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1.0 INTRODUCTION

This Draft Remedial Investigation / Feasibility Study (RI/FS) report was prepared by Kane Environmental,
Inc., (Kane Environmental) on behalf of the City of Bothell (the City) for the Bothell Service Center Simon
& Son Site located in Bothell, Washington (the Site). A vicinity map and Site location are shown on Figure
1. An Rl Work Plan (Rev 1) was prepared and submitted to the Washington Department of Ecology
(Ecology) in August 2015 for the purpose of filling data gaps regarding the horizontal and vertical extent of
halogenated volatile organic compounds (HVOCs) in soil and groundwater beneath the Site and/or
nearby properties (HWA, 2015). Site characterization was completed by Kane Environmental from July
2016 through June 2017, which included supplemental soil sampling and installation of groundwater
monitoring wells with two rounds of groundwater sampling. In February and June 2017, additional soil
sampling was conducted at Ecology’s request to delineate the southern extent of the source area HVOC

contaminated soil.

1.1 Purpose

The objective of this RI/FS report is to meet the requirements of the Model Toxics Control Act (MTCA)
Cleanup Regulation (Washington Administrative Code [WAC] 173-340) to characterize the Site and
evaluate proposed remedial actions to address the contamination and based on that evaluation, propose

the most appropriate remedial alternative to clean up the Site.

The purpose of the remedial investigation (RI) is to investigate and delineate the nature and extent of soil
and/or groundwater impacts at the Site. The RI is designed to characterize site conditions, including site
physical characteristics, nature and extent of contaminants of concern, media impacted, source areas,
contaminant migration pathways, rates, and directions, and potential receptors and develop a site
conceptual model. This was accomplished using existing data as well as conducting site-specific
investigations. The RI findings were then used to complete a Draft FS, to evaluate remedial alternatives
for the Site and select a cleanup action as described in WAC 173-340-360 through 173-340-390. The

selected cleanup alternative was then detailed in a draft cleanup action plan (dCAP).

The primary historical environmental concerns at the Site are associated with HVOCs released to soil and

groundwater from a former dry cleaners at the northwest corner of the Site.

Specific objectives of the RI/FS include:

o Determine the lateral and vertical extent of HYOC impacts to soil and groundwater at the Site;

e Investigate site geology, hydrogeology, and groundwater flow/transport characteristics;
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o Develop a conceptual site model (exposure pathways and receptors);

o Establish cleanup standards and remedial action objectives;

¢ |dentify and screen feasible remedial technologies;

e Assemble and screen remediation alternatives;

e Perform a detailed evaluation of the screened remediation alternatives;

e Propose and describe a preferred cleanup alternative;

e Select a preferred cleanup alternative.

1.2 Authorization / Scope of Work

Kane Environmental work for this project was authorized under an On-Call Hazardous Materials Services
Consultant Agreement with the City dated June 2016. Kane Environmental’'s scope of work for this

portion of the project included:

e Prepare and submit to Ecology an Rl scope of work;

e Perform environmental explorations and develop remedial designs for cleanup of the Site;

e Prepare a Draft RI/FS (dRI/FS) and Draft Cleanup Action Plan (dCAP).

1.3 Regulatory Framework

The Site is listed in Ecology’s database as Bothell Service Center (BSC), and also as Simon & Son Fine
Drycleaning. The Site is assigned Facility Site ID number 33215922 for dry cleaning solvent
contamination in soil and groundwater. The Voluntary Cleanup Program (VCP) project number for the
Site is NW2946 and the Cleanup Site ID number is 427. It should be noted that the Site was formerly in
the VCP as project number NW0794 from 2001 to 2006.

Ecology lists the Site Discovery/Release Report having been received on August 1, 2001 (Ecology,
2015a). On February 16, 2015, the City of Bothell re-entered the Site into Ecology’s VCP in order to
complete this remedial investigation and feasibility study and prepare a draft Cleanup Action Plan
(dCAP). The remediation of the site following the cleanup action plan is anticipated to be implemented

under a consent decree with the City of Bothell and Ecology.
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14 Site Background

The property containing the source of contamination was previously owned by Bothell Service Center
Associates (BSCA) and managed by NLO Property Management (BSCA property). The City of Bothell is
the current owner of the BSCA property and the City owns roadways and other parcels adjacent to the
BSCA property, which are also part of the Site. The City is in the process of obtaining a Consent Decree

to implement a Cleanup Action Plan for the Site with Ecology and the Attorney General’s Office.

The BSCA property address is 18107 Bothell Way NE, Bothell, WA 98011, located at 47.760 degrees
north and -122.209 degrees west in Section 7 of Township 26 north, Range 5 east. The King County
Assessor’s Office lists the parcel number as 237420-0065, which is 0.62 acres in size. The BSCA
property previously included a one-story, masonry, commercial building approximately 8,410 square feet
in area, containing five tenant suites. The former building on the BSCA property and associated
aboveground features were demolished in August 2016. The BSCA property currently contains the
concrete at-grade floor of the former building, and the asphalt paving is also still present. Stormwater
drains and piping are still functional on the BSCA property while the sanitary sewer and water lines were
disconnected in August 2016. This BSCA property is located on the northeast comer of the intersection
of 98 Avenue Northeast and the former State Route 522. The Site also includes a portion of the vacated
State Route 522, and a portion of a parcel south of that. Vacant properties located to the east, south, and
southeast of the BSCA property are owned by the City, and are in the process of being redeveloped.
Private residential properties are located to the west and north of the Site. General location of the Site is

shown on Figure 1. A Site plan is shown on Figure 2.

According to available information, the former building on the BSCA property was constructed in 1988,
and Simon and Son Drycleaning, a dry cleaning facility, operated in the westernmost tenant suite from
approximately 1989 through 1999. In 1999, a release of the dry cleaning solvent tetrachloroethene (PCE)
was detected in subsurface soils beneath the former building on the BSCA property. The detected
release of PCE was reported to Ecology by NLO Property Management in a letter dated August 22, 2000.
The corresponding and subsequent subsurface investigations and remedial activities conducted on the

BSCA property and vicinity are discussed in Section 1.5.

Per MTCA, a “Site” is “any site or area where a hazardous substance...has been deposited, stored,
disposed of, or placed, or otherwise come to be located.” The RI provides information about the location
of hazardous substances from which an informed estimate of the Site boundaries can be made. Figure 2
shows the approximate extent of the Site as defined by the extent of HYOC in groundwater, primarily the
dry cleaning solvent PCE, at concentrations greater than Washington’s Model Toxics Control Act (MTCA)

Method A groundwater cleanup levels. The HVOC plume originating from the former Simon & Son Fine
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Drycleaning facility on the BSCA property is known to exist beneath the BSCA property and extend onto

adjacent and downgradient properties, including (from up- to down-gradient):

e 98" Avenue NE, located to the west and southwest of the BSCA property;

e The vacated portion of State Route 522 located immediately south of the BSCA property;

e The adjoining former Al's Auto Bothell Wexler property to the east, now owned by the City;

e The location of the Bothell Former Hertz Facility (former Hertz property) south of the vacated

portion of SR522, now vacant, undeveloped, and also owned by the City.

See Figure 1 for a Vicinity Map and Figure 2 for a Site Plan.

1.5 Previous Site Assessments and Remedial Activities

This section is adapted from Farallon Consulting’s 2011 letter report to Ecology (Farallon, 2011), and
HWA Geosciences 2008 environmental assessment reports. Tables 1 and 2 respectively list soil and
groundwater analytical data collected to date by several environmental consulting firms that have worked
at the Site and in the vicinity. Figure 3 shows features on the BSCA property including buried utility

locations, and the location of equipment used in former dry cleaning operations.

Interim_Site Characterization Summary, Environmental Resources Management (ERM), October
17, 2001.

ERM conducted subsurface soil and groundwater investigation activities at the Site between December
1999 and July 2001 (ERM, 2001). Hand-auger borings HA-l, HA-2, and HA-3 were advanced in
December 1999 to assess soil conditions in the vicinity of the former dry cleaning equipment in the
Bothell Service Center building. PCE was detected at concentrations exceeding the current MTCA
Method A soil cleanup level of 0.05 milligrams per kilogram (mg/kg) in soil samples collected from depths
of 1 to 2 feet below ground surface (bgs) in each of the boring locations, confirming that a release of PCE

had occurred at the Site.

In June and July 2000, ERM conducted subsurface investigations that involved collection of soil and
groundwater samples from direct-push borings B-4 through B-11 and GP-1 through GP-3. The work in
June 2000 entailed chemical analyses of soil samples collected from depths up to 4.2 feet bgs. PCE was
detected at concentrations exceeding the MTCA Method A soil cleanup level, with the highest
concentration of 392 mg/kg detected in a soil sample collected at a depth of 2.5 feet bgs from boring B-9

in the former dry cleaning equipment area. Work later in the summer of 2000 included chemical analyses
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of soil samples that confirmed PCE in excess of the MTCA Method A soil cleanup level at depths to 9 feet
bgs approximately 20 feet southwest (soil boring GP-3) and 50 feet southeast (boring GP-2) of the former

dry cleaning equipment area (Figure 3).

PCE and TCE were detected at concentrations exceeding current MTCA Method A groundwater cleanup
levels in reconnaissance groundwater samples collected from borings GP-2 and GP-3. Chloroform and
1,1-dichloroethene (1,1-DCE) were also detected at concentrations exceeding current MTCA Method B

groundwater cleanup levels in the reconnaissance sample collected from boring GP-3.

To further delineate the extent of PCE and related degradation compounds at the Site, ERM conducted
supplemental investigation activities in 2001 that involved advancing and sampling additional direct-push
Geoprobe temporary borings SP-1 through SP-12, and installing groundwater monitoring wells MW-1
through MW-7. The groundwater samples collected included both “shallow” and “deep” reconnaissance
groundwater samples (exact depths were not indicated in the information available), with results used to
support the selection of monitoring well locations. Findings of the supplemental investigation indicated
that PCE concentrations in groundwater increased with depth, and PCE and its degradation compounds
exceeded MTCA Method A or Method B cleanup levels. Chloroform also was detected at concentrations

exceeding the MTCA Method B groundwater cleanup level.

Interim Site Remediation Summary, ERM, March 25, 2002.

In 2001 and 2002, after a technology feasibility evaluation process, ERM conducted two remedial action
events consisting of application of in-situ chemical oxidation at the Site to address concentrations of PCE
in soil and groundwater. During the first event in 2001, potassium permanganate solution was applied
directly to soil exposed by the removal of a section of the floor in the vicinity of the former dry cleaning
equipment in the Bothell Service Center building. Also in 2001, ERM applied potassium permanganate
directly into the water-bearing zone at depths ranging from 10 to 20 feet bgs at eleven soil boring
locations outside the south side of the building using a direct-push drill rig. Approximately 100 to 250
gallons of a 2.5 percent potassium permanganate solution was injected into each boring, with a total
injection volume of 1,800 gallons of solution. Groundwater monitoring indicated that HVOC
concentrations were reduced in some areas 17 days after injection; however, concentrations rebounded
after approximately four months. Notably, MW-4, where concentrations were reduced to 8,960
micrograms per liter (ug/L) and rebounded to 11,000 pg/L, and MW-6, where concentrations were
reduced to 13,500 ug/L and rebounded to 21,800 ug/L.
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Subsurface Investigation Report, Farallon Consulting (Farallon), January 27, 2003.

Farallon conducted a subsurface investigation at the Site in September and October 2002 that included
drilling and installation of groundwater monitoring wells MW-8 and MW-9, and one groundwater
monitoring event. PCE was detected at concentrations exceeding MTCA Method A cleanup levels in a
soil sample collected from boring MW-9, in groundwater samples collected from boring SB-1, and in
groundwater in the borings for groundwater monitoring wells MW-8 and MW-9. PCE degradation
compounds TCE and DCE were detected at concentrations exceeding their respective MTCA
groundwater cleanup levels in groundwater samples collected from borings for monitoring wells MW-8
and MW-9. PCE was detected at concentrations exceeding the MTCA Method A groundwater cleanup
level in samples collected from groundwater monitoring wells MW-1 through MW-9, with the exception of
well MW-3, located north of the former dry cleaning equipment area. PCE degradation compounds were
also detected at concentrations exceeding MTCA groundwater cleanup levels in samples collected from
groundwater monitoring wells MW-1, MW-4, MW-5, and MW-6. The subsurface investigation activities

are documented in Farallon’s report (Farallon, 2003).

Engineering Design Report, Farallon, July 9, 2004.

Farallon performed additional subsurface investigations at the Site in September and October 2003 to
address data gaps and provide information for the design of a remediation system. The additional
subsurface investigations included advancing soil borings SB-2 through SB-6; advancing boring MW-10
to a total depth of 47.5 feet bgs and completing the boring as a 25-foot-deep groundwater monitoring well;
advancing borings VE-I and VE-2 to total depths of 21.5 feet bgs and completing the borings as vapor
extraction wells; conducting a soil vapor extraction (SVE) pilot test; and collecting soil and groundwater
samples for laboratory analyses. PCE was detected at elevated concentrations in saturated soil samples
collected below the groundwater table from borings VE-I (17 feet bgs) and VE-2 (15 feet bgs), and the
boring for monitoring well MW-10 (8 and 32 feet bgs). PCE also was detected at concentrations
exceeding the MTCA Method A groundwater cleanup level in the groundwater samples collected from
borings SB-3, MW-10, VE-I, and VE-2.

Cleanup Action Progress Report June 2006 through June 2007, Farallon, March 12, 2008.

Based on results from the subsurface investigations, the ERM remedial action, and a soil vapor extraction
(SVE) pilot test, Farallon implemented an additional remedial action approach incorporating several
elements, including an SVE system to remove soil vapors containing concentrations of PCE in the
subsurface, injection of a chemical oxidant into groundwater in three monitoring wells at the Site to
reduce residual HYOC concentrations in groundwater, and long-term monitoring of the natural attenuation

of HVOCs in groundwater.
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In September 2004, Farallon installed a SVE system at the Site consisting of a remediation compound on
the west end of the Bothell Service Center building housing above-ground piping, a blower, electrical
controls, and a vent stack. Trenching and installation of underground piping connecting the vacuum
blower to vertical SVE wells VE-I and VE-2 and horizontal SVE well HVE-1 extended approximately 20
feet east into the westernmost tenant space, south of the former dry cleaning machine. The components
of the SVE system did not extend into any of the other tenant spaces, and no records of any previous

vapor intrusion investigations were found in any prior reports for the BSCA property.

Farallon conducted tracer dye injection tests at the Site in 2005 to evaluate migration pathways to
facilitate planning for in-situ treatment alternatives (Farallon, 2008a). The first dye injection test was
conducted in February 2005 and included introducing dye through the toilet in the former dry cleaner suite
into the sanitary sewer system (sewer dye test). The results of the sewer dye test indicated that there may
be leaks in the sewer line directly beneath the building that are impacting groundwater, indicated by tracer
detected at monitoring well MW-2. A second dye injection test was conducted in March 2005 and
included injection of dye into monitoring well MW-2 (hydrogeologic tracer test). The results of the
hydrogeologic tracer test indicated that the dye traveled a distance of approximately 45 to 65 feet from
monitoring well MW-2 to MW-1 and MW-6 in 5 days (i.e., 9 to 13 feet per day).

In May 2005, Farallon conducted additional cleanup activities at the Site using in-situ chemical oxidation
via hydrogen peroxide injection into monitoring wells MW-2 and MW-9. Because hydrogen peroxide
degrades much more rapidly than the permanganate used by ERM in 2001 and 2002, it was considered
unlikely to affect down-gradient surface water receptors if transported through preferential pathways. The
injection included a total of 300 gallons of a solution consisting of 10 percent hydrogen peroxide and 90

percent water. Approximately 200 gallons of the solution were injected into monitoring well MW-2.

Selected monitoring wells at the Site were sampled in August 2005 to evaluate post-chemical oxidation
injection concentrations of PCE in groundwater. Concentrations of PCE in groundwater had increased at
the monitoring wells where hydrogen peroxide was injected (MW-2 and MW-9), and at monitoring wells
MW-1 and MW-6, located downgradient of the injection wells. Injection of hydrogen peroxide likely
immediately consumed PCE mass in the well boring and in soil surrounding the injection well for several
feet prior to breakdown of the hydrogen peroxide. In addition to consuming PCE mass, the hydrogen
peroxide most likely oxidized native organic material in this zone. The increased PCE concentrations are
most likely attributable to the release of dense non-aqueous-phase liquid (DNAPL) HVOC that previously

was adsorbed to the native organic material, and increased dissolution of the DNAPL to groundwater.

PCE as DNAPL was initially discovered at the bottom of monitoring well MW-9 in late August 2005.

Between June 2006 and June 2007, DNAPL was periodically removed from monitoring well MW-9 using
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a peristaltic pump and dedicated polyethylene tubing. Approximately 450 milliliters of DNAPL was
recovered during September 2005. An additional 40 milliliters of DNAPL was removed in February 2006,
approximately 500 milliliters each in September 2006 and May 2007, and approximately 200 milliliters in
June 2007, for a total of approximately 1,690 milliliters (approximately 0.5 gallon) of DNAPL removed

from monitoring well MW-9.

Farallon conducted additional cleanup action via in-situ chemical oxidation between September 2006 and
May 2007 at the Site by installing chemical oxidation cells in selected monitoring wells. The chemical
oxidation cells were constructed of 1-inch diameter slotted polyvinyl chloride with two end caps glued in
place. Each cell consisted of two portions: a lower portion approximately 6 inches in length and filled with
chelated iron; and an upper portion approximately 12 inches in length and filled with sodium persulfate.
Chelated iron acts as a catalyst to activate the chemical oxidation process by sodium persulfate. The
chemical oxidation cells were suspended in monitoring wells MW-1 and MW-4 through MW-9 using new

dedicated polyethylene cord and fully submerged in groundwater.

Interim Action Status Report November 2007 through Auqust 2008, Farallon, November 4, 2008.

In 2007, Farallon evaluated the progress of the chemical oxidation cells and reconsidered the range of
remedial technologies assessed in November 2002. The feasibility assessment concluded that Site
conditions appeared to be amenable to enhanced in-situ bioremediation and that a bioremediation
approach had potential to be more effective in a shorter restoration time frame than chemical oxidation.

