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1 INTRODUCTION 
This report presents the feasibility study (FS) for the property at 8801 East Marginal Way 
South (8801 site) in Tukwila, Washington (Figure 1).  The 8801 site consists of both an 
upland portion (the 8801 property) and the adjoining sediments in the Lower Duwamish 
Waterway (LDW).  The 8801 site is subject to two separate Agreed Orders (AOs): AO 
No. 6069, which applies to the 8801 property, and AO No. 3599, which applies to the 
adjoining LDW sediments.  This report fulfills the FS requirements in AO No. 6069. 

An approximately 5-1/2 mile stretch of the LDW has been designated as a Superfund site by 
the U.S. Environmental Protection Agency (EPA).  The Record of Decision (ROD) for the 
LDW Superfund site remediation was issued in November 2014 (EPA, 2014).  The remedy 
for the sediment portion of the 8801 site is prescribed in the ROD.  Dredging and enhanced 
monitored natural recovery have been selected as the remedy for the sediments adjoining 
the 8801 property.  The sediment remedy will not be implemented until 2020 at the earliest, 
because a three-year pilot test began in 2017 to determine the effectiveness of enhanced 
monitored natural recovery in the stretch of the LDW that includes the 8801 site.  The scope 
and details of the remedy could change depending on the results of the pilot test, and 
remedial design of the sediments will likely not begin until the pilot test is over.  

Washington State Department of Ecology (Ecology) signed a Memorandum of 
Understanding (MOU) with the EPA to identify and remove upland sources of 
contamination contributing to the LDW.  The cleanup levels (CULs) set for the remedial 
activities on the upland portion of the 8801 site detailed in this report meet the Model Toxics 
Control Act (MTCA) requirements for protection of human health and the environment.  
Because the MTCA requirements are protective of surface water and sediment, this cleanup 
is expected to meet the source control sufficiency requirements laid out in Ecology's Source 
Control Strategy (Ecology, 2016b).  Source sufficiency conditions will be achieved on the 
8801 property by remedial actions that will result in arsenic, polycyclic aromatic 
hydrocarbons (PAHs), polychlorinated biphenyls (PCBs), and dioxin/furans being below the 
LDW sediment remediation action levels for those chemicals.  

The remedial actions, which include removing contaminated soil and treating groundwater 
to reduce contamination, are detailed in this report and are expected to result in protection 
of the LDW sediments, surface water and species.  This report was prepared in accordance 
with MTCA and Ecology’s corresponding Cleanup Regulation (Washington Administrative 
Code [WAC] Chapter 173-340) (Ecology, 2013). 
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1.1 Background 

A Remedial Investigation (RI) report for the 8801 property, dated May 18, 2011, was 
approved by Ecology in 2012 (Amec Earth and Environmental, Inc., 2011).  The RI Report 
included a comprehensive summary of past investigation and remedial actions previously 
completed on the 8801 property and described the areas of concern at the time of writing.  In 
2011, when the RI Report was generated, the values used to screen the chemicals were 
different from the current screening levels.  Based on the findings in the RI Report, a 
Focused FS data gaps investigation was undertaken in September and October 2011.  The 
information from the 2011 investigation was incorporated into a Focused FS report.  In 2013, 
the final Focused FS report for the 8801 property was submitted to Ecology (Amec, 2013).  
The 2013 Focused FS report contained values used to screen the chemicals (both from the 
investigation in 2011 and from previous investigations) that are different from the current 
screening levels. 

In 2017, Ecology provided LDW-specific preliminary cleanup levels (PCULs) that account 
for LDW-wide specific criteria (such as total organic carbon concentration) and that are 
protective of the sediments and surface water in the LDW and updated those values in 2018 
(Ecology, 2018).  In 2019, new groundwater data was collected from the 8801 property.  The 
groundwater samples were collected to provide updated information for this report and to 
provide baseline data in advance of proposed redevelopment (discussed later). 

Presented in this FS is data from previous investigations collected on the 8801 property 
including groundwater data from 2019 screened against the PCULs.  The screened data has 
been compared against the PCULs, and the distribution and occurrence of the chemicals 
was determined.  After consideration of the distribution and frequency of occurrence of the 
chemical, relevant chemicals in each media were selected.  Using the refined data, the 
chemicals of concern (COCs) and areas of concern for the 8801 property were established.  
The COCs and areas of concern were used as the basis for the remedial alternative analysis 
and selection presented in this FS.  

1.2 Objective 

The objective of this FS is to: 

 Present the approach used to identify the COCs for the 8801 property and the 
distribution of those COCs,  

 Identify remedial action objectives (RAOs), 

 Evaluate and select the remedial alternatives that meet the MTCA requirements to 
address the COCs, and 
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 Provide a schedule for the implementation of the selected alternative. 

1.3 Report Organization 

This document presents a brief background of the 8801 property, findings from various 
environmental investigations conducted at the property, RAOs and performance criteria, 
and the screening and selection of applicable technologies and remedial alternatives.  The 
report comprises the following sections: 

 Section 1 – introduces the background for the report and lays out the objectives. 

 Section 2 – discusses the site setting and history, previous investigation findings and 
remedial actions on and adjacent to the 8801 property, current and future uses of the 
property, the basis for the selected PCULs, and the conceptual site model (CSM). 

 Section 3 – presents the selection of COCs, the fate and transport of those chemicals, and 
the distribution of the COCs. 

 Section 4 – presents data collected during previous investigations completed at the 8801 
property, including soil (separated into unsaturated soil and saturated soil), 
groundwater, stormwater solids, and infrastructure samples. 

 Section 5 – discusses the applicable regulations for proposed cleanup activities, 
proposed cleanup and remediation levels for the selected COCs, and the proposed 
points of compliance (POCs) for each media. 

 Section 6 – discusses the RAOs, MTCA threshold requirements, and remedial 
alternatives. 

 Section 7 – evaluates and compares the remedial alternatives, discusses contingency 
actions, institutional controls and performance and compliance monitoring. 

 Section 8 – provides the report limitations.  

 Section 9 – lists references used in the report. 

2 OVERVIEW 
This section presents an overview of the 8801 property location and history, presents the 
geology and hydrogeology, discusses past investigation on and adjacent to the 8801 
property and remedial activities, identifies the PCULs that are relevant, and presents the 
CSM.  Information reported here is primarily sourced from information presented in the RI 
(Amec, 2011) and site investigation undertaken in 2011 (Amec, 2013). 
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2.1 Physical Setting 

The 8801 site is in the Green-Duwamish River Watershed, which drains approximately 
483 square miles in northwestern Washington.  The upland portion of the 8801 site lies 
adjacent to the LDW, approximately 4 miles upstream from the mouth of the River 
(Figure 1).  The upland portion of the 8801 site is relatively flat, with a ground surface 
elevation of approximately 20 feet above mean sea level (MSL). 

2.2 Property Description  

The upland portion of the 8801 site occupies 24.30 acres on the east bank of the LDW at 
8801 East Marginal Way South (King County parcel no. 5422600060), Tukwila, Washington 
(Figure 2).  The property is zoned manufacturing industrial center/heavy industry by the 
City of Tukwila.   

The 8801 property is owned by CenterPoint 8801 Marginal LLC.  The 8801 property was 
leased to Insurance Auto Auctions, Inc. (IAAI) from 2004 to 2019.  Until approximately 
September 2018, IAAI used the 8801 property to store and auction damaged and wrecked 
vehicles.  IAAI removed all the stored and damaged vehicles from the 8801 property in 
August and September 2018 and their lease expired at the end of November 2019.  
CenterPoint manages the stormwater system as a requirement of their discharge permit. 

CenterPoint plans to redevelop the property commencing December 2019.  The 
redevelopment is slated for late 2019 through 2021.  The redevelopment plans include 
demolition of all the buildings except a part of the smaller warehouse on the west of the 
8801 property (the former fiberglass shop) and construction of an approximately 414,400-
square-foot building for industrial use and trailer storage.  The design of the building 
includes importing fill to raise the floor level approximately 4 feet above existing grade to 
allow direct truck loading.  The footprint of the development relative to existing buildings 
and monitoring wells is shown in Figure 3. 

Four buildings are currently located on the 8801 property and are described as follows:  

 A one-story, 165,600-square-foot masonry warehouse building previously used for 
manufacturing activities located on the eastern side of the property (warehouse) and 
more recently used by IAAI to store and conduct the auction of the damaged vehicles;  

 A small former boiler and powerhouse building located on the northwest side of the 
warehouse building and was used by IAAI for storage;  

 A two-story, 24,520-square-foot administration building located on the eastern portion 
of the property; and 
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 A 43,200-square-foot warehouse previously used as a fiberglass shop located at the 
western site boundary along the LDW.  This building houses an air sparge/soil vapor 
extraction (AS/SVE) remediation system in the southeast corner of the warehouse.  IAAI 
used this warehouse to store damaged vehicles until they were removed after a fire in 
2014. 

The remainder of the 8801 property is undeveloped paved area and the property perimeter 
is surrounded by a tall chain link electric fence.  A metal former water tower lies within the 
northern central part of the property.  IAAI used this paved area as the principal storage 
area for the damaged vehicles. 

Two main storm systems drain the 8801 property and discharge to the LDW as the North 
Outfall (No. 1) and the Central Outfall (No. 2).  The Central Outfall was previously known 
as the 8801 South Outfall.  A middle outfall was plugged and closed in 2004.  Stormwater 
system upgrades completed in 2007 included installation of filter and cyclone units to 
remove particulates prior to discharge at both existing outfalls.  The principal northern 
drainage conveyance pipe was also relined by a process called slip-lining for much of its 
length in 2012.  A King County storm drain, which conveys discharge from the King County 
Airport to an outfall at Slip 6 south of the property on the LDW, crosses the eastern portion 
of the 8801 property. 

Located to the north are two parcels (0007400033 and 0001600014) owned by The Boeing 
Company, one of which has been used for airplane manufacturing.  To the south are two 
parcels (5422600010 and 5422600020).  The western of these two parcels is owned by 
Container Properties LLC., and was also leased to IAAI.  IAAI used the western parcel for 
the storage of damaged and wrecked vehicles until 2018.  The Museum of Flight Foundation 
owns the eastern parcel, uses the property to store airplanes, and recently developed the 
land with one building that is used for pilot training.  The 8801 property is bounded to the 
east by East Marginal Way South and to the west by the LDW. 

