mass (solidification), or chemical reactions are 
induced between the stabilizing agent and contaminants either 
to reduce their mobility (stabilization) or to treat contaminated 
soil in situ (deep soil mixing).

Full-Scale

Several different field methods are used for this 
generalized approach. Stabilization reagents 
can be effective. Complete mixing can be 
difficult. Can be combined with variants such as 
deep soil mixing employing treatment 
technologies (e.g. zero-valent iron) to treat 
various COCs.

Vadose zone soil and silt around 
the former fuel tank area and 
around Building 1.

Metals and if deep soil mixing 
with ZVI is used; organics.

In Situ Thermal 
Treatment

High-Temperature 
Volatilization 5.2.1.7

Steam, electrical energy, or soil heaters are injected below the 
contaminated zone to heat contaminated soil. The heating 
enhances the release of contaminants from the soil matrix. 
Some VOCs and SVOCs are stripped from the contaminated 
zone and brought to the surface through soil vapor extraction.

Full-Scale

Performance of steam injection and stripping is 
highly variable and site specific.  Installation of 
soil heaters will result in uneven heating and 
may desiccate soils. Electrical resistive 
heating would be the most effective 
technology but may require excess energy and 
time to adequately treat the target VOCs and 
SVOCs.

All primary impacted soil areas 
around the former fuel tank area 
and beneath/around Building 1.

VOCs, SVOCs, may treat 
cyanide

Containment Cap/Surface 
Cover 5.2.1.8

Surface caps constructed of asphalt concrete, Portland cement 
concrete, or flexible membrane liners prevent direct exposure 
to soil contaminants, control erosion, and reduce infiltration of 
storm water into the subsurface, reducing the leaching of 
COCs to groundwater.

Full-Scale

Proven effective for preventing surface 
exposure to buried waste and for reducing 
infiltration of surface water through waste, 
limiting leaching of COCs to groundwater.

All impacted soil areas around the 
former fuel tank area, building 2 
and building 3, and west of the 
waste oil tank system.

VOCs, SVOCs, TPH, 
inorganics

Ex Situ Biological 
Treatment (assumes 

excavation)
Biopiles 5.2.2.1

Excavated soils are mixed with soil amendments and placed 
on a treatment area that includes leachate collection systems 
and some form of aeration to support bioremediation of organic 
constituents in excavated soils.  Moisture, heat, nutrients, 
oxygen, and pH can be controlled to enhance biodegradation.

Full-Scale

Effective for nonhalogenated VOCs and TPH. 
Less effective on halogenated VOCs and poor 
effectiveness on PCBs. Ineffective for 
inorganics.

Vadose zone soil areas around the 
former tank farm area and east of 
Building 1 with BTEX.

TPH (BTEX)

Ex Situ 
Physical/Chemical 

Treatment (assumes 
excavation)

Soil Washing 5.2.2.2

Contaminants sorbed onto fine soil particles are separated 
from bulk soil in an aqueous-based system on the basis of 
particle size. The wash water may be augmented with a basic 
leaching agent, surfactant, pH adjustment, or chelating agent 
to help remove organics and heavy metals.

Full-Scale

Not widely commercially applied in the United 
States. Technology sometimes has difficulties 
treating complex mixtures of organics and 
inorganics.

Vadose zone soil areas around the 
former tank farm area and east of 
Building 1.

VOCs, SVOCs, inorganics, 
TPH

In Situ 
Physical/Chemical 
Treatment (cont.)
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Actions

Remediation 
Technologies Section Technology Description
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Development 
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General Performance Record Site Areas Addressed Site Contaminants 
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Technology Characteristics

Ex Situ 
Physical/Chemical 

Treatment (assumes 
excavation)

Solidification/ 
Stabilization 5.2.2.3

Contaminants are physically bound or enclosed within a 
stabilized mass (solidification), or chemical reactions are 
induced between the stabilizing agent and contaminants to 
reduce their mobility (stabilization).

Full-Scale
Generally effective for inorganics. Mature 
technology with documented performance 
record. Poor effectiveness for organics.

Vadose zone and silt soils in and 
around the former tank farm area. Inorganics

Ex Situ Thermal 
Treatment (assumes 

excavation)

Thermal 
Desorption 5.2.2.4

Wastes are heated to volatilize water and organic 
contaminants. A carrier gas or vacuum system transports 
volatilized water and organics to the gas treatment system.

Full-Scale

Proven effective at low temperature for TPH and 
VOCs; at high temperature, effective for SVOCs, 
PAHs, and PCBs. Proven and commercial off-
the-shelf technology offered by multiple vendors. 
Not effective for inorganics.

Vadose zone and silt soils in and 
around the former tank farm area 
and east of Building 1.

VOCs, SVOCs, TPH

Excavation/Disposal Excavation and 
Off- Site Disposal 5.2.2.5

Wastes exceeding site remedial goals are excavated and 
transported off site to an appropriate hazardous waste land 
disposal facility.

Full-Scale Proven effective for all site COCs.
Vadose zone and silt soils in and 
around the former tank farm area 
and east of Building 1.

VOCs, SVOCs, TPH, 
inorganics

Notes
X indicates a new technology added to the table after submittal of the 2013 Feasibility Study

Abbreviations
SVOCs = semivolatile organic compounds
RCRA = Resource Conservation and Recovery Act 
COCs = constituents of concern
RI/FS = Remedial Investigation and Feasibility Study 
PAHs = polycyclic aromatic hydrocarbon
TPH = total petroleum hydrocarbons
PCBs = polychlorinated biphenyls
VOCs = volatile organic compounds
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General Response Actions Remediation 
Technologies Section Site-Specific Issues Affecting Technology or Implementation Rationale for Retention or Rejection Screening Result

Bioventing 5.2.1.1

Effectiveness of in situ degradation of halogenated VOCs and SVOCs is 
low. Technology is ineffective on inorganics and pesticides. Technology will 
leave a lot of mass of non-halogenated VOCs in subsurface that are buried 
in silts.

Low effectiveness on high-molecular-weight 
organic COCs (SVOCs) and halogenated VOCs, 
and ineffective for inorganics. Would not likely 
achieve CULs in source areas or at CPOCs for 
organic VOCs.

Reject

Enhanced 
Bioremediation 5.2.1.2

In situ degradation of VOCs (chlorinated and non-chlorinated) is only 
moderately effective. Ineffective for other site COCs. Would require a 
system of numerous injection points to distribute bioremediation fluids to 
the subsurface across a large area, some of which is under existing 
buildings. Sequential anaerobic/aerobic treatment would be needed to 
address most of the organic COCs. Would be very difficult to apply 
substrate to unsaturated soils.

Only moderately effective on halogenated 
organics and SVOCs and likely would not obtain 
CULs in contaminant source areas but would 
likely meet CULs at CPOCs. Likely ineffective on 
inorganics and pesticides. Very long treatment 
time likely. Very high cost to implement for soils 
compared to other technologies, such as 
chemical oxidation, given uncertainty in 
performance, multiple injections required, and 
monitoring requirements.

Reject

Phytoremediation 5.2.1.X
Only viable in non-containment areas. Would require irrigation systems for 
the dry season. Soil amendments may be necessary to ensure rapid and 
sustained growth

 Environmentally-friendly “green” and low-tech 
remedial technology. Operation and 
maintenance costs are typically lower than those 
required for traditional remedies (such as soil 
vapor extraction), because the remedy is 
generally resilient and self-repairing. Plants can 
improve site aesthetics (visual appearance and 
noise).

Retain

Chemical Oxidation 5.2.1.3

Handling of oxidant chemicals during remediation presents a safety 
concern. Chemical oxidant demand of soil can consume large quantities of 
oxidant (pilot test recommended). Establishing effective oxidant delivery 
system for even vadose zone distribution difficult. Oxidants can mobilize 
some metals. This technology may require multiple injection rounds and it 
may be difficult to implement under Building 1.

Treats all key COCs; remediation time frame is 
relatively short and depending on the treatment 
area, may achieve stringent CULs aside from silt 
source area given difficulty to distribute oxidant 
in low-permeability soils.

Retain

Soil Flushing 5.2.1.4

Requires recovery of water (hydraulic capture) and surfactant and 
separation facilities. Recovered water requires treatment, disposal, and 
management of treatment residuals. Site would require different surfactants 
to treat all COCs. Large injection galleries or trenches would require 
extensive disruption of facility operations.  Implementation under Building 1 
would be difficult.

Technology is not proven effective. Requires 
extensive and complex fluids delivery system 
and recovered fluids treatment system. 
Technology would not meet cleanup levels and 
would not remove sufficient mass from source 
areas to meet CULs at CPOCs.

Reject

In Situ Biological Treatment

Technology Characteristics

In Situ Physical/Chemical 
Treatment



TABLE 5-2 
REMEDIATION TECHNOLOGY SCREENING FOR SOIL     

Stericycle Washougal Facility      
Washougal, Washington     

5 of 19

General Response Actions Remediation 
Technologies Section Site-Specific Issues Affecting Technology or Implementation Rationale for Retention or Rejection Screening Result

   

Technology Characteristics

In Situ Physical/Chemical 
Treatment (cont.) Soil Vapor Extraction 5.2.1.5

Limited vadose zone at Stericycle facility; most contaminants are trapped in 
the Silt Layer below water table. Contamination in a large percentage of the 
vadose zone is likely due to smear effects of seasonal water table. Thus, 
the lower end of the vadose zone is likely to be recontaminated regularly.

The contaminant distribution and hydrogeology 
at the site are likely to lead to low mass removal 
and limited effectiveness using this technology. 
Technology will not meet cleanup levels in 
vadose zone soils or remove enough mass to 
meet CPOC CULs.

Reject

In Situ Physical/Chemical 
Treatment (cont.)

Solidification/ 
Stabilization 5.2.1.6

Increases in soil volume due to stabilization or solidification reagents ("bulk 
up" or "fluff") can be significant. Excess soil may require disposal as 
hazardous waste. Presence of solidified material could affect future site 
development by creating structural challenges for new buildings. Combining 
containment and treatment with additives would still not address all COCs.

Deep soil mixing with zero-valent iron has been 
identified as a potential field method that would 
remediate organics and reduce COC contact 
with groundwater, thereby limiting migration of 
COCs from the PSC property. Deep soil mixing 
with ZVI is not anticipated to meet stringent 
CULs in source areas but rather at CPOC.

Retain

In Situ Thermal Treatment High-Temperature 
Volatilization 5.2.1.7

Effectiveness can be hindered by high organic carbon content or high 
moisture content (e.g., soil in the capillary fringe). Would require extensive 
network of steam distribution points or electrodes to heat soil effectively. 
For steam injection, significant volumes of water are added to the 
subsurface, which may flush contaminants from unsaturated soil to 
groundwater. Volatilization of contaminants may prevent inhalation risk for 
workers.

ERH is one of the most effective treatment 
technologies in silt formations and may achieve 
CULs in the source areas and the other target 
areas. Has been retained for use in soils and 
groundwater.

Retain

Containment Cap/Surface Cover 5.2.1.8 The site is a patch-work of different coverings. Would require patching or 
paving areas of risk to prevent offsite migration or worker exposure.

Would be effective in preventing exposure of 
workers at the facility to contaminated soils. 
Would not meet CULs nor reduce any mass of 
COCs.

Retain

Ex Situ Biological Treatment 
(assumes excavation) Biopiles 5.2.2.1

Would require extensive site excavation and soil management and removal 
of existing concrete cover. Extensive shoring and supporting systems would 
be required for excavations near existing structures. Some impacted soils 
would likely remain in place due to the presence of existing 
structures/buildings. Emission control measures (e.g., tenting site) would 
likely be required during excavation. Treatability tests required to assess 
feasibility. RCRA treatment permit would likely be required.

Unproven effectiveness on halogenated VOCs. 
Ineffective on inorganics. Large excavation 
would disrupt existing facility cover. Increased 
worker and public exposure risk associated with 
excavation and treatment process. 
Contaminated soils that would be left in place 
would be above CULs in treatment areas and at 
CPOCs.

Reject
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Technology Characteristics

Ex Situ Physical/Chemical 
Treatment (assumes excavation) Soil Washing 5.2.2.2

Would require extensive site excavation, soil management, and removal of 
existing concrete cover. Extensive shoring and support systems would be 
required for excavations near existing structures. Some impacted soils 
would likely remain in place due to the presence of existing 
structures/buildings. Emission control measures (e.g., tenting site) would 
likely be required during excavation. Worker and public exposure to 
impacted soils is significantly increased by this approach. Treatability tests 
would be required to assess feasibility. Produces wash water and soil 
residuals, which would require further treatment and off-site disposal. 
Significant concentrations of humus (natural organics) or clay in soil can 
disrupt process. RCRA treatment permit would likely be required.

Soil washing may not be effective for complex 
mixture of organics and inorganics. Extensive 
shoring and supporting systems would be 
required for excavations near existing structures. 
Worker and public exposure risks associated 
with excavation and treatment process. 
Contaminated soils that would be left in place 
would be above CULs in treatment areas and at 
CPOCs.

Reject

Ex Situ Physical/Chemical 
Treatment (assumes excavation) 

(cont.)

Solidification/ 
Stabilization 5.2.2.3

Would require excavation and soil management. Extensive shoring and 
support systems would be required for excavations near existing structures. 
Some impacted soils would likely remain in place due to the presence of 
existing structures/buildings. Emission control measures (e.g., tenting site) 
would likely be required during excavation. Treatability tests would be 
required to assess feasibility. Can result in significant increases in soil 
volume ("bulk up") that would likely result in off-site disposal of excess 
material. Because organic wastes would be encapsulated but not 
destroyed, long-term management of wastes would be required. RCRA 
treatment permit would likely be required.

Extensive shoring and support systems would 
be required for excavations near existing 
structures. Volume increase (bulk up) would 
result in excess material requiring off-site 
disposal. Post-treatment waste left on the 
property would remain a long-term management 
issue. Not proven effective for organics. 
Increased worker and public exposure risk 
associated with excavation and treatment 
process. Contaminated soils that would be left in 
place would be above CULs in treatment areas 
and at CPOCs.

Reject

Ex Situ Thermal Treatment 
(assumes excavation) Thermal Desorption 5.2.2.4

Would require excavation and soil management. Extensive shoring and 
support systems would be required for excavations near existing structures. 
Some impacted soils would likely remain in place due to the presence of 
existing structures/buildings. Emission control measures (e.g., tenting site) 
would likely be required during excavation. Worker and public exposure to 
impacted soils is significantly increased by this approach. Treatability tests 
would be required to assess feasibility. Requires large working area for 
setup of equipment. High soil moisture can increase costs due to extended 
soil drying. Emissions from thermal desorption must be captured and 
treated prior to discharge to the atmosphere. RCRA treatment permit would 
likely be required.

Large excavation and treatment footprint would 
disrupt existing facility operations. High 
temperature desorption would address high 
molecular weight organics (SVOCs), but would 
also potentially create emissions containing 
metals. Increased worker and public exposure 
risk associated with excavation. Contaminated 
soils that would be left in place would be above 
CULs in treatment areas and at CPOCs.

Reject
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Technology Characteristics

Excavation/Disposal Excavation and Off- 
Site Disposal 5.2.2.5

Would require extensive site excavation and soil management. Extensive 
shoring and support systems would be required for excavations near 
existing structures. Some impacted soils would likely remain in place due to 
the presence of existing structures/buildings.

Capable of addressing all contaminants in 
vadose zone soil. Least administratively, 
logistically, and technically complex ex situ 
remediation technology. Potentially applicable to 
hot spots where other technologies are difficult 
to implement or expensive. Contaminated soils 
that would be left in place would be above CULs 
in excavated areas and at CPOCs.

Retain

Notes
X indicates a new technology added to the table after submittal of the 2013 Feasibility Study

Abbreviations
COCs = constituents of concern RCRA = Resource Conservation and Recovery Act
CUL = cleanup level SVOCs = semivolatile organic compounds
CPOC = conditional point of compliance VOCs = volatile organic compounds
ERH = electrical resistance heating ZVI = zero-valent iron
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General Response 
Actions

Remediation 
Technologies Section Technology Description Technology 

Development Status General Performance Record Site Area Addressed Site Contaminants 
Addressed

Enhanced 
Biodegradation with 

Biosparging
5.3.1

Air and nutrients, if needed, are injected into the saturated 
zone to increase oxygen levels and promote aerobic 
biological activity. Air is delivered using a compressor and 
vertical or horizontal injection wells.

Full-Scale

Performs well for organic compounds 
that biodegrade aerobically. Not 
effective for inorganics or chlorinated 
VOCs. Primarily used at petroleum-
impacted sites.

Shallow groundwater and 
Deep Aquifer around the 
former tank farm area, along 
the northern property line and 
east of Building 1.

VC, TPH (BTEX)

Oxygen Enhancement 
with Hydrogen Peroxide 

or ORC
5.3.2

Oxygen is added to the saturated zone by adding 
chemicals such as hydrogen peroxide or ORC®. The 
increased oxygen levels promote aerobic biological 
activity. Hydrogen peroxide or ORC solutions can be 
injected into the aquifer or introduced through slow release 
mechanisms placed in wells.

Full-Scale
Has been effectively used at TPH 
sites. Performance is similar to but 
less effective than biosparging.

Shallow groundwater and 
Lower Aquifer around the 
former tank farm area and 
along the northern property 
line.

VC, TPH (BTEX)

Co-Metabolic Treatment 5.3.3

Chloroethenes and 1,4-dioxane are organically degraded 
by aerobic co-metabolism with alkane substrates, such as 
ethane, by indigenous microbes. Oxygen and the alkane 
substrate can be added through passive diffusion or 
through groundwater circulation system.

Full-Scale Has been effective for degradation of 
chlorinated solvents and 1,4-dioxane.

Shallow groundwater and 
Lower Aquifer around the 
former tank farm area, the 
northern property line, and 
east of Building 1.

PCE, TCE, cis -1,2-
DCE, VC, TPH, 1,4-
dioxane

Biostimulation of 
Reductive 

Dechlorination 
(Anaerobic)

5.3.4

A carbohydrate (e.g., molasses, sodium lactate) is injected 
into the affected groundwater to serve as an electron 
donor for indigenous organisms to enhance reductive 
dechlorination. A carbohydrate solution is distributed with 
injection wells, direct-push probes, or groundwater 
recirculation systems.

Full-Scale
Proven effective under proper 
conditions for degradation of 
chlorinated solvents.

Shallow groundwater and 
Lower Aquifer around the 
former tank farm area and 
along the northern property 
line.

PCE, TCE, cis -1,2-
DCE, and VC

Bioaugmentation 5.3.5

Injection of specialty, nonindigenous microbes to enhance 
biodegradation. Microorganisms are commercially 
available for both aerobic and anaerobic degradation of 
chlorinated organics and petroleum hydrocarbons.

Full-Scale

Has been effective for biodegradation 
of chlorinated solvents. Requires 
application of specific microbial seed 
(Dehalococcoides ). May require 
repeated application.

Shallow groundwater and 
Lower Aquifer around the 
former tank farm area and 
along the northern property 
line.

PCE, TCE, cis -1,2-
DCE, and VC

Monitored Natural 
Attenuation 5.3.6

Intrinsic attenuation of groundwater constituents via the 
natural processes of biodegradation (aerobic and/or 
anaerobic), adsorption, and dilution. This passive 
technology relies on natural conditions within impacted 
groundwater.

Full-Scale Has been proven effective at sites 
with appropriate conditions.

All areas of site in the 
Shallow and Lower Aquifer 
Groundwater Zones with 
appropriate conditions.

chlorinated VOCs, and 
1,4-dioxane

Technology Characteristics

In Situ Biological 
Treatment
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Technology Characteristics

   

Phytoremediation 5.3.7

Dense plants and trees can supply nutrients to promote 
microbial growth that reduce contaminant concentrations 
in groundwater, or plants can directly uptake contaminants 
in groundwater. New implementation technology allows for 
treatment depths of more than 50 feet below ground 
surface and has shown effective hydraulic control.

Full-Scale Has been proven effective at sites 
with appropriate conditions.

As a potential contingent 
remedy for groundwater 
zones along the northeast 
and east sides of the site.

VOCs (both chlorinated 
and non- chlorinated), 
TPH, SVOCs, metals, 
1,4-dioxane.

Carbon Augmentation 5.3.X

Colloidal activated carbon is injected into the saturate zone 
with an organic stabilizer to sequester and reduce 
contaminant concentrations. The activated carbon 
disperses through the subsurface during injection and 
dispersion continues over time with groundwater flow.  

Full Scale

Has been proven effective at sites 
with appropriate conditions. 
Effectively used for chlorinated VOCs 
and TPH. Not effective for inorganics.

Shallow groundwater and 
Lower Aquifer around the 
former tank farm area, along 
the northern property line, 
and underneath and east of 
Building 1.

PCE, TCE, cis -1,2-
DCE, non- chlorinated 
VOCs, SVOCs 
(including 1,4- dioxane), 
TPH, pesticides

Air Sparging 5.3.8

Air is injected into the saturated zone to volatilize organic 
compounds or oxygenate aquifer to promote precipitation 
of metals. An air compressor is used to supply air to the 
saturated zone typically through air sparge wells. Similar to 
biosparging, but does not rely on biodegradation. 

Full-Scale

Has been effectively used at non-
chlorinated VOC-impacted sites. 
Difficult to implement for deep 
groundwater.

Shallow groundwater and 
Lower Aquifer around the 
former tank farm area and 
along the northern property 
line.

VC, TPH, SVOCs, 
metals 

Chemical Oxidation-
Active 5.3.9X

An oxidizing chemical (permanganate, hydrogen peroxide, 
Fenton's Reagent, RegenOx) is actively injected through 
wells or via direct-push technology to the groundwater to 
chemically oxidize contaminants. Pilot test would be 
required

Full-Scale

Can be effective depending on 
oxidant demand of native material, 
tightness of formation, and number of 
injections. Not effective for most 
metals.

Shallow groundwater and 
Lower Aquifer around the 
former tank farm area, along 
the northern property line, 
and underneath and east of 
Building 1.

VOCs (both chlorinated 
and non- chlorinated), 
SVOCs (including 1,4- 
dioxane), TPH, 
pesticides

Chemical Oxidation-
Passive 5.3.9X

An oxidizing chemical (potassium permanganate, sodium 
persulfate) is suspended in a monitoring on an inert media 
to passively release chemical oxidizer for treatment of 
contaminants. Pilot test would be required

Full-Scale

Can be effective depending on 
oxidant demand of native material, 
tightness of formation, and number of 
injections. Not effective for most 
metals and 1,4-dioxane.

Shallow groundwater and 
Lower Aquifer around the 
former tank farm area, along 
the northern property line, 
and underneath and east of 
Building 1.

VOCs (both chlorinated 
and non- chlorinated), 
TPH

Thermal Treatment 5.3.10

Temperature in the saturated zone is increased by 
injecting steam or applying an electrical current. The 
increased temperature volatilizes organic compounds, 
which would be collected from the vadose zone using 
SVE.

Full-Scale

Mixed performance record with 
improved performance in silts 
compared to other technologies. 
Some applications have been 
effective, while others have been 
unsuccessful in attaining cleanup 
objectives. Not effective for 
inorganics, can release metals.

Shallow Groundwater Zone, 
Silt Layer, and Lower Aquifer 
around the former tank farm 
area, along the northern 
property line, and underneath 
and east of Building 1.

VOCs (both chlorinated 
and non- chlorinated), 
TPH, SVOCs (including 
1,4- dioxane), and 
metals

In Situ 
Physical/Chemical 

Treatment
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In-Well Stripping 5.3.11

Air is injected into a double-screened well, lifting the water 
in the well and forcing it out the upper screen. 
Simultaneously, additional water is drawn in the lower 
screen. Volatile compounds are transferred to the vapor 
phase and removed by vapor extraction. Groundwater in 
radius of influence is aerated.

Full-Scale

Mixed performance record. Some 
applications have been very effective, 
while others have been unsuccessful 
in attaining cleanup objectives.

Shallow Groundwater Zone 
and Lower Aquifer around 
the former fuel tank area.

VC, non-chlorinated 
VOCs, TPH

Passive/Reactive 
Treatment Walls 5.3.12

Contaminant concentrations in groundwater are reduced 
as the groundwater flows through the permeable reactive 
barrier containing zero-valent iron.

Full-Scale
Has been effectively used to reduce 
chlorinated VOC and metals 
concentrations in groundwater.