Farallon implemented a pilot-scale in-situ enhanced bioremediation approach that entailed the following:

¢ Installation of six new injection wells in November 2007 for introducing a bioremediation edible oil
substrate (EOS), an emulsified vegetable oil product produced by EOS Remediation, LLC into the
subsurface at monitoring wells MW-14, MW-15, and MW-18, screened in the Intermediate portion
of the water-bearing zone, and monitoring wells MW-13, MW-16, and MW-17, screened in the

Deep portion.

e Injection of approximately 1,700 gallons of a 20-percent mixture of substrate and water to
enhance biodegradation of PCE in the water-bearing zone at the six injection wells and eight
temporary borings in February 2008. Results of the injections are discussed in Farallon’s 2011
Project Status Summary.

e Bioaugmentation to supplement the existing population of Dehalococcoides (DHC) bacteria that
are most likely responsible for the reductive dechlorination of PCE and its degradation byproducts

in groundwater in July 2008.
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e Continued operation of the SVE system at the Site to address residual concentrations of PCE in
soil above the water table and to mitigate the potential for vapor intrusion into the existing Site

building.

Limited Phase Il Environmental Site Assessment, Highway 522 Right-of-Way, HWA Geosciences
(HWA), April 15, 2008, and Phase Il Environmental Site Assessment, Hertz Rentals Property, HWA,
October 10, 2008

In 2008, HWA performed soil and groundwater investigations south of the BSCA property and installed
monitoring wells in the SR522 right-of-way and former Hertz property. The investigations indicated that
HVOC contamination had migrated south of the Site onto those properties (HWA, 2008a, 2008b).
Analytical data are listed in Tables 1 and 2. HWA performed quarterly groundwater monitoring for one
year from wells located in the vacated portion of SR522 and former Hertz property south of the Site, and
also in the former Al's Auto / Wexler / Schucks property immediately east of the BSCA property, as part of
the RI activities described under the Bothell Landing and Bothell Hertz Agreed Orders. Groundwater
samples collected by HWA at these properties have consistently had HVOC concentrations exceeding
MTCA groundwater cleanup levels, indicating that the release at the BSCA property has migrated
downgradient and off property.

Phase Il Environmental Site Assessment, Schuck’s Auto Supply, Floyd & Snider, September 10,
2010.

Floyd & Snider conducted a Phase Il investigation in August 2010, associated with three former gasoline
USTs located on the former Schucks property, immediately adjacent to the east of the BSCA property
(Floyd & Snider, 2010) and where residual petroleum hydrocarbon (gasoline) contamination and HVOC
contamination were documented in soil and groundwater (AGI, 1990; HWA, 2006, F|S 2010). The
investigation also sought to analyze for potential HYOC impacts to the former Schucks property, from the
BSCA property. Borings were predominantly advanced in the area of the former USTs, approximately 34
feet to the east of the BSCA property. Soil and groundwater samples were collected from the boring
locations. One boring location (GP-12, 32.5 feet to the east of the BSCA property) reported soils at 6 feet
bgs with gasoline concentrations (5,900 ppm) in exceedance of the MTCA Method A cleanup level (100
ppm). None of the other boring locations reported petroleum concentrations in soil above state cleanup
levels. None of the groundwater samples collected reported concentrations of petroleum products in
exceedance of state cleanup levels. No benzene was detected in any of the groundwater samples.
However, groundwater samples collected from GP-12 reported concentrations of gasoline (940 ppb) just
below the MTCA Method A cleanup level (1,000 ppb). The investigation also reported HYOC impacts to

both soil and water at concentrations in exceedance of MTCA Method A cleanup levels. It should be
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noted that soil samples with reported HYOC exceedances were collected at 8 and 9 feet bgs, below the

observed depth of groundwater (approximately 4 to 7 feet bgs).

Project Status Summary, Farallon, November 18, 2011.

Farallon released a summary of remedial activities conducted at the BSCA property since the November
2008 report (Farallon, 2011). These activities included a second injection event in 2010 and continued
groundwater monitoring. Farallon stated that groundwater monitoring at the site indicated that PCE
degradation rates had increased in the vicinity of the injection wells. This conclusion was based on
decreased PCE concentrations and increased vinyl chloride concentrations. These effects had been most
prominent at MW-2 and MW-6. Farallon did note that the effects of the PCE degradation were not
evident in the down gradient wells MW-4, MW-5, MW-7 or near the cross-gradient well MW-1. The report

recommended a larger scale in-situ bioremediation system at the Site.

Farallon’s report also stated that while the removal rate of PCE via the SVE system had initially been high
following the installation of the system in 2004, the system had reached near non-detectable
concentrations of PCE by 2011. The report stated that while PCE emissions were low, the system helped

to mitigate the potential for vapor intrusion into the existing structure at the BSCA property.

Prior to 2011, the system was extracting approximately 0.5 liters of PCE per year. After 2011, little or no
HVOCs were reportedly being detected in the off-gas. The SVE system has therefore removed some
PCE mass from the vadose zone within its area of operation. The system is currently not in operation

and was removed during the building demolition in August 2016.

Focused Soil and Groundwater Investigation, Horse Creek Project, Shannon & Wilson, Inc., May 7,
2013.

In October of 2012, Shannon & Wilson advanced several borings along the proposed alignment of the
relocated Horse Creek channel. Three borings (GP-7 through GP-9) were located to the west of 98th
Avenue NE, west of the BSCA property, which has since been excavated and contains the relocated
Horse Creek channel. Soil and groundwater samples were collected from each location and analyzed for
HVOCs. HVOCs were reportedly not detected at concentrations above the laboratory reporting limit in

any of the groundwater or soil samples analyzed.

Request for “Contained In” Determination for Soils, Storm and Sanitary Sewer System
Construction, 98" Avenue Northeast, HWA, June 11, 2014.

In May of 2014, HWA advanced three borings (98-B1 through 98-B3) along 98" Avenue NE, just west of
the BSCA property. The borings were sited to assess potential HYOC impacts from the BSCA property
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and request a “Contained In” determination from Ecology for soils excavated during the installation of new
utility lines along 98" Avenue NE. Soil samples were collected at 8 feet bgs and analyzed for HVOCs.
The northernmost boring, (98-B1) reported concentrations of PCE below the MTCA Method A cleanup
level and the central and southern borings (98-B2 and 98-B3, respectively) both reported concentrations
of PCE in exceedance of the MTCA Method A cleanup level.

Results of October Groundwater Sampling, Dalton, Olmsted, and Fugelvand, Inc. (DOF),
November 10, 2014.

In the spring of 2014, DOF performed groundwater monitoring and data analyses for the Site (DOF,
2014). DOF’s analytical data are included in Table 2. DOF stated that historic groundwater monitoring
data, coupled with the October 2014 monitoring results, provided strong evidence that the EOS injection

product was successfully facilitating the degradation of PCE at the Bothell Service Center Site.

In summary and prior to 2016, the results of prior subsurface investigations conducted indicated the

following:

A release of an unknown quantity of PCE occurred at the Site between 1989 and 1999 during
operation of Simon & Son Fine Drycleaning, and a residual source of PCE remains beneath the

northwest corner of the former structure on the BSCA property,

e The PCE release(s) affected the soil above and below the water table as well as groundwater at
the Site,

o PCE as DNAPL has been encountered on the Site at depths of approximately 45 to 50 feet bgs.

e Groundwater is affected to a depth of at least 50 feet where a silty stratum occurs in the source

area, and at a depth of 30 to 40 feet down-gradient and across much of the Site, and

e The groundwater plume migrated across the Site via east and east-southeasterly flowing
groundwater across city rights-of-way, and as far as the City-owned Al's Auto Bothell Wexler
property and the former Hertz property parcel.

Kane Environmental, Inc. Page 11



2.0 ENVIRONMENTAL SETTING

A discussion of the physical characteristics of the Site are discussed in the subsections below.

21 Physical Characteristics of the Site

The RI study area is within the Horse Creek valley on the Bothell Upland physiographic subdivision of the
Puget Sound Lowland physiographic province. Horse Creek is a southerly flowing tributary to the
Sammamish River. The general topography of the RI study area slopes gently down from north to south
towards the westerly flowing Sammamish River (Figure 1). Elevations in the RI study area range between

about 30 to 60 feet above mean sea level (amsl); the elevation of the Site is approximately 50 feet.

211 Geology

The Site is located within the Puget Sound Lowland, a north-south trending structural and topographic
depression bordered on the west by the Olympic Mountains and on the east by the Cascade Mountains.
The area is characterized by gently rolling glacial drift plains covered with small ridges, hills, and
depressions formed by the continental ice sheet that covered the area during the Pleistocene Epoch and
retreated approximately 12,500 years ago. Most of northwestern King County is mantled by glacial
deposits (including gravel, sand, silt, clay, boulders), which are commonly up to and over 150 feet thick
(Liesch and others, 1963).

The vacated portion of SR522 immediately south of the Site is located at the mapped contact between
alluvial soils associated with the Sammamish River to the south, and glacial soils to the north (HWA,
2012).

Past subsurface assessment work at the Bothell Service Center identified sand and gravel fill with minor
silt to a depth of four to ten feet bgs, with native soil consisting of silt and fine sand below the fill.
Although these silts and sands are texturally similar to alluvial soils found on the former Hertz property to

the south, the higher densities suggest these may be glacially consolidated deposits (HWA, 2012).

Figure 4 presents a plan view of the Site with four cross-section lines, Ato A’, Bto B’, C to C’, and D to
D’. Figure 5 shows a cross-section from A to A’, running northwest to southeast across the majority of the
Site. Figure 6 shows a cross-section from B to B’, running southwest to northeast across the BSCA
property. Figure 7 shows a cross-section from C to C’, running southwest to northeast across the former
Hertz property. Figure 8 shows a cross-section from D to D’, running southwest to northeast across the
source area of the BSCA property. Notable in all cross sections is the discontinuous nature of several
stratigraphic horizons across the Site such as silty sands and sandy silts . Generally, the geology can be

described as glacio-fluvial deposits overlain by varying depths of fill material. Additionally, a consistent
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glacial till unit was present throughout the Site at depths ranging from 46 to 55 feet bgs. The maximum

thickness of the till unit was not determined at the Site, but is at least 50 feet thick based on Site borings.
Soil boring and well construction logs are included as Attachment A.

2.1.2 Hydrogeology and Groundwater Flow

Farallon (Farallon, 2008a) characterized the Site as being underlain by three groundwater zones —
Shallow (5-25 feet bgs), Intermediate (25-35 feet bgs), and Deep (35-55 feet bgs). However, the strata
containing these zones are discontinuous over short distances and are not separated by confining units;
thus, on a local scale, groundwater occurs as a single aquifer flowing southeasterly to discharge points
along the Sammamish River.

Shallow groundwater is encountered at the Site between 5 to 25 feet bgs in fill and sandy glacial outwash
deposits. Monitoring wells MW-1 through MW-7, MW-10R, MW-19, MW-21, MW-23, MW-25, MW-27,
MW-29, MW-30, MW-37, MW-40, HZ-MW-1, HZ-MW-4, HZ-MW-14S, HZ-MW-15S, HZ-MW-16, HZ-MW-
17, HZ-MW-19, HZ-MW-21, HZ-MW-22, HZ-MW-32, HZ-MW-31, HZ-MW-34, S-MW-1, S-MW-2, and S-

MW-5 are screened and completed in the Shallow groundwater zone.

Intermediate groundwater occurs from approximately 25 to 35 feet bgs at the Site in medium dense
interbedded sand and silty sand glacial outwash. Monitoring wells MW-14, MW-15, MW-18, MW-26, MW-
28, MW-36, HZ-MW-14D, HZ-MW15D, HZ-MW-23, HZ-MW-24, HZ-MW-26, HZ-MW-28, HZ-MW-29, HZ-

MW-33, and S-MW-3 are screened and completed in the Intermediate groundwater zone.

Deep groundwater occurs from approximately 35 to 55 feet bgs at the Site in dense interbedded sand,
silty sand, and silty glacial till. Monitoring wells MW-9, MW-13, MW-16, MW-17, MW-20, MW-21, MW-22,
MW-24, MW-31, MW-32, MW-33, MW-34, MW-35, MW-38, MW-39, HZ-MW-25, HZ-MW-27, HZ-MW-30,

and S-MW-4 are screened and completed in the Deep groundwater zone.

Groundwater monitoring well locations are presented in Figure 9, and monitoring well information, along

with the surveyed well elevations is included in Table 3.

Horizontal gradients: Horizontal groundwater flow in all zones is generally to the east-southeast, at
gradients of around 0.03 feet/foot. Figures 10a, 10b, and 10c show the interpreted groundwater gradients
measured in September 2016 in the Shallow, Intermediate, and Deep groundwater zones, and Figures
11a, 11b, and 11c show the interpreted groundwater gradients measured in November 2016 in the
Shallow, Intermediate, and Deep groundwater zones. Figures 12a, 12b, and 12c show interpreted
groundwater gradients of the Shallow, Intermediate, and Deep groundwater, measured in November

2015 and Figures 13 and 14 show interpreted groundwater gradients of 2013 and 2014, respectively. A
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rose diagram, which depicts the general groundwater flow directions for the three groundwater zones in
November 2015, September 2016, and November 20186, is included as Figure 15.

Vertical gradients: Vertical gradients were assessed at several locations where a pair or trio of wells
screened in different water-bearing zones were located near each other. The vertical gradient was
calculated by dividing the difference in water level elevations by the vertical elevation difference of the
well screens (assumed to be the midpoint of each screen). The vertical gradient was found to be
downward in most areas, except for upward gradients measured at MW-7/MW-12/MW-22; MW-15/MW -

20; and MW-6/MW-8/MW-11.

Table 4 Vertical Gradient Pairs

Wat.er Screen ST Vertical
Bearing Interval Gradient
Zone (feet MSL) L
Well (feet bgs) Date (feet/foot) Direction
MW-7 Shallow 10 to 25 11/11/2015 35.452
MW-12 Intermediate 251033 11/11/2015 35.93 -0.042 upward
MW-12 Intermediate 2510 33 11/11/2015 35.93
MW-22 Deep 54 to 59 11/16/2015 36.843 -0.034 upward
HZ-MW-14S Shallow 5to 15 11/11/2015 34.789
HZ-MW-14D | Intermediate 30 to 40 11/11/2015 34.309 0.019 downward
HZ-MW-158 Shallow 10 to 15 11/12/2015 34.788
HZ-MW-15D | Intermediate 20 to 30 11/11/2015 34.628 0.013 downward
MW-1 Shallow 5to 20 11/11/2015 36.922
MW-20 Intermediate 25to 30 11/16/2015 37.7 -0.052 upward
MW-6 Shallow 10 to 25 11/11/2015 36.984
MW-8 Deep 45 to 50 11/11/2015 36.633 0.012 upward
MW-8 Deep 45 to 50 11/11/2015 36.633
MW-11 Intermediate 251033 11/11/2015 36.91 0.015 upward
MW-2 Shallow 5to 20 11/28/2007 41.22
MW-18 Intermediate 221030 11/28/2007 40.34 0.065 downward
MW-18 Intermediate 22 to 30 11/28/2007 40.34
MW-17 Deep 40 to 50 11/28/2007 39.14 0.063 downward
MW-15 Intermediate 22 t0 32 11/28/2007 39.38
MW-16 Deep 45 to 55 11/28/2007 38.8 0.025 downward
MW-13 Deep 40 to 55 11/28/2007 40.69
MW-14 Intermediate 22t0 32 11/28/2007 39.85 -0.041 upward
Notes:

feet bgs — feet below ground surface
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feet MSL — feet above Mean Sea Level
Well pairs MW-12/MW-22, MW-15S/MW-15D, and MW-1/MW-20, were not measured on the same

day, and the calculated vertical gradient and direction are considered estimates.

Seasonal trends: Most wells exhibit 2 to 3 feet of seasonal or yearly variation, with higher groundwater
levels generally in the spring, and lower groundwater levels in late summer or fall, as typical for this

region.

Groundwater flow rates: Kane Environmental reviewed geotechnical sample data provided by HWA
GeoSciences (2016), which included effective porosity data (Table 5, HWA, 2016). Soil samples were
collected at varying depths at four soil boring/monitoring well locations. Seven samples were collected in
Shallow aquifer materials, and four samples were collected in Intermediate and Deep aquifer materials.
Effective porosity values ranged from 0.24 to 0.36. The average value for both the Shallow and

Intermediate/Deep aquifer was 0.30.

Based on a calculated gradient of 0.03 feet/foot across the Site (all aquifers), and hydraulic conductivities
calculated from the pumping test analyses, the calculated Shallow aquifer average linear velocity is 0.03
feet per day, and Intermediate/Deep velocity is 1.14 feet per day. The calculation data is summarized on
Table 5, below.

Table 5 Groundwater Flow Velocity, Bothell Service Center

Average Gradient
K dh/dl Velocity
Aquifer | (feet/day) n (feet/feet) | (feet/day)
Shallow 0.27 0.3 0.03 0.03
Int/Deep 11 0.3 0.03 1.14

The calculated velocities in Table 5 are lower than those observed during the 2005 Tracer Dye Tests (9
to 13 feet per day) discussed in Section 1.5 (Farallon, 2008a). The higher observed velocities may be

attributed to preferential flow in the Shallow water-bearing zone.

2.1.2.1 Pump Test Procedures and Findings

Six wells were initially selected for pumping tests on February 1 and 2, 2017 (Figure 9). Three Shallow
wells, two Intermediate-depth wells and one Deep well were tested within the glaciofluvial aquifer at the
BSCA property. Based on the findings of the preliminary aquifer testing, selected wells were retested and

additional new wells were tested on March 1 and 2, 2017. The tested wells are tabulated below.
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Table 6 Tested Wells, Bothell Service Center

Screened
Well ID Aquifer zone Total interval
Depth (feet bgs)
February 1-2, 2017
MW-06 | Shallow/Intermediate 25 10-25
MW-11 Intermediate 33 25-33
MW-34 Deep 50 40-50
MW-25 Shallow 17.5 7.5-17.5
MW-26 Intermediate 35 25-35
MW-27 Shallow 17 6-16
March 1-2, 2017
MW-28 Intermediate 35 25-35
MW-26 Intermediate 35 25-35
MW-20 Intermediate 35 25-35
MW-19 Shallow 15 10-15

These wells were selected for their proximity to each other for use as observation wells and as
representative of hydrogeologic conditions across the BSCA property. The wells were selected to be in a
line roughly perpendicular to the interpreted groundwater flow direction at the BSCA property (generally to
the east-southeast). Many of the wells are depicted on cross section B-B’ in Figure 6. The Shallow wells
were also selected to be representative of the range of geologic conditions in the Shallow aquifer
sequence at the BSCA property. MW-06 was representative of transitional conditions between the
Shallow and underlying Intermediate Zones, and MW-19, MW-25 and MW-27 were more representative
of the Shallow water bearing zone. MW-19 was also selected as representative of conditions
downgradient of the contaminant source area and as representative of potential remedial system well

installation locations.