2.3 Property History 

The 8801 property was originally comprised of the northern two-thirds of the current 
footprint.  The northern portion of the 8801 property was developed in approximately 1929 
and was purchased by Kenworth, a subsidiary of PACCAR Inc in 1945.  The stormwater 
system and main warehouse building were built around 1929 on this original footprint.  The 
facility expanded westward toward the LDW between 1929 and the mid-1950s.  In 1966, the 
southern one-third of the 8801 property was acquired from the Monsanto Chemical 
Company.  After the acquisition of the southern parcel, the southwestern corner of the 
southern property, which was previously part of the LDW, was filled and the southern 
stormwater system was constructed. 
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The western edge of the 8801 property has a sheet pile wall bulkhead built in approximately 
1929 that extends along the northern two-thirds of the western edge of the 8801 property to 
a depth of about 30 feet below ground surface (bgs).  The sheet pile wall bends into the 
upland area of the 8801 property and extends approximately 100 feet to the east along the 
former southern property line.  In the southwest corner of the 8801 property, a berm was 
built in approximately 1969 along the southern one-third of the western property boundary 
and to the east on the southwestern corner of the 8801 property.  After the berm was 
constructed, approximately 10 feet of fill was placed on the east side of the embankment, 
bringing the ground surface to roughly its present grade.  Riprap armor was then placed on 
the two LDW-facing sides of the berm. 

After 1946, the 8801 property was used for the assembly of trucks under the Kenworth 
name.  The trucks were mostly constructed in the main warehouse building, where three 
assembly lines were present by the time of closure in 2002.  The remainder of the 8801 
property was used for support services, such as a tire shop, maintenance shop, fiberglass 
shop, cafeteria, and administration.  The surface of the 8801 property has been fully paved 
since approximately the 1950s.  

In 2004, the 8801 property was sold to Merrill Creek Holdings, LLC (MCH).  MCH sold the 
8801 property to CenterPoint in 2014.  IAAI was a tenant on the property since the sale in 
2004 until November 2019. 

2.4 Geology and Hydrogeology 

This section summarizes the local geology, the inferred hydrogeology, and the tidal 
influence on the 8801 property. 

2.4.1 Site Geology  

Soil in the Lower Duwamish River valley typically consists of low- to moderate- 
permeability shallow alluvial deposits composed of stratified silt, clay, silty sand, sand, and 
occasional layers of peat.  The alluvial deposits have been sourced from eroded soil and 
volcanic debris from Mount Rainier and have been deposited in association with organic 
material in the river system.  The LDW channel has been modified by human activity, which 
introduced large amounts of sand, silt, and gravel related to channel alterations. 

The distribution of chemicals on the 8801 property and associated geology is shown in cross 
sections.  The cross section profile lines are shown in Figure 4 and the cross sections are 
presented in Figures 5 through 8.  Lithologic cross sections are provided in the RI (Amec, 
2011). 
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Previous investigations by other parties at the 8801 property documented interbedded silt, 
sand layers, and lenses consistent with regional geology and deposits in a meandering river 
valley.  Fill material underlies paved surfaces and is up to 10 feet thick in some locations.  
Fill materials include gravelly structural fill beneath buildings and paved areas, poorly 
graded sand to silty sand fill deposits, and gravelly backfill materials in excavations.  

Fill material at the 8801 property is underlain by a layer of fine-grained material, including 
silt, sandy silt, and silty sand that extends to a depth of 5 to 15 feet bgs.  This fine-grained 
material layer appears to be laterally continuous in the western portion of the 8801 property 
but contains lenses of silty sand in the central and eastern portions.  A poorly graded sand 
layer, which typically contains less than 10% silt, is generally present beneath the 
fine-grained layer beginning at 10 to 15 feet bgs, although at some locations it is present 
immediately beneath the pavement surface or the fill material.  This layer locally contains 
thin lenses of silty sand or silt.  A layer of fine-grained materials, consisting mainly of silt 
and silty sand, is typically present beneath the poorly graded sandy layer at depths of 
approximately 30 to 50 feet bgs.  This fine-grained silty material acts as a confining layer to 
groundwater flow on the western part of the site.  No deeper wells have been installed on 
the eastern part of the 8801 property to determine if the confining layer is continuous.  The 
lower fine-grained layer is typically underlain by poorly graded sand to the maximum 
depth explored at the 8801 property (60 feet bgs). 

2.4.2 Site Hydrogeology 

Three groundwater zones (Zones A, B, and C) have been monitored at the 8801 property.  
Zone A comprises the uppermost portion of the upper aquifer, and wells were screened to 
include the free water surface (typically 8 to 10 feet bgs) within layers of silty sand, sandy 
silt, and poorly graded silty sand.  Zone B comprises the lower portion of the upper aquifer 
(typically 25 to 35 feet bgs) and monitoring wells have been screened above the silty 
confining layer present in the western portion of the 8801 property.  The upper unconfined 
aquifer consisting of Zone A and Zone B is approximately 35 to 40 feet thick from the top of 
saturated soil.  Zone C comprises the lower aquifer, a deeper groundwater zone beneath the 
silty confining layer at approximately 45 to 55 feet bgs.  The base of the deeper aquifer at the 
8801 property is unknown; however, the thickness is a minimum of 20 feet.  Monitoring 
wells MW-#A are screened within the Zone A aquifer, monitoring wells MW-#B are 
screened within the Zone B aquifer, and monitoring wells MW-#C are screened within the 
Zone C aquifer. 

Results of groundwater monitoring at the 8801 property indicate that the hydraulic gradient 
in the shallow aquifer (Zones A and B) is generally toward the west and has been calculated 
to be 0.0017 during low tide (GeoEngineers, Inc. and Kennedy/Jenks/Chilton, 1990).  
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Kennedy/Jenks Consultants calculated the hydraulic conductivity in 1998 in the shallow 
aquifer using slug test data for the 8801 property.  The results were around 0.01 foot per 
minute, although tidal fluctuation would significantly reduce the flow rate of groundwater 
across the 8801 property (Kennedy/Jenks, 1998).  Groundwater in Zone C is assumed to flow 
west toward the LDW, although insufficient data are available to calculate a hydraulic 
gradient in Zone C. 

Groundwater elevation data from the 8801 property collected at or near low tide in 2002 and 
2006 indicate downward vertical gradient from Zone A to Zone B and an upward gradient 
from Zone C to Zones A and B along the western boundary of the 8801 property. 

The hydraulic gradient at the western edge of the 8801 property is influenced by the sheet 
pile wall bulkhead that extends along approximately the northern two-thirds of the western 
edge of the 8801 property to a depth of approximately 30 feet bgs.  Water table elevation 
contours drawn from previous monitoring events and the 2011 data gaps investigation 
(Figure 9) show a general westward flow of groundwater across the 8801 property with 
localized flow to the southwest in locations close to the LDW (Appendix A).  Groundwater 
upgradient of the sheet pile wall moves westward and is inferred to flow under the wall 
before moving upward and discharging to the LDW.  The groundwater flow under the wall 
is inferred since little to no leakage through the sheet pile wall has been observed during 
low tide and contaminant distribution is consistent with a westerly groundwater flow.  
Groundwater also flows around the southern end of the sheet pile wall and discharges 
along a seepage face at low tide. 

As discussed in the RI (Amec, 2011), groundwater in the vicinity of the LDW discharges 
through seeps at the base of upland slopes and through seepage faces along the waterway 
itself.  A seepage face is a zone of groundwater discharge caused by the difference in water 
levels between two adjacent areas.  During high tide, the LDW water saturates the bank 
along the river and during low tide the water that has saturated the bank flows back into the 
river.  Groundwater eventually discharges when the saturated bank is drained of river 
water.   

The water in the aquifers is anaerobic due to the use of oxygen by decaying of natural 
organic material.  The naturally anaerobic groundwater conditions result in leaching of 
naturally occurring metals such as iron and manganese from the soil. 

2.4.3 Tidal Influence 

Tidal elevation data from the Zone A aquifer collected over ten groundwater sampling 
events conducted between April 1997 and August 2006 were used to predict the full range 
of tidal activity at the 8801 property from high-high to low-low tides.  Data from the 
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sampling events were compared to National Oceanic and Atmospheric Administration 
(NOAA) tidal data and corrected for the tidal and elevation differences between the NOAA 
station and the 8801 property.  The tidal events were then plotted and used to determine 
tidal influence at the 8801 property (Anchor, 2008a provided as an appendix to the RI 
Report [Amec, 2011]). 

Results of the analysis indicate that the maximum tidal fluctuation at the LDW 8801 site 
boundary ranges from -3.03 feet relative to MSL to +1.85 feet MSL in the southern portion of 
the 8801 property, where riprap demarcates the 8801 property boundary.  Farther north, 
where the sheet piling bulkhead demarcates the 8801 property boundary, the maximum 
tidal fluctuation ranges between -1.80 feet MSL and +1.32 feet MSL.  The North American 
Vertical Datum of 1988 (the upland elevation unit of measurement) is approximately 
4.27 feet greater than MSL. 

2.5 Previous Investigation and Remedial Activities 

This section briefly describes the investigations and remedial actions that have been 
undertaken from 1986 to date at the 8801 property and some of the work undertaken on the 
adjacent properties.  Investigation and remedial activities between 1986 and 2009 are 
described in greater detail in the RI Report (Amec, 2011).  The location of previous 8801 
property investigation points is shown in Figure 10, and the data and distribution of the 
data is included in the tables and figures presented in Appendix B. 

2.5.1 Investigations – 1986 to 2009 

Investigation commenced in 1986 with an assessment on the condition of 19 underground 
storage tanks (USTs) on the 8801 property (a figure showing the location of USTs and 
aboveground storage tanks, and tables detailing the contents are provided in Appendix A).  
After assessment was complete, 11 USTs were removed, 1 was decommissioned in place, 
and 1 was replaced.  Investigation around the USTs identified volatile organic compounds 
(VOCs) in groundwater in the north fire aisle where four USTs used to store solvents were 
located, and hydrocarbons in soil and groundwater along the south fire aisle where oils and 
diesel hydrocarbons used to fill trucks were stored.  The primary solvent in use at the 
facility was 1,1,1-tetrachloroethane. 