Shallow Groundwater Zone 
and Lower Aquifer to the east 
of Building 1.

chlorinated VOCs, some 
metals

Hydraulic Control 5.3.13
Groundwater extraction wells are installed to create a 
hydraulic gradient to control contaminant migration. 
Extracted water is then treated and discharged.

Full-Scale

Has been effectively used to control 
contaminant migration. Is a long-
duration technology. Cannot attain 
cleanup levels.

Shallow Groundwater Zone 
and Lower Aquifer around 
the former tank farm area 
and east of Building 1.

VOCs (both chlorinated 
and non-chlorinated), 
SVOCs (including 1,4-
dioxane), TPH, metals

Mass Reduction 5.3.13

Groundwater extraction wells are installed in source areas 
to aggressively remove contaminated groundwater, 
thereby reducing contaminant mass. Extracted water is 
then treated and discharged.

Full-Scale
Has been effectively used to remove 
contaminants. Is a long- duration 
technology.

Same as Hydraulic Control 
Technology.

VOCs (both chlorinated 
and non-chlorinated), 
SVOCs (including 1,4-
dioxane), TPH, metals

Dynamic Groundwater 
Recirculation (DGR) 5.3.X

DGR creates dynamic groundwater flow conditions that 
enhances the natural flushing processes occurring within 
an impacted area. 

Full-Scale
Has been proven effective in 
homogeneous aquifers to remove 
COCs in solution.

Shallow Groundwater Zone 
and the Lower Aquifer in the 
vicinity of the former tank 
farm, along the northern 
property line, underneath 
Building 1 and to the east of 
Building 1.

VOCs (both chlorinated 
and non-chlorinated), 
SVOCs (including 1,4-
dioxane), TPH, metals

In Situ 
Physical/Chemical 

Treatment

Emulsified Zero-
Valent Iron 5.3.14

Zero-valent iron emulsified in vegetable oil and surfactant 
is injected into groundwater. Zero-valent iron causes 
abiotic reductive dechlorination, and vegetable oil and 
surfactant act as long-term electron donors for biotic 
reductive dechlorination.

Full-Scale
Has been effectively used to reduce 
chlorinated VOCs and metals 
concentrations in groundwater.

Shallow Groundwater Zone 
and the Lower Aquifer in the 
vicinity of the former tank 
farm, along the northern 
property line, underneath 
Building 1 and to the east of 
Building 1.

chlorinated VOCs, 
Arsenic

Groundwater 
Extraction and 

Treatment (Pump 
and Treat)

In Situ 
Physical/Chemical 
Treatment (cont.)
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Surfactant-Enhanced 
Aquifer Remediation 

(SEAR)
5.3.15

Surfactants are injected to increase the solubility and 
mobility of organic contaminants, including NAPLs. 
Surfactants and contaminants are then recovered with 
conventional pump-and-treat methods. The surfactants 
are separated from the groundwater and contaminants 
and reinjected.

Full-Scale
Has been used to enhance recovery 
of chlorinated VOCs and DNAPL. 
Limited full-scale applications.

Shallow Groundwater Zone 
and the Lower Aquifer in the 
vicinity of the former tank 
farm, along the northern 
property line, underneath 
Building 1 and to the east of 
Building 1.

chlorinated VOCs, 
SVOCs, TPH

Co-Solvent 
Flooding 5.3.16

Co-solvents, typically alcohols, are injected to enhance 
dissolution and recovery of DNAPL components. Co-
solvent and dissolved- phase organics are recovered with 
conventional groundwater extraction methods.

Full-Scale
Has been used to enhance recovery 
of DNAPL. Limited prior full-scale 
applications.

Shallow Groundwater Zone 
and Lower Aquifer in the 
vicinity of the former tank 
farm source areas.

chlorinated VOCs, 
SVOCs

Physical 
Containment Barrier Wall 5.3.17

Placement of a barrier wall that physically restricts flow of 
groundwater or grouting/cementing potential COC 
migration conduits. The barrier wall must be keyed into 
lower confining unit for total containment.

Full-Scale

Has been effectively used to contain 
contaminated groundwater. Cannot 
attain cleanup levels as sole remedial 
technology.

Barrier wall used to border 
the former tank farm in the 
Shallow Groundwater Zone 
and the Lower Aquifer.

VOCs (both chlorinated 
and non-chlorinated), 
SVOCs (including 1,4-
dioxane), TPH, metals

Air Stripping 5.3.28

This technology is used in conjunction with pump- and-
treat systems. Extracted groundwater is passed downward 
against a stream of rising air. The countercurrent stream 
of air strips VOCs from the water. Contaminants in the air 
stream are then removed or treated by oxidation or 
adsorption technologies.

Full-Scale
Has been effectively used to remove 
VOCs (both chlorinated and non-
chlorinated) from groundwater.

Same as Hydraulic Control 
Technology.

VOCs (both chlorinated 
and non-chlorinated), 
metals

Oxidation 5.3.X

This technology can be used in conjunction with pump-and-
treat systems.  Extracted groundwater is augmented with 
an oxidant, such as hydrogen peroxide or potassium 
permanganate, to degrade COCs.

Full-Scale

Has been effectively used to remove 
chlorinated and non-chlorinated 
VOCs and 1,4-dioxane from 
groundwater

Same as Hydraulic Control 
Technology.

VOCs (both chlorinated 
and non-chlorinated), 
1,4-dioxane, metals

Adsorption 5.3.19

This technology is used in conjunction with pump- and-
treat systems. Extracted groundwater or VOC- containing 
air is passed through vessels containing granular activated 
carbon. Organic compounds with an affinity for carbon are 
transferred from the aqueous or vapor phase to the solid 
phase by sorption to the carbon. Treated carbon products 
are available to address VOCs such as VC that have a low 
affinity for conventional carbon.

Full-Scale

Has been effectively used to remove 
chlorinated and non-chlorinated 
VOCs, 1,4-dioxane, and metals from 
groundwater

Same as Hydraulic Control 
Technology.

VOCs (both chlorinated 
and non-chlorinated), 
SVOCs (including 1,4-
dioxane), TPH, metals

In Situ 
Physical/Chemical 
Treatment (cont.)

Ancillary/Support 
Technologies
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Ancillary/Support 
Technologies 

(cont.)
Deep Soil Mixing 5.3.20

This technology is used in conjunction with several other 
technologies above. An auger is used to drill down into the 
soil, and a substrate (sand, clay, or cement) is injected as 
the auger goes down and is then pulled back up. Different 
additives can be combined with different substrates in 
order to accomplish a variety of objectives. It can be used 
as a delivery method for in situ chemical oxidation or in 
situ enhanced bioremediation. It can also be used to install 
passive reactive barriers or to help build physical 
containment.

Full-Scale

Has been effectively used to treat 
chlorinated and non-chlorinated 
VOCs, SVOCs (including 1,4-
dioxane), and TPH in groundwater or 
to contain metals, TPH, chlorinated 
and non-chlorinated VOCs, SVOCs, 
and metals.

Shallow Groundwater Zone 
and Silt Layer around the 
former tank farm area. 
Addressing Silt Layer 
addresses Lower Aquifer.

VOCs (both chlorinated 
and non-chlorinated), 
SVOCs (including 1,4-
dioxane), TPH, metals

Notes
X indicates a new technology added to the table after submittal of the 2013 Feasibility Study

Abbreviations
cis -1,2-DCE = cis -1,2-dichloroethene SVE = soil vapor extraction NAPL = nonaqueous phase liquids TPH = total petroleum hydrocarbon
BTEX = benzene, toluene, ethylbenzene, and xylenes SVOCs = semivolatile organic compounds ORC = oxygen-releasing compound VC = vinyl chloride
DNAPL = dense nonaqueous-phase liquids TCE = trichloroethene PCE = tetrachloroethane VOCs = volatile organic compounds
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Technical and Administrative 

Implementability                      
Consideration of Public Concerns                                              

Enhanced 
Biodegradation 

with Biosparging
5.3.1

Addresses vinyl chloride (VC), but 
inhibits the degradation of other 
chlorinated VOCs. Potentially 
exacerbates the vapor intrusion 
pathway by volatilizing VOCs in 
groundwater.

Inhibits degradation of chlorinated 
VOCs with the exception of VC. 
Technology ineffective in silts and 
does not address 1,4-dioxane. 

Higher implementation costs due 
to active industrial facility, large 
number of wells, large chemical 
oxygen demand (due to anaerobic 
conditions and metals), long-term 
run time (high O&M) and longer 
term groundwater monitoring 
costs necessary to effectively 
treat the silt layer.

The aquifer is reducing, so the 
effects of air on the aquifer 
chemistry will be limited to while 
the system is active. Technology 
does not address chlorinated 
VOCs with the exception of VC 
and does not treat 1,4-dioxane. 

Since this is an active facility 
with enclosed buildings, this 
technology increases risk to 
human health due to the 
potential for increased 
volatilization of chlorinated 
VOCs (which could be 
mitigated with operation of an 
SVE system.)

Since this is an active facility with high 
traffic and chlorinated mass trapped in 
silts,  the implementation options are 
limited and more technically challenging.  
High groundwater at the facility makes 
operation of an SVE system in conjunction 
with air sparge potentially infeasible.

Technology is unlikely to migrate 
off site to neighboring properties, 
through utilities, or to the marsh, 
so public concern should be 
minimal. 

This technology will not work for all site 
COCs and would cause major 
disturbance to site activities if 
implemented in the source areas. 
However, if implemented in select 
locations and for specific COCs onsite 
(in conjunction with other technologies), 
it could speed the remedial time frame 
while adding minimal additional risks. 

Retain

Oxygen 
Enhancement with 

Hydrogen 
Peroxide or ORC

5.3.2

Potentially addresses all the 
contaminants, but may inhibit the 
anaerobic degradation of other 
chlorinated VOCs and release 
additional metals. 

Inhibits degradation of chlorinated 
VOCs with the exception of VC. 
Technology may be ineffective in 
silts. 

Higher implementation costs due 
to active industrial facility, multiple 
injection rounds, large chemical 
oxygen demand (due to anaerobic 
conditions and metals), and large 
number of wells necessary to 
implement the technology in silt 
layer. If effective, may reduce long-
term groundwater monitoring 
costs.

The aquifer is reducing and the 
majority of mass for chlorinated 
VOCs is trapped in the silt layer, 
so its unlikely oxygen addition will 
last long-term to treat the 
secondary source release from 
the silt layer.

Some short-term risks due to 
chemicals exposure possible 
for personnel implementing 
technology, typically managed 
with proper use of PPE. 

Distribution of substrate in silts would 
require tighter spacing of wells and repeat 
injections. Implementation on an active 
high traffic industrial facility would require 
coordination of work (off hours work 
potentially).

Technology is unlikely to migrate 
off site to neighboring properties,  
through utilities, or to the marsh, 
but metals may be released to 
groundwater as part of treatment.  
Bench testing should be utilized to 
reduce potential for metals 
release.

This technology will not work for all site 
COCs and would cause major 
disturbance to site activities if 
implemented in the source areas. 
However, if implemented in select 
locations and for specific COCs onsite 
(in conjunction with other technologies), 
it could speed the remedial time frame 
while adding minimal additional risks.

Retain

Co-Metabolic 
Treatment 5.3.3

Effective treatment for 1,4-
dioxane and some chlorinated 
VOCs, but does not address 
metals. 

Effective treatment for 1,4-
dioxane and chlorinated VOCs, 
but does not address metals and 
may be ineffective in silts. 

Higher implementation costs due 
to active industrial facility, large 
number of wells, long-term run 
time (high O&M), and longer term 
groundwater monitoring costs 
necessary to effectively treat the 
silt layer.

Technology will work with existing 
reducing conditions, but substrate 
injection would need to continue 
long-term for co-metabolic 
effectiveness to address 
secondary source in silt layer. 

Active facility with enclosed 
buildings increases risk to 
human health due to use of 
fuels (such as propane) as 
substrate. 

Since this is an active facility with high 
traffic, enclosed buildings, and chlorinated 
mass trapped in silts,  the implementation 
options are limited and more technically 
challenging. 

Technology is unlikely to migrate 
off site to neighboring properties 
or to the marsh, but some 
substrates like propane could 
potentially build up and migrate 
through utilities. 

This technology will not work for all site 
COCs and would cause major 
disturbance to site activities if 
implemented in the source areas. Not 
likely to be as effective as biostimulation 
given the site conditions and data 
supporting ongoing anaerobic 
degradation. In addition, it poses 
significant additional safety concerns.

Reject

Biostimulation of 
Reductive 

Dechlorination 
(Anaerobic)

5.3.4
Technology addresses chlorinated 
VOCs, but does not address 
metals or 1,4-dioxane. 

Technology is longer lasting than 
oxidation substrates and 
permanently destroys chlorinated 
VOCs, but does not address 
metals or 1,4-dioxane. 

Lower implementation costs than 
other technologies, even with 
multiple injections of substrate (as 
typically required for effective 
treatment in silts.) However, this 
is balanced by longer term 
groundwater monitoring costs 
which may increase  overall 
project cost. 

Technology is longer lasting than 
oxidation substrates and 
permanently destroys chlorinated 
VOCs, but does not address 
metals or 1,4-dioxane. 

Minimal short-term risks 
possible to personnel 
implementing technology. 

Distribution of substrate in silts would 
require tighter spacing of wells and repeat 
injections. Implementation on an active 
high traffic industrial facility would require 
coordination of work (off hours work 
potentially), but since substrates last 
longer in-situ than oxidation substrates, 
the total disruption to facility operations is 
likely lower.

Substrate is unlikely to migrate off 
site through utilities, neighboring 
properties, or to the marsh, but 
overdosing could lead to excess 
methane generation or metals 
release to groundwater.  Bench 
testing should be utilized to 
reduce potential for overdosing.

This technology will not work for all site 
COCs but would cause minimal 
disturbance to site activities if 
implemented in the source areas. 
Potentially the most cost effective 
treatment for chlorinated VOCs, and 
once those are remediated may also 
allow metals concentrations to return to 
background levels. 

Retain

Bioaugmentation 5.3.5

Addresses chlorinated VOCs, but 
does not address metals or 1,4-
dioxane. Typically used in concert 
with biostimulation.

Addresses chlorinated VOCs, but 
does not address metals or 1,4-
dioxane. Typically used in concert 
with biostimulation.

Given the demonstrated decline in 
chlorinated VOCs onsite, 
bioaugmentation is unnecessary 
and would only add additional 
cost to biostimulation costs. 
Multiple injections of 
nonindigenous organisms are 
typically required, increasing 
technology cost. 

Nonindigenous organisms are 
unlikely to out-compete local 
organisms, likely requiring 
ongoing injections for long-term 
effectiveness. 

Minimal short-term risks 
possible to personnel 
implementing technology. 

Distribution of nonindigenous organisms in 
silts is difficult and implementation on an 
active industrial facility would present the 
same challenges as for biostimulation. 
However, more frequent injections would 
be likely increasing disruption to facility 
operations.

Technology is unlikely to migrate 
off site through utilities, 
neighboring properties, or to the 
marsh, but typically used in 
concert with biostimulation so 
public concern should be 
equivalent to biostimulation 
concerns.

This technology will not work for all site 
COCs but would cause minimal 
disturbance to site activities if 
implemented in the source areas. This 
is likely unnecessary given the 
demonstrated ongoing degradation of 
chlorinated VOCs, but is retained as a 
potential supplement to biostimulation if 
site groundwater conditions change. 

Retain

Monitored Natural 
Attenuation 5.3.6

Potentially addresses all the 
contaminants, but is the slowest 
technology and metals may 
persist.  

Technology would likely 
eventually  attain CULs for 
chlorinated VOCs and 1,4-
dioxane but metals may persist. 

Implementation costs are 
minimal. Long-term groundwater 
monitoring costs could be 
substantial depending on 
remedial time frame.

Technology potentially addresses 
all contaminants but likely to have 
a longer timeline than active 
treatment options.

Minimal short-term risks 
possible to personnel 
implementing long-term 
monitoring. 

Minimal impacts on facility operations, 
facility has demonstrated ability to perform 
long-term groundwater monitoring and 
results show effective degradation in areas 
where source removal has been 
completed. 

Observations of natural 
attenuation shows constituents 
migrating off site, but a 
shrinking/receding plume in the 
shallow aquifer. Concerns with 
long-term migration in the lower 
aquifer may require additional 
offsite wells (if technology not 
combined with other remedial 
actions.)

This technology will not work for all site 
COCs but would cause minimal 
disturbance to site activities if 
implemented in the source areas. 
Natural attenuation has been 
documented to be actively occurring at 
the site. May be used in conjunction with 
other technologies as a polishing step to 
reach site CULs.

Retain

Screening 
Result

Site-Specific Issues Affecting Technology or Implementation
General Response 

Actions
Remediation 
Technologies Section Rationale for Retention or Rejection

In Situ Biological 
Treatment
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Phytoremediation 5.3.7 Potentially addresses site COCs. 
Technology would likely 
eventually attain CULs for the site 
COCs. 

Implementation costs would be 
substantial to institute for all 
source areas. Most of the source 
area is paved or covered with 
buildings, making installation 
incompatible with facility 
operations.  High cost due to the 
need for large diameter conductor 
casing being used to allow for 
mass reduction in the lower 
aquifer. However, implementation 
costs could be minimized with use 
in specific areas of the facility.  
Long-term groundwater 
monitoring costs could be 
substantial depending on 
remedial time frame.

Several studies have shown good 
long-term effectiveness for COC 
destruction and hydraulic control. 
Could be used in conjunction with 
other active technologies for 
polishing on remaining mass at 
CPOC. 

Minimal short-term risks 
possible to personnel 
implementing technology. 

Technology cannot be used in active areas 
(buildings, paved areas, high traffic areas, 
equipment storage areas) of the industrial 
facility due to interference with operations, 
but could be used along CPOC as 
polishing following implementation of other 
technologies. 

Generally considered a benefit to 
the public (low energy use, carbon 
neutral, and aesthetically 
pleasing). Technology does not 
pose concerns to off site features. 

This technology could potentially 
address all site COCs but would cause 
major disturbance to site activities if 
implemented in the source areas. 
However, if implemented in select 
locations (should other remedies partly 
work), it could speed the remedial time 
frame while adding minimal additional 
risks.                                                           

Retain

Carbon 
Augmentation 5.3.X

Technology addresses most 
chlorinated VOCs but ineffective 
for 1,4-dioxane and metals. 

Technology would sequester 
chlorinated VOCs and may 
provide carbon source for 
biodegradation of COC mass. 
May exacerbate release of metals 
as a carbon source.

Higher implementation costs due 
to active industrial facility, multiple 
injection rounds,  new proprietary 
technology (nano carbon), and 
large number of wells necessary 
to implement the technology in silt 
layer. If effective, may reduce long-
term groundwater monitoring 
costs.

Technology relies on contact with  
constituents and good distribution 
within the subsurface (which is 
difficult in silt) to treat chlorinated 
VOCs. Ineffective for 1,4-dioxane 
and may exacerbate release of 
metals.

Minimal short-term risks 
possible to personnel 
implementing technology. 

Distribution of substrate in silts would 
require tight spacing of wells and likely 
overlapping injections. Implementation on 
an active high traffic industrial facility 
would require coordination of work (off 
hours work potentially), but since 
substrates last longer than oxidation or 
biostimulation substrates, repeat rounds 
likely to be unnecessary.

Substrate is unlikely to migrate off 
site through utilities, neighboring 
properties, or to the marsh, but 
long-term carbon source could 
result in metals release to 
groundwater.  

This technology will not work for all site 
COCs (may exacerbate metals) and 
would cause major disturbance to site 
activities if implemented in the source 
areas. Not likely to be as effective as 
biostimulation given the site conditions. 

Reject 

Air Sparging 5.3.8

Active, natural, biological 
anaerobic degradation of 
chlorinated VOCs would be 
inhibited by the addition of oxygen 
(with the exception of VC). 
Ineffective for 1,4-dioxane 
treatment. Possibly effective for 
treatment of metals.

Likely to hinder anaerobic 
degradation processes for 
chlorinated solvents. May help 
sequester metals in the short-
term, but reducing conditions in 
the aquifer may re-dissolve 
metals in the long-term. Could be 
used following primary treatment 
for removal of vinyl chloride. 

Higher implementation costs due 
to active industrial facility, large 
number of wells, large chemical 
oxygen demand (due to anaerobic 
conditions and metals), long-term 
run time (high O&M) and longer 
term groundwater monitoring 
costs necessary to effectively 
treat the silt layer.

The aquifer is reducing, so the 
effects of air on the aquifer 
chemistry may be limited to while 
the system is active (precipitated 
metals may re-dissolve). 
Technology does not address 
chlorinated VOCs without being 
used in combination with SVE and 
does not treat 1,4-dioxane. 

Since this is an active facility 
with enclosed buildings, this 
technology increases risk to 
human health due to the 
potential for increased 
volatilization of chlorinated 
VOCs (which could be 
mitigated with operation of an 
SVE system or strategic 
design of lower flow air 
sparging wells away from 
enclosed buildings).

Implementation at higher flow rates 
adjacent to Building 1 would likely 
overwhelm the existing inhalation pathway 
interim measure venting system. 
Associated SVE would be necessary if 
installed adjacent to Building 1 to prevent 
migration.  However, implementation 
farther away from Building 1 at lower flow 
rates may be possible (with confirmation 
measurements taken at Building 1). 
Implementation oflow flow rate (without 
SVE) along the northeast and eastern 
property lines would be feasible in the 
shallow and deep aquifer. 

Technology is unlikely to migrate 
contaminants off site to 
neighboring properties or to the 
marsh.  This technology has led 
to volatiles building up in utility 
corridors, but implementation at a 
lower flow rate as a contingent 
remedy for polishing metals and 
only low VOC concentrations (or 
no VOCs) could limit public 
concern. 

This technology will not work for all site 
COCs and would cause major 
disturbance to site activities if 
implemented in the source areas. 
However, if implemented in select 
locations and for specific COCs onsite 
(should other remedies partly work), it 
could speed the remedial time frame 
while adding minimal additional risks. 

Retain

Chemical 
Oxidation-Active 5.3.9X

Potentially treats all key COCs 
with a relatively short timeframe, 
may release metals.

Technology permanently destroys 
chlorinated VOCs and 1,4-
dioxane, assuming effective 
contact.

Higher implementation costs due 
to active industrial facility, multiple 
injection rounds, large chemical 
oxygen demand (due to anaerobic 
conditions and metals), and large 
number of wells necessary to 
implement the technology in silt 
layer. If effective, may reduce long-
term groundwater monitoring 
costs.

Technology relies on contact with  
constituents and distribution 
within the silt is difficult, but 
removes all COCs for source 
areas and CPOC.

Injection substrate is reactive 
and poses short-term risks to 
implementation personnel, 
typically managed with proper 
use of PPE and secondary 
containment. 

Implementable in shallow and lower 
aquifer to treat all key COCs. Would be 
difficult to implement in the silt. 

Technology is unlikely to migrate 
off site to neighboring properties,  
through utilities, or to the marsh, 
but metals may be released to 
groundwater as part of treatment.  
Bench testing should be utilized to 
reduce potential for metals 
release.

This technology could potentially 
address all site COCs but would cause 
significant disturbance to site activities if 
implemented in the source areas. 
However, if implemented in select 
locations, it could speed the remedial 
time frame while adding minimal 
additional risks.

Retain

Chemical 
Oxidation-Passive 5.3.9X

Potentially treats chlorinated 
VOCs, unlikely to degrade 1,4-
dioxane, and may release metals. 

Technology permanently destroys 
chlorinated VOCs, assuming 
effective contact.

Lower implementation costs than 
active ISCO, but likely large 
chemical oxygen demand (due to 
anaerobic conditions and metals) 
and large number of wells 
necessary to implement the 
technology to address long-term 
release from the silt layer. If 
effective, may reduce long-term 
groundwater monitoring costs. 

Technology is longer lasting than 
active oxidation and permanently 
destroys chlorinated VOCs, but 
does not address metals or 1,4-
dioxane. 

Significant but limited short-
term risks related to handling 
of passive ISCO chemicals 
and installation of new wells, 
typically managed with proper 
use of PPE.

Implementable in shallow and lower 
aquifer to treat all key COCs. Would be 
difficult to implement in the silt. 