The Intermediate and Deep wells were selected based on well log review and the associated geologic
cross section generated from BSCA property boring logs. These wells were selected as representative of
the interbedded silt and silty sand conditions prevalent in the glaciofluvial aquifer at depths of 25 to 50

feet bgs. These wells have all undergone development prior to sampling.

Boring logs of the selected wells are included as Attachment A.
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Specific Test Parameters

Discharge: Pumping tests were accomplished with a Geotech SS Geosub submersible pump with a
variable-rate controller. The pump discharge hose was affixed to an on-site temporary holding tank for
later treatment with activated carbon and discharge to public sanitary sewer under permit. Flow rate

measurement was tracked via a graduated container and a stopwatch.

Data recording: Aquifer test data was collected using hand measurements and a programmable
pressure transducer and datalogger. Because of the distance between wells on the BSCA property
(approximately 50 feet), and assumed low-permeability deposits (silts and silty sands identified during
drilling), measurement of observation wells was not conducted during the February aquifer testing event.
Based on hydraulic conductivity and preliminary radius of influence calculations during the first round of
pump tests, selected observation wells were monitored during the supplementary March aquifer testing

event.

Step test: Step tests were used to determine the optimal long-term test pumping rate and to assure that

overpumping of the wells did not occur during the final test.

The exceptions to this were the three Shallow-well tests, where the pumping rate could not be varied, or
in wells that did not respond to variable rate pumping. Step-testing was attempted at the Shallow wells
with multiple pumps, but it was found that the selected submersible test pump would not vary the
pumping rate, possibly due to the relatively low submergence (less than 10 feet). In the case of well MW -
25, the pumping water level decreased to the pump intake within four minutes at a low pumping rate (less
than one gallon per minute) and the test was halted. Likewise, at MW-19, the groundwater elevation
decreased to the pump intake within six minutes at 0.5 gpm; however, the well was able to maintain the
test discharge, and the aquifer test was continued for 36 minutes in order to confirm radius of influence

effects in observation wells.

During pumping tests in the Intermediate and Deep wells, each step lasted approximately 13 to 20
minutes. Variable pumping rates ranged from approximately 0.6 to 3.7 gallons per minute. At the end of
each step, the pumping rate was increased to the next discharge rate without shutting down the pump.
The final step rate was the maximum sustained pumping rate for the individual aquifer test. The

individual test parameters are summarized on Table 7.
Charts of the individual pumping tests drawdown and recoveries are included as Attachment B.
Constant-rate test: At the end of the step tests of Intermediate and Deep zone wells, the constant-rate

tests were a continuance of the final, highest-rate step. The test was conducted in this manner because
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pump drawdown was considered sufficient to demonstrate aquifer characteristics, and drawdown
appeared to be stabilizing. The constant-rate tests were conducted for a sufficient period of time that the
variable pumping rates of the step tests were considered to be negligible. Total pumping time ranged
from 80 to 180 minutes in stepped pumping tests. The shallow wells were not step-tested, and the test
durations ranged from 4 to 130 minutes. Water level measurements were collected using hand

measurements and a datalogging pressure transducer at the pumping well.

Pump test shutdown: At shutdown, water level recovery was monitored at the selected wells for
approximately 60 minutes, or until the water level had recovered to at least 95% of the original static

water level.

Pumping Test Analysis: Significant drawdown was measured in all of the pumping wells during the
aquifer tests, including wells pumped at low discharge rates. Maximum drawdowns during pumping

ranged from approximately 2 to 11.5 feet.

Aquifer hydraulic permeability was calculated using the recovery phase of each individual pumping test.
Recovery data is independent of well efficiency and pumping stress influences. The data analysis used
the Cooper-Jacob analyses for recovery, which is considered reliable for analyses of confined aquifer
conditions, similar to those anticipated at the BSCA property. The tests were analyzed using a
spreadsheet macro available from the United States Geological Society (U.S.G.S., 2002). The MW-25
test data was analyzed using the Bouwer-Rice rising-head slug test analysis because of the short
duration of the test (GroundwaterSoftware.com. 2017). Pumping test datasets and calculation summaries

are included as Attachment B.

Shallow well hydraulic conductivities varied the most of the three aquifer zones. The calculated
conductivities ranged from 0.008 feet per day (feet/day) to 7 feet/day. This is attributed to the generally
silty soils in this Shallow water-bearing zone found across the BSCA property. The hydraulic conductivity
at MW-06 (2 feet/day) is the highest of the three tested wells. This well is also completed deeper than the
other two wells (25 feet vs less than 20 feet) and is likely completed in sandier materials. MW-06 was
installed by a previous contractor, ERM, in 2001, and a well log is not available. MW-19 was installed by
HWA GeoSciences in 2014. The well log reports the total well depth to be 15 feet, but field

measurements confirmed the actual total depth to be approximately 20 feet.

Intermediate and Deep well hydraulic conductivities varied less than those calculated at the Shallow
wells. The calculated conductivities ranged from 6.6 to 18 feet/day. These conductivities are consistent
with the interbedded silts and silty sand observed during drilling of the wells. MW-11 was installed by
Farallon Consulting in 2008, and the remaining wells were installed during Kane Environmental’'s RI/FS

activities in 2016. Well logs are attached for reference. Well MW-06’s calculated hydraulic conductivity
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(7 feet/day) is more consistent with these values and may be more representative of the Intermediate
aquifer zone than the Shallow aquifer zone. Aquifer transmissivity for all tests was calculated based on

screened intervals (10 to 15 feet).

For confirmation purposes, Kane Environmental evaluated the three selected Shallow wells (MW-06, MW-
19, and MW-27) using Theis methods and unconfined aquifer assumptions (MW-25 was not re-evaluated
due to its brief pumping and recovery). The evaluation used the individual screen lengths as the aquifer
thickness. With respect to the prior Cooper-Jacob analyses, the Theis analyses for conductivity values
were slightly higher, but remained within the same order of magnitude as the prior analyses. Likewise,
the transmissivities were comparable. This is attributed to the thinner assumed aquifer thickness (10 to

15 feet versus 42 feet).

Kane Environmental interprets the Intermediate/Deep aquifer to behave as an essentially confined
aquifer, because the permeability of the 10 to 15 foot thick silt sequence overlying the lower portions of
the aquifer is generally one to two orders of magnitude lower than that calculated for the deeper portions
of the aquifer. However, based on Ecology comments, Kane Environmental re-evaluated the Cooper-
Jacob recovery analyses with the assumed aquifer thickness consistent with screen lengths. As above,
the transmissivities were consistent with prior analyses, although the conductivities increased
proportionally to the thinner assumed aquifer (10 feet versus 42 feet).

The pumping test parameters and calculations are summarized on Table 8.

Radius of Influence: During the March aquifer testing, observation wells were selected at varying
distances from pumping wells. The observation wells were selected to assess for potential radius of
influence for remedial design. During supplemental aquifer testing of Intermediate aquifer wells, both
Intermediate and Deep wells were selected for observations, as prior testing indicated that the aquifer
characteristics were similar throughout those portions of the aquifer. Wells in closer proximity to MW-28
were not monitored due to containers obstructing well access. Shallow wells in the contaminant source

area and downgradient were monitoring during the MW-19 test.

Drawdown effects at distance were measured in all observation wells during the aquifer testing. During
Intermediate well pumping, drawdown was measured in both Intermediate and Deep wells at distances of
up to 90 feet. Drawdown was measured in Shallow aquifer wells at distances of up to 50 feet, indicating
that the preliminary well spacing of 50 feet between Shallow remedial wells will create sufficient
interference effects to maintain hydraulic control. A summary of observed drawdown is provided on Table
9.
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In addition to observation well data, radius of influence (Ro) calculations were made using an empirical
relationship developed by Sichart (Powers, 1992). The calculated hydraulic conductivities are entered

into the following equation:

Ro = 3000(H-h)K*
Where: 3000 = empirical constant
H-h = observed drawdown at pumping well (meters)

K = hydraulic conductivity (meters/sec)

A summary table of the calculated R, for the three aquifer zones is included as Table 10. Average
hydraulic conductivities for each aquifer zone are used for the basis of calculations. Well MW-06
conductivity was incorporated in the ‘Intermediate’ calculation because the pumping test data and well

completion is more consistent with those wells.

Consistent with the hydraulic conductivities, calculated Ro varies an order of magnitude between the
separate aquifer zones. However, the calculated R, for the Shallow aquifer wells was significantly less
than those observed during aquifer testing. Because the observed R, was greater than the calculated Ro
of all the tested wells, the observed data is considered reliable for remedial design. The calculated R, for
Intermediate and Deep aquifers appears to be more consistent with those observed during aquifer

testing.

2.1.3 Surface Water and Sediments

Horse Creek is the historic drainage in the project area, is currently entirely tight-lined east and west of

the Site, and eventually discharges into the Sammamish River approximately 700 feet to the south.

With the exception of small landscaped areas, the Site is mostly covered by the former BSCA building

concrete floor footprint and asphalt pavement.

The sanitary sewer at the BSCA property was disconnected during the building demolition. The
underground piping is still in-place, and runs from the west side of the former building, the location of the
former dry cleaning operation, easterly along the northern portion of the former building to the east side of
the former building, then connected to the sewer manhole located east of the former BCSA building
(Figure 3).

A northwest-southeast-trending storm drain runs beneath the central portion of the former strip mall
building and parking lot, where it intersects a storm drain running parallel to the north side of the vacated
portion of SR522 adjacent to the southern property boundary. The City of Bothell utility map indicates
that the storm drain main in the vacated portion of SR522 intersects the Horse Creek culvert

approximately 250 feet east of the Site.
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2.2 Current Ecological Conditions

Potential ecological receptors are defined as terrestrial biota (e.g., birds, mammals, and plants) that
inhabit or use, or have the potential to inhabit or use, the terrestrial habitats of the Site. Site use by
ecological receptors is very limited due to current Site conditions (the Site is mostly paved and developed,

and will soon be fully developed) and lack of nearby green space.

2.2.1 Terrestrial Ecological Evaluation

A Terrestrial Ecological Evaluation (TEE) is required under MTCA for sites with releases of hazardous
substances to soil, unless the site meets one or more exclusions to be exempt from the TEE. The Site
qualifies for a TEE exclusion under MTCA because barriers (paving, buildings) are currently present and
will be constructed to prevent exposure. Institutional controls may be implemented to maintain the

barriers.
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3.0 REMEDIAL INVESTIGATION (RI)

Based on the results of this Site characterization and interim remedial activities, the chemicals of concern

(COCs) in soil and groundwater are:

e HVOCs, primarily PCE, TCE, Cis-1,2 DCE, and vinyl chloride (VC)

RI activities were performed in October and November 2015, and July 2016 through June 2017. RI
activities were designed to fill the following data gaps prior to 2015 regarding physical and chemical

aspects of the Site and associated HYOC impacts:

e Source Area Soil Delineation: the nature and extent of impacts to soil on the Site that might be
acting as a source for the groundwater plume had not been completely delineated, in addition to
addressing data gaps and characterizing the geology and hydrogeology of the BSCA property

with respect to confining layers and vertical distribution of contaminants.

e Extent of HVOC Impacts in Groundwater: supplemental Site characterization delineated the

horizontal and vertical extent of HYOCs in groundwater.

e Collect Treatability Information: perform physical and chemical testing of soil samples to better
understand subsurface hydrogeologic conditions, chemistry, and aquifer properties in order to

select and design soil and groundwater remediation methods.

Additionally, according to the results of the 2010 subsurface investigation on the former Schucks property
(Floyd & Snider, 2010; Attachment G), a soil sample, GP-12: 6 ft located just to the southeast of the
BSCA property, contained a concentration of gasoline in exceedance of MTCA Method A cleanup level.
This is associated with a separate source from the former Schucks property, and based on the analytical
results, are limited in extent. Prior groundwater samples in this area have indicated comingled HVOC
and petroleum hydrocarbon concentrations (HWA, 2006) The petroleum hydrocarbon contamination at
the former Schucks property has not been fully investigated and will not be addressed under the

proposed cleanup and consent decree.

3.1 HWA Geosciences, 2015

Site assessment activities by HWA Geosciences (HWA) were conducted between October and November
of 2015.

3.1.1 Site Assessment Related Activities

Site assessment activities by HWA were supported by the activities detailed in the subsection below.
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3.1.1.1 Site Survey

Wells included in the groundwater monitoring event performed for this RI were surveyed on November
16, 2015 to establish vertical control at the top of casing (TOC). Surveying was performed by DOWL of
Seattle, Washington. Kane Environmental had all monitoring wells on the Site re-surveyed during the
field activities conducted in the fall of 2016 (Section 3.2).

3.1.2 HWA Geosciences Field Activities

Field activities performed by HWA for this Rl in 2015 included:

e Advancing three soil borings inside the west interior retail space of the building to collect soil
samples below the building foundation where former dry cleaning operations were located. These

activities were performed in October 2015.

e Advancing eight soil borings using direct-push technology combined with a membrane interface
probe (MIP) to collect in-situ data regarding subsurface hydrogeologic conditions and HVOC
concentrations. The results of the MIP investigation were inconclusive, and supplemental soil
and groundwater sampling in August through November 2016 provided soil and groundwater data
results, including the installation of new groundwater monitoring wells, that are sufficient to
replace the intended MIP results (Section 3.2). Therefore, the MIP data has not been included in
the dRI/FS.

e Advancing four soil borings using a hollow-stem auger drilling rig to evaluate subsurface

hydrogeologic conditions and install groundwater monitoring wells (MW-19 through MW-22).

o Collecting groundwater elevation data, groundwater chemistry data, and groundwater samples for

chemical analysis at new and existing monitoring wells.
e Surveying new and existing wells to a common geodetic datum.
These activities are described in detail below.

3.1.2.1 Soil Sample Collection Methodology

On October 23, 2015, three direct-push soil borings (IntB-1, IntB-2 and IntB-3) were advanced beneath
the foundation of the building in the vicinity of the former dry cleaning machinery. Soil boring locations
are illustrated on Figure 16. Driling was performed by Cascade Drilling of Woodinville, Washington
(Cascade) using a track-mounted GeoProbe® 54LT limited access rig. Soil borings IntB-1, IntB-2 and

IntB-3 were advanced to limited depths of 8 feet, 5 feet, and 2 feet below the interior floor due to drilling
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refusal. Continuous soil cores were collected at each location. Soil samples were classified using the
unified soil classification system (USCS), field-screened with a photoionization detector (PID), and logged
on HWA boring logs. Copies of soil boring logs are included in Attachment A. Soil cores were collected
within acetate sleeves, and those portions (samples) selected for laboratory analysis were placed into

laboratory-supplied sample containers and placed in a cooler with ice.

Four soil borings (MW-19 through MW-22) were advanced in the parking lot south and east of the former
dry cleaner, using a hollow-stem auger CME-75 truck-mounted drill rig in November 2015. Borings MW-
19, -20, and -21 were advanced to approximately 80 feet bgs and MW-22 was advanced to approximately
69 feet bgs (the depth of refusal). Hollow-stem auger borings were advanced to collect soil samples for

laboratory analysis and to install additional groundwater monitoring wells.

Soil samples were collected at approximately 5-foot intervals. Soil samples were collected using a 2.5-
inch outer diameter split-spoon sampler driven with a 300-pound hammer on a wireline, designed to
retrieve 1.5-foot long samples. Field-screening activities included screening with a PID and visual
inspection. Soil samples were collected for soil lithology identification, field screening, and laboratory
analysis. HWA's lithologic descriptions, blow counts, and PID readings were recorded on the HWA boring
logs (Attachment A).

Soil samples selected for geotechnical analysis were collected in stainless steel sleeves placed inside the
split-spoon sampler. The sleeves were removed, capped at both ends, labeled with pertinent sampling
information, placed in an insulated cooler and transported to HWA'’s geotechnical laboratory for analysis.
Soil samples selected for chemical analysis were removed from the split spoon sampler and placed
directly into clean, unused, laboratory-supplied containers. Samples were labeled with pertinent sampling
information, transferred to an ice-filled, insulated cooler, and transported to OnSite Environmental

(OnSite) in Redmond, Washington, under chain-of-custody procedures.

Drilling equipment was cleaned using a steam cleaner prior to drilling each boring. Sampling equipment
was cleaned prior to each use by a scrub wash using potable or distilled water and alconox or other low-

phosphate detergent and rinsed with potable or distilled water.

3.1.2.2 Temporary Well Collection Methodology

Temporary wells were installed during the November 2015 drilling to allow for collection of “grab”
groundwater samples from specific depths in each borehole during drilling. Temporary wells were
constructed inside the augers using similar materials as the permanent wells: 2-inch diameter, schedule
40 PVC with five-foot long, 0.010-inch slotted screens. The “grab” groundwater samples were collected

from the temporary wells using a peristaltic pump and dedicated, disposable tubing. Up to three grab
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groundwater samples, each from different/discrete depths, were collected from each of the hollow-stem
auger borings and submitted for chemical analysis. Temporary wells were discarded after sample

collection and were not reused.

Grouting procedures for the borings included mixing a bentonite-cement grout, lowering a tremie pipe
down the augers and pumping the grout from the bottom of the borehole to the top of the borehole under
pressure. Surface completion was accomplished using mortar mix or cold-patch asphalt to match

surrounding surface conditions.

3.1.2.3 Monitoring Well Installation Methodology

During the HWA November 2015 activities, groundwater monitoring wells were installed in each hollow-
stem auger boring in accordance with Ecology guidance. Monitoring wells were constructed of 2-inch-
diameter, schedule 40 PVC with 5-feet long, 0.010-inch slotted screens. The annular space around the
screen was filled with a sand pack (number 2/12 sand) to a height of approximately 2 feet above the top
of the screen. When the top of the well screen was below the depth of groundwater, a cement-bentonite
grout was placed above the sand pack using a grout pump and tremie pipe to approximately 1 to 2 feet
bgs. When the top of the well screen was above the depth of groundwater, a bentonite seal was placed to
approximately 1 to 2 feet bgs. A concrete plug was completed with a flush-mounted bolt-down traffic-

rated vault set in the concrete. A locking, water-tight well plug was placed in the top of casing.