Over the next nine years, much of the investigation focused on delineating the VOC plume 
and assessing the effectiveness of pump and treat remedial activities associated with 
removal of the VOC groundwater plume.  Other investigations at that time included 
collecting soil samples in the southern portion of the 8801 property to determine if 
Monsanto’s past actions of placing fill on the 8801 property had impacted soil, and 
investigation and removal of a hydraulic oil spill on the western side of the 8801 property.   
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In 2002 and 2004, two sitewide investigations were undertaken that included collection of 
soil, groundwater, stormwater and solids, and seep samples.  Seep sample collection is one 
of many methods used during investigation work (if properly collected after the riverbank 
saturated water has drained).  During both investigations, focused sampling was 
undertaken in areas where past activities or investigations indicated contaminants may be 
present.  The 2004 investigation included collecting samples in a grid spaced approximately 
100 feet apart across the whole property.  The focused areas included the paint mixing area 
to the east of the main warehouse, the steam wash pit area just west of the water tower, the 
southwest storage area in the southwest corner of the property, the southern end of the Off-
Highway Building (east of the fiberglass building), and along the southern fire aisle where 
the hydrocarbon USTs had been located.  Samples collected from borings parallel with the 
western boundary were collected and analyzed for the sediment management standard 
suite of chemicals and pesticides, herbicides, and dioxin/furans. 

Sitewide groundwater sampling events were undertaken in the spring and fall of 2006.  
Chemical analysis included VOCs, metals, total PCBs, PAHs, semi-volatile organic 
compounds (SVOCs), and total petroleum hydrocarbons (TPH).  During the spring 
sampling, groundwater samples were collected from wells located adjacent to the LDW 
during both low and high tide conditions.  The low and high tide samples were compared to 
determine if tidal conditions (and potential dilution by incoming river water) affected 
chemical concentrations; the impact was observed to be negligible.  In addition to collecting 
groundwater samples from wells on the property, samples were also collected for metals 
analysis from two wells (I-205, and I-206) on the adjacent Boeing property to the north.  
High levels of arsenic in groundwater were detected in the groundwater on the Boeing 
property but not in wells on the 8801 property.  

Investigation of sediments adjacent to the 8801 property has been undertaken as part of the 
LDW-wide RI work.  Under the requirements of the sediment AO, the sediments 
immediately adjacent to the 8801 property were also investigated in 2006 and 2008.  These 
samples were collected at 22 stations in proximity to the 8801 property at approximate 
depths ranging from 0 to 10 centimeters.  Sediment samples were analyzed for metals 
(arsenic, cadmium, chromium, copper, lead, mercury, silver, and zinc); PCBs; low-
molecular-weight PAHs; high-molecular-weight PAHs; chlorinated hydrocarbons; 
phthalates; hexachlorobutadiene; N-nitrosodiphenylamine; phenols; benzyl alcohol; benzoic 
acid; SVOCs; and dioxins/furans.  Further sampling was undertaken in February 2008 to 
re-assess specific surface locations and collect core samples of the deeper sediment at four 
locations.  The core samples were collected in the LDW near the three outfalls and the 
northern property boundary.  Surface sediment samples were collected adjacent to the 
northern property boundary.  These samples were analyzed for the sediment management 
standards suite of compounds.  The results of both investigations are presented in a report 
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generated by Anchor QEA, LLC in 2009 (Anchor, 2008b).  Excerpts are enclosed in 
Appendix A. 

2.5.2 Investigations – After 2009  

In 2009, IAAI was requested by Ecology to sample the solids within the stormwater system 
on the 8801 property.  Windward Environmental LLC prepared a Sampling and Analysis 
Plan (SAP) that was approved by Ecology.  The work included collecting samples of solids 
from catch basin inserts, catch basins, and the stormwater treatment system on a quarterly 
basis for a period of one year between 2009 and 2010.  Windward subdivided the 8801 
property into areas and collected composite samples within those areas.  The report 
concluded that the solids identified in the stormwater system at the 8801 property are 
similar to those identified on other urban sites along the LDW (Windward, 2011).  Tables 
and figures from Windward’s report are provided in Appendix A, and the stormwater data 
is included in Table B-23 in Appendix B.  

In 2011, Amec undertook a feasibility data gaps investigation.  Ecology approved the SAP in 
advance of the investigation work.  The objective of the investigation was to delineate areas 
of concern and collect information to inform the remedial alternative selection.  The 
investigation included 12 soil borings (DG11-1 to DG11-12) for the collection of soil samples, 
drilling and installation of 11 monitoring wells (MW-43A, MW-44A, MW-45A, MW-46A, 
MW-47A, MW-48A, MW-49A, MW-40B, MW-47B, MW-48B, and MW-49B) for the collection 
of soil and groundwater samples, and the collection of building and infrastructure surface 
materials for analysis.  The data from this report is incorporated into tables in Appendix B 
and locations are shown in figures in Appendix B. 

In 2009, Boeing's consultant investigated the southern boundary line of their property; the 
investigation was primarily targeted on VOC data.  The investigation identified VOCs in 
shallow and deeper soil at low concentrations.  In 2011 through 2012, monitoring wells 
located on the adjacent Boeing property to the north were sampled and analyzed by 
Boeing’s consultant.  During four sampling events, monitoring well IT-MW-6 on the 
adjacent property contained trichloroethene (TCE) and vinyl chloride above the CULs at 
that time.  Monitoring well IT-MW-7 also contained TCE above the CUL at that time during 
the first sampling event but not during subsequent events.  Excerpts from the reports are 
provided in Appendix A, and the well locations are shown in Figure 10. 

In October 2014, Leidos, Inc. on behalf of Ecology inspected various stormwater vaults and 
collected two stormwater samples on the 8801 property.  Stormwater samples were collected 
from catch basin N(60) located in the north west corner of the property, and from the pre-
treatment vault associated with the treatment system at the Southern Outfall on the 
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property.  The samples were analyzed for LDW parameters including dioxin/furans and 
PCBs as aroclors and congeners.  The data is presented in Appendix A.  

In March and April 2017, Leidos, on behalf of Ecology, collected groundwater and surface 
water samples from 17 properties located immediately adjacent and regionally upgradient 
from the LDW.  At the 8801 property, monitoring wells MW-16A, MW-30A, and MW-42A 
were sampled and analyzed for PCBs as congeners and as aroclors.  In advance of the 
groundwater sampling by Leidos on the 8801 property, the three monitoring wells were 
inspected, and polyethylene tubing found at the base of MW-16A was removed on 
March 16, 2017.  According to the data report summarizing the results (Leidos, 2017), the 
samples collected at the 8801 property contained total PCB congeners at concentrations 
ranging from 0.00299 J (J means an estimated concentration rather than an actual 
concentration) micrograms per liter (μg/L) to 0.0352 J μg/L.  PCB aroclors were not detected 
within two samples and were detected in one sample.  MW-16A had PCB detections both as 
congeners and aroclors.  The groundwater sample from MW-16A was also analyzed as an 
unfiltered and filtered sample.  The filtered sample also contained PCBs as congeners and 
aroclors.  The polyethylene tubing may have contributed to the congener concentration 
identified in MW-16A, since polyethylene tubing has been analyzed and found to contain 
detectable congeners (Leidos, 2016).  

Groundwater sampling on the 8801 property was undertaken in February 2019.  Ecology 
approved the work plan in advance of the sampling.  The objective of the sampling was to 
collect current halogenated VOC data to inform the remedial design approach and to obtain 
baseline data from monitoring wells downgradient of the proposed area of development.  
Groundwater samples for analysis were collected from 36 wells on the 8801 site (MW-1A, 
MW-6A(R), MW-7A, MW-9A, MW-12A, MW-14A, MW-15A, MW-16A, MW-18A, MW-22A, 
MW-23A, MW-24A, MW-25A, MW-26A, MW-27A, MW-28A, MW-28B, MW-29A, MW-30A, 
MW-31A, MW-32A, MW-33A, MW-34A, MW-35A, MW-36A, MW-37A, MW-40A, MW-40B, 
MW-41A, MW-42A, MW-43A, MW-44A, MW-45A, MW-46A, MW-47A, and MW-48A) and 
2 wells on the adjacent Boeing property (IT-MW-6 and IT-MW-7).  Groundwater from most 
of the 8801 property wells were analyzed for halogenated VOCs, carcinogenic PAHs 
(cPAHs), bis(2-ethylhexyl)phthalate, and total and dissolved arsenic and copper.  A subset 
was analyzed for gasoline and diesel range hydrocarbons and monitored natural 
attenuation parameters.  Five nearshore wells (MW-30A, MW-35A, MW-36A, MW-37A, and 
MW-44A) were also analyzed for PCBs by aroclor and congener.  The Boeing wells were 
only sampled for halogenated VOCs.  The data from this sampling event is incorporated 
into tables in Appendix B. 
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2.5.3 Past Remedial and Major Infrastructure-Related Activities 

Remedial activities have been undertaken on the 8801 property since 1986.  Past remedial 
and major infrastructure-related activities have included removal of USTs, installation of a 
groundwater pumping and treatment system, excavation and disposal of contaminated soil, 
application of oxygen-releasing compounds (ORC™) to the subsurface soil, storm drain 
inspection and cleaning, installation of an AS/SVE system, installation of two stormwater 
treatment systems, and slip-lining parts of the stormwater system pipes.  The location of the 
excavations and ORCTM injections is shown in Figure 11.  The activities are described below 
in date order: 

 Removal of 11 USTs in 1986.  One UST that stored acetone was closed-in-place at that 
time. 

 Extraction of groundwater from the north fire aisle from 1993 until well failure due to 
brackish water in 1995. 

 Excavation and off-site disposal of 80 cubic yards of soil impacted with hydraulic oil 
from the north end of the southwest storage area in 1995. 

 Removal of a diesel UST located in the south fire aisle due to a diesel release.  The UST 
was removed, 200 feet of the storm drain was replaced, and approximately 200 cubic 
yards of impacted soil was excavated and disposed of offsite in 2000. 