Technology is unlikely to migrate 
off site to neighboring properties,  
through utilities, or to the marsh, 
but metals may be released to 
groundwater as part of treatment.  
Bench testing should be utilized to 
reduce potential for metals 
release.

This technology will not work for all site 
COCs (may exacerbate metals) and 
would cause major disturbance to site 
activities if implemented in the source 
areas. Not likely to be as effective as 
active oxidation given the site 
conditions. 

Reject

In Situ 
Physical/Chemical 

Treatment
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Thermal 
Treatment 5.3.10 Potentially addresses site COCs. Technology degrades or removes 

site COCs. 

Implementation costs would be 
substantial to institute for all 
source areas. Most of the source 
area is paved high traffic area or 
covered with buildings, making 
installation more complicated.  
Lower aquifer is connected to 
adjacent waterbodies, likely 
increasing water production and 
heating costs.  Long-term 
groundwater monitoring costs 
could be substantially reduced.

Could achieve CULs in relatively 
short timeframe, may release 
dissolved carbon (which would aid 
in biodegradation of chlorinated 
VOCs), but could exacerbate 
metals release to groundwater.

Installation of heating elements 
or steam injection points pose 
a risk for contact with COC 
impacted groundwater. 
Operation of the system could 
impact utilities in the vicinity 
dependent on material type.

Implementation and ongoing operations 
and maintenance of an thermal treatment 
system on an active industrial facility 
would be difficult. High groundwater at the 
facility makes operation of an SVE system 
in conjunction with heating difficult. 
Buildings are present over the source area 
complicating installation. Lower aquifer 
connection to adjacent water bodies may 
increase water production and heating 
costs.

Technology is unlikely to directly 
affect off site property 
(neighboring properties or the 
marsh), but plastic utility lines 
would need to be replaced in the 
upper treatment zone. Heated 
groundwater has the potential to 
migrate off site and into the marsh 
for a short time. Dissolving of 
entrained carbon could release 
metals to groundwater. 

This technology could potentially 
address all site COCs but would cause 
significant disturbance to site activities if 
implemented in the source areas and 
could potentially exacerbate release of 
metals. Potentially one of the most 
effective treatment technologies for the 
silt layer.

Retain

In-Well Stripping 5.3.11

Addresses vinyl chloride (VC), but 
inhibits the degradation of other 
chlorinated VOCs. Potentially 
exacerbates the vapor intrusion 
pathway by volatilizing VOCs in 
groundwater.

Inhibits degradation of chlorinated 
VOCs with the exception of VC. 
Technology ineffective in silts and 
does not address 1,4-dioxane. 

Higher implementation costs due 
to active industrial facility, large 
number of wells, large chemical 
oxygen demand (due to anaerobic 
conditions and metals), likelihood 
of iron precipitation and/or 
biological fouling. Long-term 
operation and maintenance would 
be costly due to the  within the 
stripping wells.

The aquifer is reducing, so the 
effects of air on the aquifer 
chemistry will be limited to while 
the system is active. Technology 
does not address chlorinated 
VOCs with the exception of VC 
and does not treat 1,4-dioxane. 

Since this is an active facility 
with enclosed buildings, this 
technology increases risk to 
human health due to the 
potential for increased 
volatilization of chlorinated 
VOCs (which could be 
mitigated with operation of an 
SVE system.)

Since this is an active facility with high 
traffic and chlorinated mass trapped in 
silts,  the implementation options are 
limited and more technically challenging.  
High groundwater at the facility makes 
operation of an SVE system in conjunction 
with air sparge potentially infeasible.

Technology is unlikely to migrate 
off site to neighboring properties, 
through utilities, or to the marsh, 
so public concern should be 
minimal. 

This technology has a mixed 
performance record, would not address 
all site COCs, and could inhibit the 
ongoing active anaerobic 
biodegradation.  Not likely to be as 
effective as active chemical oxidation or 
traditional air sparging given the site 
conditions. 

Reject

Passive/Reactive 
Treatment Walls 5.3.12

Substrate such as zero valent iron 
(ZVI) would address chlorinated 
VOCs and metals but would not 
treat 1,4-dioxane.

Technology could reduce mass in 
the short-term and provide long-
term passive treatment of 
chlorinated VOCs and metals. 

Implementation costs could range 
widely depending on type of 
installation (low cost for widely 
spaced injections, higher cost for 
slurry wall or tightly spaced 
injections).  However, 
implementation costs could be 
minimized with use in specific 
target zones (in sandy aquifer 
only). Bench or pilot testing likely 
necessary to accurately estimate 
costs. Could reduce long-term 
groundwater monitoring costs.

Technology could passively treat 
secondary source from silt until 
source has been degraded to 
below the CULs. Would need to 
be used in conjunction with other 
technologies for 1,4-dioxane.

Minimal short-term risks 
possible to personnel 
implementing technology. 

Injections within the source area above 
and below the silt layer, within the sand 
units, would allow for even distribution of 
substrate during construction of the 
passive treatment barriers.

Technology will utilize substrate 
which will remain in the injection 
area and is unlikely to migrate off 
site through utilities, neighboring 
properties, or to the marsh, so 
public concern should be minimal. 

This technology will not work for all site 
COCs and would cause major 
disturbance to site activities if 
implemented in the source areas. 
However, if implemented in select 
locations and for specific COCs onsite 
(in conjunction with other technologies), 
it could speed the remedial time frame 
while adding minimal additional risks. 

Retain

Groundwater 
Extraction and 

Treatment (Pump and 
Treat)

Hydraulic Control 5.3.13

Could further reduce the footprint 
or speed up the reduction of the 
groundwater plume in the shallow 
and lower aquifer and potentially 
addresses all the contaminants.

Ex-situ treatment of COCs would 
be necessary to remove COC 
mass. long-term operation would 
be necessary to continually 
protect from release of COCs 
from silt.

Implementation costs may be 
significant to achieve control in 
the lower aquifer (given the 
connection to nearby surface 
water bodies). Long-term 
operations and maintenance 
costs would be high due to the 
long duration of operation 
necessary to continue capture of 
the ongoing slow release of COCs 
from the silt (and likelihood of iron 
precipitation and/or biological 
fouling.)

Could effectively contain COC's 
onsite, but due to entrainment of 
COC's in silts likely long-term 
operation required for lower 
aquifer. Long-term operation of 
the hydraulic control system 
would cause the restoration 
timeframe to increase significantly 
compared to other active 
treatment technologies.

System installation would 
require trenching for 
installation of conveyance 
piping in and around the 
source area as well as ex-situ 
management of contaminated 
groundwater increasing the 
potential for worker exposure 
to COCs. 

Implementation and ongoing operations 
and maintenance of a hydraulic control 
system on an active industrial facility 
would be difficult compared to a vacant 
site, but not as disruptive as excavation, 
thermal, or deep soil mixing. Water is likely 
to flow from the more permeable layers of 
the aquifer (which are connected to 
adjacent water bodies or are impacted by 
seasonal high water) not from the 
suspected source area (the silt layer). 

Technology would keep site 
COCs within the property 
boundary, so is unlikely to cause 
public concern and likely to be 
seen as generally beneficial.

This technology could capture all site 
COCs, but is unlikely to speed up the 
remedial time frame. The shallow 
aquifer contamination is shrinking in the 
majority of locations and the lower 
aquifer is permeable with the majority of 
COCs resulting from a long term 
secondary source. Other permanent 
remedial technologies are 
implementable with reduced restoration 
timeframe or are less disruptive to site 
activities compared to this technology. 

Reject

In Situ 
Physical/Chemical 
Treatment (cont.)
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Mass Reduction 5.3.13

Would remove COCs from higher 
permeability units (sand) but 
would be ineffective at extracting 
mass from the silt layer (source 
area).

Technology unlikely to 
significantly speed up mass 
removal from silt layer. Unlikely to 
significantly speed up attainment 
of CUL within source area or at 
CPOC.

Implementation costs may be 
significant to achieve control in 
the lower aquifer (given the 
connection to nearby surface 
water bodies). Long-term 
operations and maintenance 
costs would be high due to the 
long duration of operation 
necessary to continue capture of 
the ongoing slow release of COCs 
from the silt (and likelihood of iron 
precipitation and/or biological 
fouling.)

Minimal long-term effectiveness 
due to inability for technology to 
address COCs within the silt. 

System installation would 
require trenching for 
installation of conveyance 
piping in and around the 
source area as well as ex-situ 
management of contaminated 
groundwater increasing the 
potential for worker exposure 
to COCs. 

Implementation and ongoing operations 
and maintenance of a mass reduction 
system on an active industrial facility 
would be difficult compared to a vacant 
site, but not as hard as other technologies. 
Water is likely to flow from the more 
permeable layers of the aquifer (which are 
connected to adjacent water bodies or are 
impacted by seasonal high water) not from 
the suspected source area (the silt layer). 

Technology would keep site 
COCs within the property 
boundary, so is unlikely to cause 
public concern and likely to be 
seen as generally beneficial.

This technology could capture all site 
COCs, but is unlikely to speed up the 
remedial time frame. Other permanent 
remedial technologies are 
implementable with reduced restoration 
timeframe compared to this technology. 

Reject

Dynamic 
Groundwater 
Recirculation 

(DGR)

5.3.X

Would remove COCs from higher 
permeability units (sand) but 
would be ineffective at extracting 
mass from the silt layer (source 
area).

Technology unlikely to 
significantly speed up mass 
removal from silt layer. Unlikely to 
significantly speed up attainment 
of CUL within source area or at 
CPOC.

High long-term operation and 
maintenance costs due to the 
technologies inability to attain 
CULs within the source area.

Minimal long-term effectiveness 
due to inability for technology to 
address COCs within the silt. 

System installation would 
require trenching for 
installation of conveyance 
piping in and around the 
source area increasing the 
potential for worker exposure 
to COCs. 

Installation of groundwater extraction wells 
and conveyance piping in the former tank 
farm (source area) would cause large 
disruptions to facility operations and 
structures limit the available locations for 
placement of wells. 

Technology would keep site 
COCs within the property 
boundary, so is unlikely to cause 
public concern and likely to be 
seen as generally beneficial.

This technology could capture all site 
COCs, but is unlikely to speed up the 
remedial time frame. Other permanent 
remedial technologies are 
implementable with reduced restoration 
timeframe compared to this technology. 

Reject

Emulsified Zero-
Valent Iron 5.3.14

Technology would address 
chlorinated VOCs and metals in 
shallow and lower aquifer, but 
would not address 1,4-dioxane.

Distribution of injected material is 
difficult in silts, but can be 
completed in shallow and lower 
aquifer above and below silts. 
Technology does not address 1,4-
dioxane. 

Implementation costs could range 
widely depending on type of 
installation (low cost for widely 
spaced injections, higher cost for 
slurry wall or tightly spaced 
injections).  However, 
implementation costs could be 
minimized with use in specific 
target zones (in sandy aquifer 
only). Bench or pilot testing likely 
necessary to accurately estimate 
costs. Could reduce long-term 
groundwater monitoring costs.

Technology addresses chlorinated 
VOCs and metals, but does not 
address  1,4-dioxane. 

Minimal short-term risks 
possible to personnel 
implementing technology. 

Implementable in shallow and lower 
aquifer to treat chlorinated VOCs and 
metals. Would be difficult to implement in 
the silt and does not address 1,4-dioxane. 

Technology will utilize substrate 
which will remain in the injection 
area and is unlikely to migrate off 
site through utilities or to the 
marsh, so is unlikely to cause 
public concern and likely to be 
seen as generally beneficial. 

This technology will not work for all site 
COCs but may cause less disturbance 
to site activities if implemented in the 
source areas than other technologies. If 
implemented for specific COCs onsite 
(in conjunction with other technologies), 
it could speed the remedial time frame 
while adding minimal additional risks. 

Retain

Solvent-Enhanced 
Aquifer 

Remediation 
(SEAR)

5.3.15

Injection of surfactant would 
improve mobility of chlorinated 
VOCs followed by pump-and-treat 
extraction to remove mobile 
chlorinated VOCs in solution. 
Technology would not address 
metals or 1,4-dioxane. 

Technology unlikely to 
significantly speed up mass 
removal from silt layer. Unlikely to 
significantly speed up attainment 
of CUL within source area or at 
CPOC.  Technology would not 
address metals or 1, 4-dioxane. 

Implementation costs may be 
significant to achieve control in 
the lower aquifer (given the 
connection to nearby surface 
water bodies). Long-term 
operations and maintenance 
costs would be high due to the 
long duration of operation 
necessary to continue capture of 
the ongoing slow release of COCs 
from the silt (and likelihood of iron 
precipitation and/or biological 
fouling.)

Technology addresses chlorinated 
VOCs in sands and some of the 
silt, but does not address metals 
or 1,4-dioxane.  Injections of 
surfactants could create 
preferential pathways for 
groundwater flow potentially 
mobilizing COCs (and surfactants) 
outside the radius of influence 
from extraction wells. 

System installation would 
require trenching for 
installation of conveyance 
piping in and around the 
source area as well as ex-situ 
management of contaminated 
groundwater increasing the 
potential for worker exposure 
to COCs. 

Implementation and ongoing operations 
and maintenance of the system on an 
active industrial facility would be difficult 
compared to a vacant site. High 
groundwater extraction rates paired with 
high seasonal groundwater at the facility 
would increase water production and 
management costs. Technology depends 
on contact with COCs in the silt and 
distribution in the silt will be difficult. 

Technology is designed to keep 
site COCs within the property 
boundary, but may inadvertently 
mobilize site COCs and 
surfactants outside the property 
boundary, so there would be 
higher public concern than for  
standard hydraulic mass removal. 

This technology will not work for all site 
COCs (may exacerbate metals) and 
poses significant additional concerns 
with potential migration of contaminants 
offsite. 

Reject

Groundwater 
Extraction and 

Treatment (Pump and 
Treat) (cont.)

In Situ 
Physical/Chemical 

Treatment



TABLE 5-4     
REMEDIATION TECHNOLOGY SCREENING FOR GROUNDWATER     

Stericycle Washougal Facility      
Washougal, Washington     

17 of 19

Protectiveness                               Permanence                                                                 Cost                                                                                        Effectiveness over long-term           Management of short-term Risks 
Technical and Administrative 

Implementability                      
Consideration of Public Concerns                                              

Screening 
Result

Site-Specific Issues Affecting Technology or Implementation
General Response 

Actions
Remediation 
Technologies Section Rationale for Retention or Rejection

   

In Situ 
Physical/Chemical 
Treatment (cont.)

Co-Solvent 
Flooding 5.3.16

Injection of solvents, typically 
ethanol or propanol, would 
improve mobility of chlorinated 
VOCs followed by pump-and-treat 
extraction to remove mobile 
chlorinated VOCs in solution. 
Technology would not address 
metals or 1,4-dioxane. 

Technology unlikely to 
significantly speed up mass 
removal from silt layer. Unlikely to 
significantly speed up attainment 
of CUL within source area or at 
CPOC.  Technology would not 
address metals or 1, 4-dioxane. 

Implementation costs may be 
significant to achieve control in 
the lower aquifer (given the 
connection to nearby surface 
water bodies). Long-term 
operations and maintenance 
costs would be high due to the 
long duration of operation 
necessary to continue capture of 
the ongoing slow release of COCs 
from the silt (and likelihood of iron 
precipitation and/or biological 
fouling.)

Technology addresses chlorinated 
VOCs in sands and some of the 
silt, but does not address metals 
or 1,4-dioxane.  Injections of 
solvents could create preferential 
pathways for groundwater flow 
potentially mobilizing COCs (and 
surfactants) outside the radius of 
influence from extraction wells. In 
addition, additional carbon source 
could exacerbate metals release 
to groundwater. 

Injection of solvents , typically 
ethanol or propanol, pose an 
elevated risk to operators of 
the system and facility staff. 
Installation of the treatment 
system for injection of solvents 
and extraction of COCs pose a 
higher risk to installation 
personnel.   

Implementation and ongoing operations 
and maintenance of the system on an 
active industrial facility would be difficult 
compared to a vacant site. High 
groundwater extraction rates paired with 
high seasonal groundwater at the facility 
would increase water production and 
management costs. Technology depends 
on contact with COCs in the silt and 
distribution in the silt will be difficult. 

Technology is designed to keep 
site COCs within the property 
boundary, but may inadvertently 
mobilize site COCs and solvents 
outside the property boundary, so 
there would be higher public 
concern than for standard 
hydraulic mass removal. 

This technology will not work for all site 
COCs (may exacerbate metals) and 
poses significant additional concerns 
with potential migration of contaminants 
offsite. 

Reject

Physical Containment Barrier Wall 5.3.17

Installation of a barrier wall would 
limit mobility of all COCs 
remaining on site, but would not 
reduce COC concentrations and 
may slow attenuation and 
degradation of contaminants. 

The technology would completely 
reduce the mobility of the site 
COCs. The volume and toxicity of 
the COCs would not be 
addressed through this 
technology. 

High implementation cost 
compared to most other 
alternatives to construct a barrier 
wall for both the shallow and 
lower aquifers. Long-term costs 
are minimal and technology could 
reduce long-term groundwater 
monitoring costs when used in 
conjunction with hydraulic control. 

Technology potentially addresses 
all contaminants but likely to have 
a longer timeline than active 
treatment options.

Increased short-term risk 
during implementation due to 
displacement of large volumes 
of soil and potentially 
groundwater. Typically 
managed with proper use of 
PPE and secondary 
containment.

Implementation on an active industrial 
facility would  be difficult compared to a 
vacant site.  

A barrier wall would stop off site 
migration of COCs, so is unlikely 
to cause public concern and likely 
to be seen as generally beneficial.   

This technology could work to capture 
all site COCs, but would not speed up 
the remedial time frame. However, it 
could be used in conjunction with other 
technologies to minimize disturbance to 
site activities if implemented 
strategically. 

Retain

Air Stripping 5.3.18
Technology addresses chlorinated 
VOCs and metals but not 1,4-
dioxane. 

Technology would remove VOCs, 
but effluent vapor would be 
treated through catalytic oxidation 
or adsorption. Technology does 
not address  1,4-dioxane and may 
only temporarily stabilize metals.

Minimal implementation costs 
when compared to installation of a 
pump-and-treat system. Long-
term cost to operate an air 
stripper is relatively minimal 
during operation of the pump-and-
treat system, but iron precipitation 
would likely cause significant 
fouling, increasing long-term 
maintenance costs. 

Technology addresses chlorinated 
VOCs, but does not address  1,4-
dioxane and may only temporarily 
stabilize metals.

Increased short-term risk 
during operation of the air 
stripper due to volatilization of 
VOCs . Maintenance of the air 
stripper and wastes generated 
pose additional short-term 
risks. Typically managed with 
proper use of PPE, vapor 
treatment, and secondary 
containment.

The addition of an air stripping system into 
a pump-and-treat system would further 
complicate implementation of  hydraulic 
control remedies, as noted above. 

Air stripping removes VOCs from 
groundwater and transfers them 
to the air phase. This technology 
could cause public concern 
related to air emissions.

Not applicable since groundwater 
extraction was not retained. Reject

Oxidation 5.3.X

Ex-situ oxidation would be 
effective in reducing contaminant 
mass for chlorinated VOCs, 
metals, and 1,4-dioxane.

Technology would destroy 
contaminant mass when used in 
conjunction with pump-and-treat. 

Minimal implementation costs 
when compared to installation of a 
pump-and-treat system. Long-
term costs can be variable, 
dependent on oxidant used, but 
high costs are expected with long-
term operations and maintenance. 

While this technology would treat 
all contaminants, reinjection of 
oxygenated water into the aquifer 
could impact existing anaerobic 
degradation and may lead to 
significant fouling.

Short-term risks are increased 
due to use of a pump-and-treat 
system as a remedial 
alternative and oxidants are an 
additional hazard to personnel. 
Typically managed with proper 
use of PPE and secondary 
containment.

The addition of an oxidant augmentation 
system into a pump-and-treat system 
would further complicate implementation 
of hydraulic control remedies, as noted 
above.

Effluent from a pump-and-treat 
system actively augmented with 
an oxidant could add to public 
concerns for a pump a treat 
system.

Not applicable since groundwater 
extraction was not retained. Reject

Adsorption 5.3.19 Potentially addresses site COCs. 

Different adsorbent media are 
utilized for different contaminants. 
If media can be used effectively in 
a treatment train, would 
permanently remove 
contaminants. 

Potentially high implementation 
costs and long term operations 
costs, depending on effectiveness 
of media and volumes of water 
needing treatment.

New adsorption media has been 
developed using resins for 1,4-
dioxane and VC removal. 
Effectiveness is highly variable on 
groundwater chemistry, bench 
testing would be necessary to 
determine long term performance.

Short-term risks possible to 
personnel implementing 
technology depending on type 
of media utilized.  Short-term 
risks are increased due to use 
of a pump-and-treat system as 
a remedial alternative. 
Typically managed with proper 
use of PPE and secondary 
containment.

The addition of adsorption units into a 
pump-and-treat system would further 
complicate implementation of a remedy,  
but potentially less complicated than 
oxidation or air stripping. 

Adsorption technology is unlikely 
to contribute chemicals to offsite 
discharge,  so is unlikely to cause 
public concern and likely to be 
seen as generally beneficial. 

Not applicable since groundwater 
extraction was not retained. Reject

Ancillary/Support 
Technologies
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Protectiveness                               Permanence                                                                 Cost                                                                                        Effectiveness over long-term           Management of short-term Risks 
Technical and Administrative 

Implementability                      
Consideration of Public Concerns                                              

Screening 
Result

Site-Specific Issues Affecting Technology or Implementation
General Response 

Actions
Remediation 
Technologies Section Rationale for Retention or Rejection

   

Ancillary/Support 
Technologies (cont.) Deep Soil Mixing 5.3.20 Potentially addresses site COCs. 

Technology oxidizes, reduces or 
sequesters depending on 
substrate used during mixing to 
permanently reduce COC mass. 

Implementation costs would be 
substantial to institute for all 
source areas. Most of the source 
area is paved high traffic area or 
covered with buildings and this 
technology requires significant 
excavation as part of the work, 
making installation more 
complicated.    Long-term 
monitoring costs would be less 
than most other alternatives as 
mass should be treated quickly. 

Technology does not rely on flow 
through pore spaces for 
distribution, but physically mixes 
in treatment substrates. There is a 
high likelihood the technology 
would effectively treat all 
contaminants. 

Increased short-term risk 
during implementation due to 
displacement of large volumes 
of soil and potentially 
groundwater as well as 
exposure to treatment 
chemicals. Typically managed 
with proper use of PPE and 
secondary containment.

Since this is an active facility with high 
traffic, enclosed buildings, and chlorinated 
mass trapped in silts,  the implementation 
options are limited and more technically 
challenging.  Implementation on an active 
high traffic industrial facility would require 
coordination of work (off hours work 
potentially).

Technology could potentially treat 
most site COCs quicker than 
other technologies and contain 
remainder within the property 
boundary.  Trucking of excavated 
materials offsite would be more 
substantial for this alternative than 
other alternatives. 

This technology could potentially 
address all site COCs but would cause 
major disturbance to site activities if 
implemented in the source areas. 
Potentially one of the most effective 
treatment technologies for the silt layer.