Shallow monitoring wells with screens from 10 to 15 feet bgs were installed in MW-19 and 21. An
Intermediate well with a screen from 25 to 30 feet bgs was installed in MW-20. A Deep well screened
from 54 to 59 feet was installed as MW-22. The locations of monitoring wells MW-19 through MW-22 are
shown on Figure 9. Copies of the HWA boring logs with well construction diagrams are included in
Attachment A.

3.1.2.4 Monitoring Well Sample Collection Methodology

Monitoring wells were developed at least 48 hours after installation to remove sediment that may have
accumulated in the casing or sand pack during installation. Development was performed using a

submersible pump and surge block.

Groundwater monitoring was performed on November 12, 13, and 16, 2015. Groundwater samples were
collected from the newly installed monitoring wells (MW-19 through 22) and the following existing wells:
MW-1, 2, 4 through 9, 10, 12, 13 and HZ-MW-4, -14S, -14D, -15S, -15D, and -19. Monitoring well

locations are shown on Figure 9.
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Groundwater samples were collected using low-flow purging techniques. Field parameters were
measured during purging, and included: pH, temperature, oxygen reduction potential, dissolved oxygen,
electrical conductivity, and depth-to-water. Field parameter measurements were recorded on HWA field
forms. Groundwater samples were collected in clean, unused, laboratory-supplied containers, labeled
with pertinent sampling information, transferred to an ice-filled, insulated cooler, and transported to

OnSite Environmental under chain-of-custody procedures.

3.1.3 Analytical Methods

A total of 47 soil samples were submitted to OnSite Environmental and analyzed for the following:
e Halogenated Volatile Organic Compounds (HVOCs) using EPA Method 8260C; and
e Total organic carbon using SM 5310B.

A total of 29 groundwater samples were submitted to OnSite Environmental and analyzed for the

following:
¢ HVOCs using EPA Method 8260c;
¢ Nitrate (as nitrogen) using EPA Method 353.2;
e Sulfate using ASTM Method D516-07;
¢ Dissolved gases methane, ethane, and ethane using Method RSK 175;
e Chloride using standard method (SM) 4500-CL E; and
e Total organic carbon (TOC) using SM 5310B.
Copies of original laboratory reports are included in Attachment B.

Analytical results for soil samples collected during the Rl are summarized in Table 1. Analytical results for
groundwater samples collected during the RI as well as historical groundwater analytical data are

summarized in Table 2.

3.1.3.1 Laboratory QA/QC Procedures

Attachment C contains the HWA laboratory reports and a data quality assessment.
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No major quality control issues were identified and all reported data should be considered valid as

qualified and acceptable for further use.

3.1.4 Geotechnical Analysis of Soil Samples

Samples selected for geotechnical analysis were submitted to HWA'’s geotechnical laboratory for the

following analyses:

e Moisture Content (%)

Dry Density (pcf)

e  Specific Gravity (g/cc)

e Hydraulic Conductivity (cm/s)
¢ Void Ratio (Dimensionless)

e Total Porosity %

o Effective Porosity %

Although only bulk density and effective porosity were specified in the work plan, measurement of
effective porosity requires measurement and calculation of moisture content, void ratio, and total porosity,

and the resulting data allows for calculation of hydraulic conductivity.

Twelve total samples were submitted for geotechnical analysis: 11 from the new monitoring well borings
(MW-19, MW-20 and MW-22) and one from interior boring Int-B1. One sample from 54.5 feet in MW-22
was too disturbed and was not analyzed. The physical properties of the samples are discussed below.

The geotechnical analysis was not used for development of the remediation alternatives.

The sample from Int-B1 was collected from 6.75 feet bgs. It is the shallowest sample and the only
sample collected from beneath the building that was submitted for geotechnical analysis. This sample
was a slightly silty sand with gravel. The gravel content is likely responsible for this sample having the
highest specific gravity, hydraulic conductivity, and void ratio. The location beneath the building likely
explains its low moisture content. The other samples displayed physical properties typical of alluvial silty
sands. Effective porosities near or approaching total porosities indicates little “dead” or inaccessible void
spaces, which is favorable for in situ or other cleanup methods that rely on movement of air or water
through soils. The four samples where effective porosity exceed total are considered equal, i.e., the

difference falls within the precision of the test.

Density, effective porosity, and hydraulic conductivity values will be used to design cleanup systems that

rely on movement of air or water through soils.
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3.2 Kane Environmental, 2016-2017

Site assessment activities by Kane Environmental were conducted between July of 2016 and February of
2017.

3.21 Site Assessment Related Activities
Site assessment activities by Kane Environmental were supported by the activities detailed in the

subsection below.
3.2.1.1 Utility Locate

Kane Environmental contacted the Washington Utilities Underground Location Center prior to starting the
fieldwork to conduct a general locating survey for telephone, gas, water, sewer, communication, and
electric service for study areas at the Site. Areas identified as utility corridors by Washington Utilities

Underground Location Center were marked.

Private utility locator, Mountain View Locating of Bonney Lake, Washington, was retained to perform on-
property utility surveys, including ground penetrating radar (GPR) to determine if underground utilities and

structures were located in areas of the drilling activity throughout the Site.

3.2.1.2 Site Survey

In order to identify the horizontal coordinates and vertical elevation of the groundwater monitoring wells,
Kane Environmental retained DOWL of Redmond, Washington to conduct a survey of the existing
groundwater monitoring wells in addition to those installed by Kane Environmental in August 2016
through November 2016. The vertical datum utilized was NAVD88. Monitoring well top of casing (TOC)

elevations are listed with other monitoring well information in Table 3.

3.2.1.3 Health and Safety Briefing

A health and safety briefing was conducted prior to all field activities. Potential contaminants, hazardous
activities, and preventative measures were discussed. All field personnel from Kane Environmental,
Cascade Dirilling, L.P. (Cascade), Holt Services Inc (Holt), and Environmental Services Network,

Northwest (ESN) were properly trained and licensed to perform the work.

3.2.2 Kane Environmental Field Activities

Field activities performed for this Rl in 2016 and 2017 included:

e Cascade advanced 17 soil borings inside and outside the footprint of the former building on the
BSCA property using a direct-push limited access rig (LAR) in July of 2016. At the time of this

sampling event, the building was still in place. Borings were advanced in the vicinity of the former
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dry cleaning operations, along the sanitary sewer line, and along the storm sewer line. These

boring locations were selected to analyze potential pathways of contaminant migration.

e Holt advanced 30 soil borings throughout the Site using hollow-stem auger (HSA) and sonic
drilling rigs in August and September of 2016. The building was not present at the time of this
sampling event. Borings were advanced to evaluate the subsurface hydrogeologic conditions

and install 28 additional groundwater monitoring wells.

e ESN advanced seven soil borings throughout the BSCA property using direct-push drilling rigs to
evaluate vadose zone soils. Holt advanced five additional borings using an HSA rig to evaluate
the subsurface hydrogeologic conditions and install five additional groundwater monitoring wells.

This work was completed in October of 2016.

e Cascade advanced five borings throughout the former Hertz property and 98t Avenue NE using
HSA and direct-push drilling rigs to evaluate the subsurface hydrogeologic conditions and install

five additional groundwater monitoring wells. This work was completed in November of 2016.

e ESN advanced four soil borings on the BSCA property, near the source area, and one soil boring
in 98" Avenue NE using a direct-push drilling rig to evaluate the extent of impacted soils near the

source area. This work was completed in February 2017.

e ESN advanced nine soil borings on the BSCA Property, four soil borings in 98t avenue NE, and
one soil boring on the former Wexler/Schucks property using a direct-push rig to evaluate the

extent of impacted soils in the 5 to 25-foot depth range. This work was completed in June 2017.

o Kane Environmental field personnel collected groundwater elevation data, groundwater chemistry

data, and groundwater samples for chemical analysis at new and existing monitoring wells.
These activities are described below.

3.2.2.1 Soil Sample Collection Methodology

During the July 2016 field activities, soils were collected from near surface soils in the approximate depth
of the sanitary and storm sewer lines, ranging from approximately 0 to 6 feet bgs. Soil samples were
collected using acetate liners placed inside the direct-push rods. Two discrete grab soil samples were
also collected from above and below an exposed sanitary sewer joint 5 feet bgs (samples “Sewer:Above”
and “Sewer:Beneath”). One additional discrete grab soil sample was collected from soils in the vicinity of
the water services cutoff in the southeast corner of the BSCA property (sample “Water-1"). Soil samples

were logged for physical properties such as grain size, color, and moisture. Kane Environmental boring
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logs are included in Attachment A. Where required, soil samples were obtained utilizing the collection,
preparation and preservation methods outlined in EPA Methods 5030 and 5030b.

For the July 2016 field activities, the soil sampling nomenclature identified each soil sample with its boring
location, followed by a number designating the sample depth in inches. For example, “KSB-17: 12 in-24
in” was from temporary boring KSB-17 on the BSCA property and was collected from 12 to 24 inches bgs.
These soil samples were immediately analyzed by an on-site mobile laboratory, Dragon Analytical

(Olympia, Washington).

During the August and September 2016 field activities, borings were advanced to depths ranging from
16.5 feet bgs to 90 feet bgs to collect soil samples in the vadose and saturated zones, and install
additional groundwater monitoring wells in three generalized groundwater depth zones, Shallow (5-25
feet bgs), Intermediate (25-35 feet bgs) and Deep (35-55 feet bgs). Shallow and Intermediate depth
borings were primarily installed by the HSA while the Deep borings were installed by a Sonic rig. Soil
samples for the Shallow and Intermediate borings were collected at approximately 5-foot intervals using a
2.5-inch outer diameter split-spoon sampler driven with a 300-pound hammer on a wireline, to retrieve
1.5-foot long soil columns. Soil samples for the Deep borings were collected at 5-foot intervals for the first
10 feet, then every 10 feet using a continuous sampler, to retrieve two, 5-foot columns. Drilling equipment
was decontaminated using Alconox® detergent, rinsed with distilled water, and rinsed with isopropyl
alcohol. Soil samples were collected from the interior portion of the soil columns to eliminate potential
sample volatilization. Soil columns were logged for physical properties such as grain size, color, and
moisture. Kane Environmental boring logs are included in Attachment A. Soil samples were obtained
utilizing the collection, preparation and preservation methods outlined in EPA Method 5035c, as required

by Ecology.

During the October and November 2016, and February and June 2017 field activities, direct-push sail
samples were collected, using acetate liners placed inside the direct-push rods. Soils were collected at
depths above the vadose zone, between 0 and 10 feet bgs during the October and November activities,
at depths between 0 and 15 feet bgs during the February activities, and at depths between 0 and 25 feet
bgs during the June activities. During the November 2016 activities, five additional groundwater
monitoring wells were installed by HSA and Sonic rig. HSA samples were collected at approximately 5-
foot intervals using a 2.5-inch outer diameter split-spoon sampler driven with a 140- or 300-pound
hammer on wireline, to retrieve 1.5-foot soil columns. Sonic rig soil samples were collected at 5-foot
intervals for the first 10 feet, then every 10 feet using a continuous sampler, to retrieve two, 5-foot
columns. Drilling equipment was decontaminated using Alconox® detergent, rinsed with distilled water,
and rinsed with isopropyl alcohol. Soil samples were collected from the interior portion of the soil

columns. Soil columns were logged for physical properties such as grain size, color, and moisture. Soll
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samples were obtained utilizing the collection, preparation and preservation methods outlined in EPA

Method 5035c, as required by Ecology.

For the August through November 2016, and February and June 2017 field activities, the soil sampling
nomenclature identified each soil sample with its boring location or eventual monitoring well designation,
followed by a number designating the sample depth in feet. For example, soil sample “MW-40-5" was
from the monitoring well boring MW-40, on the BSCA property, and the sample was collected at 5 feet
bgs. Soil sample “KSB-22:7” was from the boring location KSB-22, on the BSCA property, and the sample
was collected from 7 feet bgs. Soil sample “HZ-MW-24:30-31” was from the monitoring well boring HZ-

MW-24, on the former Hertz property, and the sample was collected from 30 to 31 feet bgs.

These soil samples were immediately placed into ice-filled coolers and subsequently transported to

OnSite Environmental, under standard chain-of-custody procedures.

3.2.2.2 Monitoring Well Installation Methodology

Selected soil borings drilled during August through November 2016 were converted to two-inch diameter
groundwater monitoring wells, with the final depth varying by location. The monitoring wells were
installed by Holt Services Inc. (Holt) of Puyallup, Washington, in accordance with Washington State
monitoring well construction standards and under the direction of a licensed driller (ASTM D 5092 and
EPA 600-4-89-034).

The monitoring wells were constructed with ten feet of schedule 40 PVC screen and a slot size of 0.010
inches. The screened depth interval varied by location, with the Shallow wells screened between 5 feet
and 25 feet bgs, the Intermediate wells screened between 25 and 35 feet bgs, and the Deep wells
screened between 35 feet and 55 feet bgs. Two-inch diameter schedule 40 PVC casing was installed
above the slotted screen. A sand pack was placed in the annular space from the well bottom to
approximately two feet above the well screen and a bentonite seal from the top of the sand pack to
approximately one-and-a-half to two feet bgs. The groundwater monitoring wells were completed with

flush-mounted monuments surrounded by a concrete surface seal.

Locations of the monitoring wells are shown in Figure 9 and boring logs with well construction diagrams
are included as Attachment A. Monitoring well information including installation date and consultant, and
the water-bearing zone are included in Table 3.

3.2.2.3 Monitoring Well Sample Collection Methodology

Monitoring wells installed during the August through November 2016 activities were developed to remove

sediment that may have accumulated in the casing or sand pack during installation. Existing wells on the
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Site were also developed to remove sediment that appeared to have accumulated in the well casing
following the previous sampling activities. All well development occurred at least 48 hours prior to well

sampling activities. Development was performed using a submersible pump and surge block.

Prior to collecting groundwater samples from the monitoring wells, depth to groundwater in each well was
measured with a decontaminated electric water interface probe. The probe was cleaned with Alconox®
detergent and rinsed with distilled water between sampling activities. Shallow groundwater monitoring
wells were sampled using a peristaltic pump with disposable polyethylene tubing and Intermediate and
Deep groundwater monitoring wells were sampled using a submersible pump with disposable PVC
tubing. The tubing, or submersible pump, were lowered to approximately one foot above the bottom of the

well screen.

All the newly installed monitoring wells were sampled in addition to all the existing wells, with the
exception of MW-13 and MW-17, which both contained residual emulsified oil remedial injection product
which prevented groundwater sampling. Monitoring wells were initially sampled between September 13
and September 27, 2016, with a second round between October 24, 2016 and November 2, 2016.

Additional wells were sampled following installation on November 28, 2016 and January 3, 2017.

Unfiltered groundwater was placed into appropriate laboratory-supplied, pre-cleaned and preserved
containers for analysis. The groundwater samples were immediately placed into ice-filled coolers and
subsequently transported to OnSite Environmental under standard chain-of-custody procedures.

3.2.3 Field Screening Methods

Following collection, soil columns were inspected visually for any indication of contamination
(discoloration and/or odor). Kane Environmental also used a photoionization detector (PID) to screen all
soil columns for volatile organic compounds prior to sample collection practices. PID readings are
included in the Kane Environmental boring logs (Attachment A).

3.2.4 Analytical Methods

Based on the identified COCs, select soil and groundwater samples were submitted to the laboratory and

analyzed for the following:

e Halogenated Volatile Organic Compounds (HVOCs), by EPA Method 8260 and EPA Method
8021;

Copies of original laboratory reports are included in Attachment C.
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Analytical results for soil samples collected during the Rl are summarized in Table 1. Analytical results for
groundwater samples collected during the Rl as well as historical groundwater analytical data are

summarized in Table 2.

3.2.4.1 Laboratory QA/QC Procedures

Internal test methods run by the laboratory to ensure data accuracy and reproducibility include method
blanks, laboratory control standards, sample duplicates, matrix spikes, and matrix spike duplicates. All
analyses were performed in accordance with Dragon and OnSite Environmental’s in-house Quality
Assurance/Quality Control Plans. Sample analyses were performed in compliance with EPA analytical

methods and Ecology guidelines. All analyses were within accepted QA/QC guidelines

See Attachment C for full analytical data and all data qualifiers.

Kane Environmental, Inc. Page 33



4.0 NATURE AND EXTENT OF CONTAMINATION

The Kane Environmental assessment activities were completed in order to assess potential impacts to
the soil and groundwater at the Site and complete Site characterization. Kane Environmental advanced

29 additional soil borings and installed 38 additional monitoring wells throughout the Site.

4.1 Chemicals of Concern

As stated in Section 3.1, the chemicals of concern (COCs) in Site soil and groundwater are:

e HVOCs, primarily PCE, TCE, Cis-1,2 DCE, and VC

4.2 Impacts to Soil

In order to assess impacts to the Site and determine their extents requiring remedial action, sample

analytical results were evaluated with respect to the following cleanup criteria:

e MTCA Method A Soil Cleanup Levels for Unrestricted Land Uses (MTCA Table 740-1);
o MTCA Method B Non-carcinogenic Soil Cleanup Levels;

HVOCs in concentrations exceeding MTCA Method A and B cleanup levels occur in soil beneath, and to
the west, southwest, south, east, and southeast of the former structure on the BSCA property. HVOC
concentrations generally decrease with depth and distance from the source. Table 1 lists HVOC
concentration data in soil. Figures 16, 17, and 18 show historical PCE concentrations in Site soils at
depth intervals of 0 to 5 feet bgs, 5 to 25 feet bgs, and 25 to 55 feet bgs, respectively. Red and orange
symbols indicate a sample location where PCE concentrations were detected above MTCA Method A Saoil
Cleanup Levels, the latter of which represents concentrations in exceedance of 14 mg/kg (RCRA
Dangerous Waste Criteria). During 2016 and 2017 field activities, PCE concentrations in near-surface
soils (0 to 5 feet bgs) near the source area ranged from 32 mg/kg (KSB-21) to non-detectable
concentrations. Detectable concentrations of HVOCs, with periodic “hot spots” (in exceedance of cleanup
levels), were identified in near-surface soils along the utility corridors of the BSCA property, such as KSB-
10, and at depth southward along 98" Avenue NE (HZ-MW-30 and HZ-MW-31), indicating preferential
flow paths that resulted in these hits. Vadose zone impacts to soil are predominantly limited to the BSCA

property.