 Removal of two USTs containing oil and antifreeze along the south fire aisle.  
Approximately 120 cubic yards of petroleum-impacted soil were excavated and 
disposed of offsite in 2001. 

 Completion of video camera surveys of the stormwater drain system between 2001 to 
2003. 

 Removal of two diesel USTs and one oil UST from the south fire aisle and excavation 
and off-site disposal of approximately 735 tons of petroleum-impacted soil in 2003.  
ORC™ was placed in the excavation prior to backfill. 

 Removal of the previously (1986) closed-in-place acetone UST from the northwest area 
in 2003. 

 Installation of the AS/SVE system, including excavation and off-site disposal of 
approximately 1,100 tons of soil in 2004.   

 Excavation of approximately 1,470 tons of petroleum-impacted soil near the eastern end 
of the south fire aisle in 2004. 

 Excavation of 140 tons of petroleum-impacted soil west of the main warehouse building 
(at the H4 location on the grid sampling points) in 2004. 

 Placement of ORC™ on the western end of the south fire aisle corridor in 2004. 
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 Comprehensive cleanout of the on-site storm drain system, storm drain lines, and catch 
basins by flushing solids from the line, off-site disposal of collected solids and wash 
water, and capping and closure of the middle outfall in 2004.  A catch basin located 
100 feet east of the middle outfall and associated piping was filled with controlled 
density fill in 2006. 

 Repair of a break in the stormwater pipe in 2006 (east of the oil/water interceptor in the 
northwest corner of the property) by injection of a sealant and lining of the pipe with a 
resin-impregnated felt. 

 IAAI installed two vaults to treat stormwater – one east of the North Outfall and one 
east of the Central Outfall (formerly known as the South Outfall) in 2007.  The work 
adjacent to the Central Outfall also included some regrading to ensure sheet flow of 
stormwater did not drain to the LDW.  The stormwater treatment system consisted of a 
cyclone and filter system designed to remove particulates and other contaminants to 
ensure that the stormwater met the National Pollution Discharge Elimination System 
(NPDES) permit that IAAI has for their operations.  During excavation work for the 
vaults, sidewall and bottom soil samples were collected and analyzed (the data is 
included the soil tables presented in Appendix B). 

 IAAI slip-lined the main conveyance line of the northern stormwater system from the 
northwest corner (adjacent to the southeast of their stormwater vault) to the middle of 
the warehouse in 2012.  A figure showing the location of the slip-lining work is provided 
in Appendix A.  The western portion of the stormwater line is submerged below the 
groundwater table.  It is understood that the purpose of the slip lining was to reduce the 
contribution of zinc from the metal pipe to the stormwater.  Solids that accumulated in 
the stormwater line were removed in advance of the work.  Data from that removal 
action is included in Table B-23 in Appendix B. 

 IAAI’s NPDES permit number WAR008681 was renewed in 2015 and is effective 
through 2019.  The permit covers stormwater outfall from operations at the 8801 
property and the adjacent property to the south (Container Properties LLC).  IAAI has 
upgraded the stormwater system on the 8801 property based on exceedances of the 
copper and zinc benchmark values, changing the treatment filter material from zeolite, 
perlite, and granular activated carbon to Metals Rx™.  Other upgrades include adding 
modular treatment systems to the base of downspouts from the warehouse building, 
more frequent cleaning of gutters on buildings, painting of flashing to contain surface 
materials, reducing the use of copper-containing herbicide, and improving their sitewide 
management of materials.  

 In 2007, characterization and remedial activities were undertaken in the north west 
corner of the Container Properties western parcel immediately south of the 8801 
property.  During characterization activities green soil with viscoelastic behavior (like 
silly putty) was noted in three borings and hydrocarbons odors were noted in other 
samples.  Remedial activities consisted of excavation to remove copper (maximum 
concentration of 18,200 milligrams per kilogram [mg/kg]), and TPH (gasoline maximum 
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concentration of 13,000 mg/kg and diesel maximum concentration of 2,100 mg/kg) 
contaminated soil.  During excavation activities hydrocarbon odors were noted in the 
north wall of the excavation (the southern boundary of the 8801 property).  The 
excavation did not extend onto the 8801 property (Geomatrix Consultants, Inc., 2007.) 
The investigation and excavation report for these activities are included in Appendix A. 

2.6 Preliminary Cleanup Levels (PCULs) 

This section describes the selection of the appropriate PCULs to screen the soil and 
groundwater data for the 8801 property.  The PCULs are protective of human health based 
on consumption of 97.5 grams of fish per day (Ecology, 2018). 

2.6.1 Non-Potable Groundwater Determination 

The highest beneficial use of groundwater under Ecology’s MTCA is drinking water, unless 
the site meets the criteria for non-potable water listed in WAC 173-340-720(2).  The 
groundwater at the 8801 property has been determined to be non-potable as discussed in 
the RI Report (Amec, 2011).  The reason the groundwater is non-potable is because the 
groundwater meets the WAC 173-340-720(2) requirements as follows: 

 (2)(a) The ground water does not serve as a current source of drinking water.  
- The City of Seattle currently supplies drinking water to the 8801 property.  
- There are no drinking water supply wells at the 8801 property or any identified 

within a 1-mile radius down or cross gradient. 

 (2)(c) The department determines it is unlikely that hazardous substances will be transported 
from the contaminated ground water to ground water that is a current or potential future source 
of drinking water, as defined in (a) and (b) of this subsection, at concentration which exceed 
ground water quality criteria published in Chapter 173-200 WAC.  
- RI work undertaken at the 8801 property indicates that contaminated groundwater 

occurs in the two uppermost water-bearing zones.  These two zones are within an 
unconfined aquifer in manmade fill and native alluvial silt and sand.  The upper 
zone (Zone A) lies between approximately 8 and 20 feet bgs and the lower part of the 
aquifer (Zone B) lies at approximately 25 to 35 feet bgs.  Both Zone A and Zone B 
discharge directly into the LDW.  Contaminated groundwater in these shallow 
water-bearing zones will not flow laterally inland toward a current or potential 
future source of drinking water, because the inland aquifer is hydraulically 
upgradient of the shallow water-bearing zones.  

- Similarly, contaminated groundwater in the unconfined aquifer will not flow 
vertically downward into a deeper aquifer that could be a potential future source of 
drinking water, because groundwater flow from the deeper aquifer at the shoreline 
is upward, reflecting increasing hydraulic head with depth. 



Feasibility Study 
  Final  

21-1-12567-021 July 27, 2020 
16 

 (2)(d) Even if ground water is classified as a potential future source of drinking water under (b) 
of this subsection, the department recognizes that there may be sites where there is an extremely 
low probability that the ground water will be used for that purpose because of the site’s proximity 
to surface water that is not suitable as a domestic water supply.  An example of this situation 
would be shallow ground waters in close proximity to marine waters such as on Harbor Island in 
Seattle.  At such sites, the department may allow ground water to be classified as nonpotable for 
the purposes of this section if each of the following conditions can be demonstrated.  These 
determinations must be for reasons other than that the groundwater or surface water has been 
contaminated by a release of a hazardous substance at the site.  

 (i) There are known or projected points of entry of the ground water into the surface water.  
- Previous investigation work at the 8801 property indicates that groundwater enters 

the LDW.  

 (ii) The surface water is not classified as a suitable domestic water supply source under Chapter 
173-201A WAC.  
- The LDW is a brackish river due to the tidal exchange that occurs and does not 

classify as a suitable domestic water supply under Chapter 173-201A WAC. 

(iii) The ground water is sufficiently hydraulically connected to the surface water that the ground 
water is not practicable to use as a drinking water source.  

- RI work at the 8801 property indicates that groundwater is hydraulically connected 
to the LDW and that tidal influence occurs no more than 400 feet distant from the 
river boundary.  This distance would be increased by pumping groundwater for use 
outside the tidally influenced area.  Consequently, it is not possible to utilize 8801 
property groundwater for water supply due to the potential for drawing brackish 
water into the water-bearing zone (saltwater intrusion).  Therefore, it is not 
practicable to use the groundwater as a drinking water source. 

2.6.2 Terrestrial Ecological Evaluation 

As discussed in the RI Report (Amec, 2011), the conditions on the 8801 property meet the 
requirement for ending the terrestrial ecological evaluation (TEE) based on the exposure 
analysis detailed in WAC 173-340-7491(1)(c)(i).  A copy of the completed Table 749-1 is 
provided in Appendix A.  The rationale for ending the TEE is supported by a survey by a 
biologist as detailed in the RI Report and is because the 8801 property is covered entirely 
with buildings and pavement and will continue to be covered with buildings and pavement 
in the future.   

2.6.3 Selection of Preliminary Cleanup Levels (PCULs) 

Because groundwater on the 8801 property is not and will not in the future be used for 
drinking water and the 8801 property groundwater meets the non-potable criteria 
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(Section 2.6.1) and the 8801 property meets the requirement for ending the TEE 
(Section 2.6.2), the PCULs that relate to potable groundwater and the PCULs that relate to 
the protection of terrestrial ecological exposure were not considered during screening of the 
chemicals on the 8801 property.  

For soil, the most stringent PCUL based on either non-potable groundwater, direct contact, 
bank erosion, or natural background (if applicable) was selected.  The most stringent PCULs 
for soil are based primarily on saturated soil partition to groundwater that are protective of 
sediments and surface water in the LDW (Table 1).  Although the groundwater table is 
generally at 8 feet bgs, and at least the top 3 feet of soil would be unsaturated (allowing for 
approximately 3 feet of groundwater rise due to the potential for future sea level change), 
the saturated soil value was conservatively used in the COC screening process (discussed in 
Section 3).   

The most stringent PCULs for groundwater are based primarily on protection of surface 
water (consumption of organisms only) and protection of sediments (Table 2).   

In some cases, alternative PCULs were selected when they were determined to be more 
appropriate for the 8801 property, including: 

 The PCUL for iron in groundwater is based on protection of drinking water.  Since the 
groundwater at the 8801 property is non-potable, protection of drinking water is not an 
appropriate PCUL basis.  Iron is naturally present in groundwater within the LDW 
valley.  The 90th percentile concentration of iron in the Duwamish Valley aquifer is 
32,000 µg/L (Ecology, 2014).  This concentration has been selected as the PCUL for iron.   