Retain

Notes
X indicates a new technology added to the table after submittal of the 2013 Feasibility Study

Abbreviations
cis -1,2-DCE = cis -1,2-dichloroethene ORC = oxygen-releasing compound
COL = constituent of concern SVOCs = semivolatile organic compounds 
CPOC = conditional point of compliance TCE = trichloroethene
CUL = cleanup level TPH = total petroleum hydrocarbon
HRC = hydrogen-releasing compounds VC = vinyl chloride
ISCO = in situ chemical oxidation VOCs = volatile organic compounds
 O&M = operation and maintenance ZVI = zero-valent iron



TABLE 5-5  
RETAINED REMEDIATION TECHNOLOGIES 

Stericycle Washougal Facility  
Washougal, Washington 

General Response Actions Remediation Technologies
In Situ Biological Treatment Phytoremediation

Chemical Oxidation
Solidification/Stabilization

In Situ Thermal Treatment High-Temperature Volatilization
Containment Cap/Surface Cover

Excavation and Disposal Excavation and Off-Site Disposal

General Response Actions Remediation Technologies
Enhanced Biodegradation with Biosparging

Oxygen Enhancement with Hydrogen Peroxide or ORC
Biostimulation of Reductive Dechlorination (Anaerobic)

Bioaugmentation
Monitored Natural Attenuation

Phytoremediation
Air Sparging

Chemical Oxidation
Thermal Treatment

Passive/Reactive Treatment Walls
Emulsified Zero-Valent Iron

Physical Containment Barrier Wall
Ancillary/Support Technologies Deep Soil Mixing

Abbreviations
ORC = oxygen-releasing compound

Potentially Applicable Soil Technology

In Situ Physical/Chemical Treatment

Potentially Applicable Groundwater Technology

In Situ Biological Treatment

In Situ Physical/Chemical Treatment
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1.0 INTRODUCTION 

This technical memorandum was prepared to summarize information presented during 
discussions regarding components of the Feasibility Study (FS), currently under revision, for the 
Stericycle Environmental Solutions (Stericycle) Washougal, Washington facility. Washington 
Department of Ecology (Ecology), Ridolfi (Ecology’s technical consultant), Stericycle, and 
Dalton, Olmsted, and Fuglevand (DOF) met on December 18, 2019. The purpose of that 
meeting was to discuss Stericycle’s planned approach to address Ecology’s 2019 comments on 
the 2013 FS (AMEC, 2013a), particularly concerning revised remedial alternatives from the 
2013 FS and two new proposed alternatives.  

DOF prepared this technical memorandum on behalf of Stericycle to document information 
presented at that December 18, 2019 meeting, based on Ecology’s requests for additional 
details related to each alternative.  

1.1 Summary of Feasibility Study Revision Progress 
Stericycle received comments on the 2013 FS from Ecology and Ridolfi on May 22, 2019.  
Ecology, Ridolfi, Stericycle and DOF met on July 10, 2019 to discuss comments and plan a path 
forward for FS revision.  A second meeting (with the same parties) was held on August 8, 2019, 
to discuss revisions to preliminary cleanup levels and point of compliance. Draft tables and 
figures were provided showing updated nature and extent of contaminants of concern (COCs), 
and new remediation technologies under consideration. In order to expeditiously reach 
consensus on FS revisions, Stericycle agreed to provide Ecology Memoranda corresponding to 
sections of the 2013 FS as they were updated. The objective is to take the text, tables, and 
figures from these memoranda and incorporate them into a Final FS. To date, three memoranda 
have been submitted to Ecology: 

• Feasibility Study – Point of Compliance and Preliminary Cleanup Level Assessment 
(DOF, 2019a) 

• Feasibility Study – Nature and Extent of Contamination Update (DOF, 2019b) 

• Feasibility Study – Technology Screening (DOF, 2019c) 

Additional meetings and conference calls were held to discuss the memoranda in September, 
October, and December, 2019. Ecology provided comments to Stericycle regarding the 
technical memoranda. DOF subsequently prepared responses to comments and revised 
technical memoranda, and submitted them to Ecology in correspondence dated November 12, 
2019.  This fourth Technical Memoranda addresses the remaining comments regarding 
technology screening and revised technology screening table are included that were originally 
submitted as part of the third Technical Memorandum.  
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1.2 Conceptual Site Model Summary 
Since the submittal of the 2013 FS additional groundwater monitoring has been performed in 
the shallow zone and deep aquifer groundwater. The general conceptual site model remains the 
same, however, the nature and extent of COCs has changed, building, paved areas, and utility 
locations have changed, and trends in COCs have become better defined. Previous 
memoranda have provided details on the nature and extent of COCs; a summary is provided 
here to aid in review of the remedial alternatives.   

Site Geologic/Hydrologic Summary 

• Site investigation has generally encountered sandy fill from ground surface to a depth of 
approximately 10 feet below ground surface (bgs), with an underlying silt layer from 
approximately 10 to 20 feet bgs, and below that a silty gravel material containing larger 
cobbles.  

• The water table is typically quite shallow - approximately four feet bgs (plus or minus two 
feet), but the vadose zone can be flooded entirely in wet winter periods.  

• Shallow groundwater consistently flows to the east, towards the neighboring marsh. 

• Deep aquifer groundwater generally flows to the southeast, towards the neighboring 
marsh, but occasionally flows to the northeast, also towards the marsh, with eventual 
connection to the Columbia River which is the nearest larger surface water body, located 
south of the site. 

• Vertical gradients can be upwards from the deep aquifer to the shallow zone or down 
from the shallow zone to the deep aquifer, depending on seasonal water level 
fluctuations in the shallow zone. 

• The site is situated within an active industrial park, constructed on non-native fill sands 
placed over a native marshy silt. The sandy fill thins out towards the edges of the 
industrial park, with the native silt layer encountered closer to ground surface. The 
industrial park neighbors the Steigerwald Marsh, a wildlife refuge located east of the site.  

Nature and Extent of COCs 

• Soil 

o Source area soil excavation was performed in the 1990s to remove 
contamination present in the sandy fill near the center of the site. Excavation did 
not extend underneath Building 1 and stopped in the silt layer.  

o No new soil data has been acquired since the 2013 FS. The older data indicated 
VOCs present primarily in soils around and beneath Building 1, with lower 
concentrations present under Building 2 and Building 3. Detections of inorganic 
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COCs in shallow soils were above preliminary cleanup levels in areas near the 
northern property line (near GP-97) and west of the former waste oil tank system 
(near GP-93). 

o Shallow groundwater results from around these buildings indicate the threat to 
groundwater from COCs present in soil under these buildings is limited. 

o Sampling of soil vapor beneath Building 1 is planned prior to completion of the 
Cleanup Action Plan to assess current conditions underlying the building and the 
associated need for active treatment and continued operation of the inhalation 
pathway interim measure (IPIM). 

• Groundwater 

o Groundwater has been sampled quarterly since the 2013 FS and long term 
trends of various COCs are being used to update the FS. 

o Shallow zone conditions 

 VOCs concentrations are generally below preliminary cleanup levels or 
are at low concentrations and trending down, with data indicating ongoing 
natural attenuation. Vinyl chloride is the main VOC of concern with the 
highest concentration detected at well MC-14. 

 1,4-dioxane concentrations are highest at MC-14, and wells downgradient 
of this area (MC-20, MC-123) have declined to levels near or below the 
preliminary cleanup level. Based on trend analysis, the source appears to 
be primarily present in the shallow sand fill unit, not in the silt layer. 
Higher concentration wells show concentrations in the Shallow 
Groundwater Zone go up when the water table is highest, during periods 
when more of the sandy unit above the silt layer is saturated, making it 
more readily accessible for treatment.  

 Arsenic concentrations are generally below the preliminary cleanup level, 
with the highest concentrations at MC-14 and MC-31 and strong 
seasonality. Anaerobic conditions likely existed in the former marsh prior 
to industrial activities owing to the high organic content of native 
sediments. Aerobic microbial breakdown of the released organic 
constituents further depleted the groundwater of dissolved oxygen. The 
organic silt layer is likely to still be creating reducing conditions in 
groundwater with the strongest reducing conditions occurring during the 
drier summer season, as is evidenced by the low dissolved oxygen 
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content in wells and correlating higher arsenic levels that do not appear to 
be related to a release from facility operations. 

o Deep Aquifer conditions 

 The highest concentrations of VOCs remaining onsite are detected at 
wells in the former tank farm area. Deep aquifer wells screened 
immediately below the silt layer have higher concentrations than wells 
screened deeper, indicating the silt is acting as a probable secondary 
source of COCs.   

 Additional areas where VOCs have recently been detected above 
preliminary cleanup levels are located along the northern property line, 
near MC-118D, and southeast of the former tank farm, near well MC-15D. 
However, the concentrations in these areas are at least an order of 
magnitude lower than those in the former tank farm area.  

 1,4-dioxane concentrations detected in the Deep Aquifer are much lower 
than in the shallow zone, with the highest concentrations detected in the 
former tank farm area and along the northern property line (near MC-
118D).  

 Trends in concentrations of COCs in the deep aquifer show degradation 
in and north of the area of the former tank farm, and are increasing in the 
area of MC-15D, downgradient of the former tank farm.  

o Based on the long term trends in groundwater monitoring data (water levels and 
chemistry):  

 The shallow zone COC plumes are shrinking and treatment for 1,4-
dioxane should be focused around MC-14.  

 The primary source for VOCs and 1,4-dioxane in the deep aquifer is likely 
from the silt layer in the former tank farm area, with a lower concentration 
source near the northern property line (near MC-118D).   

 Trend analysis in shallow and deep wells around MC-15D indicate that 
the source of increasing VOCs at MC-15D is likely the former tank farm 
area. 

2.0 DEVELOPMENT OF REMEDIAL ALTERNATIVES 

WAC 173-340-360 describes the minimum requirements and procedures for selecting cleanup 
actions under the Model Toxics Control Act (MTCA). Cleanup actions selected under MTCA 
must meet “threshold requirements” outlined in WAC 173-340-360(2)(a) of: 
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• Protecting human health and the environment; 

• Complying with cleanup standards; 

• Complying with applicable state and federal laws; and 

• Providing for compliance monitoring. 

In addition, cleanup shall adhere to “other requirements” outlined in WAC 173-340-360(2)(b): 

• Using permanent solutions to the maximum extent practicable. 

• Providing for a reasonable restoration time frame. 

• Considering public concerns. 

Additional cleanup action requirements are addressed in the remaining portions of WAC 173-
340-360(2)(c through h), as discussed in the Technology Screening Technical Memorandum 
(DOF, 2019c) and associated response to comments. Revised technology screening tables are 
included in this memorandum (Tables 5-1 to 5-5). These tables have been revised to include 
hydraulic control and associated ancillary technologies.  

This memorandum updates previously presented information about potential remedial 
alternatives developed in the 2013 FS:  

• To address comments received from Ecology; 

• To update alternative design based on current site conditions including the abundance of 
additional groundwater data gathered and trends that have become better defined since 
the 2013 FS submittal;  

• To include evaluation of recently developed technologies; and 

• To update alternative designs based on more recent and complete information on 
remedial technologies practicability, performance, and effectiveness. 

Four remedial alternatives were developed as part of the 2013 FS (Alternatives 1 through 4) and 
two additional alternatives (Alternatives 5 and 6) have been developed during preparation of the 
revised FS, taking into account Ecology concerns voiced during FS meetings and 
communications. The six alternatives are: 

• Alternative A-1- Capping and Monitored Natural Attenuation (MNA) 

• Alternative A-2- Capping, In-Situ Bioremediation (ISB), In-Situ Chemical Oxidation 
(ISCO) and Monitored Attenuation (MA) 

• Alternative A-3- Capping, Deep Soil Mixing, ISCO, and MA 

• Alternative A-4- Capping, Electrical Resistive Heating and MA 
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• Alternative A-5- Capping, Permeable Reactive Barrier with zero valent iron (ZVI), and 
MA 

• Alternative A-6- Capping, ISB, ISCO, Hydraulic Control, and MA 

Not all retained remedial technologies were used to develop the alternatives, but all were 
considered and some were retained for use as contingent remedial technologies (biosparging, 
oxygen enhancement, phytoremediation, air sparging, barrier wall). The six remedial 
alternatives are discussed below in sections 2.2 through 2.7. Components of the cleanup action 
that are similar for all six alternatives are described in section 2.1. 

2.1 Remedy Components Common to All Alternatives 
All six remedial alternatives share several common elements, however only one element is the 
same across all alternatives. 

• Grouting of the storm drain utility bedding. 

While shallow groundwater trends indicate ongoing biodegradation has shrunk the impacted 
area, there is still a possibility that contaminated groundwater could migrate in the bedding of 
utility lines when the water table is elevated in the wet season. Grouting of the storm drain utility 
line is proposed in four locations along the alignment east of the property line. A four-foot cube 
would be excavated around the pipe within the bedding material and the material would be 
replaced with cementitious controlled density fill (CDF) to prevent groundwater migration along 
the utility alignment in the higher permeability pipe bedding material.  

The four actions below are common components of each alternative, but implementation would 
vary based on the restoration time frame for each alternative.  

• Institutional controls; 

• Groundwater monitoring;  

• Inhalation Pathway Interim Measure (IPIM); and 

• Augmenting existing surface cover.  

Institutional controls are non-engineered instruments such as administrative and legal 
controls that help reduce the potential for human exposure to contamination and/or protect the 
integrity of the remedy, i.e. development restrictions. Institutional controls would be 
implemented following completion of the implementation phase of the selected remedial 
alternative and would be negotiated with Ecology to protect human health and the environment. 
Given that the facility is an active industrial site and that several buildings with contamination 
under them are actively in use, long term institutional controls (primarily for low level soil 
contamination from inorganic COCs) and temporary institutional controls (for control during the 
remediation phase) are proposed for each alternative. Temporary institutional controls would be 
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implemented to protect human health and the environment while remedial actions are 
underway. Once successful completion of remediation is confirmed, institutional controls would 
be removed.  

Verification of groundwater remediation effectiveness would be implemented through a 
groundwater monitoring program. Duration and frequency of the program would be 
dependent on the selected remedial alternative and the alternative’s effectiveness over time to 
obtain cleanup levels. Once successful completion of remediation is confirmed by groundwater 
monitoring, the groundwater component of the action would be deemed complete and no further 
groundwater monitoring would be required.  

The IPIM was previously implemented to prevent risk of exposure to workers in Building 1 to 
VOCs. The IPIM system decreases pressure under the building and conveys VOCs through a 
stack on the roof of the building, preventing VOCs in the soil from entering the building. As part 
of the selected alternative, this system would be operated as long as necessary to protect 
human health. Sub-slab vapor monitoring is planned as part of design, to better assess the time 
frame for IPIM operations. If results indicate the system is no longer necessary, shut down of 
the IPIM and confirmation sampling would be negotiated with Ecology to provide verification that 
shutdown of the IPIM does not adversely impact human health and the environment.      

Surface cover would be added in areas of the site that are unpaved to prevent direct contact 
with or surface water infiltration through soils with elevated concentrations of COCs.  

2.2 Remedial Alternative A-1 
Alternative A-1 would rely on surface cover, grouting of a potential groundwater conduit, and 
monitored natural attenuation to address soil and groundwater impacts within the site. The 
following elements are included (Figure 7-1). 

• Grouting of the potential groundwater conduit, the utility trench under the stormwater 
piping to the east of the Stericycle property; 

• Continued operation of the existing IPIM under Building 1; 

• Augmenting existing surface cover by paving select areas of the site; 

• Long-term monitoring and maintenance of the pavement cover; 

• Monitored natural attenuation of groundwater downgradient of source areas; 

• Groundwater monitoring is anticipated to evaluate MNA effectiveness for the duration 
of the restoration timeframe (at least 30 years based on extrapolation of groundwater 
monitoring data trends through the first half of 2019). Once groundwater monitoring 
indicates MNA has permanently destroyed COCs to below cleanup levels, remediation 
will be considered complete; and 
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• Institutional controls, including a deed restriction. 

This alternative would utilize the natural reductive dechlorination process observed on the site 
through recent groundwater sampling results to obtain groundwater cleanup levels in the 
shallow groundwater and the deep aquifer. Chlorinated solvent concentrations in shallow 
groundwater have steadily decreased within the source area indicating that degradation is likely 
to continue.  

Reductive dechlorination has been actively observed in the deep aquifer within the former 
source area through the decrease in tetrachloroethylene (PCE) and trichloroethylene (TCE). 
While increases in cis-1,2-dichloroethylene (cis-1,2-DCE) and vinyl chloride (VC) have been 
observed, the dehalococcoides bacteria currently degrading the PCE and TCE, are likely to 
eventually degrade the cis-1,2-DCE and VC to reach cleanup levels within the source area. 
Similar trends for chlorinated solvents have been observed in groundwater results from well 
MC-15D and the natural reductive dechlorination processes are expected to eventually obtain 
cleanup levels under this alternative, though timing is difficult to predict with currently available 
trend data. The restoration time frame for VOCs in the deep aquifer may exceed 30 years. 

Concentrations of 1,4-dioxane have remained consistent in the vicinity of MC-14 in shallow 
groundwater and in the former tank farm area in the deep aquifer. These concentrations would 
be expected to slowly dissipate over time through dilution and dispersion, but the restoration 
timeframe could exceed 30 years based on current trend data.   

2.3 Remedial Alternative A-2 
Alternative A-2 would supplement the natural biodegradation processes that would occur under 
Alternative A-1 with (1) injection of carbohydrates in the former tank farm area, near MC-118D, 
and MC-15D and (2) in-situ chemical oxidation (ISCO) to accelerate destruction of 1,4-dioxane 
in the area around well MC-14. 

The following elements are included (Figure 7-2). 

• Grouting the utility trench under the stormwater piping to the east of the Stericycle 
property; 

• Continued operation of the existing IPIM under Building 1; 

• Augmenting the existing surface cover by paving select areas of the site; 

• Long-term monitoring and maintenance of the pavement cover; 

• Treatment near MC-14 - two rounds of ISCO injections to treat 1,4-dioxane and VOCs in 
shallow groundwater; 
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• Treatment in the former tank farm area and near the north fence line (near MC-118D) - 
two rounds of ISB injections utilizing carbohydrates and emulsified ZVI targeting 
chlorinated VOCs remaining in the silt layer and the upper portion of the deep aquifer; 

• Treatment in the deep aquifer upgradient of and near MC-15D - ISB injection of 
carbohydrates near MC-15D to reduce risk of offsite migration of chlorinated VOCs in 
the upper portion of the deep aquifer; 

• Monitored attenuation of the groundwater downgradient of the remediation areas; 

• Groundwater monitoring would be used to evaluate ISB/ISCO effectiveness for the 
duration of the restoration timeframe (15 years based on vendor experience and the 
extrapolation of groundwater monitoring data trends once source area remediation is 
complete). Once groundwater monitoring indicates ISB/ISCO and MA has permanently 
destroyed COCs to below cleanup levels, remediation would be considered complete; 
and 

• Institutional controls. 

Prior to implementation of either ISCO or ISB, bench scale studies are proposed to confirm the 
appropriate substrate and dosage rates. Injection spacing design was based on typical spacing 
necessary for the soil types in each area and checked against spacing estimated by injection 
subcontractors. Further clarification of spacing will be included in the cost appendix of the FS.  

ISCO would be utilized to address 1,4-dioxane concentrations in the vicinity of MC-14. Injections 
within the shallow groundwater would be completed with a spacing of 15-feet on center and a 
10-feet depth interval (two to 12 feet bgs). To minimize metals release to the groundwater a 
Modified Fenton’s Reagents (MFR) is proposed to treat the 1,4-dioxane concentrations per an 
estimate provided by In-Situ Oxidative Technologies, Inc. (ISOTEC). The area is estimated to 
be completed with nine injection locations.   

A second ISCO injection event would be planned within a few months of the first injection to 
complete treatment of remaining COCs using approximately half the number of injection 
locations and half the initial treatment volume of hydrogen peroxide and MFR solution.    

ISB injections within the former tank farm area, including the MC-118 well cluster area, would 
utilize an emulsified vegetable oil (EVO) and ZVI substrate to provide a carbon source for the 
natural bacteria and passively treat chlorinated solvents diffusing from the silt layer into the 
deep aquifer. Injections would be completed within the silt layer with a spacing of 15-feet on 
center (approximately 19 injection locations) and injections within the deep aquifer would be 
completed with a spacing of 25-feet on center (approximately seven injection locations). 
Treatment depths for the former tank farm would target the entire silt interval (10 to 18 feet bgs) 
and the upper 10 feet (18 to 28 feet bgs) of the deep aquifer. A second ISB injection event 
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would be planned in the following year to polish treatment of remaining COCs using 
approximately half the number of injection locations and half the initial treatment volume of 
hydrogen peroxide and MFR solution.    

ISB injections within the vicinity of MC-15D would utilize an EVO substrate to provide a carbon 
source for the natural bacteria to break down chlorinated solvents in the deep aquifer. Injections 
within the deep aquifer would be completed with a spacing of 25 feet on center, in the upper 10 
feet (18 to 28 feet bgs) of the aquifer. The area is estimated to be completed with four injection 
locations.  

2.4 Remedial Alternative A-3 
Alternative A-3 would employ Deep Soil Mixing (DSM) with ZVI injection to treat the former tank 
farm area. This alternative would retain ISB to address chlorinated solvent concentrations 
around well MC-15D and ISCO near MC-14 from Alternative A-2, and also include ISCO near 
the northern fence line in the vicinity of MC-118D.   

The following elements are included (Figure 7-3): 

• Grouting the utility trench under the stormwater piping to the east of the Stericycle 
property; 

• Continued operation of the existing IPIM under Building 1; 

• Augmenting the existing surface cover by paving select areas of the site;  

• Long-term monitoring and maintenance of the pavement cover; 

• Treatment near MC-14 - two rounds of ISCO injections to treat the 1,4-dioxane and 
VOCs in the shallow groundwater; 

• Treatment in the former tank farm area using DSM with ZVI;  

• Treatment along the North Fence Line (near MC-118D) using ISCO of the silt 
and deep aquifer; 

• Treatment in the deep aquifer upgradient of and near MC-15D - ISB by injection of 
carbohydrates near MC-15D to reduce risk of offsite migration of chlorinated VOCs in 
the upper portion of the deep aquifer; 

• Monitored attenuation of the groundwater downgradient of source remediation areas; 

• Groundwater monitoring would be used to evaluate DSM/ISCO/ISB effectiveness for the 
duration of the restoration timeframe (10 years based on vendor experience and the 
extrapolation of groundwater monitoring data trends once source area remediation is 
complete). Once groundwater monitoring indicates DSM/ISCO/ISB and MA has 
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permanently destroyed COCs to below cleanup levels, remediation would be considered 
complete; and 

• Institutional controls. 

Prior to implementation of DSM, ISCO, or ISB, bench scale studies are proposed to confirm the 
appropriate substrate and dosage rates. Injection spacing design was based on typical spacing 
necessary for the soil types in each area and checked against spacing estimated by injection 
subcontractors. Further clarification of spacing will be included in the cost appendix of the FS. 

ISCO would be utilized to address 1,4-dioxane concentrations in the vicinity of MC-14 and the 
north fence line (near MC-118D). To minimize metals release to the groundwater a MFR is 
proposed to treat the 1,4-dioxane concentrations per an estimate provided by In-Situ Oxidative 
Technologies, Inc. (ISOTEC). The area is estimated to be completed with nne injection 
locations. 

Injections within the shallow groundwater near MC-14 would be completed  the same as 
Alternative A-2, with a spacing of 15 feet on center and a 10 feet depth interval (two to 12 feet 
bgs). ISCO injections within the silt layer and deep aquifer around the MC-118D well cluster 
would be completed with a spacing of 10 feet on center in the silt layer (eight to 18 feet bgs) and 
15 foot on center for the upper 10 feet (18 to 28 feet bgs) of the deep aquifer. An estimated 11 
injections would be necessary to address the silt layer and five injections to treat the deep 
aquifer. 

A second ISCO injection event would be planned within a few months of the first injection to 
complete treatment of remaining COCs using approximately half the number of injection 
locations and half the initial treatment volume of hydrogen peroxide and MFR solution.    

DSM would require excavation of the upper five feet of soil within the proposed treatment area  
to allow for swell and substrate addition during DSM.  

DSM would be implemented within the former tank farm area to address the chlorinated solvent 
source within the silt layer and upper zone of the deep aquifer. The addition of two percent by 
weight ZVI and one percent bentonite would treat COCs and reduce the permeability of the 
source soils in the former tank farm within the silt layer. Following DSM, the upper five feet of 
soil would need to be amended with Portland cement to stabilize the soils and allow for the area 
of the site to be utilized for normal facility operations.      