Concentrations of PCE which exceed RCRA Dangerous Waste Criteria were generally located beneath
the former structure on the BSCA Property, and to the west and southwest, along 98" Avenue NE, at
depths ranging from 7.5 to 15.5 feet bgs. Hot spots as high as 35,000 mg/kg (KSB-D3/MW-30) and
14,000 mg/kg (MW-24) were encountered beneath the northwest corner of the former building at depths
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of 19 and 12 feet below ground surface, respectively. This coincides with the location of the former dry

cleaning machine in this part of the former building.

Elevated concentrations of HVOCs in soil exceeding MTCA cleanup levels are generally located at
depths of up to 50 feet bgs, except in MW-19 where soils exceeding MTCA cleanup levels are present at
60 feet bgs. 15 soil sampling locations were sampled at depths of 50 feet or greater. Soil samples
collected below the water table (saturated soil samples) were analyzed for HVOCs to help evaluate

cleanup alternatives by providing data to determine the mass of HVOCs in the saturated soils.

Figures 19, 20 and 21 show the approximate extent and magnitude of shallow soils (0 to 5 feet bgs),
intermediate soils (5 to 25 feet bgs), and deep soils (25 to 55 feet bgs), respectively, with concentrations
of PCE in exceedance of the MTCA Method A cleanup level.

Additionally, according to the results of the 2010 subsurface investigation on the former Schucks property
(Floyd & Snider, 2010; Attachment G), a soil sample, GP-12: 6 ft located just to the southeast of the
BSCA property, contained a concentration of gasoline in exceedance of MTCA Method A cleanup level.
This is associated with a separate source from the former Schucks property, and based on the analytical

results, are limited in extent.

4.3 Impacts to Groundwater

To assess impacts to the Site and determine the extent of impacts requiring remedial action, groundwater

sample analytical results were evaluated with respect to the following criteria:

e MTCA Method A Cleanup Levels for Groundwater (MTCA Table 720-1);
e  MTCA Method B Non-carcinogenic Groundwater Cleanup Levels.

HVOC contaminated groundwater extends to depths up to 55 feet bgs beneath the BSCA property,
horizontally to the south and southwest beneath 98t Avenue, to the southeast and east-southeast
beneath the vacated SR522 roadway onto the former Hertz property, and east onto the former
Wexler/Schucks property. Table 2 lists HYOC concentration data in groundwater. Figures 22, 23, and 24
illustrate HYOC concentrations in Shallow, Intermediate, and Deep zones. Figures 25, 26, 27, and 28
display HVOC groundwater concentrations in cross-sections A to A’, B to B’, C to C’, and D to D’,

respectively.

According to a Draft Remedial Investigation / Feasibility Study Rev. 1 for the Former Hertz property,
conducted by HWA, and dated May 27, 2016 (HWA, 2016), monitoring well HZ-MW-19 previously
contained concentrations of petroleum hydrocarbons gasoline and diesel in exceedance of MTCA Method

A cleanup levels. These exceedances (in March and September of 2014, respectively), which were
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observed following soil remediation, eventually decreased to concentrations well below MTCA Method A
cleanup levels by January of 2014 through January 2015. Groundwater compliance monitoring for

HVOCs will include wells installed on the former Schucks property.

Shallow Groundwater

Shallow groundwater PCE concentrations up to 130,000 ug/L were detected near the center of the plume
at MW-30, just south of the former dry cleaning operation on the BSCA property. A PCE concentration of
150 pg/L was detected in S-MW-1, on the former Wexler/Schucks property in September 2016, east-
northeast of the source area. This represents the furthest Shallow depth exceedance of MTCA Method A
cleanup levels to the east-southeast of the BSCA property. A PCE concentration of 25,000 pg/L was
detected in MW-40, just north of the intersection of 98" Avenue NE and the vacated SR522 roadway, to
the south of the source area. This suggests a preferential pathway of groundwater flow to the south
along 98" Avenue NE. Groundwater samples collected from HZ-MW-31 and HZ-MW-32 in November
2016, located to the south of MW-40, did not result in detectable concentrations of PCE above the
laboratory reporting limit. See Figure 22 for the 2016 groundwater analytical data and horizontal extent of

Shallow zone groundwater in exceedance of MTCA Method A cleanup levels.

Intermediate Groundwater

Intermediate depth groundwater PCE concentrations up to 3,300 ug/L were detected in the center of the
plume, east-southeast of the former dry cleaning operation on the BSCA property. A PCE concentration
of 85 pg/L was detected at HZ-MW-29, on the former Hertz property. Thi

s represents the furthest Intermediate depth exceedance of MTCA Method A cleanup levels to the east-
southeast of the BSCA property. PCE concentrations were not detected above the laboratory reporting
limit at HZ-MW-33, located to the southeast of HZ-MW-29. See Figure 23 for the 2016 groundwater
analytical data and horizontal extent of Intermediate zone groundwater in exceedance of MTCA Method A

cleanup levels.

Deep Groundwater

Deep groundwater PCE concentrations are generally less than Shallow and Intermediate zones, with the
exception of MW-9 (near the former dry cleaning machine), which reported a PCE concentration up to
53,000 pg/L in September 2016. This was the same well where PCE recovered as dense non-aqueous
phase liquid (DNAPL) was removed by Farallon between 2005 and 2007. Generally, Deep groundwater
PCE concentrations on the BSCA property range between 1,200 ug/L (MW-32) and 0.34 pg/L (MW-33).
A PCE concentration of 95 ug/L was detected in MW-39, just north of the intersection of 98" Avenue NE
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and the vacated SR522 roadway, to the south of the source area. Groundwater samples collected from
HZ-MW-30, to the south of MW-39, did not report any detectable concentrations of PCE above the
laboratory reporting limit. See Figure 24 for the 2016 groundwater analytical data and horizontal extent of

Deep zone groundwater in exceedance of MTCA Method A cleanup levels.

General Trends

In the Shallow and Intermediate zones, the central portion of the plume (vicinity of MW-6, MW-8, and
MW-11) has lower HVOC concentrations, likely due to prior in-situ bioremediation injections at MW-6.
This is displayed prominently in Figures 25 and 26. PCE contaminated groundwater generally increases
in depth through the Intermediate zone as the plume migrates laterally to the south, southeast, and east-
southeast. PCE impacts to Deep groundwater appear limited to beneath the source area and migrating
laterally across the BSCA property to the south and southeast, beneath 98th Avenue NE and the vacated

portion of State Route 522, respectively.

Per the MTCA, RIs must include evaluation of vapor intrusion (VI) impacts to indoor air quality when
volatile hazardous substances are present in the subsurface. The Ecology Guidance for Evaluating Soil
Vapor Intrusion in Washington State (Ecology, 2009) provides a process for evaluating the VI pathway
during an RI/FS (WAC 173-340-350) and subsurface media cleanup levels protective of indoor air quality.
This process applies to buildings currently on a site, or future buildings, i.e., cleanup standards and

actions must be protective of current and potential future site uses.

The guidance employs a tiered approach, starting with a preliminary assessment, and moving to Tier |
and |l assessments, if warranted. Initial screening steps in the preliminary assessment include the

following:

e Are chemicals of sufficient volatility and toxicity known or reasonably suspected to be present?

e Are occupied buildings present (or could they be constructed in the future) above or near site

contamination?

For this Site, both criterion are met. Future buildings in impacted areas will include vapor mitigation
measures (e.g., vapor barriers and passive venting systems, or other vapor mitigation measures). No soll
vapor measurements were collected for this Rl since the Site is vacant, and the selected remedial action
will be designed to remediate site vadose zone soils and groundwater and discussed in the draft Cleanup
Action Plan. Direct mitigation through vapor barriers and passive venting systems will address vapor
intrusion risks for future buildings on the site. Soil vapor sampling will be conducted following completion

of the Site remedial action and compared to soil vapor screening levels in effect at that time.
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5.0 PRELIMINARY CONCEPTUAL SITE MODEL
5.1 Conceptual Site Model

The Conceptual Site Model (CSM) for the Site identifies the primary contaminant sources, release
mechanisms, transport mechanisms, secondary contaminant sources, potential pathways, and exposure
routes. Existing chemical data, site characterization data, and identification of potential human and
ecological receptors were used to develop the model, presented in Figure 29. The CSM is discussed
further below.

5.1.1 Primary Sources of Contamination and Release Mechanisms

The primary source of current contamination on the Site is from releases of an historic dry cleaning
operation on the BSCA property. The COCs in soil and groundwater are PCE, TCE, Cis-1,2 DCE and
VC.

5.1.2 Secondary Sources and Release Mechanisms

When a released contaminant is retained in an environmental medium, such as soil or groundwater, the
medium functions as a secondary source for further chemical release and distribution. Secondary
release mechanisms for COCs present at the Site include leaching from soils to groundwater and

mobilization of contaminated groundwater, as well as volatilization from soil and groundwater to air.

The degree of leaching and degree of mobilization is controlled by the physical properties of the aquifer
(including the groundwater gradient and hydraulic conductivity), chemical properties of the groundwater,
properties of the soil, and the geochemical interactions (such as solubility) between the groundwater and
the various contaminants. Volatilization is controlled by the concentration and chemical properties of the

contaminant and the physical properties of the soil and groundwater.

5.1.3 Pathways and Potential Receptors

An exposure pathway is a mechanism by which receptors are assumed to contact Contaminants of
Potential Concern (COPCs). The U.S. Environmental Protection Agency (EPA, 1989) describes a

complete exposure pathway in terms of four components:

e A source and mechanism of chemical release (e.g., a release of COPCs to the subsurface)

e Aretention or transport medium (e.g., groundwater)
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A receptor at a point of potential exposure to a contaminated medium (e.g., commercial worker in

an on-site building located above the groundwater plume)

An exposure route at the exposure point (e.g., inhalation of vapors)

If any of these four components is not present, then a potential exposure pathway is considered

incomplete and is not evaluated further in a risk assessment. If all four components are present, a

pathway is considered complete.

Potential exposure routes for human and ecological receptors may include the following:

Dermal/Direct Contact: Exposure to chemicals in soil may occur through direct contact with soil
and groundwater. Direct contact is a potential exposure route for current and future on-site
workers, potential future residents, or visitors. Burrowing or ground-dwelling mammals and

invertebrates may be exposed directly to the soil and groundwater contaminants;

Inhalation: Particulates from soil can be transported by air and inhaled by potential on-site and
off-site receptors. Additionally, emissions of volatile chemicals from within the contaminated
media may be transmitted into the air, where terrestrial biota may be exposed. Burrowing
animals (e.g., moles) may also be exposed to particulates and vapors in underground stagnant

air while spending time within the burrow;

Ingestion: Ingestion of chemicals in Site soil is a primary exposure route for human and

ecological receptors. Uptake by plants is also a potential exposure route.

Potentially complete exposure pathways include the following (shown in Figure 29):

Current/future construction/utility worker:
o Incidental soil ingestion;
o Dermal contact with soil and/or groundwater, including in a trench or excavation;
o Inhalation of particulates and/or vapors from the groundwater and subsurface soil;

o Inhalation of particulates and/or vapors or dermal contact with soil and/or groundwater in

a trench or excavation.
Current/future Occupant or Site visitor including parking lot users (adult and child):
o Incidental soil ingestion;
o Dermal contact with soil;

o Inhalation of particulates and/or vapors from the groundwater and/or soil.
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o Ecological receptors:
o Incidental soil and groundwater ingestion;
o Inhalation of particulates and/or vapor from the soil in outdoor air or in a burrow;

o Dermal contact with soil and groundwater in a burrow.

5.2 Assessment of Risk
5.2.1 Human Health Baseline Risk Assessment

Exposure to identified COCs could occur via exposure pathways previously discussed. Based on the
nature and the extent of contamination, the likely greatest potential risk to human receptors is dermal
contact of soil and/or groundwater to construction workers during soil-disturbing activities. The second

most likely exposure risk is inhalation of vapors during soil-disturbing activities or by commercial workers.

These risks can be mitigated under a cleanup action that either removes the contaminants to levels that
are protective to receptors or that places institutional or engineering controls to prevent exposure. Risk

mitigation is a primary factor used in evaluating cleanup action alternatives under the Feasibility Study.

5.2.1.1 Exposure Pathways

Soil remediation and source control are expected to decrease the potential exposure to contaminated soil
and groundwater. Personnel performing remediation activities are at an increased risk of contaminated
soil and groundwater exposure. All appropriate regulations and guidelines should be followed during

cleanup.

Reported concentrations in groundwater collected on the Site exceeded various MTCA Method A
Cleanup Levels. However, a review of Ecology’s online database of well logs indicated no drinking water

wells located potentially cross-gradient or down-gradient within approximately one-half mile of the Site.

Potential vapor intrusion, associated with future development, will be mitigated by the installation of vapor
barriers and passive venting systems, or other vapor intrusion mitigation methods. Soil gas sampling will
be conducted following completion of the Site remedial action and compared to soil gas screening levels

at that time.

5.2.2 Ecological Baseline Risk Assessment

Based on the nature and extent of contamination, the likely greatest potential risk to ecological receptors
include incidental soil ingestion and dermal contact, as well as ingestion and direct contact with
groundwater. Based on the exposure pathways analysis, the land use on the Site and the surrounding

area make wildlife exposure unlikely.
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5.2.2.1 Ecological Risk

Since a release of a hazardous substance was discovered in soil, the MTCA Cleanup Regulations under

WAC 173-340-7490 require that the Site be screened to determine if a Terrestrial Ecological Evaluation

(TEE) needs to be completed, since a release of hazardous substances to soil may pose a threat to the

terrestrial environment. The regulation requires that one of the following actions be taken:

Document an exclusion (WAC 173-340-7491);
Conduct a Simplified TEE (WAC 173-340-7492); or

Conduct a Site-Specific TEE (WAC 173-340-7493).

According to WAC 173-340-7492(2)(a)(ii), the land use of the Site and surroundings qualify for evaluation
using MTCA Table 729-1. According to this worksheet, the TEE process may be ended (see Attachment

D). Although there are currently partially unknown lateral extents, surrounding properties have similar

commercial / industrial development. Therefore, no further consideration of ecological impacts is required
under MTCA.

5.3 Applicable or Relevant and Appropriate Requirements

Cleanup actions under MTCA (WAC 173-340-710) require the identification of all Applicable or Relevant

and Appropriate Requirements (ARARs). These requirements are defined as:

“Applicable” requirements are those cleanup standards, standards of control, and other
substantive environmental protection requirements, criteria, or limitations promulgated under
federal or state law that specifically address a hazardous substance, pollutant, contaminant,

remedial action, location, or other circumstance at a site.

“Relevant and appropriate” requirements means those cleanup standards, standards of control,
and other substantive requirements, criteria, or limitations promulgated under federal
environmental or state environmental or facility siting laws that, while not “applicable” to a
hazardous substance, pollutant, contaminant, remedial action, location, or other circumstance at
a site, address problems or situations sufficiently similar to those encountered at the site that their

use is well suited to the particular site.

Potential ARARs were identified for each medium of potential concern. The primary ARARSs relating to

the cleanup action include:

MTCA, Chapter 70.105D of the Revised Code of Washington (RCW);

Cleanup Regulations, WAC 173-340; and
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e Dangerous Waste Regulations, WAC 173-303; and

e State Environmental Policy Act (SEPA) Checklist [RCW 43.21C.030(2)(a) and (2)(b)].

These primary ARARs are anticipated to be the most applicable to the cleanup action because they
provide the framework for the cleanup action, including applicable and relevant regulatory guidelines,
cleanup standards, waste disposal criteria, references for additional ARARs, and standards for

documentation of the cleanup action.

Other applicable ARARs and guidance documents for cleanup of the Site may include:

e Occupational Safety and Health Act, Part 1910 of Title 29 of the Code of Federal Regulations;
e Safety Standards for Construction Work, WAC 296-155;

e Solid Waste Management, Reduction and Recycling, RCW 70.95;

e  Minimum Functional Standards for Solid Waste Handling, WAC 173-304;

e  Criteria for Municipal Solid Waste Landfills, WAC 173-351; and

e Accreditation of Environmental Laboratories, WAC 173-50.

5.3.1 Cleanup Criteria
Based on the findings detailed in the Remedial Investigation (Section 2.0), the selected cleanup levels for
impacted media are discussed below.
5.3.1.1 Soil Cleanup Levels

The selected cleanup levels for the identified Constituents of Concern in soil are as follows:

¢ MTCA Method A Soil Cleanup Levels for Unrestricted Land Uses (WAC 173-340-900, Table 740-
1), and MTCA Method B Direct Contact values:

o PCE 0.05 mg/kg
o TCE 0.03 mg/kg
o Cis-1,2DCE 160 mg/kg (MTCA Method B)
o VC 175 mg/kg (MTCA Method B)

5.3.1.2 Groundwater Cleanup Levels

e MTCA Method A Cleanup Levels for Groundwater (WAC 173-340-900, Table 720-1), and MTCA

Method B Noncancer:
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o PCE 5 ug/L
o TCE 5 ug/L
o Cis-1,2DCE 16 ug/L (MTCA Method B)

o VC 0.2 ug/L

Groundwater screening levels for vapor intrusion were reviewed to compare the screening levels to the
groundwater cleanup levels. The PCE groundwater screening level for vapor intrusion is 22.9 ug/L, TCE
is 1.55 ug/L and VC is 0.347 ug/L. The groundwater cleanup levels are lower than the groundwater
screening levels, except for TCE. Meeting groundwater cleanup levels for PCE and VC will be protective
of vapor intrusion. Mitigation of vapor intrusion by installation of a vapor barrier, and other vapor

mitigation alternatives, will also provide protection of TCE in indoor air.

5.3.2 Screening Levels for Vapor Intrusion

Screening levels provided in the Guidance for Evaluating Soil Vapor Intrusion in Washington State:
Investigation and Remedial Action, Review Draft, Revised February 2016, Ecology recognizes the
assumed attenuation factors utilized to calculate the groundwater and soil gas screening levels are
conservative under most circumstances. For example, the degree of attenuation between groundwater or
deep soil gas and indoor air for certain petroleum hydrocarbons is likely at many sites to be considerably
more than what is assumed here. These compounds often biodegrade in the vadose zone, leading to
sub-slab concentrations lower than what would be predicted solely from diffusion-based vertical

concentration profiles.

5.3.3 Point of Compliance

The points of compliance are the locations at which cleanup levels for the Contaminants of Concern
(COCs) must be attained to meet the requirements of MTCA and support issuance of an NFA
determination for the Site. In accordance with WAC 173-340-740(6), the point of compliance for soil is all
soil to 15 feet bgs within the boundaries of the Site. In accordance with WAC 173-340-720(8), the point

of compliance for groundwater is all groundwater within the boundaries of the Site.
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6.0 FEASIBILITY STUDY (FS)
6.1 Screening of Remedial Technologies and Alternatives

This Feasibility Study (FS) is completed following the MTCA regulation WAC 173-340-350(8). The
purpose of a Feasibility Study is to develop and evaluate cleanup action alternatives to enable a cleanup

action to be selected for a site.