 Like iron, manganese is naturally present in groundwater within the LDW valley, with a 
90th percentile concentration of 2,500 µg/L (Ecology, 2014).  Therefore, a concentration of 
2,500 µg/L has been selected as the PCUL for manganese in groundwater. 

3 CHEMICALS OF CONCERN (COCS) 
This section describes how the 8801 property data was screened to select the COCs.  The 
COCs for the 8801 property were selected in a stepwise manner using the guidance 
provided in WAC 173-340-703 and 173-340-708(2) and taking fate and transport into 
consideration.  The cited regulations state that there are several factors that determine 
whether a chemical can be removed from consideration at a property.  These factors include: 

 The toxicological characteristics of the substance.  Substances that do not adversely affect 
human health and the environment relative to concentrations of other substances on the 
site are considered not to impact the overall hazard and risk and can be eliminated.  
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 The chemical and physical characteristics of the substance.  Substances that are not mobile 
and/or do not persist in the environment potentially may be excluded from further 
consideration. 

 The natural background levels of the substance.  The risks caused by naturally occurring 
substances above MTCA CULs but at or below background concentrations are not 
addressed by MTCA.  

 Thoroughness of testing and frequency of detection.  If a substance contributes only a small 
percentage of the overall threat to human health and the environment and is not located 
in an area where other chemicals with high concentrations are also located, it may be 
appropriate to eliminate it. 

 Environmental fate.  Substances that readily degrade in the environment may not be of 
importance to overall hazard or risk.  Conversely, those with highly toxic degradation 
products should be included in an analysis of overall hazard and risk (for example, vinyl 
chloride is a daughter product of the degradation of tetrachloroethene [PCE] or TCE).  

3.1 Screening of Soil and Groundwater Data 

The COC screening process for soil and groundwater is summarized in Tables 3 and 4, 
respectively.  The process included calculation of sample statistics for the full list of 
chemicals analyzed in soil and groundwater and application of elimination criteria to screen 
out chemicals, resulting in the COC list.  All available soil data was used to calculate sample 
statistics.  Because groundwater concentrations change over time, only groundwater data 
from 2001 onward were used to calculate sample statistics.   

3.1.1 Sample Statistics 

As shown in Tables 3 and 4, the following statistics were calculated for each chemical:  

 The total quantity of analyzed samples, the quantity of samples that were not detected 
above the laboratory detection limit (non-detects), and the quantity of samples that were 
detected above the laboratory detection limit (detects).   

 The number of detects that exceed the most stringent appropriate PCUL, the number of 
detects that are below the PCUL, and the number of non-detects that exceed the PCUL.  

  The minimum and maximum detected values, the sample name for the maximum 
detect, and the mean of the detected values.   

 The PCUL.   

The following rules were used to calculate the statistics: 

 Where there were multiple samples analyzed at one location in a sample event (for 
example, a duplicate or a re-analysis of a sample), only one sample result was included 
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in the calculation.  For detects, the greatest detected concentration was used; for 
non-detects, the lowest reporting limit was used. 

 In groundwater, only total metal concentrations were used to prevent double counting.   

 In groundwater, the statistics presented in Table 4 include samples collected from 
properly constructed monitoring wells.  Grab groundwater samples were not included 
within the calculations because grab groundwater samples tend to have high turbidity 
and contain particulates that increase the analyzed chemical concentration.  If a chemical 
was detected at significantly elevated concentrations (such as two or three times the 
PCUL) in grab groundwater samples, the chemical is incorporated by reference in the 
text.  For example, in 2004, elevated gasoline was detected within a grab groundwater 
sample taken from boring A1.   

3.1.2 Elimination Criteria 

Following calculation of the sample statistics, elimination criteria were then used to screen 
out chemicals.  In Tables 3 and 4, the elimination criteria that apply for each chemical are 
indicated with an X.  As shown in the table, the initial screening steps were as follows: 

 Chemicals that were never detected were eliminated. 

 Chemicals that were never detected above the most stringent PCUL and chemicals 
without Ecology-provided PCULs were eliminated. 
- Chemicals without Ecology-provided PCULs are typically component parts of 

chemical mixtures (for example, TPH).  In addition, for one or two chemicals, there 
was no record of the chemicals being used at the 8801 property, and they were either 
not detected or detected infrequently.   

 Chemicals that were detected above PCULs were eliminated if (a) the detected 
concentrations did not exceed two times the PCUL and (b) the PCUL was exceeded 
within less than 10% of the detected samples.  This is consistent with the following: 
substances with concentrations marginally above their cleanup standards may not be 
important in considerations of overall hazard and risk.   

 Chemicals that were included in other chemicals lists were eliminated.  For example, 
individual PCB aroclors were not evaluated individually; they were evaluated as total 
PCB aroclors.   

 In soil, if a chemical concentration exceeded the PCUL (which is based on partition to 
groundwater) but was not considered to be impacting the groundwater (eliminated 
within Table 4), the chemical was then screened against human health direct contact 
criteria.  If the chemical did not exceed the human health direct contact criteria, it was 
removed from further consideration.   
- This is based on the fact that property contamination has been present since at least 

1986, and soil and groundwater concentrations have mostly reached equilibrium 
with each other.  This equilibrium is demonstrated by the fact that the groundwater 
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concentrations of some COCs are not exceeded despite those chemicals having 
concentrations in soil exceeding the saturated soil partition PCUL.  In addition, the 
unsaturated soil concentrations were screened against the most stringent PCUL 
(saturated soil) and many of the chemicals were screened out using these values, 
indicating that even if they did get saturated, they would not impact groundwater.  
This equilibrium is likely due to the paved surface that reduces stormwater 
infiltration and potential leaching of the soil.  In the future, if the quality of the 
surface cover improves because of redevelopment, the groundwater conditions are 
unlikely to be negatively impacted as the paving will continue to protect from 
infiltration and potential leaching.  

 Where a chemical was detected above PCULs within a limited area, the compound was 
retained as a COC within that area only. 

 In some instances, chemical-specific cases were taken under consideration (labeled with 
an ** in Tables 3 and 4).  These include the following: 
- Equipment blank samples were collected during two of the four comprehensive 

groundwater sampling events.  Groundwater sampling equipment was consistent 
between the four events.  The equipment blank water samples contained butyl 
benzyl phthalate at concentrations between 1.7 and 2.5 µg/L.  These equipment blank 
detections are greater than the PCUL of 0.013 µg/L.  The mean concentration of 
2.08 µg/L detected in the five samples analyzed for butyl benzyl phthalate is within 
the range of concentrations detected in the equipment blanks and the maximum 
detected concentration of 3.4 ug/L is less than two times the maximum concentration 
in the equipment blanks.  Therefore, the compound was removed from further 
consideration in groundwater, because it was likely an artifact of sampling 
(attributable to tubing used to collect the samples).  

- A small number of soil samples collected prior to 2005 contained diesel-range 
hydrocarbons at concentrations exceeding twice the PCUL.  Less than 10% of the 
detections exceeded the PCUL and the mean detected concentration (223 mg/kg) is 
approximately an order of magnitude below the PCUL.  Locations at which diesel-
range hydrocarbons were detected at above twice the PCUL (NA-5, FPD-1, and 
SFA-7) were located adjacent to samples without detectable diesel-range 
hydrocarbons, were located in areas in which later samples did not contain 
detectable diesel-range hydrocarbons or were located in areas that have been 
addressed during past remedial actions.  Therefore, diesel-range hydrocarbons are 
removed from further consideration in soil.  

- Oil-range hydrocarbons have been detected above PCULs in soil within the 
southwest storage area and in scattered locations across the 8801 property.  
Detections at greater than two times the PCUL have been measured at BY-1 (within 
southwest storage area), FPD-1, E7-S2-2, NA-5, and FTF-2.  More recent samples 
taken from near FPD-1 did not contain detectable oil-range hydrocarbons.  Locations 
adjacent to NA-5 and FTF-2 did not contain detectable oil-range hydrocarbons.  
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Therefore, oil-range hydrocarbons have been retained in soil within the southwest 
storage area and at E7-S2-2. 

- Prior to the 2019 groundwater sampling event, gasoline-, diesel-, and oil-range 
hydrocarbons were detected above their respective groundwater PCULs within one, 
eight, and zero samples collected from groundwater monitoring wells, respectively.  
All three compounds were detected above PCULs within the grab groundwater 
sample taken from boring A1 in 2004.  The hydrocarbon exceedances in monitoring 
wells occurred within water samples collected either before or concurrent with 
remedial activities associated with fuel USTs.  All groundwater samples collected 
after the remedial activities were completed in 2004, were either non-detect or below 
the PCUL.  During the 2019 sampling event, diesel- and oil-range hydrocarbons were 
only detected above PCULs within the sample taken from monitoring well MW-44A.  
Therefore, gasoline-, diesel-, and oil-range hydrocarbons have been retained at the 
location of boring A1 and diesel- and oil-range hydrocarbons have been retained at 
monitoring well MW-44A.  The compounds have been removed from consideration 
in groundwater in other areas of the 8801 property.  

- Gasoline-range hydrocarbons in groundwater have only been detected in one 
location above the PCUL (A1) post the remediation work undertaken in 2004.  
Therefore, despite exceedances of the leaching PCUL in soil, leaching of gasoline-
range hydrocarbons from soil to groundwater does not appear to be occurring.  The 
soil PCUL protective of indoor air has been applied to areas that will be below the 
proposed new building.  Gasoline range hydrocarbons are retained as a COC in soil 
at the location where soil exceeds the CUL beneath the proposed new building. 

- Arsenic concentrations in soil have exceeded two times the PCUL at two locations 
(SFA-S15-3 and BY-3).  Once these locations are removed, the remaining 
concentrations of arsenic in soil are below two times the PCUL and exceed the PCUL 
within less than 10% of the samples.  In addition, arsenic in groundwater in 
proximity to the locations where the elevated arsenic in soil is located does not 
exceed the PCUL.  Therefore, arsenic is removed from further consideration in soil 
except at the two locations where elevated soil concentrations have been detected.   