ISB injections within the vicinity of MC-15D would utilize an EVO substrate to provide a carbon 
source for the natural bacteria to break down chlorinated solvents in the deep aquifer. Injections 
within the deep aquifer would be completed the same as in Alternative A-2, with a spacing of 25 
feet on center, in the upper 10 feet (18 to 28 feet bgs) of the aquifer. The area is estimated to be 
completed with four injection locations.  
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2.5 Remedial Alternative A-4 
Alternative A-4 would employ electrical resistive heating (ERH) to address source area COCs in 
both the vadose and saturated zone in the tank farm area and in the area downgradient around 
MC-14. The following elements are included (Figure 7-4): 

• Grouting the utility trench under the stormwater piping to the east of the Stericycle 
property; 

• Short term operation of the existing IPIM under Building 1; 

• Augmenting the existing surface cover by paving select areas of the site; 

• Long-term monitoring and maintenance of the pavement cover; 

• Treatment of the former tank farm area, the north fence line area (near MC-118D) via 
ERH of the shallow zone, silt layer and upper portion of the deep aquifer; 

• Treatment of the area under Building 1 and around well MC-14 via ERH of the shallow 
groundwater; 

• Treatment in the deep aquifer upgradient of and near MC-15D via ISB by injection of 
carbohydrates to reduce risk of offsite migration of chlorinated VOCs; 

• Monitored attenuation of groundwater downgradient of source area remediation area; 

• Groundwater monitoring would be used to evaluate ERH/ISB effectiveness for the 
duration of the restoration timeframe (10 years based on vendor experience and the 
extrapolation of groundwater monitoring data trends once source area remediation is 
complete). Once groundwater monitoring indicates ERH/ISB and MA has permanently 
destroyed COCs to below cleanup levels, remediation would be considered complete; 
and 

• Institutional controls. 

Prior to implementation of ISB, bench scale studies are proposed to confirm the appropriate 
substrate and dosage rates. Injection spacing design was based on typical spacing necessary 
for the soil types in each area and checked against spacing estimated by injection 
subcontractors. Further clarification of spacing will be included in the cost appendix of the FS. 

ISB injections within the vicinity of MC-15D would utilize an EVO substrate to provide a carbon 
source for the natural bacteria to break down chlorinated solvents in the deep aquifer. Injections 
within the deep aquifer would be completed the same as in Alternative A-2 with a spacing of 25 
feet on center, in the upper 10 feet (18 to 28 feet bgs) of the aquifer. The area is estimated to be 
completed with four injection locations. 



 

January 15, 2020 

 

13 | P a g e  
 

ERH would address chlorinated solvents and 1,4-dioxane within the shallow groundwater, the 
silt layer, and upper portion of the deep aquifer (two to 20 feet bgs) in the vicinity of the former 
tank farm and address 1,4-dioxane around MC-14 and Building 1 in the shallow groundwater 
(two to 10 feet bgs). Active heating following installation would operate for an estimated six 
months per a quote prepared by TRS Group, Inc. Following heating, a cool down period of 
approximately one year would be necessary before pre-ERH groundwater flow conditions would 
be expected to resumed. During this period, biodegradation would be expected to accelerate 
due to increased subsurface temperatures, helping to provide polishing of site COCs in the 
deep aquifer.    

2.6 Remedial Alternative A-5 
Alternative A-5 would employ a permeable reactive barrier (PRB) using ZVI to accelerate 
destruction of chlorinated solvents in the source area and around MC-15D, with ISCO utilized 
for treatment near MC-14.   

The following elements are included (Figure 7-5): 

• Grouting the utility trench under the stormwater piping to the east of the Stericycle 
property; 

• Continued operation of the existing IPIM under Building 1; 

• Augmenting the existing surface cover by paving select areas of the site; 

• Long-term monitoring and maintenance of the pavement cover; 

• Treatment near MC-14 - two rounds of ISCO injections to treat 1,4-dioxane and VOCs in 
shallow groundwater; 

• Treatment in the former tank farm area and the north fence line (near MC-118D) via 
placement of PRBs by hydraulic fracturing of coarse grained ZVI using direct push 
methods, through the lower portion of the shallow zone (11 feet bgs) into the silt layer 
(10 to 20 feet bgs) and the upper portion of the deep aquifer (18 to 23 feet bgs) within 
the footprint of the former tank farm excavation and around the MC-118 well cluster. 

• Treatment in the Deep Aquifer upgradient of and near MC-15D via placement of a PRB 
using hydraulic fracturing injection of fine grained ZVI through cased hole injections 
within the upper 10 feet of the deep aquifer (18 to 28 feet bgs) around MC-15D;  

• Monitored attenuation of groundwater downgradient of remediation areas; 

• Groundwater monitoring would be used to evaluate PRB/ISCO effectiveness for the 
duration of the restoration timeframe (10 years based on vendor experience and the 
extrapolation of groundwater monitoring data trends once source area remediation is 
complete). Once groundwater monitoring indicates PRB/ISCO and MA has permanently 
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destroyed COCs to below cleanup levels, remediation would be considered complete; 
and 

• Institutional controls. 

Prior to implementation of ISCO, bench scale studies are proposed to confirm the appropriate 
substrate and dosage rates. Injection spacing design was based on typical spacing necessary 
for the soil types in each area and checked against spacing estimated by injection 
subcontractors. Further clarification of spacing will be included in the cost appendix of the FS. 

ISCO would be utilized to address 1,4-dioxane concentrations in the vicinity of MC-14, the same 
as in Alternative A-2. Injections within the shallow groundwater would be completed with a 
spacing of 15 feet on center and a 10 feet depth interval (two to 12 feet bgs). To minimize 
metals release to the groundwater MFR is proposed to treat the 1,4-dioxane concentrations per 
an estimate provided by In-Situ Oxidative Technologies, Inc. (ISOTEC). The area is estimated 
to be completed with nine injection locations.   

A second ISCO injection event would be planned within a few months of the first injection to 
complete treatment of remaining COCs using approximately half the number of injection 
locations and half the initial treatment volume of hydrogen peroxide and MFR solution.    

The source area PRB would utilize direct-push drilling methods for installation of a PRB above, 
within, and below the silt layer. An estimated 84 fracks placed through 21 injection locations (15-
foot on center) would be necessary to install the PRB in the former tank farm and north fence 
line area. Fractures would occur at approximate depths of 11 to 12 feet, 15 to 16 feet, 20 feet, 
and 23 feet bgs. Placement of approximately 2,000 pounds of ZVI would occur with each 
fracture. Through installation of the source area PRB, site COCs diffusing from the silt layer into 
the shallow groundwater or deep aquifer would be destroyed. Prior to implementation of the 
former tank farm PRB, a pilot study would be necessary to determine the appropriate injection 
method and spacing, and volume of ZVI to be injected at each fracture. 

The downgradient PRB placed around MC-15D would be installed with a different method than 
the source area PRB. Due to the increased depth of placement of the PRB, four-inch diameter 
cased borings would be installed by sonic drilling methods to a depth of 35-feet bgs. The cased 
borings would be installed in two rows, each containing four locations. A total of 16 fractures 
would be completed in the eight cased boring locations (15-foot on center) with fractures 
occurring at 25-feet and 28-feet bgs. Each fracture would place approximately 2,000 pounds of 
ZVI, similar to the source area. PRB placement around MC-15D would treat site COCs prior to 
migration off site along the eastern property boundary.    

2.7 Remedial Alternative A-6 
Alternative A-6 would supplement the remedial technologies from Alternative A-2 with short term 
hydraulic control. 
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The following elements are included (Figure 7-6): 

• Grouting the utility trench under the stormwater piping to the east of the Stericycle 
property; 

• Continued operation of the existing IPIM under Building 1; 

• Augmenting the existing surface cover by paving select areas of the site; 

• Long-term monitoring and maintenance of the pavement cover; 

• Treatment near MC-14 via two rounds of ISCO injections to treat the 1,4-dioxane and 
VOCs in the shallow groundwater; 

• Treatment in the former tank farm area and the north fence line area (near MC-118D) via 
two rounds of ISB injections utilizing carbohydrates and emulsified ZVI targeting 
chlorinated VOCs remaining in the silt layer and the upper portion of the deep aquifer; 

• Short Term Hydraulic control of the deep aquifer; 

• Treatment in the deep aquifer upgradient of and near MC-15D via ISB by injection of 
carbohydrates to reduce risk of offsite migration of chlorinated VOCs in the deep aquifer; 

• Monitored attenuation of the groundwater downgradient of the remediation areas; 

• Groundwater monitoring would be used to evaluate ISB/ISCO effectiveness for the 
duration of the restoration timeframe (15 years based on vendor experience and the 
extrapolation of groundwater monitoring data trends once source area remediation is 
complete). Once groundwater monitoring indicates ISB/ISCO and MA has permanently 
destroyed COCs to below cleanup levels, remediation would be considered complete; 
and 

• Institutional controls. 

Prior to implementation of either ISCO or ISB, bench scale studies are proposed to confirm the 
appropriate substrate and dosage rates. Injection spacing design was based on typical spacing 
necessary for the soil types in each area and checked against spacing estimated by injection 
subcontractors. Further clarification of spacing will be included in the cost appendix of the FS. 

ISCO would be utilized to address 1,4-dioxane concentrations in the vicinity of MC-14, the same 
as in Alternative A-2. Injections within the shallow groundwater would be completed with a 
spacing of 15 feet on center and a 10 feet depth interval (two to 12 feet bgs). To reduce metals 
release to the groundwater MFR is proposed to treat the 1,4-dioxane concentrations per an 
estimate provided by ISOTEC. The area is estimated to be completed with nine injection 
locations.   
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A second ISCO injection event would be planned within a few months of the first injection to 
complete treatment of remaining COCs using approximately half the number of injection 
locations and half the initial treatment volume of hydrogen peroxide and MFR solution.    

ISB injections within the former tank farm area, including the MC-118 well cluster area, would 
utilize EVO and ZVI substrate to provide a carbon source for the natural bacteria and passively 
treat chlorinated solvents diffusing from the silt layer into the deep aquifer, the same as in 
Alternative A-2. Injections would be completed within the silt layer with a spacing of 15 feet on 
center (approximately 19 injection locations), and injections within the deep aquifer would be 
completed with a spacing of 25 feet on center (approximately seven injection locations). 
Treatment depths for the former tank farm would target the entire silt interval (10 to 18 feet bgs) 
and the upper 10 feet (18 to 28 feet bgs) of the deep aquifer. A second ISB injection event 
would be planned in the following year to polish treatment of remaining COCs using 
approximately half the number of injection locations and half the initial treatment volume of 
hydrogen peroxide and MFR solution.    

ISB injections within the vicinity of MC-15D would utilize an EVO substrate to provide a carbon 
source for the natural bacteria to break down chlorinated solvents in the deep aquifer. Injections 
within the deep aquifer would be completed the same as in Alternative A-2 with a spacing of 25 
feet on center, in the upper 10 feet (18 to 28 feet bgs) of the aquifer. The area is estimated to be 
completed with four injection locations.  

Hydraulic control would be implemented through installation of four groundwater extraction wells 
within the former tank farm and the MC-118 well cluster and installation of two groundwater 
extractions wells in the downgradient area around MC-15D. Each extraction well would be six-
inch diameter and completed to approximately 30 feet bgs, screened within the deep aquifer (20 
to 30 feet bgs). Using hydraulic conductivities calculated in the 2003 RI report (AMEC, 2013b), 
the average estimated combined flow from the six wells to contain the known areas of 
groundwater contamination would be approximately 33.5 gallons per minute, but the flow rate 
would vary with hydraulic conductivities across the site. It is assumed that prior to installation of 
the full hydraulic control system, a single extraction well would need to be installed and a pump 
test performed to determine site-specific groundwater extraction rates to properly size all other 
system components.          

The hydraulic containment treatment system would need to be housed in a separate building 
with a containment foundation. Conveyance piping between wells, treatment, and discharge 
would be installed below grade to allow for reduced disturbance to facility operations. For the 
purposes of this FS, it is assumed the treatment system would include an air-stripper to remove 
VOCs from the water and vapor treatment vessels (with granular activated carbon and 
potassium permanganate media for VC) to adsorb and destroy the VOCs once they are 
transferred to vapor phase.  
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It is assumed that discharges could be sent to the Washougal publicly owned treatment works 
(POTW). The POTW confirmed they have capacity to receive the treated groundwater. 
However, the POTW does not accept industrial wastewater without an Ecology managed 
NPDES permit and does not accept groundwater by default.  Additional permitting time and 
Ecology backing would be necessary to convince the POTW to accept the treated groundwater 
discharge.  

3.0 REVISED FS NEXT STEPS 

Once the remedial alternatives for soil and groundwater are approved by Ecology, Stericycle will 
update the FS Section 7 text, which covers detailed descriptions of remedial alternatives, and 
update costs for each alternative. The preferred remedial alternative will be presented with the 
implementation costs, including long-term operations and monitoring.  Once the preferred 
remedy is approved by Ecology Stericycle will complete the FS and submit for Ecology review.   

4.0  REFERENCES 

AMEC, 2013a, Final Feasibility Study Report, PSC Washougal Facility, December. 

AMEC, 2013b, Final Remedial Investigation Report, PSC Washougal Facility, September.  

DOF, 2019a, Feasibility Study – Point of Compliance and Preliminary Cleanup Level 
Assessment, August. 

DOF, 2019b, Feasibility Study Nature and Extent of Contamination Update, November 12 
(originally issued in September). 

DOF, 2019c, Revised Technical Memorandum: Feasibility Study – Technology Screening, 
November 12 (originally issued in October). 

5.0 CLOSING 

The services described in this report were performed consistent with generally accepted 
professional consulting principles and practices. No other warranty, expressed or implied, is 
made. This report is solely for the use and information of our client unless otherwise noted. Any 
reliance on this report by a third party is at such party’s sole risk. 



TABLE 5-1        
SUMMARY OF REMEDIATION TECHNOLOGIES CONSIDERED FOR SOIL       

Stericycle Washougal Facility        
Washougal, Washington       

General Response 
Actions

Remediation 
Technologies Section Technology Description

Technology 
Development 

Status
General Performance Record Site Areas Addressed Site Contaminants 

Addressed

Bioventing 5.2.1.1
Oxygen is delivered to contaminated unsaturated soils by 
forced air movement (either extraction or injection of air) to 
increase oxygen concentrations and stimulate biodegradation.

Full-Scale

Performs well for nonhalogenated organic 
compounds in moist soils that biodegrade 
aerobically (such as BTEX). Low effectiveness 
for halogenated organics. Ineffective on PCBs, 
inorganics, and in dry soils

Upper Sand Unit east of Building 1 
and in the former tank farm area. TPH Constituents and VC.

Enhanced 
Bioremediation 5.2.1.2

The activity of naturally occurring microbes is stimulated by 
circulating water-based solutions through contaminated soils to 
enhance in situ biological degradation of organic contaminants. 
Nutrients, oxygen, or other amendments may be used to 
enhance bioremediation and contaminant desorption from 
subsurface materials.

Full-Scale

Anaerobic bioremediation has been moderately 
effective on halogenated VOCs. Aerobic 
bioremediation has been moderately effective 
for VC, SVOCs and effective for TPH. 
Ineffective on inorganics and PCBs.

Areas located beneath the former 
fuel farm area and  Building 1 
(Upper and Lower Aquifer Units).

Halogenated VOCs (ethenes 
and TCP), SVOCs, TPH 
(BTEX).

Phytoremediation 5.2.1.X
Broadly defined as the use of vegetation to address  in situ 
biological degradation, sequestration, or capture of 
contaminants. 

Full-Scale

Typical organic contaminants, such as 
petroleum hydrocarbons, gas condensates, 
crude oil, chlorinated compounds, pesticides, 
and explosive compounds, can be addressed 
using plant-based methods. Phytotechnologies 
also can be applied to typical inorganic 
contaminants, such as heavy metals, metalloids, 
radioactive materials, and salts (ITRC 2009).

Areas outside of containment 
located along the east fence line 
(possible source for 1,4-dioxane) 
and the area west of the waste oil 
tank system.

Halogenated VOCs, SVOCs, 
TPH, metals, and 1,4-
dioxane.

Chemical 
Oxidation 5.2.1.3

Oxidation chemically converts hazardous contaminants to 
nonhazardous or less toxic compounds that are more stable, 
less mobile, and/or inert. The oxidizing agents most commonly 
used are ozone, hydrogen peroxide, persulfate, or 
permanganate. Reaction occurs only in aqueous solution.

Full-Scale
Technology demonstrated to be effective under 
certain site conditions. Ineffective for most 
inorganics, but would be effective for cyanide.

Areas located beneath the former 
fuel farm area and Building 1 
(Upper and Lower Aquifer Units).

Halogenated and 
nonhalogenated VOCs and 
SVOCs, TPH compounds, 
and 1,4-dioxane.

Soil Flushing 5.2.1.4

Water, or water containing an additive to enhance contaminant 
solubility, is applied to the soil or injected into the groundwater 
to raise the water table into the contaminated soil zone. 
Contaminants are leached into the groundwater, which is then 
extracted and treated.

Full-Scale Poor performance record. Few sites have been 
successfully remediated using this technology.

Vadose zone soil areas located 
beneath the former fuel farm area 
and east of Building 1.

Some inorganics and some 
organics, depending on site 
and constituent conditions 
and additive used (i.e. metals 
with chelatants, solvents with 
cosolvents, etc.).

In Situ Biological 
Treatment

Technology Characteristics

In Situ 
Physical/Chemical 

Treatment
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TABLE 5-1        
SUMMARY OF REMEDIATION TECHNOLOGIES CONSIDERED FOR SOIL       

Stericycle Washougal Facility        
Washougal, Washington       

General Response 
Actions

Remediation 
Technologies Section Technology Description

Technology 
Development 

Status
General Performance Record Site Areas Addressed Site Contaminants 

Addressed

   

Technology Characteristics

Soil Vapor 
Extraction 5.2.1.5

Removes volatile constituents from the vadose zone. Using a 
blower, a vacuum is applied to wells screened in the vadose 
zone, and the volatiles are entrained in the extracted air and 
removed with the soil vapor. Off gases are generally treated to 
control emissions using thermal destruction or adsorption 
technologies.

Full-Scale
Proven reliable and effective technology for 
VOCs. Not effective for SVOCs, PCBs, and 
inorganics.

Vadose zone soil areas on site 
around the former tank farm area 
and Building 1 .

Halogenated VOCs and TPH 
Constituents.

Solidification/ 
Stabilization 5.2.1.6

Contaminants are physically bound or enclosed within a 
stabilized mass (solidification), or chemical reactions are 
induced between the stabilizing agent and contaminants either 
to reduce their mobility (stabilization) or to treat contaminated 
soil in situ (deep soil mixing).

Full-Scale

Several different field methods are used for this 
generalized approach. Stabilization reagents 
can be effective. Complete mixing can be 
difficult. Can be combined with variants such as 
deep soil mixing employing treatment 
technologies (e.g. zero-valent iron) to treat 
various COCs.

Vadose zone soil and silt around 
the former fuel tank area and 
around Building 1.

Metals and if deep soil mixing 
with ZVI is used; organics.

In Situ Thermal 
Treatment

High-Temperature 
Volatilization 5.2.1.7

Steam, electrical energy, or soil heaters are injected below the 
contaminated zone to heat contaminated soil. The heating 
enhances the release of contaminants from the soil matrix. 
Some VOCs and SVOCs are stripped from the contaminated 
zone and brought to the surface through soil vapor extraction.

Full-Scale

Performance of steam injection and stripping is 
highly variable and site specific.  Installation of 
soil heaters will result in uneven heating and 
may desiccate soils. Electrical resistive 
heating would be the most effective 
technology but may require excess energy and 
time to adequately treat the target VOCs and 
SVOCs.

All primary impacted soil areas 
around the former fuel tank area 
and beneath/around Building 1.

VOCs, SVOCs, may treat 
cyanide

Containment Cap/Surface 
Cover 5.2.1.8

Surface caps constructed of asphalt concrete, Portland cement 
concrete, or flexible membrane liners prevent direct exposure 
to soil contaminants, control erosion, and reduce infiltration of 
storm water into the subsurface, reducing the leaching of 
COCs to groundwater.

Full-Scale

Proven effective for preventing surface 
exposure to buried waste and for reducing 
infiltration of surface water through waste, 
limiting leaching of COCs to groundwater.

All impacted soil areas around the 
former fuel tank area, building 2 
and building 3, and west of the 
waste oil tank system.

VOCs, SVOCs, TPH, 
inorganics

Ex Situ Biological 
Treatment (assumes 

excavation)
Biopiles 5.2.2.1

Excavated soils are mixed with soil amendments and placed 
on a treatment area that includes leachate collection systems 
and some form of aeration to support bioremediation of organic 
constituents in excavated soils.  Moisture, heat, nutrients, 
oxygen, and pH can be controlled to enhance biodegradation.

Full-Scale

Effective for nonhalogenated VOCs and TPH. 
Less effective on halogenated VOCs and poor 
effectiveness on PCBs. Ineffective for 
inorganics.

Vadose zone soil areas around the 
former tank farm area and east of 
Building 1 with BTEX.

TPH (BTEX)

Ex Situ 
Physical/Chemical 

Treatment (assumes 
excavation)

Soil Washing 5.2.2.2

Contaminants sorbed onto fine soil particles are separated 
from bulk soil in an aqueous-based system on the basis of 
particle size. The wash water may be augmented with a basic 
leaching agent, surfactant, pH adjustment, or chelating agent 
to help remove organics and heavy metals.

Full-Scale

Not widely commercially applied in the United 
States. Technology sometimes has difficulties 
treating complex mixtures of organics and 
inorganics.

Vadose zone soil areas around the 
former tank farm area and east of 
Building 1.

VOCs, SVOCs, inorganics, 
TPH

In Situ 
Physical/Chemical 
Treatment (cont.)
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Stericycle Washougal Facility        
Washougal, Washington       
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Remediation 
Technologies Section Technology Description

Technology 
Development 
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General Performance Record Site Areas Addressed Site Contaminants 
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Technology Characteristics

Ex Situ 
Physical/Chemical 

Treatment (assumes 
excavation)

Solidification/ 
Stabilization 5.2.2.3

Contaminants are physically bound or enclosed within a 
stabilized mass (solidification), or chemical reactions are 
induced between the stabilizing agent and contaminants to 
reduce their mobility (stabilization).

Full-Scale
Generally effective for inorganics. Mature 
technology with documented performance 
record. Poor effectiveness for organics.

Vadose zone and silt soils in and 
around the former tank farm area. Inorganics

Ex Situ Thermal 
Treatment (assumes 

excavation)

Thermal 
Desorption 5.2.2.4

Wastes are heated to volatilize water and organic 
contaminants. A carrier gas or vacuum system transports 
volatilized water and organics to the gas treatment system.

Full-Scale

Proven effective at low temperature for TPH and 
VOCs; at high temperature, effective for SVOCs, 
PAHs, and PCBs. Proven and commercial off-
the-shelf technology offered by multiple vendors. 
Not effective for inorganics.

Vadose zone and silt soils in and 
around the former tank farm area 
and east of Building 1.

VOCs, SVOCs, TPH

Excavation/Disposal Excavation and 
Off- Site Disposal 5.2.2.5

Wastes exceeding site remedial goals are excavated and 
transported off site to an appropriate hazardous waste land 
disposal facility.

Full-Scale Proven effective for all site COCs.
Vadose zone and silt soils in and 
around the former tank farm area 
and east of Building 1.

VOCs, SVOCs, TPH, 
inorganics

Notes
X indicates a new technology added to the table after submittal of the 2013 Feasibility Study

Abbreviations
SVOCs = semivolatile organic compounds
RCRA = Resource Conservation and Recovery Act 
COCs = constituents of concern
RI/FS = Remedial Investigation and Feasibility Study 
PAHs = polycyclic aromatic hydrocarbon
TPH = total petroleum hydrocarbons
PCBs = polychlorinated biphenyls
VOCs = volatile organic compounds
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TABLE 5-2 
REMEDIATION TECHNOLOGY SCREENING FOR SOIL     

Stericycle Washougal Facility      
Washougal, Washington     

General Response Actions Remediation 
Technologies Section Site-Specific Issues Affecting Technology or Implementation Rationale for Retention or Rejection Screening Result

Bioventing 5.2.1.1

Effectiveness of in situ degradation of halogenated VOCs and SVOCs is 
low. Technology is ineffective on inorganics and pesticides. Technology will 
leave a lot of mass of non-halogenated VOCs in subsurface that are buried 
in silts.

Low effectiveness on high-molecular-weight 
organic COCs (SVOCs) and halogenated VOCs, 
and ineffective for inorganics. Would not likely 
achieve CULs in source areas or at CPOCs for 
organic VOCs.

Reject

Enhanced 
Bioremediation 5.2.1.2

In situ degradation of VOCs (chlorinated and non-chlorinated) is only 
moderately effective. Ineffective for other site COCs. Would require a 
system of numerous injection points to distribute bioremediation fluids to 
the subsurface across a large area, some of which is under existing 
buildings. Sequential anaerobic/aerobic treatment would be needed to 
address most of the organic COCs. Would be very difficult to apply 
substrate to unsaturated soils.