Under MTCA, the development of a cleanup plan requires that technologies capable of meeting cleanup
objectives are screened and then assembled into a list of remedial alternatives. These alternatives are

then evaluated, compared, and preferred alternatives identified.

This section includes review of available cleanup technologies, initial screening of the technologies, and
selection of technologies to be further evaluated. The initial screening of preliminary remedial alternatives
is based on technical feasibility, i.e., available site data and knowledge of design parameters for potential
treatment technologies. The selected cleanup technologies are then screened for overall effectiveness,
implementability, and relative cost to identify a short-list of potentially applicable technologies, that are

then assembled into cleanup alternatives.
The initial technologies screened for the Site include:
e Source Soil Excavation/Bioremediation
o Electrical Resistance Heating/Bioremediation with Ground Water Recirculation
e Air sparging/Soil vapor extraction
e Excavation to Glacial Till/Monitored Natural attenuation

Section 6.2 describes each of the technologies evaluated during screening, including information on the
technology effectiveness, implementability, and cost. Technologies retained to be carried forward in

development of remedial alternatives are summarized in Section 7.

MTCA regulations place a preference on the use of permanent cleanup methods such as removal,
disposal, or treatment relative to those that manage contaminants in place using institutional controls,
natural attenuation and/or containment. The discussion of the benefits and disadvantages of each
candidate technology is described but not weighted in this section. The MTCA preferences for selection
of remedy are reflected in regulatory evaluation criteria which will be described and applied in the Draft

Cleanup Action Plan.
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6.2 Remediation Alternatives

Remediation alternatives are developed from treatment technologies, to meet the goals of the cleanup in
accordance with MTCA requirements and guidelines. The process of developing remediation alternatives
begins with a broad overview of all types of treatment technologies. A comprehensive list of technologies
relevant to the Site was developed using professional knowledge and judgment, experience, and

screening information prepared by EPA for use across the United States (USEPA, 2007).

The list of treatment technologies was given a cursory screening to eliminate any technologies that do not
apply to the observed contamination and/or Site-specific conditions. The following applicable treatment

technologies were considered for use in development of remediation alternatives:

e Excavation and Off-site Disposal

e Bioremediation

e Electrical Resistance Heating

e Air Sparging and Soil Vapor Extraction

e Soil Excavation to Glacial Till

Monitored Natural Attenuation (MNA)

These six treatment technologies have been combined and incorporated into the four remediation
alternatives which are considered for evaluation in this FS. For all four remediation alternatives, potential
vapor intrusion, associated with future development, will be mitigated by the installation of vapor barriers,

or other vapor intrusion mitigation methods.
Remediation alternatives are presented below.

6.2.1 Alternative 1 Limited Source Soil Excavation and Bioremediation

Excavation and off-site disposal of contaminated soils is a common remedial approach for source
removal. Excavation would remove the source of contamination and is typically followed by various off-
site soil treatment and/or disposal alternatives. It should be noted that the BSC building has been
demolished, and the concrete foundation and asphalt paving surrounding the building and parking lot are
in-place. The proposed excavation area for Alternative 1, which is the contaminant source area, is shown
in Figure 30. Prior to excavation, a geotechnical soldier pile wall, or similar, will be installed on the BSCA

property along the eastern sidewalk of 98" Avenue NE to provide structural support on the western and
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northern side of the excavation. Excavation to the south and east can be completed using a 1:1
excavation slope. The concrete foundation within the excavation area will be removed and soil excavated
to fifteen (15) feet bgs. For the source area soil removal meant to achieve compliance based on
exposure via direct contact, this excavation depth is consistent with WAC 173-340-740 (6)(d); however,
source soil extends deeper than 15 feet because soil contamination is documented down to 55 feet.
Clean, compacted imported fill material will replace the excavated contaminated soil. Based on the
analytical results, some of the soil in the excavation area is above Dangerous Waste Criteria (14 ppm)
and designates as hazardous waste. PCE and TCE are listed dangerous wastes under the state
Dangerous Waste regulations (WAC 173-303). Soils with any detectable concentrations of these listed
wastes require special handling and disposal when excavated. If PCE and TCE concentrations are less
than RCRA land disposal restrictions, and less than Method B direct contact levels, Ecology may issue a
“Contained In” determination, allowing disposal of the soils at a Subtitle D landfill. Soils with higher
concentrations will designate as Dangerous Wastes and must be sent to a Subtitle C facility for treatment,

stabilization, and/or disposal.

Following source soil removal activity, an array of groundwater injection wells at varying depths from 10
feet to 55 feet bgs, will be installed on the BSCA property. Figure 30 shows a preliminary design of the
location of the injection wells. Actual locations and injection well depths will be determined in the Cleanup
Action Plan, if this alternative is selected as the Preferred Alternative. The injection network would be

designed to address the entire plume if this alternative was selected.

A emulsified oil product, EOSe, which is an emulsion of lactate, soybean oil and nutrients that stimulates
the growth of anaerobic bacteria to treat the groundwater plume through reductive dechlorination, will be
injected into the groundwater. EOSe will be injected into wells at the source area and in downgradient
wells. During bacterial respiration, electrons from the EOSe are transferred to the chlorinated compounds
via the bacteria, releasing chlorine ions and eventually degrading to ethane and hydrogen gas. The
application of EOSewill result in concentrations of vinyl chloride increasing in the groundwater at the site.
This occurred after the application of EOSe that was applied to the groundwater by Farallon in 2007
(Farallon, 2008b).

Emulsified oil essentially behaves like a dilute milk solution during injection, allowing the normally
immiscible oil to be transported with water. Implementation is possible through wells and coverage can

be very complete.

Within two to six months after injection, the emulsion “breaks” due to bacterial action, and the oil droplets
adhere to the soil particles, leaving a barrier of electron donor in place. The oil droplets then dissolve

slowly into ground water at a rate that is compatible with maintaining anaerobic conditions and supplying
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electrons to the microorganisms. The duration of release will in part be dependent on the initial oil
concentration injected. Emulsified oil has been used at hundreds of locations and donor release has

been observed to last for many years after injection (AFCEE 2007).

The emulsified oil will initially drift down gradient with ground water flow, creating a fairly long barrier or

treatment zone (in the direction of flow).

Injection protocol for each location will include the following elements:

¢ Inject small volume of anaerobic water (50 -100 gallons) with oil

¢ Inject bioaugmentation culture (approximately 20 liters/well and 4 liters/DP point)
e Inject emulsified oil with micro ZVI in anaerobic water

e Short water flush, no donor solution

The first step must be repeated each day when there will be an injection the following day. The final two
steps will be repeated each day until the desired volume is achieved. The water flush after each injection

is to minimize fouling of the well screen, sand pack and nearby formation.

Injection quantities will be determined after initial injection and tracer testing to measure and estimate
injection flow rates, pressures, reagent travel times and distances. This testing will occur in several

selected wells.

The tracer testing will be conducted by monitoring ground water field parameters (specific conductivity,
ORP, DO, etc.) in selected monitoring wells nearest to selected injection wells, using either 1) datalogging
probes/pressure transducers, or 2) manually collected field measurements at regular (e.g., semi daily)

intervals during injection, and for a day or two after if necessary.

A higher percentage of emulsified oil will be injected into the source area wells. This is due to the higher
contaminant concentrations that will require longer treatment, and because it is the most up gradient
area, and will receive a continuous influx of electron acceptors (i.e., oxygen). Electron acceptors will

decrease along the flow path after the injections.

The in-situ reductive dechlorination process results in removal of chlorine atoms within the solvent
molecules one at a time, i.e., each PCE molecule is reduced to TCE, which is then reduced cis-1,2-DCE,
which is reduced VC, which is reduced to ethene. Removal of chlorine atoms in PCE and its breakdown
products may occur concurrently (although not necessarily at the same rates) such that short term
increases in concentrations of TCE, 1,2-DCE and VC are likely (and typically observed), until the process

is completed. The estimated timeframe for Alternative 1 is 10 years.
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The advantages of Alternative 1 - Source Soil Excavation and Bioremediation include:
¢ Contaminants to 15 feet bgs are permanently removed from the source area through excavation
e Less site disruption than mass excavation methods throughout the site

e Contaminants can break down into harmless by-products using emulsified oil

The disadvantages of Alternative 1 - Source Soil Excavation and Bioremediation include:

e Off-site transport for treatment or disposal of HVYOC contaminated soils characterized as both

dangerous and hazardous waste
e Requires importing and compacting clean import backfill to replace removed soils

e Additional soil source remains at depth, which would continue to release HVOCs into

groundwater
e Disruptive activity with significant noise and potential dust

¢ Injection of materials may cause plugging of wells and/or the aquifer by chemical precipitation or

biofouling

e PCE breaks down via reductive dechlorination into TCE, DCE, and vinyl chloride. Complete

breakdown into ethenes throughout the plume is likely not achievable throughout the Site.

6.2.2 Alternative 2 - Electrical Resistance Heating (ERH) Bioremediation and

Recirculation

Electrical resistance heating (ERH) involves heating the soil and ground water using electrodes installed in
wells in the source area, and connected to a source of electricity, resulting in heating of the subsurface
soil and groundwater. The subsurface is heated to a range of 80 degrees Centigrade (C) to 100 degrees
C, which then volatilizes the contaminants into the unsaturated zone where they are removed by soil

vapor extraction.

Installation of the ERH system includes drilling boreholes, installing electrodes and soil vapor extraction
screens in each borehole, and staging and connecting operating equipment (power control unit, transformer,
power cables, vapor recovery lines, activated carbon, steam condenser, blower, and cooling tower). The
boreholes are drilled in a triangular grid pattern (typically 15-foot spacing) that is located to optimize electrical
and thermal distribution in the subsurface. The backfill around the electrode/vapor screen consists of a
conducting material such as a sand and graphite or sand and steel shot mix. The electrodes are in electrical

contact with the soil matrix throughout the target soil zone. The vapor extraction screen would be positioned
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over the target interval in the unsaturated zone, between approximately 6 feet bgs and 1 foot bgs. Figure 31

depicts the preliminary design of Alternative 2.

Once the electrode and vapor recovery system is constructed, including connection of all electrical and vapor
lines at the surface, then the system would undergo functional testing, including grounding requirements.
After testing is successfully completed, the system would be turned on. Electrical power is supplied
continuously to the electrodes to heat up the subsurface. Heating the soil to the target temperature of 80°C to
100°C usually takes approximately 1 month. After the target temperature is achieved, it would be maintained
for a period of 4 to 5 months to complete the thermal treatment. During the entire heating period, the vapor
extraction system would be operating, and will not interfere with the ERH system. As the soil is heated,
contaminant vapor flow in the recovery system would progressively increase as the volatility of the
contaminants increases. When the soil temperatures get close to the target, a significant amount of water
would start to vaporize, which creates a steam-stripping effect for the volatiles. This steam is subsequently
condensed in the steam condenser. Because of the heat and the steam-stripping effect, the removal of
volatile contaminants from low-permeability silty soils is much more effective than standard air sparging and

soil vapor extraction.

The progress of treatment with ERH is monitored through soil temperature monitoring of the subsurface,
periodic collection and analysis of extracted vapors, and soil sampling for treatment confirmation.
Thermocouples located at 5-foot intervals spanning the vertical target treatment zone would be used to track
the subsurface soil temperature profile as it approaches and attains the target temperature. Air samples
collected weekly from the vapor recovery line, after the condenser and before the activated carbon treatment,
would be used along with vapor recovery stream flow-rate readings, to track the total amount of volatile
contaminants removed from the subsurface as thermal treatment progresses. The soil samples, typically
collected at 60, 90, and 100 percent of the thermal treatment cycle, would be used to verify the extent of

contaminant removal indicated by the air sampling results.

Concurrently, an array of approximately 6 Shallow, 6 Intermediate, and 4 Deep 4-inch diameter
groundwater extraction wells, will be installed to remove contaminated groundwater at the perimeter of
the groundwater contaminant plume. The extraction wells will also provide hydraulic control of the
contaminant plume. The extracted groundwater will be treated with activated carbon, amended with a
bioremediation product, Carbstrate®, a nutrient-amended electron donor substrate, and then re-injected
into the aquifer through horizontal wells, to stimulate anaerobic bioremediation of PCE and its’ breakdown

products.

Vertical injection wells will most likely be utilized, and will be installed in the Shallow portion of the aquifer,

at locations throughout the Site (Figure 31). As a contingency, based on the results of the ERH, up to 4
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subsurface horizontal injection wells, each approximately 100 to 150 feet long, may be installed
perpendicular to the plume within the Shallow portion of the aquifer. If deemed necessary, the horizontal
wells will be drilled to approximately 10 feet bgs, avoiding underground utilities associated with site
development and underground public utilities. Vertical injection wells will also be placed in the
Intermediate and Deep portions of the aquifer (Figure 31). Reinjection method and rate would be
performed in accordance with injection permit criteria and hydraulic parameters for the aquifer collected from

the pump test.

Placement and flow rates of the extraction wells would need to be established via aquifer testing, ground
water flow modeling, and pumping/pilot tests, to establish ground water capture areas and flow rates.
Injection and extraction wells would need to be placed at different depths, and over a large area to cover
the entire plume. Injection wells would be installed with a rotosonic drill rig to reduce smearing of fine

grained material if possible. This will reduce the chance of the injection wells being biofouled.

Extracted ground water will be amended with Carbstrate as the soluble donor, pH adjusted if necessary,
and injected at proportionately into each injection well. Operation and maintenance would be moderately
involved, and involve weekly visits to monitor flow rates, pump operation, and chemical mixing. The

estimated restoration timeframe for Alternative 2 is 5 to 6 years.

The advantages of Alternative 2 - Electrical Resistance Heating (ERH) Bioremediation and Recirculation

include:
e Rapid time frame compared to other in situ methods
e Less site disruption than mass excavation methods
o Contaminants break down into harmless by-products

e Finer grained soils which are hard to treat by other in situ methods, are heated more due to

greater soil resistance
e Contaminants are removed from the source area
¢ Permeable soils at the site and the volatile COCs are amenable to ERH.
e Maintains ground water balance and pre-existing gradient
e Eliminates need for other discharge options (e.g., storm drain, sanitary sewer)

¢ The main advantages of ground water recirculation are increased flushing through contaminated
soils, due to higher ground water velocities, more mixing, dispersion, and mass transfer, all of

which promote higher contaminant degradation rates.

o Higher efficacy than in situ methods solely relying on injections, due to:
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i)  electron donor delivery throughout the plume is more uniform and can be addressed with
fewer wells than a passive configuration in which electron donors such as edible oils are
directly injected into the aquifer at many locations;

i) Active pumping will induce higher hydraulic gradients, resulting in increased ground water
velocities and improved mixing and mass transfer, which will increase the degradation rates
in comparison to ambient conditions;

iii) Monitoring is facilitated because the impact of heterogeneity is reduced. Monitoring at the
extraction wells can be used to monitor system performance;

iv) Transport and dispersion of added microorganisms throughout the treatment area is
enhanced;

v) Biomass produced within the aquitard from lactate metabolism will serve as an electron donor
as it decays potentially allowing the interval between injections to be increased over time;

vi) Excessive production of sulfides and methane gas can be minimized by optimizing the
amount of electron donor added to degrade the TCE;

vii) Plume containment, preventing further migration of original plume or possible daughter

product plumes.

The disadvantages of Alternative 2 - Electrical Resistance Heating (ERH) Bioremediation and

Recirculation
e A need for active ground water extraction/injection system which requires ongoing maintenance;

e Aboveground equipment including groundwater extraction wells with pumps, underground piping
from the extraction wells to a fenced enclosure with storage/mixing tanks, underground piping
from the tanks to injection wells, tankage for injection chemicals, electric and pump controls,
meters, freeze protection/heaters, alarms/auto dialers, sampling ports, could result in unexpected

Operation and Maintenance impacts

e Biofouling and clogging can be common problems with these type of systems that require

frequent attention.
e Applied in source areas, not suitable for entire plume

e Injection of materials may cause plugging of wells and/or the aquifer by chemical precipitation or

biofouling

e PCE breaks down via reductive dechlorination into TCE, DCE, and vinyl chloride. Complete

breakdown into harmless ethenes may not be achievable
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6.2.3 Alternative 3 - Air Sparging and Soil Vapor Extraction (AS/SVE)

Air sparging involves introducing compressed air into the groundwater. The introduction of air below the
groundwater table enhances volatilization of contaminants dissolved in groundwater and sorbed onto
saturated soils. Volatilized contaminants are then recovered via vapor extraction of the overlying vadose
zone. Low molecular weight, volatile compounds such as PCE, TCE, DCE and vinyl chloride are generally
amenable to air sparging. Air sparging would be combined with soil vapor extraction to remove the
contaminants. Soil vapor extraction is the process of removing contaminants from the soil in the vapor
phase, usually by applying a vacuum to the subsurface. This is done through the use of a series of wells
which are placed throughout the area of contamination and screened above the groundwater table. The
wells are connected to an air blower, which draws a vacuum. With the reduced pressure, air begins to move
through the subsurface drawing out the contaminant vapors. The withdrawn air will likely require treatment,
depending on contaminant concentrations. Common processes for remediating this air include vapor phase

carbon adsorption, catalytic converters, or thermal converters (oxidizers).

The vapors are run through a remediation system, and then discharged into the atmosphere under state and
local permit requirements. This action is enhanced when the surface is covered by a cap of asphalt and/or

concrete, minimizing the amount of ambient air drawn into the system.

Well spacings for an AS/SVE system are typically 15 feet for the subsurface conditions found at the Site.
The systems are often pulsed (turned on and off) to minimize channeling of air and encourage mixing of
ground water in the subsurface. Although permeable soils exist at the site, the presence of silt layers
suggests a heterogeneous subsurface environment, which may not be amenable to AS/SVE.
Furthermore, the depth of contamination to fifty-five (55) feet bgs is also a potential drawback since
contamination at that depth may not reach the vadose (unsaturated) zone for SVE removal. Figure 32
depicts the preliminary design of Alternative 3.

Vapor extraction systems are most effective remediating contaminants having fairly high vapor pressures.
Low molecular weight, volatile compounds such as PCE, TCE, DCE and vinyl chloride are generally

amenable to vapor extraction.