- Arsenic has been detected in groundwater at concentrations above PCULs at 
multiple wells during historic events.  With the exception of MW-48A, all of the 
wells have been sampled in 2019 with arsenic detections below PCULs.  Though 
total arsenic was detected above the PCUL at MW-48A in 2019, dissolved arsenic 
was below the PCUL.  The occurrence of elevated arsenic at this location is believed 
to be attributed to mobilization resulting from reducing conditions caused by 
degradation of petroleum hydrocarbons within the vicinity; it is expected that the 
arsenic concentration at this location will decrease over time.  Therefore, arsenic is 
removed from further consideration in groundwater except at MW-48A.  

- Copper has been detected in groundwater at concentrations above the PCUL at eight 
wells during recent sampling and at other wells including the upgradient well in 
past sampling events.  There is one area where elevated copper in soil is present near 
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the south property line on the west (near boring E7).  At that location, MW-41A near 
the soil exceedance area contains copper concentrations above the PCUL.  However, 
much of the copper occurrence in groundwater appears to indicate a natural source 
of copper that is likely being mobilized from reducing conditions caused by 
degradation of petroleum hydrocarbons within the vicinity and the halogenated 
VOC plume; it is expected that the copper concentrations will decrease over time.  
Therefore, copper is removed from further consideration in groundwater except at 
MW-41A.   

- PCBs have been detected above groundwater PCULs at four wells including 
MW-16A MW-30A, MW-34A, and MW-42A.  During 2017, PCBs have not been 
detected within samples taken from MW-42A.  PCBs are removed from further 
consideration in groundwater except at MW-16A, MW-30A, and MW-34A.   

- Dioxins/furans were detected above the soil PCUL at two locations including C6 and 
DG11-1 (PCBs were also detected at these locations).  Dioxins/furans were 
eliminated from further consideration in soil except at C6 and DG11-1.   

- n-Nitrosodi-n-propylamine was not detected in groundwater although the detection 
limit exceeded the screening criteria.  The soil concentrations were therefore 
screened against the human health direct contact PCUL.  Two soil samples (SS-BOT-
06 and SS-SW-17) exceed the human health direct contact PCUL.  n-Nitrosodi-n-
propylamine is not a chemical that was used during truck assembly operations since 
it is a chemical that is produced during research activities.  The soil samples 
containing n-Nitrosodi-n-propylamine at concentrations above the human health 
direct contact PCUL were collected from the excavation generated for the 
construction of the northern stormwater treatment system.  One location was from 
beneath the system and one was a sidewall sample.  This stormwater system is 
unlikely to be excavated for many years; consequently, human health exposure is 
unlikely to occur, particularly since the chemical breaks down over time.  Because it 
is unlikely that the chemical was produced by the truck manufacturing activities, 
and it is in an area where construction workers will not be exposed to the soil n-
Nitrosodi-n-propylamine is excluded from further consideration. 

- 1,1-dichloroethane (1,1-DCA) was not detected in soil above PCULs.  Though 
detected in several groundwater samples at concentrations above the PCUL, all 
locations (except MW-15A) have been sampled more recently with detections at 
concentrations below the PCUL.  The mean 1,1-DCA detection of 4.98 µg/L is less 
than half the PCUL.  1,1-DCA is therefore eliminated as a sitewide COC in 
groundwater and is retained only at well MW-15A.   

3.1.3 Screening of Soil Protective of Sediments Via Bank Erosion 

Soil data at locations that could potentially enter the stormwater system (within 
approximately 50 feet of a stormwater line) or erode to the LDW were screened against 
PCULs based on protection of sediments via bank erosion.   
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 Cadmium and chromium were measured at concentrations exceeding the PCULs for 
protection of sediments via bank erosion at boring BY-1 located within the south storage 
area.  Cadmium and chromium, which would otherwise be eliminated as COCs using 
the criteria described in Section 3.1.2, are considered COCs at this location only. 

3.1.4 Screening of Groundwater and Soil Data Protective of Indoor Air 

Groundwater and soil data were also screened to determine if detected concentrations were 
protective of MTCA Method B human health air exposure values for indoor air.   

 Three chemicals exceeded the exposure levels in groundwater: TCE, vinyl chloride, and 
1,1-DCA.  TCE and vinyl chloride exceeded the exposure levels at several locations and 
are retained as sitewide COCs.  1,1-DCA exceeded the exposure level at well MW-15A in 
2019.  The compound is retained as a COC at MW-15A.   

 One chemical exceeded the exposure level in soil: gasoline-range hydrocarbons.  At all 
but one location (FWW-1), the soil exceedances occurred within areas that will not be 
located below future buildings.  Therefore, based on protection of indoor air gasoline-
range hydrocarbons are a COC for soil at FWW-1 (Ecology, 2016a).   

3.2 Chemicals of Concern (COCs) 

COCs were selected based on their toxicity or lack of degradation in the environment (for 
example, cPAHs or PCBs) or for their frequency (for example, TCE and vinyl chloride).  The 
evaluation considered fate and transport and whether co-location in a hotspot is occurring.  
The COCs for the 8801 property by media are as follows: 

 Soil:  
- Sitewide: Total PCB aroclors, copper, and bis(2-ethylhexyl) phthalate. 
- TCE, PCE, and vinyl chloride within the western portion of the 8801 property. 
- Gasoline-range hydrocarbons within the vicinity of A1, and E7, and oil-range 

hydrocarbons at E7-S2-2 and in the southwest storage area.  
- Total cPAHs toxicity equivalent quotient (TEQ) in areas where hydrocarbon 

contamination has occurred in the vicinity of the boring/excavation at H4, E7, the 
south fire aisle, the southwest storage area, the northwest corner, the Off Highway 
Building, and the area west of the water tower. 

- Total dioxins/furans TEQ at C6 and DG11-1. 
- Arsenic at SFA-S15-3 and BY-3.  
- Lead in the former southwest storage area. 
- Cadmium and chromium in the southwest storage area at BY-1. 

 Groundwater:  
- Sitewide in the upper aquifer: Total cPAHs TEQ and bis(2-ethylhexyl)phthalate.  

These COCs do not exceed the PCULs in the deeper aquifer and only sporadically 
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appear in upper aquifer groundwater monitoring wells.  There is no consistent 
pattern to the detections and, therefore, these chemicals are retained sitewide.  

- TCE, PCE, and vinyl chloride (halogenated VOCs) and copper within western 
portion of the 8801 property.   

- Total PCB aroclors at MW-16A, MW-30A, and MW-34A. 
- 1,1-DCA at MW-15A. 
- Gasoline-range hydrocarbons at A1 and diesel- and oil-range hydrocarbons at A1 

and MW-44A. 

 Air:  
- Western portion of the 8801 property: TCE and vinyl chloride. 
- 1,1-DCA at MW-15A. 
- Gasoline at FWW-1. 

3.3 Conceptual Site Model (CSM) 

This section discusses the potential sources of contaminants to media, the potential 
receptors, and the transport pathways.  A flow chart and illustration of the CSM for the 8801 
property are presented in Figure 13. 

3.3.1 Contaminant Sources 

The potential sources of contaminants to soil and groundwater were (a) leaks from the USTs 
located in the north and south fire aisles and leaks from equipment within buildings, such 
as in the Off-Highway Building as well as isolated spills; (b) off-site sources of arsenic from 
Boeing (via groundwater flow); (c) fill material placed in the northern end of the southwest 
storage area and fill material placed on the southern property during Monsanto’s operation; 
and (d) surface activities, including the past storage of cars that had been in automobile 
accidents. 

The potential source of contamination to air is vapor generated from soil and groundwater 
contaminated with halogenated VOCs and gasoline.  The potential source of contamination 
to surface water is groundwater contaminated with halogenated VOCs.  Although near 
shore soil contamination is present, bank erosion is not anticipated at the 8801 property; 
much of the shoreline is protected by a sheet pile wall, and the remaining shoreline is 
protected by a 12-foot-wide berm of quarried material that is armored on the LDW side.  
Other potential sources of contaminants to sediments are stormwater solids sourced from 
infrastructure materials, and airborne particulates that settle out of the atmosphere.  Much 
of the stormwater borne materials are removed by on-site stormwater treatment systems 
and the system discharge is managed under the NPDES permit.  Stormwater treatment is 
undertaken by the property owner or its representatives.  
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3.3.2 Potential Receptors 

Currently, the 8801 property is vacant and all parts of the 8801 property are either paved 
with asphalt or concrete or are covered with buildings that have interior floor slabs.  As 
previously discussed, the current owner proposes to redevelop the 8801 property with a 
single large warehouse structure that will be raised approximately 4 feet above the existing 
grade using imported fill (Figure 3).  The proposed development will include new paving 
throughout the property and the removal of all existing buildings, except for part of the 
former fiberglass shop that will remain.  The proposed redevelopment will mean that the 
8801 property surface will continue to be covered for many decades.  

Despite being vacant, the 8801 property is currently accessible to property owner employees 
(occupational workers) and visitors.  Current and future occupational workers, and visitors 
are not and will not be exposed to soil or groundwater because it is beneath the paved 
surface.  The groundwater on the 8801 property is non-potable (Section 2.6.1), as is the water 
in the LDW, and there are no known water extraction points for either at the 8801 property.  
Therefore, occupational workers on the 8801 property are not exposed to groundwater or 
surface water related to extraction activities.   

Current occupational workers and visitors at the 8801 property could potentially be exposed 
to infrastructure material on or adjacent to the warehouse and powerhouse (joint compound 
between concrete slabs, paint, glazing, bricks, etc.).  This exposure pathway is limited, as 
most occupational workers do not physically contact these materials in the normal course of 
their work.  Future occupational workers will not be exposed to the infrastructure material 
because the warehouse, surrounding buildings and surfacing with the contaminated 
materials will be removed during preparation for the redevelopment.   