Only moderately effective on halogenated 
organics and SVOCs and likely would not obtain 
CULs in contaminant source areas but would 
likely meet CULs at CPOCs. Likely ineffective on 
inorganics and pesticides. Very long treatment 
time likely. Very high cost to implement for soils 
compared to other technologies, such as 
chemical oxidation, given uncertainty in 
performance, multiple injections required, and 
monitoring requirements.

Reject

Phytoremediation 5.2.1.X
Only viable in non-containment areas. Would require irrigation systems for 
the dry season. Soil amendments may be necessary to ensure rapid and 
sustained growth

 Environmentally-friendly “green” and low-tech 
remedial technology. Operation and 
maintenance costs are typically lower than those 
required for traditional remedies (such as soil 
vapor extraction), because the remedy is 
generally resilient and self-repairing. Plants can 
improve site aesthetics (visual appearance and 
noise).

Retain

Chemical Oxidation 5.2.1.3

Handling of oxidant chemicals during remediation presents a safety 
concern. Chemical oxidant demand of soil can consume large quantities of 
oxidant (pilot test recommended). Establishing effective oxidant delivery 
system for even vadose zone distribution difficult. Oxidants can mobilize 
some metals. This technology may require multiple injection rounds and it 
may be difficult to implement under Building 1.

Treats all key COCs; remediation time frame is 
relatively short and depending on the treatment 
area, may achieve stringent CULs aside from silt 
source area given difficulty to distribute oxidant 
in low-permeability soils.

Retain

Soil Flushing 5.2.1.4

Requires recovery of water (hydraulic capture) and surfactant and 
separation facilities. Recovered water requires treatment, disposal, and 
management of treatment residuals. Site would require different surfactants 
to treat all COCs. Large injection galleries or trenches would require 
extensive disruption of facility operations.  Implementation under Building 1 
would be difficult.

Technology is not proven effective. Requires 
extensive and complex fluids delivery system 
and recovered fluids treatment system. 
Technology would not meet cleanup levels and 
would not remove sufficient mass from source 
areas to meet CULs at CPOCs.

Reject

In Situ Biological Treatment

Technology Characteristics

In Situ Physical/Chemical 
Treatment
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TABLE 5-2 
REMEDIATION TECHNOLOGY SCREENING FOR SOIL     

Stericycle Washougal Facility      
Washougal, Washington     

General Response Actions Remediation 
Technologies Section Site-Specific Issues Affecting Technology or Implementation Rationale for Retention or Rejection Screening Result

   

Technology Characteristics

In Situ Physical/Chemical 
Treatment (cont.) Soil Vapor Extraction 5.2.1.5

Limited vadose zone at Stericycle facility; most contaminants are trapped in 
the Silt Layer below water table. Contamination in a large percentage of the 
vadose zone is likely due to smear effects of seasonal water table. Thus, 
the lower end of the vadose zone is likely to be recontaminated regularly.

The contaminant distribution and hydrogeology 
at the site are likely to lead to low mass removal 
and limited effectiveness using this technology. 
Technology will not meet cleanup levels in 
vadose zone soils or remove enough mass to 
meet CPOC CULs.

Reject

In Situ Physical/Chemical 
Treatment (cont.)

Solidification/ 
Stabilization 5.2.1.6

Increases in soil volume due to stabilization or solidification reagents ("bulk 
up" or "fluff") can be significant. Excess soil may require disposal as 
hazardous waste. Presence of solidified material could affect future site 
development by creating structural challenges for new buildings. Combining 
containment and treatment with additives would still not address all COCs.

Deep soil mixing with zero-valent iron has been 
identified as a potential field method that would 
remediate organics and reduce COC contact 
with groundwater, thereby limiting migration of 
COCs from the PSC property. Deep soil mixing 
with ZVI is not anticipated to meet stringent 
CULs in source areas but rather at CPOC.

Retain

In Situ Thermal Treatment High-Temperature 
Volatilization 5.2.1.7

Effectiveness can be hindered by high organic carbon content or high 
moisture content (e.g., soil in the capillary fringe). Would require extensive 
network of steam distribution points or electrodes to heat soil effectively. 
For steam injection, significant volumes of water are added to the 
subsurface, which may flush contaminants from unsaturated soil to 
groundwater. Volatilization of contaminants may prevent inhalation risk for 
workers.

ERH is one of the most effective treatment 
technologies in silt formations and may achieve 
CULs in the source areas and the other target 
areas. Has been retained for use in soils and 
groundwater.

Retain

Containment Cap/Surface Cover 5.2.1.8 The site is a patch-work of different coverings. Would require patching or 
paving areas of risk to prevent offsite migration or worker exposure.

Would be effective in preventing exposure of 
workers at the facility to contaminated soils. 
Would not meet CULs nor reduce any mass of 
COCs.

Retain

Ex Situ Biological Treatment 
(assumes excavation) Biopiles 5.2.2.1

Would require extensive site excavation and soil management and removal 
of existing concrete cover. Extensive shoring and supporting systems would 
be required for excavations near existing structures. Some impacted soils 
would likely remain in place due to the presence of existing 
structures/buildings. Emission control measures (e.g., tenting site) would 
likely be required during excavation. Treatability tests required to assess 
feasibility. RCRA treatment permit would likely be required.

Unproven effectiveness on halogenated VOCs. 
Ineffective on inorganics. Large excavation 
would disrupt existing facility cover. Increased 
worker and public exposure risk associated with 
excavation and treatment process. 
Contaminated soils that would be left in place 
would be above CULs in treatment areas and at 
CPOCs.

Reject
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TABLE 5-2 
REMEDIATION TECHNOLOGY SCREENING FOR SOIL     

Stericycle Washougal Facility      
Washougal, Washington     

General Response Actions Remediation 
Technologies Section Site-Specific Issues Affecting Technology or Implementation Rationale for Retention or Rejection Screening Result

   

Technology Characteristics

Ex Situ Physical/Chemical 
Treatment (assumes excavation) Soil Washing 5.2.2.2

Would require extensive site excavation, soil management, and removal of 
existing concrete cover. Extensive shoring and support systems would be 
required for excavations near existing structures. Some impacted soils 
would likely remain in place due to the presence of existing 
structures/buildings. Emission control measures (e.g., tenting site) would 
likely be required during excavation. Worker and public exposure to 
impacted soils is significantly increased by this approach. Treatability tests 
would be required to assess feasibility. Produces wash water and soil 
residuals, which would require further treatment and off-site disposal. 
Significant concentrations of humus (natural organics) or clay in soil can 
disrupt process. RCRA treatment permit would likely be required.

Soil washing may not be effective for complex 
mixture of organics and inorganics. Extensive 
shoring and supporting systems would be 
required for excavations near existing structures. 
Worker and public exposure risks associated 
with excavation and treatment process. 
Contaminated soils that would be left in place 
would be above CULs in treatment areas and at 
CPOCs.

Reject

Ex Situ Physical/Chemical 
Treatment (assumes excavation) 

(cont.)

Solidification/ 
Stabilization 5.2.2.3

Would require excavation and soil management. Extensive shoring and 
support systems would be required for excavations near existing structures. 
Some impacted soils would likely remain in place due to the presence of 
existing structures/buildings. Emission control measures (e.g., tenting site) 
would likely be required during excavation. Treatability tests would be 
required to assess feasibility. Can result in significant increases in soil 
volume ("bulk up") that would likely result in off-site disposal of excess 
material. Because organic wastes would be encapsulated but not 
destroyed, long-term management of wastes would be required. RCRA 
treatment permit would likely be required.

Extensive shoring and support systems would 
be required for excavations near existing 
structures. Volume increase (bulk up) would 
result in excess material requiring off-site 
disposal. Post-treatment waste left on the 
property would remain a long-term management 
issue. Not proven effective for organics. 
Increased worker and public exposure risk 
associated with excavation and treatment 
process. Contaminated soils that would be left in 
place would be above CULs in treatment areas 
and at CPOCs.

Reject

Ex Situ Thermal Treatment 
(assumes excavation) Thermal Desorption 5.2.2.4

Would require excavation and soil management. Extensive shoring and 
support systems would be required for excavations near existing structures. 
Some impacted soils would likely remain in place due to the presence of 
existing structures/buildings. Emission control measures (e.g., tenting site) 
would likely be required during excavation. Worker and public exposure to 
impacted soils is significantly increased by this approach. Treatability tests 
would be required to assess feasibility. Requires large working area for 
setup of equipment. High soil moisture can increase costs due to extended 
soil drying. Emissions from thermal desorption must be captured and 
treated prior to discharge to the atmosphere. RCRA treatment permit would 
likely be required.

Large excavation and treatment footprint would 
disrupt existing facility operations. High 
temperature desorption would address high 
molecular weight organics (SVOCs), but would 
also potentially create emissions containing 
metals. Increased worker and public exposure 
risk associated with excavation. Contaminated 
soils that would be left in place would be above 
CULs in treatment areas and at CPOCs.

Reject
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TABLE 5-2 
REMEDIATION TECHNOLOGY SCREENING FOR SOIL     

Stericycle Washougal Facility      
Washougal, Washington     

General Response Actions Remediation 
Technologies Section Site-Specific Issues Affecting Technology or Implementation Rationale for Retention or Rejection Screening Result

   

Technology Characteristics

Excavation/Disposal Excavation and Off- 
Site Disposal 5.2.2.5

Would require extensive site excavation and soil management. Extensive 
shoring and support systems would be required for excavations near 
existing structures. Some impacted soils would likely remain in place due to 
the presence of existing structures/buildings.

Capable of addressing all contaminants in 
vadose zone soil. Least administratively, 
logistically, and technically complex ex situ 
remediation technology. Potentially applicable to 
hot spots where other technologies are difficult 
to implement or expensive. Contaminated soils 
that would be left in place would be above CULs 
in excavated areas and at CPOCs.

Retain

Notes
X indicates a new technology added to the table after submittal of the 2013 Feasibility Study

Abbreviations
COCs = constituents of concern RCRA = Resource Conservation and Recovery Act
CUL = cleanup level SVOCs = semivolatile organic compounds
CPOC = conditional point of compliance VOCs = volatile organic compounds
ERH = electrical resistance heating ZVI = zero-valent iron
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TABLE 5-3       
SUMMARY OF REMEDIATION TECHNOLOGIES CONSIDERED FOR GROUNDWATER       

Stericycle Washougal Facility        
Washougal, Washington       

General Response 
Actions

Remediation 
Technologies Section Technology Description Technology 

Development Status General Performance Record Site Area Addressed Site Contaminants 
Addressed

Enhanced 
Biodegradation with 

Biosparging
5.3.1

Air and nutrients, if needed, are injected into the saturated 
zone to increase oxygen levels and promote aerobic 
biological activity. Air is delivered using a compressor and 
vertical or horizontal injection wells.

Full-Scale

Performs well for organic compounds 
that biodegrade aerobically. Not 
effective for inorganics or chlorinated 
VOCs. Primarily used at petroleum-
impacted sites.

Shallow groundwater and 
Deep Aquifer around the 
former tank farm area, along 
the northern property line and 
east of Building 1.

VC, TPH (BTEX)

Oxygen Enhancement 
with Hydrogen Peroxide 

or ORC
5.3.2

Oxygen is added to the saturated zone by adding 
chemicals such as hydrogen peroxide or ORC®. The 
increased oxygen levels promote aerobic biological 
activity. Hydrogen peroxide or ORC solutions can be 
injected into the aquifer or introduced through slow release 
mechanisms placed in wells.

Full-Scale
Has been effectively used at TPH 
sites. Performance is similar to but 
less effective than biosparging.

Shallow groundwater and 
Lower Aquifer around the 
former tank farm area and 
along the northern property 
line.

VC, TPH (BTEX)

Co-Metabolic Treatment 5.3.3

Chloroethenes and 1,4-dioxane are organically degraded 
by aerobic co-metabolism with alkane substrates, such as 
ethane, by indigenous microbes. Oxygen and the alkane 
substrate can be added through passive diffusion or 
through groundwater circulation system.

Full-Scale Has been effective for degradation of 
chlorinated solvents and 1,4-dioxane.

Shallow groundwater and 
Lower Aquifer around the 
former tank farm area, the 
northern property line, and 
east of Building 1.

PCE, TCE, cis -1,2-
DCE, VC, TPH, 1,4-
dioxane

Biostimulation of 
Reductive 

Dechlorination 
(Anaerobic)

5.3.4

A carbohydrate (e.g., molasses, sodium lactate) is injected 
into the affected groundwater to serve as an electron 
donor for indigenous organisms to enhance reductive 
dechlorination. A carbohydrate solution is distributed with 
injection wells, direct-push probes, or groundwater 
recirculation systems.

Full-Scale
Proven effective under proper 
conditions for degradation of 
chlorinated solvents.

Shallow groundwater and 
Lower Aquifer around the 
former tank farm area and 
along the northern property 
line.

PCE, TCE, cis -1,2-
DCE, and VC

Bioaugmentation 5.3.5

Injection of specialty, nonindigenous microbes to enhance 
biodegradation. Microorganisms are commercially 
available for both aerobic and anaerobic degradation of 
chlorinated organics and petroleum hydrocarbons.

Full-Scale

Has been effective for biodegradation 
of chlorinated solvents. Requires 
application of specific microbial seed 
(Dehalococcoides ). May require 
repeated application.

Shallow groundwater and 
Lower Aquifer around the 
former tank farm area and 
along the northern property 
line.

PCE, TCE, cis -1,2-
DCE, and VC

Monitored Natural 
Attenuation 5.3.6

Intrinsic attenuation of groundwater constituents via the 
natural processes of biodegradation (aerobic and/or 
anaerobic), adsorption, and dilution. This passive 
technology relies on natural conditions within impacted 
groundwater.

Full-Scale Has been proven effective at sites 
with appropriate conditions.

All areas of site in the 
Shallow and Lower Aquifer 
Groundwater Zones with 
appropriate conditions.

chlorinated VOCs, and 
1,4-dioxane

Technology Characteristics

In Situ Biological 
Treatment
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TABLE 5-3       
SUMMARY OF REMEDIATION TECHNOLOGIES CONSIDERED FOR GROUNDWATER       

Stericycle Washougal Facility        
Washougal, Washington       

General Response 
Actions

Remediation 
Technologies Section Technology Description Technology 

Development Status General Performance Record Site Area Addressed Site Contaminants 
Addressed

Technology Characteristics

   

Phytoremediation 5.3.7

Dense plants and trees can supply nutrients to promote 
microbial growth that reduce contaminant concentrations 
in groundwater, or plants can directly uptake contaminants 
in groundwater. New implementation technology allows for 
treatment depths of more than 50 feet below ground 
surface and has shown effective hydraulic control.

Full-Scale Has been proven effective at sites 
with appropriate conditions.

As a potential contingent 
remedy for groundwater 
zones along the northeast 
and east sides of the site.

VOCs (both chlorinated 
and non- chlorinated), 
TPH, SVOCs, metals, 
1,4-dioxane.

Carbon Augmentation 5.3.X

Colloidal activated carbon is injected into the saturate zone 
with an organic stabilizer to sequester and reduce 
contaminant concentrations. The activated carbon 
disperses through the subsurface during injection and 
dispersion continues over time with groundwater flow.  

Full Scale

Has been proven effective at sites 
with appropriate conditions. 
Effectively used for chlorinated VOCs 
and TPH. Not effective for inorganics.

Shallow groundwater and 
Lower Aquifer around the 
former tank farm area, along 
the northern property line, 
and underneath and east of 
Building 1.

PCE, TCE, cis -1,2-
DCE, non- chlorinated 
VOCs, SVOCs 
(including 1,4- dioxane), 
TPH, pesticides

Air Sparging 5.3.8

Air is injected into the saturated zone to volatilize organic 
compounds or oxygenate aquifer to promote precipitation 
of metals. An air compressor is used to supply air to the 
saturated zone typically through air sparge wells. Similar to 
biosparging, but does not rely on biodegradation. 

Full-Scale

Has been effectively used at non-
chlorinated VOC-impacted sites. 
Difficult to implement for deep 
groundwater.

Shallow groundwater and 
Lower Aquifer around the 
former tank farm area and 
along the northern property 
line.

VC, TPH, SVOCs, 
metals 

Chemical Oxidation-
Active 5.3.9X

An oxidizing chemical (permanganate, hydrogen peroxide, 
Fenton's Reagent, RegenOx) is actively injected through 
wells or via direct-push technology to the groundwater to 
chemically oxidize contaminants. Pilot test would be 
required

Full-Scale

Can be effective depending on 
oxidant demand of native material, 
tightness of formation, and number of 
injections. Not effective for most 
metals.

Shallow groundwater and 
Lower Aquifer around the 
former tank farm area, along 
the northern property line, 
and underneath and east of 
Building 1.

VOCs (both chlorinated 
and non- chlorinated), 
SVOCs (including 1,4- 
dioxane), TPH, 
pesticides

Chemical Oxidation-
Passive 5.3.9X

An oxidizing chemical (potassium permanganate, sodium 
persulfate) is suspended in a monitoring on an inert media 
to passively release chemical oxidizer for treatment of 
contaminants. Pilot test would be required

Full-Scale

Can be effective depending on 
oxidant demand of native material, 
tightness of formation, and number of 
injections. Not effective for most 
metals and 1,4-dioxane.

Shallow groundwater and 
Lower Aquifer around the 
former tank farm area, along 
the northern property line, 
and underneath and east of 
Building 1.

VOCs (both chlorinated 
and non- chlorinated), 
TPH

Thermal Treatment 5.3.10

Temperature in the saturated zone is increased by 
injecting steam or applying an electrical current. The 
increased temperature volatilizes organic compounds, 
which would be collected from the vadose zone using 
SVE.

Full-Scale

Mixed performance record with 
improved performance in silts 
compared to other technologies. 
Some applications have been 
effective, while others have been 
unsuccessful in attaining cleanup 
objectives. Not effective for 
inorganics, can release metals.

Shallow Groundwater Zone, 
Silt Layer, and Lower Aquifer 
around the former tank farm 
area, along the northern 
property line, and underneath 
and east of Building 1.

VOCs (both chlorinated 
and non- chlorinated), 
TPH, SVOCs (including 
1,4- dioxane), and 
metals

In Situ 
Physical/Chemical 

Treatment
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In-Well Stripping 5.3.11

Air is injected into a double-screened well, lifting the water 
in the well and forcing it out the upper screen. 
Simultaneously, additional water is drawn in the lower 
screen. Volatile compounds are transferred to the vapor 
phase and removed by vapor extraction. Groundwater in 
radius of influence is aerated.

Full-Scale

Mixed performance record. Some 
applications have been very effective, 
while others have been unsuccessful 
in attaining cleanup objectives.

Shallow Groundwater Zone 
and Lower Aquifer around 
the former fuel tank area.

VC, non-chlorinated 
VOCs, TPH

Passive/Reactive 
Treatment Walls 5.3.12

Contaminant concentrations in groundwater are reduced 
as the groundwater flows through the permeable reactive 
barrier containing zero-valent iron.

Full-Scale
Has been effectively used to reduce 
chlorinated VOC and metals 
concentrations in groundwater.

Shallow Groundwater Zone 
and Lower Aquifer to the east 
of Building 1.

chlorinated VOCs, 
some metals

Hydraulic Control 5.3.13
Groundwater extraction wells are installed to create a 
hydraulic gradient to control contaminant migration. 
Extracted water is then treated and discharged.

Full-Scale

Has been effectively used to control 
contaminant migration. Is a long-
duration technology. Cannot attain 
cleanup levels.

Shallow Groundwater Zone 
and Lower Aquifer around 
the former tank farm area 
and east of Building 1.

VOCs (both chlorinated 
and non-chlorinated), 
SVOCs (including 1,4-
dioxane), TPH, metals

Mass Reduction 5.3.13

Groundwater extraction wells are installed in source areas 
to aggressively remove contaminated groundwater, 
thereby reducing contaminant mass. Extracted water is 
then treated and discharged.

Full-Scale
Has been effectively used to remove 
contaminants. Is a long- duration 
technology.

Same as Hydraulic Control 
Technology.

VOCs (both chlorinated 
and non-chlorinated), 
SVOCs (including 1,4-
dioxane), TPH, metals

Dynamic Groundwater 
Recirculation (DGR) 5.3.X

DGR creates dynamic groundwater flow conditions that 
enhances the natural flushing processes occurring within 
an impacted area. 

Full-Scale
Has been proven effective in 
homogeneous aquifers to remove 
COCs in solution.

Shallow Groundwater Zone 
and the Lower Aquifer in the 
vicinity of the former tank 
farm, along the northern 
property line, underneath 
Building 1 and to the east of 
Building 1.

VOCs (both chlorinated 
and non-chlorinated), 
SVOCs (including 1,4-
dioxane), TPH, metals

In Situ 
Physical/Chemical 

Treatment

Emulsified Zero-
Valent Iron 5.3.14

Zero-valent iron emulsified in vegetable oil and surfactant 
is injected into groundwater. Zero-valent iron causes 
abiotic reductive dechlorination, and vegetable oil and 
surfactant act as long-term electron donors for biotic 
reductive dechlorination.

Full-Scale
Has been effectively used to reduce 
chlorinated VOCs and metals 
concentrations in groundwater.

Shallow Groundwater Zone 
and the Lower Aquifer in the 
vicinity of the former tank 
farm, along the northern 
property line, underneath 
Building 1 and to the east of 
Building 1.

chlorinated VOCs, 
Arsenic

Groundwater 
Extraction and 

Treatment (Pump 
and Treat)

In Situ 
Physical/Chemical 
Treatment (cont.)
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Surfactant-Enhanced 
Aquifer Remediation 

(SEAR)
5.3.15

Surfactants are injected to increase the solubility and 
mobility of organic contaminants, including NAPLs. 
Surfactants and contaminants are then recovered with 
conventional pump-and-treat methods. The surfactants 
are separated from the groundwater and contaminants 
and reinjected.

Full-Scale
Has been used to enhance recovery 
of chlorinated VOCs and DNAPL. 
Limited full-scale applications.

Shallow Groundwater Zone 
and the Lower Aquifer in the 
vicinity of the former tank 
farm, along the northern 
property line, underneath 
Building 1 and to the east of 
Building 1.

chlorinated VOCs, 
SVOCs, TPH

Co-Solvent 
Flooding 5.3.16

Co-solvents, typically alcohols, are injected to enhance 
dissolution and recovery of DNAPL components. Co-
solvent and dissolved- phase organics are recovered with 
conventional groundwater extraction methods.

Full-Scale
Has been used to enhance recovery 
of DNAPL. Limited prior full-scale 
applications.

Shallow Groundwater Zone 
and Lower Aquifer in the 
vicinity of the former tank 
farm source areas.

chlorinated VOCs, 
SVOCs

Physical 
Containment Barrier Wall 5.3.17

Placement of a barrier wall that physically restricts flow of 
groundwater or grouting/cementing potential COC 
migration conduits. The barrier wall must be keyed into 
lower confining unit for total containment.

Full-Scale

Has been effectively used to contain 
contaminated groundwater. Cannot 
attain cleanup levels as sole remedial 
technology.

Barrier wall used to border 
the former tank farm in the 
Shallow Groundwater Zone 
and the Lower Aquifer.

VOCs (both chlorinated 
and non-chlorinated), 
SVOCs (including 1,4-
dioxane), TPH, metals

Air Stripping 5.3.28

This technology is used in conjunction with pump- and-
treat systems. Extracted groundwater is passed downward 
against a stream of rising air. The countercurrent stream 
of air strips VOCs from the water. Contaminants in the air 
stream are then removed or treated by oxidation or 
adsorption technologies.

Full-Scale
Has been effectively used to remove 
VOCs (both chlorinated and non-
chlorinated) from groundwater.

Same as Hydraulic Control 
Technology.

VOCs (both chlorinated 
and non-chlorinated), 
metals

Oxidation 5.3.X

This technology can be used in conjunction with pump-and-
treat systems.  Extracted groundwater is augmented with 
an oxidant, such as hydrogen peroxide or potassium 
permanganate, to degrade COCs.

Full-Scale

Has been effectively used to remove 
chlorinated and non-chlorinated 
VOCs and 1,4-dioxane from 
groundwater

Same as Hydraulic Control 
Technology.