Increased soil permeability facilitates vapor extraction. As the average permeability of the contaminated soil
decreases the cost of vapor extraction system increases due to the need for more wells and larger blowers.
Proper spacing of injection and extraction wells requires some preliminary site work to determine the soil air

permeability. The estimated timeframe for Alternative 3 is 10 years.
Advantages of Alternative 3 - Air Sparging and Soil Vapor Extraction include:

e Lower capital costs
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e Less site disruption than mass excavation methods
¢ Minimal site disruption

e Because the process involves the continuous flow of air through the soil, it often promotes in situ

biodegradation of low volatility organic compounds

Disadvantages of Alternative 3 - Air Sparging and Soil Vapor Extraction include:
e Requires electricity and some land area for the wells and treatment system components.

e Requires significant pilot testing to establish design parameters (i.e., pressure, well spacings,

SVE vacuum, discharge gas concentrations)
e Low injection radius of influence both horizontally and vertically

¢ Inability to access lower permeability zones in mixed (heterogeneous) subsurface conditions, i.e.,

air may preferentially flow through more permeable channels
e Potential upwelling of ground water and modification of existing gradients

e Performance monitoring may be biased, as air may preferentially flow into the monitoring well

filter packs, potentially biasing the results
e Long restoration timeframe
e Site would need to be capped to maintain subsurface negative pressures
¢ Contaminants are not destroyed if no off-gas treatment is used
o Contaminated off-gas may require treatment
e Operation and maintenance requirements, long-term on-site equipment required
o Treatment times may be slower than other more aggressive remediation methods
¢ |nability to access lower permeability zones in mixed (heterogeneous) subsurface

o Depth of ground water contamination may not be amenable to treatment

6.2.4 Alternative 4 - Excavation to Depth of Glacial Till and Monitored Natural
Attenuation (MNA)

Excavation would remove the source of contamination and is typically followed by various off-site
treatment or disposal alternatives. The proposed excavation area, which is the contaminant source area

down to its furthest vertical extent of 55 feet, is shown in Figure 33. Prior to excavation, a geotechnical
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soldier pile wall, or similar, will be installed on the on the entire excavation boundary due to the depth of

excavation.

The concrete foundation within the excavation area will be removed and soil excavated to fifty-five (55)
feet bgs. Clean, compacted imported fill material will replace the excavated contaminated soil. Based on
the analytical results, some of the soil in the excavation area is above MTCA Method B (14 ppm) and
designates as hazardous waste. These soils will require more attention regarding the health and safety

of workers, transportation and disposal requirements for hazardous materials.

Following source soil removal activity, monitored natural attenuation (MNA) would be implemented. MNA
is the practice of allowing natural (physical, chemical and biological) processes in soil and ground water
to reduce the mass, toxicity, mobility, volume, or concentration of contaminants in those media. MNA
requires first establishing that conditions are favorable for those processes, and monitoring to ensure they

are occurring.

MNA processes include biodegradation, dispersion, dilution, adsorption, volatilization, and chemical or
biological stabilization or destruction of contaminants. MNA is a viable approach where dissolved
contaminant concentrations in ground water are low, potential receptors are not in danger of being

affected, and natural attenuation of contaminants is known or likely.
Under MTCA (WAC 173-340-370) natural attenuation is considered appropriate at sites where:
e Source control has been conducted to the maximum extent practicable

e The remaining contaminants do not pose an unacceptable threat to human health or the

environment
e There is evidence that natural processes are occurring at a reasonable rate

e Monitoring is conducted to ensure that the attenuation is occurring and human health and the

environment are protected

HVOCs are generally suited to monitored natural attenuation, as they are amenable to biodegradation
and volatilization under a wide range of subsurface conditions. However, due to the numerous previous
remedial activities conducted at the Site, and the responding fluctuation of HYOC concentrations, the rate

of MNA has been inconclusive. The estimated timeframe for Alternative 4 is 10 or more years.

Advantages of Alternative 4 - Excavation to Depth of Glacial Till and Monitored Natural Attenuation

include:

e Low impact to site (for MNA)
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e Low cost (for MNA)
e Permanent source removal (by excavation)

Disadvantages of Alternative 4 - Excavation to Depth of Glacial Till and Monitored Natural Attenuation

include:

e High Cost (excavation and disposal)
e Extensive engineering requirements

e Long restoration time frame / ongoing monitoring particularly for HYOCs

Monitored natural attenuation is not identified as a potentially applicable primary cleanup method, but
may be used after some period of time after successful source removal, if contaminant levels decrease to

acceptable levels.
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7.0

DETAILED EVALUATION AND SELECTION OF REMEDIATION ALTERNATIVES

This section evaluates the cleanup alternatives selected in the previous section in accordance with the

selection of remedy requirements under MTCA (WAC 173-340 through 370). The proposed alternatives

for the Site are:

Alternative 1 — Limited Source Soil Excavation/Bioremediation

Alternative 2 - Electrical Resistance Heating/Bioremediation with Ground Water Recirculation
Alternative 3 - Air Sparging/Soil Vapor Extraction

Alternative 4 - Excavation to Glacial Till/Monitored Natural Attenuation

71 MTCA Threshold Requirements

The FS considered the requirements under WAC 173-340-350 and the criteria defined in WAC 173-340-
360 for the screening of potentially feasible cleanup alternatives for the Site. A cleanup alternative must
satisfy the following threshold criteria as specified in WAC 173-340-360(2)(a):

Protect human health and the environment
Comply with cleanup standards

Comply with applicable state and federal laws
Provide for compliance monitoring

Reasonable Restoration Time Frame

In addition to meeting the threshold criteria, cleanup actions under MTCA must meet the following
additional requirements specified in WAC 173-340-360(2)(b):

Use permanent solutions to the maximum extent practicable based on the criteria defined
in WAC 173-340-360(3)(f); and

Consider public concerns raised during public comment on the Cleanup Action Plan
(WAC 173-340-600).

The factors used to evaluate the reasonableness of the restoration time frame per WAC 173-340-
360(4)(b) include:

Potential risks to human health and the environment posed by the Site;

Practicability of achieving a shorter restoration time frame;
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e Current use of the Site, surrounding areas, and associated resources that are or may be affected

by releases from the Site;
e Availability of alternative water supplies;
o Likely effectiveness and reliability of institutional controls;
¢ Ability to control and monitor migration of hazardous substances from the Site;
e Toxicity of the hazardous substances at the Site; and
e Natural processes that reduce concentrations of hazardous substances and have been
¢ Documented to occur at the Site or under similar Site conditions.

The criteria used to evaluate the degree of permanence to the maximum extent practicable per WAC 173-
340-360(3)(f) include:

Protectiveness: This criterion considers overall protectiveness of human health and the environment,
including the degree to which existing risks are reduced, the time required to reduce risk at the facility and
attain cleanup standards, risks at the Site resulting from implementing the alternative, and improvement

of overall environmental quality.

Permanence: Permanence addresses the degree to which the alternative permanently reduces the
toxicity, mobility, or volume of hazardous substances, including the adequacy of the alternative in
destroying the hazardous substances, the reduction or elimination of hazardous substance releases and
sources of releases, the degree of irreversibility of the waste-treatment process, and the characteristics

and quantity of treatment residuals generated.

Effectiveness over the long term: Long-term effectiveness includes the degree of certainty that the
alternative will be successful, the reliability of the alternative during the period of time that hazardous
substances are expected to remain on the Site at concentrations that exceed cleanup levels, and the
magnitude of residual risk with the alternative in place. The following types of cleanup action components
may be used as a guide, in descending order, when assessing the relative degree of long-term
effectiveness: reuse or recycling; destruction or detoxification; immobilization or solidification; disposal on
or off the Site in an engineered, lined, and monitored facility; isolation or containment with attendant

engineering controls on the Site; and institutional controls and monitoring.

Management of short-term risks: This criterion pertains to the risk to human health and the environment
associated with the alternative during construction and implementation, and the effectiveness of
measures that will be taken to manage such risks. This criterion also includes risks to workers resulting

from implementation of the cleanup alternative.
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Technical and administrative implementability: Implementability includes consideration of whether the
alternative is technically feasible, administrative and regulatory requirements, permitting, scheduling, size,
complexity, monitoring requirements, access for construction operations and monitoring, and integration

with business operations in nearby buildings.

Cost: This criterion addresses the cost to implement the alternative, including the cost of construction and
anticipated long-term costs. Long-term costs include operation and maintenance, monitoring, and

reporting costs.

Consideration of public concerns: This criterion considers whether the community has concerns regarding
the alternative and, if so, the extent to which the alternative addresses those concerns. This process
includes concerns from individuals, community groups, local governments, federal and state agencies, or

any other organization that may have an interest in or knowledge of the Site.

The following sections evaluate the alternatives against the threshold criteria. Attachment E summarizes

the cleanup alternatives evaluation, including the costs of the remediation alternatives.

7.1.1  Protect Human Health and the Environment

The two types of exposure risk associated with the presence of COCs are terrestrial ecological risk and
human health risk. Because the Site qualifies for a TEE exclusion based on WAC 173-340-7491,
mitigating the potential human health risk associated with exposure to COCs in indoor air, soil, and
groundwater will be the primary objective of the cleanup action. Alternatives 1 through 3 satisfy the
requirements for protection of human health and the environmental. Either source removal by excavation
and disposal or ERH will remediate approximately 90% of the mass of PCE found on the site. Any
potential exposure from residual PCE vapors will be addressed by vapor barriers or other soil vapor
mitigation during redevelopment at the Site. Alternative 4 is considered a permanent remedy (excavation
of the source area), however, per the Disproportionate Cost Analysis (included as Attachment E), the
alternative is not considered feasible.

71.2 Comply with Cleanup Standards

Active remedial technologies presented in Alternatives 1 through 2 will achieve the cleanup standards in
an estimated 10 years and 5 years, respectively. Alternative 1 and 2 include the active removal or
treatment of the source area and both alternatives will further decrease PCE concentrations through
bioremediation throughout the Site. Alternatives 1 and 2 address remediation of the deeper part of the
aquifer to 55 feet bgs. Alternative 3, Air Sparging and Soil Vapor Extraction will not sufficiently decrease
PCE concentrations at depth due to the presence of fine silt layers in the subsurface that would impede

the flow of PCE vapor to the vadose zone and may not achieve cleanup levels. Alternative 4 will
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remediate PCE contaminated soil in the source area, but reaching cleanup levels throughout the Site

through MNA requires more than 10 years and may not achieve cleanup levels.

7.1.3 Comply with Applicable State and Federal Laws

Compliance with State and Federal Laws includes legally applicable, relevant and appropriate
requirements (ARARs). ARARs for this site are summarized in Table 11. All alternative remedies meet
ARARs for this Site.

7.1.4 Provide for Compliance Monitoring

Compliance monitoring requirements (specified in WAC 173-340-410) include the following elements:

e Protection monitoring to confirm that human health and the environment are adequately protected

during implementation of an alternative.

e Performance monitoring to confirm that cleanup standards or other performance standards are

met.

e Compliance monitoring to monitor the short and long-term effectiveness of the remedy after
completion of the alternative and if protection is being achieved in accordance with cleanup

objectives.

A Compliance Monitoring Plan (CMP) describing standard operating procedures and laboratory analytical
methods will be provided with the Engineering Design Report. All of the remedial alternatives will include
comprehensive compliance monitoring programs for this requirement. Long-term compliance monitoring

will include testing for PCE and PCE degradation products.

7.1.5 Reasonable Restoration Time Frame

A reasonable restoration time frame is another requirement for evaluating alternatives. MTCA prefers
alternatives that can be implemented in a shorter period of time while equivalent in other respects (e.g.,
permanence, implementation risks to the community, environment, cost). Restoration time frame is the
time required to meet cleanup standards (i.e., to meet all cleanup levels in all media at all points of
compliance). Under MTCA, nine factors are used to determine whether a cleanup action provides for a
reasonable restoration time frame. The shortest restoration timeframe are Alternatives 1 and 2 due to the
removal of PCE-contaminated soil through excavation or ERH and active bioremediation. Alternatives 3
and 4 will take longer due to the time needed to impact the deeper portion of the aquifer using air

sparging and soil vapor extraction, and due to MNA.
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7.2 MTCA Other Requirements
Other requirements specified in MTCA include:

o Use permanent solutions to the maximum extent practicable — The requirement to use
permanent solutions to the maximum extent practicable includes a preference approach to
evaluate alternatives and cost. Cleanup technologies in order of decreasing preference include
reuse / recycling, destruction, detoxification, and separation / volume reduction. Under MTCA

these preferences may be weighed using a “disproportionate cost analysis” (WAC 173-340-

360(3)(e)) that evaluates disproportionate costs compared to benefits of the remedial action.

e Consider public concerns — MTCA specifies public notice and participation requirements for
cleanups conducted by Ecology, conducted under an order or decree, where site-specific risk

assessment is used to establish cleanup levels, or where cleanup would restrict future site use.

7.3 Evaluation of Alternatives

The alternatives carried forward for evaluation include:

e Limited Source Soil Excavation/Bioremediation
e Electrical Resistance Heating/Bioremediation with Ground Water Recirculation
e Air Sparging/Soil Vapor Extraction

e Excavation to Glacial Till/Monitored Natural Attenuation

Attachment E compares each of the remedial alternatives to the minimum requirements for remedial
actions listed in WAC 173-340-360(2). The alternatives are evaluated under all of the requirements,

including determining whether the action uses permanent solutions to the maximum extent practicable.
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8.0 PREFERRED REMEDIAL ALTERNATIVE

This section presents proposed remedial actions to be conducted at the Site.

8.1 Description of Recommended Primary Remedial Alternative

Based on the results of the remedial investigation and feasibility study conducted under MTCA and the
application of the selection of remedy criteria, the Preferred Alternative is Alternative 2, developed in
accordance with WAC 173-340-350 through 173-340-390. Alternative 2 will be the primary alternative
with secondary alternatives of limited soil excavation and disposal, and soil vapor extraction in the vadose
zone. Limited soil excavation will remove near-surface PCE concentrations found along the former BSCA
building sewer line, near sampling location KSB-10 at 1-foot bgs. Additionally, contingency-based focused
excavations may be utilized if post-ERH soil confirmation sampling determines that residual HVOC
impacted soils remain on the BSCA property. Use of engineering controls and institutional controls are
included on a contingency basis and may be used after the remedial action has been completed.
Potential vapor intrusion, associated with future development, will be mitigated by the installation of vapor
barriers and passive venting systems, or other vapor intrusion mitigation methods as described in an

environmental covenant.

The estimated cost of the Preferred Alternative is $3,600,000.

See Figure 34 for a depiction of the preferred remedial alternative.

8.2 Rationale for Selecting Proposed Alternative

The proposed alternative was selected in accordance with remedy selection requirements under MTCA,

and meet all threshold and other requirements specified in WAC 173-340-360.

8.3 Cleanup Standards
Determination of cleanup standards is detailed in Section 5.2, and included the following process, per
MTCA:

o Evaluate beneficial use of land, ground water, and surface water

o Develop conceptual site model (i.e., contaminant source, affected media, exposure pathways,

and receptors)
e Select COCs
e Select ARARs

e Choose cleanup levels
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¢ Identify points of compliance

The cleanup standards are then based on the calculated cleanup levels measured at the points of
compliance. Cleanup levels selected for the Site are based on MTCA Method A or B (where no A value

exists). Points of compliance are as follows:
Soil
e Standard point of compliance (throughout the Site) based on protection of ground water.

e From the ground surface to 15 feet below ground surface based on direct contact exposure on
the Site.

Groundwater

e For this Site, the standard groundwater point of compliance is proposed, i.e., groundwater
throughout the Site.
8.4 Schedule for Implementation
Schedule for implementation will be detailed in the Cleanup Action Plan, and is anticipated to be in 2017.
The relative order of cleanup elements is as follows:
e Design and Installation of ERH System and Bioremediation/Recirculation
¢ Installation of SVE system
e Limited soil excavation and contingency-based excavation (may occur at different times)
e Engineering controls — depends on building construction schedule

o Institutional controls, if necessary.

8.5 Applicable State and Federal Laws

All applicable state and federal laws, if any, for the proposed cleanup action will be followed. Regulatory
compliance will be addressed during the permitting phase of the project, and may include grading, storm

water, and other permitting issues.

8.6 Compliance With Threshold and Other MTCA Requirements

As stated in Section 8.1, the Preferred Alternative, including Alternative 2 and limited soil excavation and
soil vapor extraction cleanup action, complies with threshold and other MTCA requirements specified in
WAC 173-340-360.
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9.0 SUMMARY & CONCLUSIONS

The Bothell Service Center Site previously contained a former dry cleaners which caused a release of
PCE into the soil and groundwater some time prior to 2000. Remedial investigation activities have
defined the nature and extent of soil and ground water impacts, which include PCE and its breakdown
products TCE, DCE, and vinyl chloride.

Site cleanup levels for soil and ground water are selected as MTCA Method A or B for COCs with no

established Method A value. Points of compliance are as follows:
¢ Soll

o Standard point of compliance (throughout the Site) based on protection of ground water

o From the ground surface to 15 feet below ground surface based on direct contact

exposure
e Ground water

o The standard ground water point of compliance is proposed, i.e., ground water

throughout the Site

Based on the results of the remedial investigation and feasibility study conducted under MTCA and the
application of the selection of remedy criteria, the preferred alternative, Alternative 2 at the Site
(developed in accordance with WAC 173-340-350 through 173-340-390) is designed to remediate HYOC

contamination only and includes:
e Design and Installation of ERH System and Bioremediation/Recirculation
¢ |Installation of SVE system
o Limited soil excavation and contingency-based soil excavation
e Engineering controls — depends on building construction schedule

¢ Institutional controls, if necessary.
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Groundwater flow direction was calculated based on measurements from November 2015, September 2016, and November 2016.