Current occupational workers (when on the 8801 property) could potentially be exposed to 
vapors from the halogenated VOC groundwater plume on the western side of the 8801 
property.  The risk is considered low because (a) the majority of the area overlying the 
plume is open to the air with the exception of an empty structure (the former fiberglass 
shop), which has permanently open bay doors and large holes in the building side and roof 
so vapors would not accumulate; (b) occupational workers are rarely on site and do not 
spend a large amount of time on the western part of the 8801 property; and (c) the vapor 
concentrations from the halogenated VOC groundwater plume are relatively low (although 
not all areas are below the CULs).  Future users could be exposed to vapors from the 
halogenated VOC plume on the western side of the 8801 property; however, the 4 feet of fill 
material that will be placed beneath the footprint of the proposed new building will act as 
further separation from the plume.  The southern end of the former fiberglass building that 
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houses the AS/SVE remediation system will not be demolished.  However, it is not currently 
occupied and there is no future plan to occupy the building. 

Construction workers will be exposed to soil and potentially groundwater on the 8801 
property through direct contact or inhalation during redevelopment activities.  Construction 
workers also may be exposed to vapors within subsurface structures such as the stormwater 
treatment system.  Soil, groundwater, and air exposure to construction workers is a 
complete pathway. 

Because the 8801 property is covered entirely with buildings and pavement and will 
continue to be covered in the future, the conditions on the 8801 property meet the 
requirement for ending the TEE (Section 2.6.2).  Although COCs are present at the 8801 
property, the building/pavement cover prevents exposure of terrestrial ecological receptors 
to the soil or groundwater.  

Surface water impacted by contaminated groundwater are considered a complete pathway 
to off-property ecological receptors (benthic and aquatic species) via direct contact and 
ingestion, and to off-property human receptors via ingestion and direct contact with the 
surface water and via ingestion of the benthic and aquatic species that live in the LDW.   

Sediments impacted by contaminated groundwater are also considered a complete pathway 
to off-property ecological receptors (benthic and aquatic species) via direct contact and 
ingestion, and to off-property human receptors via ingestion and direct contact with the 
sediments and via ingestion of benthic and aquatic species that live in the LDW.   

3.3.3 Transport Mechanisms and Pathways 

To control sources to the LDW, actions may be taken to control the contaminant release, the 
media, or the pathway. Contaminated media can affect LDW sediments through eight 
potential pathways as discussed in the Lower Duwamish Waterway Source Control Strategy 
(direct discharges; surface runoff; groundwater discharges; erosion/leaching; spills, 
dumping, leaks, and inappropriate management practices; waterway operations and traffic; 
atmospheric deposition; transport of contaminated sediments) (Ecology, 2016b).  This 
section discusses the transport mechanisms and pathways specific to the 8801 property.   

Soil and groundwater that are contaminated are not exposed on the surface of the 8801 
property.  Contaminants in soil can leach to the groundwater and from the groundwater to 
surface water.  The pavement throughout the 8801 property is old; however, it is patched on 
approximately a yearly basis, and although some stormwater likely infiltrates through 
cracks, the quantity is likely to be limited.  The contamination on the 8801 property was 
present prior to 1986; therefore, chemicals in the saturated soil are likely in equilibrium with 
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the groundwater.  This is supported by the data, since many chemicals have been identified 
above the soil PCUL (PCULs that have been established based on partition of the chemicals 
out of soil into groundwater), and yet those chemicals are below the PCUL in groundwater.  
The proposed future use for the property includes surface cover throughout, meaning that 
the groundwater will not be more vulnerable after future redevelopment.  In addition, there 
will only be minimal disturbance of the surface during redevelopment because fill is being 
placed on top of the existing surface instead of excavating below the existing grade like 
many other developments.  

Soil and groundwater can also enter the stormwater system, which then discharges to the 
LDW.  However, the portion of the stormwater system that is submerged below the water 
table was slip lined in 2012, and it is unlikely that groundwater is now entering the 
stormwater system.  Particles of soil could be entering the stormwater system through 
cracks in the pipe.  This contribution is likely to be low since most of the system does not 
intersect with areas of contamination and the treatment system would remove them prior to 
discharge to the river.  

Solid materials from the surface activities, degraded infrastructure, and deposition of 
atmospheric particles will be transported through the stormwater system.  Since 2007, 
stormwater treatment systems have been present on the 8801 property and surface 
sweeping is undertaken to remove surface materials before they enter the stormwater 
system.  These actions have likely reduced but not eliminated this pathway.  Future 
redevelopment will result in new buildings and removal of the old surface structures and a 
new stormwater infrastructure system with new catch basins that will have a higher degree 
of integrity that will prevent the potential entry of soil particulates.  

In summary, removing areas with high concentration of contamination in unsaturated and 
saturated soil and treating groundwater to reduce the concentration of contamination will 
remove the potential for recontamination of the LDW from 8801 property soil and 
groundwater.  Secondly, the replacement of paving across the 8801 property after 
redevelopment will ensure that no new contamination migrates from unsaturated soil to the 
groundwater.  Finally, the existing stormwater system acts to intercept surface particulates 
that enter stormwater and when after redevelopment occurs, the new infrastructure will 
have a higher degree of integrity and potentially a new stormwater treatment system to 
remove particulates. 

3.4 Fate and Transport 

This section discusses the fate and transport of chemicals in soil and groundwater at the 
8801 property.  This section includes a brief overview of fate and transport processes, 
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presents evidence that halogenated VOCs are naturally attenuating at the 8801 property, 
discusses the solubility of cPAHs and PCBs, and discusses how metals are transported and 
dispersed. 

The distribution of chemicals in soil and groundwater on the 8801 property is generally 
attributable to four source areas: (a) TPH and cPAHs from leaks from USTs or equipment 
and some halogenated VOCs spills in a few areas of the northern part of the 8801 property; 
(b) arsenic in groundwater from the Boeing property to the north; (c) fill material placed in 
the southwest storage area, including PCBs and copper attributed to former activities 
associated with Monsanto’s manufacturing; and (d) surface activities including the storage 
of cars that have been in automobile accidents.  Of these source areas, only halogenated 
VOC spills have resulted in a significant groundwater plume that is migrating offsite to 
surface water on the west and off property to the north near Boeing well IT-MW-6 
(Figure 3).  The discussion below addresses the selected COCs on the 8801 property; 
however, the natural attenuation section below addresses only the halogenated VOC plume 
and hydrocarbons. 

3.4.1 Fate and Transport Mechanisms 

Both nondestructive and destructive mechanisms occur during fate and transport of 
chemicals in the environment.  Both mechanisms are described below. 

3.4.1.1 Nondestructive Mechanisms 

Nondestructive mechanisms do not reduce the mass of the chemicals, because they do not 
change the chemistry but rather they redistribute the chemicals.  This redistribution can 
occur in the same phase (diffusion, advection, or dispersion) or in different phases (sorption 
and desorption, volatilization and condensation, and dissolution and precipitation). 

3.4.1.2 Destructive Mechanisms 

Destructive mechanisms change the chemical composition of a contaminant thereby 
reducing its mass, such mechanisms include biodegradation and abiotic transformation.  
Biodegradation is a process when naturally occurring microbes break down organic 
compounds, such as petroleum hydrocarbons or halogenated VOCs.  Abiotic 
transformations are degradation processes where the chemical reaction is not assisted by 
naturally occurring microbes. 

The ability of a microbe to break down a selected compound by biodegradation requires 
specific chemical conditions within the environment and the availability of electron 
acceptors and donors.  Electron acceptors include dissolved oxygen, nitrate, manganese, 
ferric iron, sulfate, and carbon dioxide.  Generally, the energy potential of the acceptors 



Feasibility Study 
  Final  

21-1-12567-021 July 27, 2020 
29 

decreases from oxygen down through to carbon dioxide.  Electron donors include organic 
material, such as petroleum hydrocarbons, chlorinated organics, soil organic matter, and 
dissolved hydrogen.  The redox potential of the groundwater influences the dominant 
biodegradation pathway.  The redox potential is a measure of electron activity and indicates 
whether the groundwater is accepting or donating electrons.  Since oxygen is the electron 
acceptor with the greatest energy potential, it is typically consumed first by the microbes.  
The redox potential can be indicative of whether the groundwater is aerobic or anaerobic 
(i.e., high redox potential indicates aerobic conditions and low redox potential indicates 
anaerobic conditions). 

The dominant biodegradation pathways for petroleum hydrocarbons and halogenated 
VOCs are direct aerobic and anaerobic oxidation, and for halogenated VOCs, reductive 
dechlorination.  A discussion of both pathways is presented below. 

3.4.1.3 Aerobic and Anaerobic Oxidation 

When the groundwater is aerobic, microbes degrade petroleum hydrocarbons or vinyl 
chloride through aerobic oxidation using the contaminants as organic electron donors and 
oxygen for the electronic acceptor.  In anaerobic conditions, the same process occurs, except 
that other chemicals such as ferric iron or sulfate are the electron acceptors.  

3.4.1.4 Reductive Dechlorination 

Highly chlorinated compounds, such as PCE and TCE, can be broken down by reductive 
dechlorination, which generally occurs in a reducing environment where the oxygen and 
nitrate have been depleted and fermentation generates dissolved hydrogen.  Microbes 
facilitate the replacement of the chlorine atoms (on the contaminants) with hydrogen atoms 
in a stepwise process.  The process repeats itself with daughter products being produced, 
until the chlorinated portions of the compound are fully removed.  The stepwise process is 
PCE, TCE, dichloroethane (DCE), vinyl chloride, and ethene.   

The dechlorination process tends to slow down as the chlorine concentration reduces, 
typically at the vinyl chloride stage.  At that point, aerobic and anaerobic oxidation may be 
the dominant degradation mechanism. 

3.4.2 Evaluation of Fate and Transport of Selected Chemicals at the 8801 Property 

The mobility and the persistence of the chemicals identified in soil and groundwater at the 
8801 property are discussed in this section.  The characteristics are inferred from the 
physical properties of the compounds and the potential to migrate to the LDW sediments 
and/or surface water is evaluated based on the persistence and mobility of the individual 
compound along with its distribution and mass. 
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3.4.3 Petroleum Hydrocarbons and Associated Compounds 

Petroleum hydrocarbons from the gasoline- through the oil-range have been used on the 
8801 property and have been detected in soil and groundwater at some time during the 
history of previous investigations.  When a petroleum product is released to the 
environment, the composition changes with time due to microbial activity and weathering.  
The nature and extent of the weathering is dependent on the initial hydrocarbon 
composition and on-site conditions.  Some components of hydrocarbon mixtures, such as 
benzene, are more mobile, because they are water soluble and volatile. 