VOCs (both chlorinated 
and non-chlorinated), 
1,4-dioxane, metals

Adsorption 5.3.19

This technology is used in conjunction with pump- and-
treat systems. Extracted groundwater or VOC- containing 
air is passed through vessels containing granular activated 
carbon. Organic compounds with an affinity for carbon are 
transferred from the aqueous or vapor phase to the solid 
phase by sorption to the carbon. Treated carbon products 
are available to address VOCs such as VC that have a low 
affinity for conventional carbon.

Full-Scale

Has been effectively used to remove 
chlorinated and non-chlorinated 
VOCs, 1,4-dioxane, and metals from 
groundwater

Same as Hydraulic Control 
Technology.

VOCs (both chlorinated 
and non-chlorinated), 
SVOCs (including 1,4-
dioxane), TPH, metals

In Situ 
Physical/Chemical 
Treatment (cont.)

Ancillary/Support 
Technologies
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Development Status General Performance Record Site Area Addressed Site Contaminants 
Addressed

Technology Characteristics

   

Ancillary/Support 
Technologies 

(cont.)
Deep Soil Mixing 5.3.20

This technology is used in conjunction with several other 
technologies above. An auger is used to drill down into the 
soil, and a substrate (sand, clay, or cement) is injected as 
the auger goes down and is then pulled back up. Different 
additives can be combined with different substrates in 
order to accomplish a variety of objectives. It can be used 
as a delivery method for in situ chemical oxidation or in 
situ enhanced bioremediation. It can also be used to install 
passive reactive barriers or to help build physical 
containment.

Full-Scale

Has been effectively used to treat 
chlorinated and non-chlorinated 
VOCs, SVOCs (including 1,4-
dioxane), and TPH in groundwater or 
to contain metals, TPH, chlorinated 
and non-chlorinated VOCs, SVOCs, 
and metals.

Shallow Groundwater Zone 
and Silt Layer around the 
former tank farm area. 
Addressing Silt Layer 
addresses Lower Aquifer.

VOCs (both chlorinated 
and non-chlorinated), 
SVOCs (including 1,4-
dioxane), TPH, metals

Notes
X indicates a new technology added to the table after submittal of the 2013 Feasibility Study

Abbreviations
cis -1,2-DCE = cis -1,2-dichloroethene SVE = soil vapor extraction NAPL = nonaqueous phase liquids TPH = total petroleum hydrocarbon
BTEX = benzene, toluene, ethylbenzene, and xylenes SVOCs = semivolatile organic compounds ORC = oxygen-releasing compound VC = vinyl chloride
DNAPL = dense nonaqueous-phase liquids TCE = trichloroethene PCE = tetrachloroethane VOCs = volatile organic compounds
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TABLE 5-4     
REMEDIATION TECHNOLOGY SCREENING FOR GROUNDWATER     

Stericycle Washougal Facility      
Washougal, Washington     

Protectiveness                               Permanence                                                                 Cost                                                                                        Effectiveness over long-term           Management of short-term Risks 
Technical and Administrative 

Implementability                      
Consideration of Public Concerns                                              

Enhanced 
Biodegradation 

with Biosparging
5.3.1

Addresses vinyl chloride (VC), but 
inhibits the degradation of other 
chlorinated VOCs. Potentially 
exacerbates the vapor intrusion 
pathway by volatilizing VOCs in 
groundwater.

Inhibits degradation of chlorinated 
VOCs with the exception of VC. 
Technology ineffective in silts and 
does not address 1,4-dioxane. 

Higher implementation costs due 
to active industrial facility, large 
number of wells, large chemical 
oxygen demand (due to anaerobic 
conditions and metals), long-term 
run time (high O&M) and longer 
term groundwater monitoring 
costs necessary to effectively 
treat the silt layer.

The aquifer is reducing, so the 
effects of air on the aquifer 
chemistry will be limited to while 
the system is active. Technology 
does not address chlorinated 
VOCs with the exception of VC 
and does not treat 1,4-dioxane. 

Since this is an active facility 
with enclosed buildings, this 
technology increases risk to 
human health due to the 
potential for increased 
volatilization of chlorinated 
VOCs (which could be 
mitigated with operation of an 
SVE system.)

Since this is an active facility with high 
traffic and chlorinated mass trapped in 
silts,  the implementation options are 
limited and more technically challenging.  
High groundwater at the facility makes 
operation of an SVE system in conjunction 
with air sparge potentially infeasible.

Technology is unlikely to migrate 
off site to neighboring properties, 
through utilities, or to the marsh, 
so public concern should be 
minimal. 

This technology will not work for all site 
COCs and would cause major 
disturbance to site activities if 
implemented in the source areas. 
However, if implemented in select 
locations and for specific COCs onsite 
(in conjunction with other technologies 
or as a contingent remedy), it could 
speed the remedial time frame while 
adding minimal additional risks. 

Retain

Oxygen 
Enhancement with 

Hydrogen 
Peroxide or ORC

5.3.2

Potentially addresses all the 
contaminants, but may inhibit the 
anaerobic degradation of other 
chlorinated VOCs and release 
additional metals. 

Inhibits degradation of chlorinated 
VOCs with the exception of VC. 
Technology may be ineffective in 
silts. 

Higher implementation costs due 
to active industrial facility, multiple 
injection rounds, large chemical 
oxygen demand (due to anaerobic 
conditions and metals), and large 
number of wells necessary to 
implement the technology in silt 
layer. If effective, may reduce long-
term groundwater monitoring 
costs.

The aquifer is reducing and the 
majority of mass for chlorinated 
VOCs is trapped in the silt layer, 
so its unlikely oxygen addition will 
last long-term to treat the 
secondary source release from 
the silt layer.

Some short-term risks due to 
chemicals exposure possible 
for personnel implementing 
technology, typically managed 
with proper use of PPE. 

Distribution of substrate in silts would 
require tighter spacing of wells and repeat 
injections. Implementation on an active 
high traffic industrial facility would require 
coordination of work (off hours work 
potentially).

Technology is unlikely to migrate 
off site to neighboring properties,  
through utilities, or to the marsh, 
but metals may be released to 
groundwater as part of treatment.  
Bench testing should be utilized to 
reduce potential for metals 
release.

This technology will not work for all site 
COCs and would cause major 
disturbance to site activities if 
implemented in the source areas. 
However, if implemented in select 
locations and for specific COCs onsite 
(in conjunction with other technologies 
or as contingent remedy), it could speed 
the remedial time frame while adding 
minimal additional risks.

Retain

Co-Metabolic 
Treatment 5.3.3

Effective treatment for 1,4-
dioxane and some chlorinated 
VOCs, but does not address 
metals. 

Effective treatment for 1,4-
dioxane and chlorinated VOCs, 
but does not address metals and 
may be ineffective in silts. 

Higher implementation costs due 
to active industrial facility, large 
number of wells, long-term run 
time (high O&M), and longer term 
groundwater monitoring costs 
necessary to effectively treat the 
silt layer.

Technology will work with existing 
reducing conditions, but substrate 
injection would need to continue 
long-term for co-metabolic 
effectiveness to address 
secondary source in silt layer. 

Active facility with enclosed 
buildings increases risk to 
human health due to use of 
fuels (such as propane) as 
substrate. 

Since this is an active facility with high 
traffic, enclosed buildings, and chlorinated 
mass trapped in silts,  the implementation 
options are limited and more technically 
challenging. 

Technology is unlikely to migrate 
off site to neighboring properties 
or to the marsh, but some 
substrates like propane could 
potentially build up and migrate 
through utilities. 

This technology will not work for all site 
COCs and would cause major 
disturbance to site activities if 
implemented in the source areas. Not 
likely to be as effective as biostimulation 
given the site conditions and data 
supporting ongoing anaerobic 
degradation. In addition, it poses 
significant additional safety concerns.

Reject

Biostimulation of 
Reductive 

Dechlorination 
(Anaerobic)

5.3.4
Technology addresses 
chlorinated VOCs, but does not 
address metals or 1,4-dioxane. 

Technology is longer lasting than 
oxidation substrates and 
permanently destroys chlorinated 
VOCs, but does not address 
metals or 1,4-dioxane. 

Lower implementation costs than 
other technologies, even with 
multiple injections of substrate (as 
typically required for effective 
treatment in silts.) However, this 
is balanced by longer term 
groundwater monitoring costs 
which may increase  overall 
project cost. 

Technology is longer lasting than 
oxidation substrates and 
permanently destroys chlorinated 
VOCs, but does not address 
metals or 1,4-dioxane. 

Minimal short-term risks 
possible to personnel 
implementing technology. 

Distribution of substrate in silts would 
require tighter spacing of wells and repeat 
injections. Implementation on an active 
high traffic industrial facility would require 
coordination of work (off hours work 
potentially), but since substrates last 
longer in-situ than oxidation substrates, 
the total disruption to facility operations is 
likely lower.

Substrate is unlikely to migrate off 
site through utilities, neighboring 
properties, or to the marsh, but 
overdosing could lead to excess 
methane generation or metals 
release to groundwater.  Bench 
testing should be utilized to 
reduce potential for overdosing.

This technology will not work for all site 
COCs but would cause minimal 
disturbance to site activities if 
implemented in the source areas. 
Potentially the most cost effective 
treatment for chlorinated VOCs, and 
once those are remediated may also 
allow metals concentrations to return to 
background levels. 

Retain

Bioaugmentation 5.3.5

Addresses chlorinated VOCs, but 
does not address metals or 1,4-
dioxane. Typically used in concert 
with biostimulation.

Addresses chlorinated VOCs, but 
does not address metals or 1,4-
dioxane. Typically used in concert 
with biostimulation.

Given the demonstrated decline in 
chlorinated VOCs onsite, 
bioaugmentation is unnecessary 
and would only add additional 
cost to biostimulation costs. 
Multiple injections of 
nonindigenous organisms are 
typically required, increasing 
technology cost. 

Nonindigenous organisms are 
unlikely to out-compete local 
organisms, likely requiring 
ongoing injections for long-term 
effectiveness. 

Minimal short-term risks 
possible to personnel 
implementing technology. 

Distribution of nonindigenous organisms in 
silts is difficult and implementation on an 
active industrial facility would present the 
same challenges as for biostimulation. 
However, more frequent injections would 
be likely increasing disruption to facility 
operations.

Technology is unlikely to migrate 
off site through utilities, 
neighboring properties, or to the 
marsh, but typically used in 
concert with biostimulation so 
public concern should be 
equivalent to biostimulation 
concerns.

This technology will not work for all site 
COCs but would cause minimal 
disturbance to site activities if 
implemented in the source areas. This is 
likely unnecessary given the 
demonstrated ongoing degradation of 
chlorinated VOCs, but is retained as a 
potential supplement to biostimulation if 
site groundwater conditions change. 

Retain

Monitored Natural 
Attenuation 5.3.6

Potentially addresses all the 
contaminants, but is the slowest 
technology and metals may 
persist.  

Technology would likely 
eventually  attain CULs for 
chlorinated VOCs and 1,4-
dioxane but metals may persist. 

Implementation costs are 
minimal. Long-term groundwater 
monitoring costs could be 
substantial depending on 
remedial time frame.

Technology potentially addresses 
all contaminants but likely to have 
a longer timeline than active 
treatment options.

Minimal short-term risks 
possible to personnel 
implementing long-term 
monitoring. 

Minimal impacts on facility operations, 
facility has demonstrated ability to perform 
long-term groundwater monitoring and 
results show effective degradation in areas 
where source removal has been 
completed. 

Observations of natural 
attenuation shows constituents 
migrating off site, but a 
shrinking/receding plume in the 
shallow aquifer. Concerns with 
long-term migration in the lower 
aquifer may require additional 
offsite wells (if technology not 
combined with other remedial 
actions.)

This technology will not work for all site 
COCs but would cause minimal 
disturbance to site activities if 
implemented in the source areas. 
Natural attenuation has been 
documented to be actively occurring at 
the site. May be used in conjunction with 
other technologies as a polishing step to 
reach site CULs.

Retain

Screening 
Result

Site-Specific Issues Affecting Technology or Implementation
General Response 

Actions
Remediation 
Technologies Section Rationale for Retention or Rejection

In Situ Biological 
Treatment
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TABLE 5-4     
REMEDIATION TECHNOLOGY SCREENING FOR GROUNDWATER     

Stericycle Washougal Facility      
Washougal, Washington     

Protectiveness                               Permanence                                                                 Cost                                                                                        Effectiveness over long-term           Management of short-term Risks 
Technical and Administrative 

Implementability                      
Consideration of Public Concerns                                              

Screening 
Result

Site-Specific Issues Affecting Technology or Implementation
General Response 

Actions
Remediation 
Technologies Section Rationale for Retention or Rejection

   

Phytoremediation 5.3.7 Potentially addresses site COCs. 
Technology would likely 
eventually attain CULs for the site 
COCs. 

Implementation costs would be 
substantial to institute for all 
source areas. Most of the source 
area is paved or covered with 
buildings, making installation 
incompatible with facility 
operations.  High cost due to the 
need for large diameter conductor 
casing being used to allow for 
mass reduction in the lower 
aquifer. However, implementation 
costs could be minimized with use 
in specific areas of the facility.  
Long-term groundwater 
monitoring costs could be 
substantial depending on 
remedial time frame.

Several studies have shown good 
long-term effectiveness for COC 
destruction and hydraulic control. 
Could be used in conjunction with 
other active technologies for 
polishing on remaining mass at 
CPOC. 

Minimal short-term risks 
possible to personnel 
implementing technology. 

Technology cannot be used in active areas 
(buildings, paved areas, high traffic areas, 
equipment storage areas) of the industrial 
facility due to interference with operations, 
but could be used along CPOC as 
polishing following implementation of other 
technologies. 

Generally considered a benefit to 
the public (low energy use, carbon 
neutral, and aesthetically 
pleasing). Technology does not 
pose concerns to off site features. 

This technology could potentially 
address all site COCs but would cause 
major disturbance to site activities if 
implemented in the source areas. 
However, if implemented in select 
locations (in conjunction with other 
technologies or as a contingent 
remedy), it could speed the remedial 
time frame while adding minimal 
additional risks.                                                           

Retain

Carbon 
Augmentation 5.3.X

Technology addresses most 
chlorinated VOCs but ineffective 
for 1,4-dioxane and metals. 

Technology would sequester 
chlorinated VOCs and may 
provide carbon source for 
biodegradation of COC mass. 
May exacerbate release of metals 
as a carbon source.

Higher implementation costs due 
to active industrial facility, multiple 
injection rounds,  new proprietary 
technology (nano carbon), and 
large number of wells necessary 
to implement the technology in silt 
layer. If effective, may reduce long-
term groundwater monitoring 
costs.

Technology relies on contact with  
constituents and good distribution 
within the subsurface (which is 
difficult in silt) to treat chlorinated 
VOCs. Ineffective for 1,4-dioxane 
and may exacerbate release of 
metals.

Minimal short-term risks 
possible to personnel 
implementing technology. 

Distribution of substrate in silts would 
require tight spacing of wells and likely 
overlapping injections. Implementation on 
an active high traffic industrial facility 
would require coordination of work (off 
hours work potentially), but since 
substrates last longer than oxidation or 
biostimulation substrates, repeat rounds 
likely to be unnecessary.

Substrate is unlikely to migrate off 
site through utilities, neighboring 
properties, or to the marsh, but 
long-term carbon source could 
result in metals release to 
groundwater.  

This technology will not work for all site 
COCs (may exacerbate metals) and 
would cause major disturbance to site 
activities if implemented in the source 
areas. Not likely to be as effective as 
biostimulation given the site conditions. 

Reject 

Air Sparging 5.3.8

Active, natural, biological 
anaerobic degradation of 
chlorinated VOCs would be 
inhibited by the addition of oxygen 
(with the exception of VC). 
Ineffective for 1,4-dioxane 
treatment. Possibly effective for 
treatment of metals.

Likely to hinder anaerobic 
degradation processes for 
chlorinated solvents. May help 
sequester metals in the short-
term, but reducing conditions in 
the aquifer may re-dissolve 
metals in the long-term. Could be 
used following primary treatment 
for removal of vinyl chloride. 

Higher implementation costs due 
to active industrial facility, large 
number of wells, large chemical 
oxygen demand (due to anaerobic 
conditions and metals), long-term 
run time (high O&M) and longer 
term groundwater monitoring 
costs necessary to effectively 
treat the silt layer.

The aquifer is reducing, so the 
effects of air on the aquifer 
chemistry may be limited to while 
the system is active (precipitated 
metals may re-dissolve). 
Technology does not address 
chlorinated VOCs without being 
used in combination with SVE and 
does not treat 1,4-dioxane. 

Since this is an active facility 
with enclosed buildings, this 
technology increases risk to 
human health due to the 
potential for increased 
volatilization of chlorinated 
VOCs (which could be 
mitigated with operation of an 
SVE system or strategic design 
of lower flow air sparging wells 
away from enclosed buildings).

Implementation at higher flow rates 
adjacent to Building 1 would likely 
overwhelm the existing inhalation pathway 
interim measure venting system. 
Associated SVE would be necessary if 
installed adjacent to Building 1 to prevent 
migration.  However, implementation 
farther away from Building 1 at lower flow 
rates may be possible (with confirmation 
measurements taken at Building 1). 
Implementation oflow flow rate (without 
SVE) along the northeast and eastern 
property lines would be feasible in the 
shallow and deep aquifer. 

Technology is unlikely to migrate 
contaminants off site to 
neighboring properties or to the 
marsh.  This technology has led 
to volatiles building up in utility 
corridors, but implementation at a 
lower flow rate as a contingent 
remedy for polishing metals and 
only low VOC concentrations (or 
no VOCs) could limit public 
concern. 

This technology will not work for all site 
COCs and would cause major 
disturbance to site activities if 
implemented in the source areas. 
However, if implemented in select 
locations and for specific COCs onsite 
(in conjunction with other technologies 
or as a contingent remedy), it could 
speed the remedial time frame while 
adding minimal additional risks. 

Retain

Chemical 
Oxidation-Active 5.3.9X

Potentially treats all key COCs 
with a relatively short timeframe, 
may release metals.

Technology permanently destroys 
chlorinated VOCs and 1,4-
dioxane, assuming effective 
contact.

Higher implementation costs due 
to active industrial facility, multiple 
injection rounds, large chemical 
oxygen demand (due to anaerobic 
conditions and metals), and large 
number of wells necessary to 
implement the technology in silt 
layer. If effective, may reduce long-
term groundwater monitoring 
costs.

Technology relies on contact with  
constituents and distribution 
within the silt is difficult, but 
removes all COCs for source 
areas and CPOC.

Injection substrate is reactive 
and poses short-term risks to 
implementation personnel, 
typically managed with proper 
use of PPE and secondary 
containment. 

Implementable in shallow and lower 
aquifer to treat all key COCs. Would be 
difficult to implement in the silt. 

Technology is unlikely to migrate 
off site to neighboring properties,  
through utilities, or to the marsh, 
but metals may be released to 
groundwater as part of treatment.  
Bench testing should be utilized to 
reduce potential for metals 
release.

This technology could potentially 
address all site COCs but would cause 
significant disturbance to site activities if 
implemented in the source areas. 
However, if implemented in select 
locations, it could speed the remedial 
time frame while adding minimal 
additional risks.

Retain

Chemical 
Oxidation-Passive 5.3.9X

Potentially treats chlorinated 
VOCs, unlikely to degrade 1,4-
dioxane, and may release metals. 

Technology permanently destroys 
chlorinated VOCs, assuming 
effective contact.

Lower implementation costs than 
active ISCO, but likely large 
chemical oxygen demand (due to 
anaerobic conditions and metals) 
and large number of wells 
necessary to implement the 
technology to address long-term 
release from the silt layer. If 
effective, may reduce long-term 
groundwater monitoring costs. 

Technology is longer lasting than 
active oxidation and permanently 
destroys chlorinated VOCs, but 
does not address metals or 1,4-
dioxane. 

Significant but limited short-
term risks related to handling 
of passive ISCO chemicals and 
installation of new wells, 
typically managed with proper 
use of PPE.

Implementable in shallow and lower 
aquifer to treat all key COCs. Would be 
difficult to implement in the silt. 

Technology is unlikely to migrate 
off site to neighboring properties,  
through utilities, or to the marsh, 
but metals may be released to 
groundwater as part of treatment.  
Bench testing should be utilized to 
reduce potential for metals 
release.

This technology will not work for all site 
COCs (may exacerbate metals) and 
would cause major disturbance to site 
activities if implemented in the source 
areas. Not likely to be as effective as 
active oxidation given the site 
conditions. 

Reject

In Situ 
Physical/Chemical 

Treatment
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Thermal 
Treatment 5.3.10 Potentially addresses site COCs. Technology degrades or removes 

site COCs. 

Implementation costs would be 
substantial to institute for all 
source areas. Most of the source 
area is paved high traffic area or 
covered with buildings, making 
installation more complicated.  
Lower aquifer is connected to 
adjacent waterbodies, likely 
increasing water production and 
heating costs.  Long-term 
groundwater monitoring costs 
could be substantially reduced.

Could achieve CULs in relatively 
short timeframe, may release 
dissolved carbon (which would aid 
in biodegradation of chlorinated 
VOCs), but could exacerbate 
metals release to groundwater.

Installation of heating elements 
or steam injection points pose 
a risk for contact with COC 
impacted groundwater. 
Operation of the system could 
impact utilities in the vicinity 
dependent on material type.

Implementation and ongoing operations 
and maintenance of an thermal treatment 
system on an active industrial facility 
would be difficult. High groundwater at the 
facility makes operation of an SVE system 
in conjunction with heating difficult. 
Buildings are present over the source area 
complicating installation. Lower aquifer 
connection to adjacent water bodies may 
increase water production and heating 
costs.

Technology is unlikely to directly 
affect off site property 
(neighboring properties or the 
marsh), but plastic utility lines 
would need to be replaced in the 
upper treatment zone. Heated 
groundwater has the potential to 
migrate off site and into the marsh 
for a short time. Dissolving of 
entrained carbon could release 
metals to groundwater. 

This technology could potentially 
address all site COCs but would cause 
significant disturbance to site activities if 
implemented in the source areas and 
could potentially exacerbate release of 
metals. Potentially one of the most 
effective treatment technologies for the 
silt layer.

Retain

In-Well Stripping 5.3.11

Addresses vinyl chloride (VC), but 
inhibits the degradation of other 
chlorinated VOCs. Potentially 
exacerbates the vapor intrusion 
pathway by volatilizing VOCs in 
groundwater.

Inhibits degradation of chlorinated 
VOCs with the exception of VC. 
Technology ineffective in silts and 
does not address 1,4-dioxane. 

Higher implementation costs due 
to active industrial facility, large 
number of wells, large chemical 
oxygen demand (due to anaerobic 
conditions and metals), likelihood 
of iron precipitation and/or 
biological fouling. Long-term 
operation and maintenance would 
be costly due to the  within the 
stripping wells.

The aquifer is reducing, so the 
effects of air on the aquifer 
chemistry will be limited to while 
the system is active. Technology 
does not address chlorinated 
VOCs with the exception of VC 
and does not treat 1,4-dioxane. 

Since this is an active facility 
with enclosed buildings, this 
technology increases risk to 
human health due to the 
potential for increased 
volatilization of chlorinated 
VOCs (which could be 
mitigated with operation of an 
SVE system.)

Since this is an active facility with high 
traffic and chlorinated mass trapped in 
silts,  the implementation options are 
limited and more technically challenging.  
High groundwater at the facility makes 
operation of an SVE system in conjunction 
with air sparge potentially infeasible.

Technology is unlikely to migrate 
off site to neighboring properties, 
through utilities, or to the marsh, 
so public concern should be 
minimal. 

This technology has a mixed 
performance record, would not address 
all site COCs, and could inhibit the 
ongoing active anaerobic 
biodegradation.  Not likely to be as 
effective as active chemical oxidation or 
traditional air sparging given the site 
conditions. 

Reject

Passive/Reactive 
Treatment Walls 5.3.12

Substrate such as zero valent iron 
(ZVI) would address chlorinated 
VOCs and metals but would not 
treat 1,4-dioxane.

Technology could reduce mass in 
the short-term and provide long-
term passive treatment of 
chlorinated VOCs and metals. 