Groundwater flow direction during the November 2016 measurement event was calculated by averaging various flow directions from throughout the Site.
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3815 Woodland Park Avenue North, Suite 102 18107 Bothell Way NE November2015 -
Seate W Zoeetaare Bothell, Washington November2016
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Soil Concentration Contours
(5-25 ft)
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MW-23 - - Sample PCE |TCE cis-1,2| Vinyl Sample PCE TCE cis-1,2| Vinyl
Sample | op | pcg|cis-1,2| Vinyl Date DCE |Chloride Date DCE |Chloride
Date DCE ([Chloride 972076 - - - - 972016 - - - .
9/20/16 | 0.46 |<0.20] <0.20 | <0.20 10/2016 N N N N 10/2016 N N N N
11/1/16 [ 2.2 [<0.20) <0.20 { <0.20 1/3/17 3.4 [<0.20] <0.20 | <0.20 1/3/17__| <0.20 | <0.20 | <0.20 | <0.20
MW-3
is- i MW-27 [— ] 5
DaWSOn St Sample PCE |TCE cis-1,2 V|n¥I : : S-MW-1 HZ MW 16
Date DCE |Chloride Sample cis-1,2| Vinyl - - i "
PCE | TCE / Sample cis-1,2[ Vinyl Sample cis-1,2| Vinyl
/23116 | 022 |<0.20] <020 | <020 |— | Date DCE |Chloride b | pee | TeE |5kt chioy pate |"CE|TCE| DCE |chloride
11/1/16_] <0.20 ]<0.20] <0.20 [ <0.20 [~ 9/15/16 | 120 | <1.0 | <1.0 { <1.0 9/2:’;:6 120 10 ) ?r(l) ¢ 9/2016
10/31/16 | 120 | <0.40 | <0.40 | <0.40 =1 =1 =1 - - - -
MW-30 ' = 10/24/16 | 17 | <0.20 | <0.20 | <0.20 10/2016 | - - - -
- - 11/28/16 | 0.34 [<0.20] <0.20 | <0.20
Sample PCE TCE cis-1,2 ch)_(I MW-21 MW5
MW-10R Date DCE hloride - - =
0/20/16_| 92,000 <500 | <500 | <500 sample | o0 | ;op [cis-1.2 Vinyl Sample cis1.2] Vinyl S-MW-5
sample | oo [1og|cis-1.2| Vinyl 10/26/16 [130,000] <1,000 ] 1,300 | <1,000 Date DCE [Chloride| | "pate | PCE | TCE ["hep [chioride - "
Date DCE_[Chloride 0122116 | 27,000 540 | 360 | <200 Sample | pop | pcp [cis-1.2| Vinyl
9/21116 | 910 | 39 35 <10 Dat c CE |"bcE |chlorid
9/M9/16 | 1.6 [<0.20] <0.20 | <0.20 10/31/16 | 8,400 | 210 | 190 | <50 1024116 | 590 | 26 | 20 | <4.0 ate orice
11/1/16 | 1.3 |<0.20] <0.20 | <0.20 912016 - s B -
- <4, <4, <4.
MW-6 10/28/16 | 340 4.0 | <4.0 4.0
Sample cis-1,2| Vinyl
MW-2 Date PCE | TCE |"hcE |chloride O/ S-MW-2
sample | pop [ pop |cis-1:2| Vinyl 9/23/16 | 240 69 |10,000] 2,400 9/ sample | pop | 1op |cis-1:2| Vinyl
Date DCE |Chloride 10/27/16 | <50 | <50 | 9,500 [ 1,900 Date DCE |Chloride HZ-MW-34
023116 |8 66 | 8.1 6.6 ) MW-4 9120116 _|_47 7 26| <0.40 Sample cis-1,2] Vinyl
117116 | 8.3 | 6.4 10 11 & sample | o b | 1op [cis-1.2| Viny 10/24/16 |35 20 69 5.1 pate | PCE | TCE ["5cE [chioride
Date c CE |"bcE |chloride
912016 - - - 5
o/22/16_| 380 | 71 | 1,300 | <10 10/2016 | - - - -
MW-37 10/31/16 | 3,800 | 900 | 7,400 | <50 0\ — HZ-MW-15$12 — e R B ] =
Sample cis-1,2| Vinyl ample cis-1, inyl
amPle | PCE | TCE [ ok |cmmmae © ? P pate | PCE | T°E | bcE |chioride
9/19/16 | 0.7 [<0.20] <0.20 [ <0.20 = MW-7 927116 | 57 | 1.6 | 1.4 | <0.40
11/116 | 0.74_]<0.20] <0.20 | <0.20 > MW-1 - 10/28/16 | 81 | 33 [ 29 | <040
Sample cis-1,2| Vinyl Sample cis-1,2| Vinyl
S Dat'; PCE TCE DCE Chlor¥de Date PCE TCE DCE |Chloride
MW-19 = 9/21/16 | 6,700 170 610 160 / 9/21/16 | 3,800 160 1,300 <20 e/ HZ-MW_22 -
Sample cist.2] Vinyl | 1025116 | 160 1 66 1 16 | <20 10/25/16 | 450 | 32 | 280 | <4.0 sample | pop [rog/cis-1:2 Vinyi
pate | "% | T | bee cnioride 6‘1{)’ 92?/:6 067 062 225 CE:;);(?E w
: ! I . )
1%//2214/11% 5388 1844;) g’gg ‘Z: ?\0\)’\e 0\ 10/28/16 | _0.46_|<0.20] <0.20 | <0.20 o}
; 2 HZ-MW-14S 5
S\ sample | oo | 7o [cis-12| Vinyi o
/ ((\e(\ Date DCE |Chloride O\ =
0 0126116 | 1,800 | 57 | 110 | <20 ] C
\? 10/28/16 | 440 | 13 | 12 | <20 HZ-MW 4 - 2
MW-40 “Date | PCE | T°E|Dee |chionde z
Sampl is-1,2[ Vinyl u
Date | PCE | TCE Tee |chionde MW-25 9723116 |_0.31_|<0.20] <0.20 | _<0.20 m
Sample cis-1,2| Vinyl 10/28/16 | <0.20 |<0.20] <0.20 | <0.20
9/2016 | - - - - pate | PCE | TCE |'bcE |chiloride
10125/16 125,000 <100 1 <100 | <100 9720116 | 4,200 | <20 | <20 | <20
11,000 :
11/2/16 <100 | <100 | <100 10/25/16 | 99 | 7.4 | 10 | <10 HZ-MW-1
Sample cis-1,2| Vinyl
Date PCE TCE DCE |Chloride
9/21/16 | _7.2_| <0.20 | <0.20 | <0.20
10/31/16 |_6.9 | <0.20 | <0.20 | <0.20
HZ-MW-17
HZ-MW-32 HZ-MW-21 Sample pce | TcE cis-1,2| Vinyl
Sample cis-1,2| Vinyl HZ-MW-19 Sample PCE | TCE cis-1,2| Vinyl Date DCE |Chloride
pate |PCE|T°E| DCE [chioride—@ Sample | oe | rog |€is-12] Vinyl Date DCE |Chloride 9/26/16_|<0.20[<0.20] <020 | <0.20
9/2016 | - - - - Date DCE [Chloride 9/13/16_[<0.20[<0.20 <0.20 | <0.20 10/27/16 [<0.20]<0.20f <0.20 | <0.20
10/2016 | - - B - 0/26/16_| 059 | 0.54 | 0.48 | <0.20 10/31/16_|<0.20]<0.20] <0.20 | <0.20
11/28/16 |<0.20]<0.20] <0.20 | <0.20 10/31/16 [<0.20]<0.20] <0.20 | <0.20
HZ-MW-31
Sample cis-1,2| Vinyl
Date PCE|TCE DCE (Chloride
9/2016 | - - s -
10/2016 | - | - - - \9
11/28/16 |<0.20]<0.20] <0.20 | <0.20
Aerial Photo Source: Google Earth Pro
LLGEND Cleanup Levels: Aerial Photo Date: June 27,2016
Red concentrations of PCE, TCE, (cis) 1,2-DCE, and vinyl chloride are above MTCA Tetrachloroethene (PCE) 5.0 ppb
BSCA Property Boundary S Monitoring Well, Method A Cleanup Levels. Trichloroethene (TCE) 5.0 ppb
Shallow (5-25 ft) (cis) 1,2-Dichloroethene (DCE) 16.0 ppb 0 50 100
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\/\
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Groundwater concentrations are listed in
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Sample cis-1,2| Vinyl
MW-14 Date PCE [ TCE DCE |Chloride
Dawson St — T 9/15/16_|<0.20[<0.20| <0.20 | <0.20
ample cis-1,2 Viny 11/1/16_]<0.20]<0.20] <0.20 | <0.20
Date PCE | TCE DCE |Chloride
9/21716_| 0.91<0.20 <0.20 | <0.20
11/1/16_|<0.20]<0.20] <0.20 | <0.20
'® S-MW-3
Sample cis-1,2| Vinyl
MW-18 Date PCE|TCE DCE (Chloride
Sample | p.c | 1o [¢is1,2| Vinyl MW-11 9/16/16_| 0.44 [<0.20] <0.20 | <0.20
Date DCE [Chloride sample [ e [ 1o [cis1,2] Vinyl 10/31/16 | 1.7 |<0.20] <0.20 | <0.20
0/23/16_| 7.8 |<0.20] 1.3 | 0.26 Date DCE [Chloride
10/27/16 [<0.20|<0.20|_2.0_[_0.47 9/23/16 | 9.9 [<0.20] 0.42 | <0.20
10/26/16 <0.20 | <0.20 HZ-MW-24
Sample cis-1,2] Vinyl
Date PCE | TCE DCE |Chloride
MW-36 | /12776 | 49 [ 24 | 21 08
- - 10/27/16 | 6.7 ] 0.8 | 12 0.6
Sample cis-1,2| Vinyl
pate | PCE |TCE| DCE |Chloride HZ-MW-29
O/19/16 | 2.5 [<0.20| <0.20 | <0.20 Sample cis-1,2| Vinyl
11116 | 7.3 _|<0.20[ <0.20 | <0.20 pate | P¢E [ TCE |'bcE [chioride
= 9/2016 s - . -
= /9 MW-12 HZ-MW-15D 70727716 | 85 | 9.0 | 100 | 66
MW-20 Sample cis-1,2( Vinyl Sample cis-1,2| Vinyl
s " " Date PCE TCE DCE |Chloride Date PCE TCE DCE |Chloride
ample PCE TCE cis-1,2| Vinyl
Date DCE |Chloride 9/22/16 1’;83 140 176330 <10 9/27/16_| 840 40 730 | <40
or21/16 | 190 | 45 | 120 9.0 10/26/16 [ 1, 230 [1, <20 10/28/16 | 3,300 | 210 | 200 | <20
10/26/16 | 140 | 44 | 120 17
TTT rL
5L w
/ o™ g
\<
MW-26 o HZ-MW-14D HZ-MW-33 o
s . . e -MW- HZ-MW-26 . _ =
ample | pep | yeg [¢is12| Vinyl A Sample cis-1,2| Vinyl - - Sample | pcE | o |0iS12) Viny! =
Date DCE |Chloride QO‘ P PCE | TCE ’ Y Sample | pop | pcp [cis-1.2( Vinyl Date DCE |Chloride
K Date DCE |[Chloride Date DCE |Chloride Q
9/20/16 | 13 | 029 | 53 | <0.20 912016 s <
9/26/16 | 37 1.5 29 | <0.20 9/27/16_|__99 35 47 | <0.40 - - . -
10/31716 |_310 | 26 | <2.0 | <20 10/2016
10/28/16 | 55 | 28 [ 6.1 ] <0.20 10/2816 | _3.3_| <0.20 | 0.25 | <0.20 T1/28116 |<0.20[<0.20] 048 | <020 %
HZ-MW-23
Sample cis-1,2| Vinyl
pate |"CE[TCE| bcE [chiloride
914716 | 2.4 |<0.20] 041 | <0.20
10/31/16 | 2.3 [<0.20| 0.33 <0.20 HZ'MW'28
Sample cis-1,2| Vinyl
Date PCE|TCE DCE |Chloride
02016 | - | - s X
10/27/16 ] 0.96 |<0.20] <0.20 | _<0.20
Aerial Photo Source: Google Earth Pro
LLGEND Cleanup Levels: Aerial Photo Date: June 27,2016
Red concentrations of PCE, TCE, (cis) 1,2-DCE, and vinyl chloride are above MTCA Tetrachloroethene (PCE) 5.0 ppb
BSCA Property Boundary S Monitoring Well, Method A Cleanup Levels. Trichloroethene (TCE) 5.0 ppb
Intermediate (25-35 ft) (cis) 1,2-Dichloroethene (DCE) 16.0 ppb 0 50 100

Sanitary Sewer Line

Storm Sewer Line

\/\

Concentration of PCE greater
than 5.0 ppb

Blue concentrations of PCE, TCE, (cis) 1,2-DCE, and vinyl chloride are below MTCA
Method A Cleanup Levels.

Black concentrations of PCE, TCE, (cis) 1,2-DCE and vinyl chloride are below the
laboratory reporting limit.

Vinyl Chloride 0.2 ppb
Groundwater concentrations are listed in
parts per billion (ppb).

- = Not Sampled

Approximate Scale in Feet

g ENYIRONMENTAL INC

3815 Woodland Park Avenue North, Suite 102
Seattle, WA - 206-691-0476
www.kane-environmental.com

DRAFT RI/FS
Bothell Service Center
18107 Bothell Way NE

Bothell, Washington

Figure 23
Groundwater HVOC
Concentrations,
Intermediate (25-35 ft)
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MW-33
Sample cis-1,2| Vinyl
Dawson St pate |PCE[TCE| bcE |chioride
9/16/16 {<0.20{<0.20] <0.20 | <0.20
10/27/16 | 0.34 |<0.20] <0.20 | <0.20
MW-9
Sample cis-1,2| Vinyl
Date PCE | TCE DCE |Chloride
9/22/16_[53,000|<500| <500 | <500
10/26/16 [42,000{<300] <300 | <300
MW-24
Sample cis-1,2| Vinyl
pate | PCE | TCE| bCE |chioride
9/2016 - - - -
11/1/16 | 9.0 [<0.20] <0.20 | <0.20
MW-38 /
Sample cis-1,2| Vinyl
Date PCE | TCE DCE |[Chloride 8
9/19/16 | 1.3 [<0.20] <0.20 | <0.20 &
10/28/16 | 0.26 |<0.20] <0.20 | <0.20 >
<
D
Z
m
MW-39
Sample cis-1,2| Vinyl
Date PCE | TCE DCE |[Chloride
9/2016 - - - -
10/25/16 | 95 [<0.40{ <0.40 | <0.40

MW-29
Sample cis-1,2| Vinyl
Date PCE [ TCE DCE |Chloride
MW-31 9/15/16 {<0.20{<0.20] <0.20 | <0.20
s " cis12] Vinwl 10/27/16 | 0.44 |<0.20] <0.20 | <0.20
ample 1s-1, inyi
Date PCE | TCE DCE |Chloride
9/20/16 11 ]0.25[<0.20 | <0.20 S-MW-4
10/28/16 | 7.8 ]0.22 | <0.20 | <0.20 n -
Sample PCE | TCE cis-1,2| Vinyl
Date DCE |Chloride
MW-8 9/14/16_|<0.20]<0.20] <0.20 [ <0.20
Sample cis-1,2| Vinyl 10/28/16 | 0.66 ]<0.20] <0.20 | <0.20
Date PCE | TCE DCE |[Chloride
9/22/16 50 [ 6.2 25 <0.20
10/26/16 | 5.8 | 1.3 3.1 <0.20
MW-22
Sample cis-1,2| Vinyl
Date PCE|TCE DCE |Chloride
9/22/16 | 11 [<0.20] 1.5 <0.20
10/26/16 | 2.1 |<0.20] 2.2 <0.20
Sample cis-1,2| Vinyl
Date PCE | TCE| "bcE |chioride MW-35
9/16/16 20 1.5 12 0.29 Sample cis-1,2| Vinyl
10/27/16 - <0.20 pate |"CE|TCE| bcE |chloride
9/16/16 | 2.1 |<0.20] <0.20 [ <0.20
10/27/16 | 1.4 ]<0.20] <0.20 [ <0.20
Sample - Vinyl HZ-MW-27
PCE | TCE 4
e/ Date DCE |Chloride Sample pcE | TcE cis-1,2| Vinyl
9/19/16 | 950 | 7.7 | <4.0 <4.0 rLrL Date DCE |[Chloride
10/27/16 9 9/14/16 | 1.6 |<0.20] 0.34 | <0.20
10/28/16 | 0.84 |<0.20] <0.20 | <0.20
HZ-MW-25
Sample cis-1,2| Vinyl
Date PCE | TCE DCE |Chloride
9/14/16 | 6.4 [<0.20| <0.20 | <0.20
10/28/16 | 1.2 ]<0.20| <0.20 | <0.20

HZ-MW-30
Sample cis-1,2| Vinyl
Date PCE [ TCE DCE |Chloride
9/2016 -
10/2016 - - - -
11/28/16 |<0.20]<0.20| <0.20 | <0.20

3N Aepn l1vylog

LEGEND

BSCA Property Boundary
Sanitary Sewer Line

Storm Sewer Line

Monitoring Well,
Deep (35-55 ft)

than 5.0 ppb

Concentration of PCE greater

Red concentrations of PCE, TCE, (cis) 1,2-DCE, and vinyl chloride are above MTCA
Method A Cleanup Levels.

Blue concentrations of PCE, TCE, (cis) 1,2-DCE, and vinyl chloride are below MTCA
Method A Cleanup Levels.

Black concentrations of PCE, TCE, (cis) 1,2-DCE and vinyl chloride are below the
laboratory reporting limit.

Cleanup Levels:
Tetrachloroethene (PCE) 5.0 ppb
Trichloroethene (TCE) 5.0 ppb
(cis) 1,2-Dichloroethene (DCE) 16.0 ppb
Vinyl Chloride 0.2 ppb

Groundwater concentrations are listed in
parts per billion (ppb).
- = Not Sampled

0

Aerial Photo Source: Google Earth Pro
Aerial Photo Date: June 27,2016

50 100

Approximate Scale in Feet

g ENYIRONMENTAL INC

3815 Woodland Park Avenue North, Suite 102
Seattle, WA - 206-691-0476
www.kane-environmental.com

DRAFT RI/FS
Bothell Service Center
18107 Bothell Way NE

Bothell, Washington

Figure 24
Groundwater HVOC
Concentrations,
Deep (35-55 ft)
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ELEVATION (FT AMSL)

Groundwater PCE Contours

[]

]

PCE concentration in groundwater,

5 ppb

PCE concentration in groundwater,

than 5 ppb

PCE concentration in groundwater,

than 10 ppb

PCE concentration in groundwater,

than 100 ppb

PCE concentration in groundwater.
than 1,000 ppb

PCE concentration in groundwater,

than 10,000 ppb

PCE concentration in groundwater,

than 100,000 ppb

ppb = parts per billion

less than

greater

greater

greater

, greater

greater

greater
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APPROXIMATE SCALE IN FEET
VERTICAL EXAGGERATION: 2X

FIGURE 25
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