Implementation costs could range 
widely depending on type of 
installation (low cost for widely 
spaced injections, higher cost for 
slurry wall or tightly spaced 
injections).  However, 
implementation costs could be 
minimized with use in specific 
target zones (in sandy aquifer 
only). Bench or pilot testing likely 
necessary to accurately estimate 
costs. Could reduce long-term 
groundwater monitoring costs.

Technology could passively treat 
secondary source from silt until 
source has been degraded to 
below the CULs. Would need to 
be used in conjunction with other 
technologies for 1,4-dioxane.

Minimal short-term risks 
possible to personnel 
implementing technology. 

Injections within the source area above 
and below the silt layer, within the sand 
units, would allow for even distribution of 
substrate during construction of the 
passive treatment barriers.

Technology will utilize substrate 
which will remain in the injection 
area and is unlikely to migrate off 
site through utilities, neighboring 
properties, or to the marsh, so 
public concern should be minimal. 

This technology will not work for all site 
COCs and would cause major 
disturbance to site activities if 
implemented in the source areas. 
However, if implemented in select 
locations and for specific COCs onsite 
(in conjunction with other technologies), 
it could speed the remedial time frame 
while adding minimal additional risks. 

Retain

Groundwater 
Extraction and 

Treatment (Pump and 
Treat)

Hydraulic Control 5.3.13

Could further reduce the footprint 
or speed up the reduction of the 
groundwater plume in the shallow 
and lower aquifer and potentially 
addresses all the contaminants.

Ex-situ treatment of COCs would 
be necessary to remove COC 
mass. long-term operation would 
be necessary to continually 
protect from release of COCs 
from silt.

Implementation costs may be 
significant to achieve control in 
the lower aquifer (given the 
connection to nearby surface 
water bodies). Long-term 
operations and maintenance 
costs would be high due to the 
long duration of operation 
necessary to continue capture of 
the ongoing slow release of COCs 
from the silt (and likelihood of iron 
precipitation and/or biological 
fouling.)

Could effectively contain COC's 
onsite, but due to entrainment of 
COC's in silts likely long-term 
operation required for lower 
aquifer. Long-term operation of 
the hydraulic control system 
would cause the restoration 
timeframe to increase significantly 
compared to other active 
treatment technologies.

System installation would 
require trenching for 
installation of conveyance 
piping in and around the 
source area as well as ex-situ 
management of contaminated 
groundwater increasing the 
potential for worker exposure 
to COCs. 

Implementation and ongoing operations 
and maintenance of a hydraulic control 
system on an active industrial facility 
would be difficult compared to a vacant 
site, but not as disruptive as excavation, 
thermal, or deep soil mixing. Water is likely 
to flow from the more permeable layers of 
the aquifer (which are connected to 
adjacent water bodies or are impacted by 
seasonal high water) not from the 
suspected source area (the silt layer). 
POTW does not accept groundwater by 
rule, would require additional permitting 
effort and Ecology request.

Technology would keep site 
COCs within the property 
boundary, so is unlikely to cause 
public concern and likely to be 
seen as generally beneficial.

This technology could capture all site 
COCs, but is unlikely to speed up the 
remedial time frame. On its own this 
technology would be rejected, but could 
provide temporary control of offsite 
migration in conjunction with other 
technologies. Other permanent remedial 
technologies are implementable with 
reduced restoration timeframe or are 
less disruptive to site activities 
compared to this technology. 

Retain

In Situ 
Physical/Chemical 
Treatment (cont.)

15 of 19



TABLE 5-4     
REMEDIATION TECHNOLOGY SCREENING FOR GROUNDWATER     

Stericycle Washougal Facility      
Washougal, Washington     

Protectiveness                               Permanence                                                                 Cost                                                                                        Effectiveness over long-term           Management of short-term Risks 
Technical and Administrative 

Implementability                      
Consideration of Public Concerns                                              

Screening 
Result

Site-Specific Issues Affecting Technology or Implementation
General Response 

Actions
Remediation 
Technologies Section Rationale for Retention or Rejection

   

Mass Reduction 5.3.13

Would remove COCs from higher 
permeability units (sand) but 
would be ineffective at extracting 
mass from the silt layer (source 
area).

Technology unlikely to 
significantly speed up mass 
removal from silt layer. Unlikely to 
significantly speed up attainment 
of CUL within source area or at 
CPOC.

Implementation costs may be 
significant to achieve control in 
the lower aquifer (given the 
connection to nearby surface 
water bodies). Long-term 
operations and maintenance 
costs would be high due to the 
long duration of operation 
necessary to continue capture of 
the ongoing slow release of COCs 
from the silt (and likelihood of iron 
precipitation and/or biological 
fouling.)

Minimal long-term effectiveness 
due to inability for technology to 
address COCs within the silt. 

System installation would 
require trenching for 
installation of conveyance 
piping in and around the 
source area as well as ex-situ 
management of contaminated 
groundwater increasing the 
potential for worker exposure 
to COCs. 

Implementation and ongoing operations 
and maintenance of a hydraulic control 
system on an active industrial facility 
would be difficult compared to a vacant 
site, but not as disruptive as excavation, 
thermal, or deep soil mixing. Water is likely 
to flow from the more permeable layers of 
the aquifer (which are connected to 
adjacent water bodies or are impacted by 
seasonal high water) not from the 
suspected source area (the silt layer). 
POTW does not accept groundwater by 
rule, would require additional permitting 
effort and Ecology request.

Technology would keep site 
COCs within the property 
boundary, so is unlikely to cause 
public concern and likely to be 
seen as generally beneficial.

This technology could capture all site 
COCs, but is unlikely to speed up the 
remedial time frame. Other permanent 
remedial technologies are 
implementable with reduced restoration 
timeframe compared to this technology. 

Reject

Dynamic 
Groundwater 
Recirculation 

(DGR)

5.3.X

Would remove COCs from higher 
permeability units (sand) but 
would be ineffective at extracting 
mass from the silt layer (source 
area).

Technology unlikely to 
significantly speed up mass 
removal from silt layer. Unlikely to 
significantly speed up attainment 
of CUL within source area or at 
CPOC.

High long-term operation and 
maintenance costs due to the 
technologies inability to attain 
CULs within the source area.

Minimal long-term effectiveness 
due to inability for technology to 
address COCs within the silt. 

System installation would 
require trenching for 
installation of conveyance 
piping in and around the 
source area increasing the 
potential for worker exposure 
to COCs. 

Implementation and ongoing operations 
and maintenance of a hydraulic control 
system on an active industrial facility 
would be difficult compared to a vacant 
site, but not as disruptive as excavation, 
thermal, or deep soil mixing. Water is likely 
to flow from the more permeable layers of 
the aquifer (which are connected to 
adjacent water bodies or are impacted by 
seasonal high water) not from the 
suspected source area (the silt layer). 
POTW does not accept groundwater by 
rule, would require additional permitting 
effort and Ecology request.

Technology would keep site 
COCs within the property 
boundary, so is unlikely to cause 
public concern and likely to be 
seen as generally beneficial.

This technology could capture all site 
COCs, but is unlikely to speed up the 
remedial time frame. Other permanent 
remedial technologies are 
implementable with reduced restoration 
timeframe compared to this technology. 

Reject

Emulsified Zero-
Valent Iron 5.3.14

Technology would address 
chlorinated VOCs and metals in 
shallow and lower aquifer, but 
would not address 1,4-dioxane.

Distribution of injected material is 
difficult in silts, but can be 
completed in shallow and lower 
aquifer above and below silts. 
Technology does not address 1,4-
dioxane. 

Implementation costs could range 
widely depending on type of 
installation (low cost for widely 
spaced injections, higher cost for 
slurry wall or tightly spaced 
injections).  However, 
implementation costs could be 
minimized with use in specific 
target zones (in sandy aquifer 
only). Bench or pilot testing likely 
necessary to accurately estimate 
costs. Could reduce long-term 
groundwater monitoring costs.

Technology addresses 
chlorinated VOCs and metals, but 
does not address  1,4-dioxane. 

Minimal short-term risks 
possible to personnel 
implementing technology. 

Implementable in shallow and lower 
aquifer to treat chlorinated VOCs and 
metals. Would be difficult to implement in 
the silt and does not address 1,4-dioxane. 

Technology will utilize substrate 
which will remain in the injection 
area and is unlikely to migrate off 
site through utilities or to the 
marsh, so is unlikely to cause 
public concern and likely to be 
seen as generally beneficial. 

This technology will not work for all site 
COCs but may cause less disturbance 
to site activities if implemented in the 
source areas than other technologies. If 
implemented for specific COCs onsite 
(in conjunction with other technologies), 
it could speed the remedial time frame 
while adding minimal additional risks. 

Retain

Solvent-Enhanced 
Aquifer 

Remediation 
(SEAR)

5.3.15

Injection of surfactant would 
improve mobility of chlorinated 
VOCs followed by pump-and-treat 
extraction to remove mobile 
chlorinated VOCs in solution. 
Technology would not address 
metals or 1,4-dioxane. 

Technology unlikely to 
significantly speed up mass 
removal from silt layer. Unlikely to 
significantly speed up attainment 
of CUL within source area or at 
CPOC.  Technology would not 
address metals or 1, 4-dioxane. 

Implementation costs may be 
significant to achieve control in 
the lower aquifer (given the 
connection to nearby surface 
water bodies). Long-term 
operations and maintenance 
costs would be high due to the 
long duration of operation 
necessary to continue capture of 
the ongoing slow release of COCs 
from the silt (and likelihood of iron 
precipitation and/or biological 
fouling.)

Technology addresses 
chlorinated VOCs in sands and 
some of the silt, but does not 
address metals or 1,4-dioxane.  
Injections of surfactants could 
create preferential pathways for 
groundwater flow potentially 
mobilizing COCs (and 
surfactants) outside the radius of 
influence from extraction wells. 

System installation would 
require trenching for 
installation of conveyance 
piping in and around the 
source area as well as ex-situ 
management of contaminated 
groundwater increasing the 
potential for worker exposure 
to COCs. 

Implementation and ongoing operations 
and maintenance of the system on an 
active industrial facility would be difficult 
compared to a vacant site. High 
groundwater extraction rates paired with 
high seasonal groundwater at the facility 
would increase water production and 
management costs. Technology depends 
on contact with COCs in the silt and 
distribution in the silt will be difficult. 

Technology is designed to keep 
site COCs within the property 
boundary, but may inadvertently 
mobilize site COCs and 
surfactants outside the property 
boundary, so there would be 
higher public concern than for  
standard hydraulic mass removal. 

This technology will not work for all site 
COCs (may exacerbate metals) and 
poses significant additional concerns 
with potential migration of contaminants 
offsite. 

Reject

Groundwater 
Extraction and 

Treatment (Pump and 
Treat) (cont.)

In Situ 
Physical/Chemical 

Treatment
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In Situ 
Physical/Chemical 
Treatment (cont.)

Co-Solvent 
Flooding 5.3.16

Injection of solvents, typically 
ethanol or propanol, would 
improve mobility of chlorinated 
VOCs followed by pump-and-treat 
extraction to remove mobile 
chlorinated VOCs in solution. 
Technology would not address 
metals or 1,4-dioxane. 

Technology unlikely to 
significantly speed up mass 
removal from silt layer. Unlikely to 
significantly speed up attainment 
of CUL within source area or at 
CPOC.  Technology would not 
address metals or 1, 4-dioxane. 

Implementation costs may be 
significant to achieve control in 
the lower aquifer (given the 
connection to nearby surface 
water bodies). Long-term 
operations and maintenance 
costs would be high due to the 
long duration of operation 
necessary to continue capture of 
the ongoing slow release of COCs 
from the silt (and likelihood of iron 
precipitation and/or biological 
fouling.)

Technology addresses 
chlorinated VOCs in sands and 
some of the silt, but does not 
address metals or 1,4-dioxane.  
Injections of solvents could create 
preferential pathways for 
groundwater flow potentially 
mobilizing COCs (and 
surfactants) outside the radius of 
influence from extraction wells. In 
addition, additional carbon source 
could exacerbate metals release 
to groundwater. 

Injection of solvents , typically 
ethanol or propanol, pose an 
elevated risk to operators of 
the system and facility staff. 
Installation of the treatment 
system for injection of solvents 
and extraction of COCs pose a 
higher risk to installation 
personnel.   

Implementation and ongoing operations 
and maintenance of the system on an 
active industrial facility would be difficult 
compared to a vacant site. High 
groundwater extraction rates paired with 
high seasonal groundwater at the facility 
would increase water production and 
management costs. Technology depends 
on contact with COCs in the silt and 
distribution in the silt will be difficult. 

Technology is designed to keep 
site COCs within the property 
boundary, but may inadvertently 
mobilize site COCs and solvents 
outside the property boundary, so 
there would be higher public 
concern than for standard 
hydraulic mass removal. 

This technology will not work for all site 
COCs (may exacerbate metals) and 
poses significant additional concerns 
with potential migration of contaminants 
offsite. 

Reject

Physical Containment Barrier Wall 5.3.17

Installation of a barrier wall would 
limit mobility of all COCs 
remaining on site, but would not 
reduce COC concentrations and 
may slow attenuation and 
degradation of contaminants. 

The technology would completely 
reduce the mobility of the site 
COCs. The volume and toxicity of 
the COCs would not be 
addressed through this 
technology. 

High implementation cost 
compared to most other 
alternatives to construct a barrier 
wall for both the shallow and 
lower aquifers. Long-term costs 
are minimal and technology could 
reduce long-term groundwater 
monitoring costs when used in 
conjunction with hydraulic control. 

Technology potentially addresses 
all contaminants but likely to have 
a longer timeline than active 
treatment options.

Increased short-term risk 
during implementation due to 
displacement of large volumes 
of soil and potentially 
groundwater. Typically 
managed with proper use of 
PPE and secondary 
containment.

Implementation on an active industrial 
facility would  be difficult compared to a 
vacant site.  

A barrier wall would stop off site 
migration of COCs, so is unlikely 
to cause public concern and likely 
to be seen as generally beneficial.   

This technology could work to capture 
all site COCs, but would not speed up 
the remedial time frame. However, it 
could be used in conjunction with other 
technologies to minimize disturbance to 
site activities if implemented 
strategically. 

Retain

Air Stripping 5.3.18
Technology addresses 
chlorinated VOCs and metals but 
not 1,4-dioxane. 

Technology would remove VOCs, 
but effluent vapor would be 
treated through catalytic oxidation 
or adsorption. Technology does 
not address  1,4-dioxane and may 
only temporarily stabilize metals.

Minimal implementation costs 
when compared to installation of a 
pump-and-treat system. Long-
term cost to operate an air 
stripper is relatively minimal 
during operation of the pump-and-
treat system, but iron precipitation 
would likely cause significant 
fouling, increasing long-term 
maintenance costs. 

Technology addresses 
chlorinated VOCs, but does not 
address  1,4-dioxane and may 
only temporarily stabilize metals.

Increased short-term risk 
during operation of the air 
stripper due to volatilization of 
VOCs . Maintenance of the air 
stripper and wastes generated 
pose additional short-term 
risks. Typically managed with 
proper use of PPE, vapor 
treatment, and secondary 
containment.

The addition of an air stripping system into 
a pump-and-treat system would further 
complicate implementation of  hydraulic 
control remedies, as noted above. 

Air stripping removes VOCs from 
groundwater and transfers them 
to the air phase. This technology 
could cause public concern 
related to air emissions.

Retained since hydraulic control was 
retained. Retain

Oxidation 5.3.X

Ex-situ oxidation would be 
effective in reducing contaminant 
mass for chlorinated VOCs, 
metals, and 1,4-dioxane.

Technology would destroy 
contaminant mass when used in 
conjunction with pump-and-treat. 

Minimal implementation costs 
when compared to installation of a 
pump-and-treat system. Long-
term costs can be variable, 
dependent on oxidant used, but 
high costs are expected with long-
term operations and 
maintenance. 

While this technology would treat 
all contaminants, reinjection of 
oxygenated water into the aquifer 
could impact existing anaerobic 
degradation and may lead to 
significant fouling.

Short-term risks are increased 
due to use of a pump-and-treat 
system as a remedial 
alternative and oxidants are an 
additional hazard to personnel. 
Typically managed with proper 
use of PPE and secondary 
containment.

The addition of an oxidant augmentation 
system into a pump-and-treat system 
would further complicate implementation 
of hydraulic control remedies, as noted 
above.

Effluent from a pump-and-treat 
system actively augmented with 
an oxidant could add to public 
concerns for a pump a treat 
system.

Retained since hydraulic control was 
retained. Retain

Adsorption 5.3.19 Potentially addresses site COCs. 

Different adsorbent media are 
utilized for different contaminants. 
If media can be used effectively in 
a treatment train, would 
permanently remove 
contaminants. 

Potentially high implementation 
costs and long term operations 
costs, depending on effectiveness 
of media and volumes of water 
needing treatment.

New adsorption media has been 
developed using resins for 1,4-
dioxane and VC removal. 
Effectiveness is highly variable on 
groundwater chemistry, bench 
testing would be necessary to 
determine long term performance.

Short-term risks possible to 
personnel implementing 
technology depending on type 
of media utilized.  Short-term 
risks are increased due to use 
of a pump-and-treat system as 
a remedial alternative. 
Typically managed with proper 
use of PPE and secondary 
containment.

The addition of adsorption units into a 
pump-and-treat system would further 
complicate implementation of a remedy,  
but potentially less complicated than 
oxidation or air stripping. 

Adsorption technology is unlikely 
to contribute chemicals to offsite 
discharge, so is unlikely to cause 
public concern and likely to be 
seen as generally beneficial. 

Retained since hydraulic control was 
retained. Retain

Ancillary/Support 
Technologies
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Ancillary/Support 
Technologies (cont.) Deep Soil Mixing 5.3.20 Potentially addresses site COCs. 

Technology oxidizes, reduces or 
sequesters depending on 
substrate used during mixing to 
permanently reduce COC mass. 

Implementation costs would be 
substantial to institute for all 
source areas. Most of the source 
area is paved high traffic area or 
covered with buildings and this 
technology requires significant 
excavation as part of the work, 
making installation more 
complicated.    Long-term 
monitoring costs would be less 
than most other alternatives as 
mass should be treated quickly. 

Technology does not rely on flow 
through pore spaces for 
distribution, but physically mixes 
in treatment substrates. There is a 
high likelihood the technology 
would effectively treat all 
contaminants. 

Increased short-term risk 
during implementation due to 
displacement of large volumes 
of soil and potentially 
groundwater as well as 
exposure to treatment 
chemicals. Typically managed 
with proper use of PPE and 
secondary containment.

Since this is an active facility with high 
traffic, enclosed buildings, and chlorinated 
mass trapped in silts,  the implementation 
options are limited and more technically 
challenging.  Implementation on an active 
high traffic industrial facility would require 
coordination of work (off hours work 
potentially).

Technology could potentially treat 
most site COCs quicker than 
other technologies and contain 
remainder within the property 
boundary.  Trucking of excavated 
materials offsite would be more 
substantial for this alternative than 
other alternatives. 

This technology could potentially 
address all site COCs but would cause 
major disturbance to site activities if 
implemented in the source areas. 
Potentially one of the most effective 
treatment technologies for the silt layer.

Retain

Notes
X indicates a new technology added to the table after submittal of the 2013 Feasibility Study

Abbreviations
cis -1,2-DCE = cis -1,2-dichloroethene ORC = oxygen-releasing compound
COL = constituent of concern SVOCs = semivolatile organic compounds 
CPOC = conditional point of compliance TCE = trichloroethene
CUL = cleanup level TPH = total petroleum hydrocarbon
HRC = hydrogen-releasing compounds VC = vinyl chloride
ISCO = in situ chemical oxidation VOCs = volatile organic compounds
 O&M = operation and maintenance ZVI = zero-valent iron
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TABLE 5-5  
RETAINED REMEDIATION TECHNOLOGIES 

Stericycle Washougal Facility  
Washougal, Washington 

General Response Actions Remediation Technologies
In Situ Biological Treatment Phytoremediation

Chemical Oxidation
Solidification/Stabilization

In Situ Thermal Treatment High-Temperature Volatilization
Containment Cap/Surface Cover

Excavation and Disposal Excavation and Off-Site Disposal

General Response Actions Remediation Technologies
Enhanced Biodegradation with Biosparging

Oxygen Enhancement with Hydrogen Peroxide or 
ORC

Biostimulation of Reductive Dechlorination 
(Anaerobic)

Bioaugmentation
Monitored Natural Attenuation

Phytoremediation
Air Sparging

Chemical Oxidation
Thermal Treatment

Passive/Reactive Treatment Walls
Emulsified Zero-Valent Iron

Groundwater Extraction (Pump and 
Treat) Hydraulic Control

Physical Containment Barrier Wall
Air stripping 

Oxidation
Adsorption

Deep Soil Mixing

Abbreviations
ORC = oxygen-releasing compound

Ancillary/Support Technologies

Potentially Applicable Soil Technology

In Situ Physical/Chemical Treatment

Potentially Applicable Groundwater Technology

In Situ Biological Treatment

In Situ Physical/Chemical Treatment



General Target 
Description

Alternative 1 Alternative 2 Alternative 3 Alternative 4 Alternative 5 Alternative 6

MNA in former 
tank farm area

ISB in former tank 
farm area primarily 
targeting silt layer, 

MA

DSM with ZVI of 
shallow zone and 

silt layer, MA

ERH of shallow zone 
and silt layer, MA

PRB with ZVI above 
and within silt 

layer, MA

ISB in former tank 
farm area primarily 
targeting silt layer, 

MA
MNA near MC‐

14
ISCO near 

MC‐14, MA
ISCO near 

MC‐14 , MA
ERH near MC‐14, MA

ISCO near 
MC‐14, MA

ISCO near 
MC‐14 , MA

GW‐Shallow  
Downgradient

GW‐Lower Aquifer 
Former Tank Farm Area 

and North Fence line 
(near MC‐118D) Source 

Area

MNA
ISB in silt/lower 

aquifer, MA

DSM with ZVI/clay 
of silt, targeted 

ISCO in silt/lower 
aquifer, MA

ERH in silt/lower 
aquifer, MA

PRB with ZVI of 
silt/lower aquifer, 

MA

ISB in silt/lower 
aquifer, hydraulic 

control, MA

GW‐Lower Aquifer 
Downgradient 

(Including MC‐15D 
Area) 

MNA PRB with ZVI, MA
ISB and hydraulic 

control, MA

Notes:
COC= Contaminant of Concern ISB= In‐situ Bioremediation ZVI= Zero Valent Iron
DSM= Deep Soil Mixing ISCO= In‐Situ Chemical Oxidation
ERH= Electrical Resistive Heating MA= Monitored Attenuation
GW= Groundwater MNA= Monitored Natural Attenuation

Table: 7‐1 
Feasibility Study Alternatives Summary

Common to all 
alternatives for Soil 

and GW

MNA

ISB, MA

Long Term or Temporary Institutional Controls
Verification of GW remediation progress and effectiveness through GW monitoring

Inhalation Pathway Interim Measure under Building 1

Grouting of utility bedding
Surface cover over areas with soils with elevated concentrations of COCs

GW‐Shallow Source 
Areas



AutoCAD SHX Text
DALTON

AutoCAD SHX Text
OLMSTED

AutoCAD SHX Text
FUGLEVAND



AutoCAD SHX Text
DALTON

AutoCAD SHX Text
OLMSTED

AutoCAD SHX Text
FUGLEVAND



AutoCAD SHX Text
DALTON

AutoCAD SHX Text
OLMSTED

AutoCAD SHX Text
FUGLEVAND



AutoCAD SHX Text
DALTON

AutoCAD SHX Text
OLMSTED

AutoCAD SHX Text
FUGLEVAND



AutoCAD SHX Text
DALTON

AutoCAD SHX Text
OLMSTED

AutoCAD SHX Text
FUGLEVAND



AutoCAD SHX Text
DALTON

AutoCAD SHX Text
OLMSTED

AutoCAD SHX Text
FUGLEVAND



 

 

 

Appendix E 
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Nature and Extent Figures 
 

 

Presented during February 19, 2020 Meeting & Updated following Ecology 
Comments 

 

 



Nature And Extent Summary 
Slides

Stericycle Washougal

Slides are generally paired as follows:
• Slide A ‐ Trend charts are plotted onto a plan view of the facility.
• Slide B ‐ Shows approximate location of proposed treatment areas    relative to 

CUL exceedances at monitoring locations.
• Additional slides are provided to look at important trends in more detail.
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Vinyl Chloride –Slide A
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