Degradation by microbes can occur in both aerobic and anaerobic conditions with more 
rapid degradation generally occurring in aerobic environments.  Oxidation and 
fermentation mechanisms break the petroleum hydrocarbons into carbon dioxide, water, 
and/or methane.   

Removal of petroleum-hydrocarbon-contaminated soil in earlier remedial activities has 
reduced the mass, and there is strong evidence that petroleum hydrocarbons are naturally 
degrading at the 8801 property as follows: 

 Concentrations have reduced over time such that (at all but two locations – A1 and 
MW-44A) the petroleum hydrocarbons and related compounds have been below the 
CULs in groundwater since 2006.  

 Soil containing petroleum hydrocarbons above the default residual saturation level 
(concentrations that could result in partitioning to groundwater) was historically present 
under the former Off-Highway Building.  However, soil samples collected in 2011 from 
two borings near the location of former samples did not contain elevated hydrocarbons 
or benzene, toluene, ethylbenzene, and xylenes (BTEX).  In addition, petroleum 
hydrocarbons have not been detected in groundwater above the CUL in and around 
where the hydrocarbon soil contamination had previously been identified.  

 In 2004, at boring A1 in the northwest corner of the property, gasoline-range petroleum 
hydrocarbons and associated compounds (BTEX) were identified above the CULs in soil 
and in a grab groundwater sample.  Groundwater collected from a monitoring well 
(MW-44A) installed near boring A1 in 2011 and 2019 did not contain gasoline-range 
hydrocarbons above the CUL and there were no detectable BTEX compounds.  Diesel- 
and oil-range petroleum hydrocarbons in MW-44A were not detected in 2011 but were 
detected above the CULs in 2019. 

 The geochemistry in the groundwater at property wells indicates that anaerobic 
conditions are present through much of the property and electron acceptors such as 
nitrate and sulfate that are required to enable the breakdown of petroleum 
hydrocarbons and associated compounds are present.  
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These multiple lines of evidence demonstrate that petroleum hydrocarbons and associated 
compounds are only a concern in two locations (near boring A1 and near boring E7) and are 
naturally degrading on the 8801 property.  In addition, the occurrence of cPAHs (further 
discussed in Section 8.6) appear to be associated with the hydrocarbons (mostly in the diesel 
and oil-range).  As hydrocarbons concentrations have declined (through excavation and 
natural degradation) so have the cPAH concentrations. 

One soil sample that was collected in 2004 has a gasoline-range hydrocarbon concentration 
that exceeds the value protective of indoor air is present under the proposed new 
development.  It is unknown if the concentration has now declined to a level below the 
indoor air protection level.  This area of gasoline-range hydrocarbon containing soil is 
proposed to be removed in advance of construction. 

3.4.4 Halogenated Volatile Organic Compounds (VOCs) 

Based on BIOCHLOR modeling (see Section 5.3.2) and groundwater data, natural 
attenuation by biodegradation of the halogenated VOCs appears to be occurring on the 8801 
property.  The groundwater geochemistry based on data collected during sampling events is 
anaerobic, and typical halogenated VOC breakdown products are present.  Supporting the 
statement that reductive dechlorination is occurring at the 8801 property are the following:  

 Concentrations of TCE and PCE have declined over multiple years and vinyl chloride 
concentrations have increased.  

 The oxidation/reduction potential remains reducing, indicating anaerobic conditions. 

 Electron acceptors such as nitrate and sulfate are present in groundwater. 

These multiple lines of evidence demonstrate that the halogenated VOCs are breaking down 
on the 8801 property. 

3.4.5 Metals 

Unlike organic compounds, metals are subject to nondestructive mechanisms including 
physical, chemical, and biological processes that affect the concentration of metals in 
groundwater.  These properties include chemical speciation, hydrolysis, sorption, 
bioaccumulation, and transformation.  Each metal behaves in a different manner, since they 
form different ions that react with the water, minerals, biota, and organic materials they 
interact with.  Mobility of metals is most influenced by the pH, the presence of organic 
material, and the redox potential.   

Arsenic concentrations in groundwater have been elevated near the north property 
boundary, just south of a Boeing well where significant levels of arsenic in groundwater on 
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that property has been measured.  For a period, the pump in the deep oil/water separator on 
the 8801 property near these wells was potentially drawing groundwater into the area (as 
shown by groundwater gradient readings in Appendix A).  The arsenic concentrations in 
the 8801 property wells near the northern boundary have declined to below the PCULs since 
the pump height was raised in approximately 2005, which stopped the groundwater being 
pulled onto the 8801 property.  The groundwater arsenic concentrations detected in 
MW-25A on the 8801 property appear to be related to the Boeing arsenic contamination, 
since arsenic in soil and groundwater on other parts of the 8801 property are orders of 
magnitude lower.  This is further supported by groundwater data collected in 2019.  In 2019, 
only one well on the 8801 property contained arsenic above the PCUL. 

The mobility of arsenic and other metals such as copper in groundwater on the 8801 
property is also influenced by the presence of the degrading hydrocarbons and the 
halogenated VOC plume.  The degradation of the hydrocarbons and halogenated VOCs 
result in an anaerobic environment that reduces the groundwater pH.  With a reduced pH, 
metals can be mobilized from the soil.  When groundwater becomes more aerobic (such as 
during the operation of an AS/SVE system), the pH will rise, and the metal concentrations 
will decrease. 

3.4.6 Solubility of Carcinogenic Polycyclic Aromatic Hydrocarbons (cPAHs), 
Polychlorinated Biphenyls (PCBs), and Dioxins/Furans 

Chemicals such as cPAHs, PCBs, and dioxins/furans have low water solubility and a high 
octanol/water partition coefficient.  These properties mean they do not readily dissolve and 
migrate in groundwater but rather partition to solids.  All three chemicals, when in contact 
with soil, sorb to organic matter and other nonpolar surfaces in a nearly irreversible manner, 
thus limiting or eliminating their mobility in the groundwater system.  Therefore, the 
detection of these selected COCs in groundwater is more likely to be related to the presence 
of particulates in a sample than the presence of dissolved chemicals.  An example of this can 
be observed at MW-16A, where groundwater samples were collected in 2017 for PCB 
aroclor and congener analyses (discussed in Section 2.5.2).  The samples included filtered 
and non-filtered samples.  The filtered sample contained 58 congeners while the non-filtered 
sample contained 102 congeners.  On other properties sampled at the same time, the filtered 
sample also contained approximately 40 fewer congeners (Ecology, 2017).   

Because of the low solubility of cPAHs, PCBs, and dioxin/furans, transport of these 
chemicals to the LDW is more likely to occur via stormwater rather than in the 
groundwater.  The consistent occurrence of PCBs at MW-16A is attributed to joint 
compound and building materials contributing to contamination at the location of the well.  
Removal of the PCB-containing materials in the area (including at MW-34A) will likely 
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reduce the concentration at the well.  In support of the lack of mobility of PCBs, wells 
downgradient from MW-16A/MW-34A have been analyzed for PCBs as aroclors and did not 
contain detectable concentrations of PCBs.  PCBs would be present farther downgradient if 
they were migrating in groundwater rather than being sourced from surface materials. 

3.4.7 Deposition Mechanisms and Toxicity of Phthalates 

A Phthalates Work Group (Work Group) evaluated the deposition and accumulation of 
phthalates in sediments in Western Washington State.  The Work Group was composed of 
City of Seattle, City of Tacoma, King County, Ecology, and EPA staff, assisted by a 
consultant, and concluded their work in 2007 (Floyd Snider, 2007).  The Work Group stated 
that phthalates are generally deposited from the air and then washed from the surface via 
stormwater to sediments.  Once in sediments, they attach to organic compounds, and 
although they are consumed by benthic species and in turn larger species, they are passed 
through and excreted rather than accumulating in the body.  The recommendations of the 
Work Group tended toward reducing methods for the phthalates to become airborne (Floyd 
Snider 2007).  

Bis(2-ethylhexyl)phthalates have been detected in soil and groundwater on the 8801 
property.  These detected bis(2-ethylhexyl)phthalate could also be deposited from the air.  
Although the soil on the 8801 property is beneath pavement, soil can be exposed to deposits 
from the air during excavation work.  Many of the soil samples that have detectable 
concentrations of bis(2-ethylhexyl)phthalates) were collected from within excavations.  

4 PRESENTATION OF SCREENED DATA 
Tables in Appendix B present data collected during previous investigations completed at 
the 8801 property, including soil (separated into unsaturated soil and saturated soil), 
groundwater, stormwater solids, and infrastructure samples.  Within the tables, detected 
concentrations are shown in bold font and detections that exceed their respective PCULs are 
shaded with orange.  Within the soil and groundwater tables, non-detect results with 
reporting or detection limits that exceed their respective PCULs are shaded with blue.  Soil 
samples that have been excavated during interim remedial actions have been removed from 
the tables, because they are no longer present on the 8801 property and have been absent for 
more than 12 years at a minimum (meaning the soil and groundwater would have had time 
to reach equilibrium).   

Figures have been generated to provide a visual representation of the soil and groundwater 
data and are presented in Appendix B.  Because a significant volume of data has been 
collected since investigations began in 1986, the list of chemicals displayed within the 
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figures has been narrowed to include chemicals identified within Section 3 as COCs for the 
8801 property.  Appendix B figures have not been generated for compounds that are not 
widespread (lead, cadmium, chromium, and total dioxins/furan TEQ) or for compounds 
that follows the same distribution as another compound (PCE).   

In the soil figures, available data collected within the unsaturated soil (0 to 3 feet bgs) and 
saturated soil (greater than 3 feet bgs) are presented within the same figure using a bisected 
diamond symbol.  The upper half of the diamond is used to present results obtained from 
the unsaturated zone and the lower half of the diamond presents saturated zone results.   

In the groundwater figures, data is presented for all sampling events since 2002 through 
2019.  A rectangular slice is used to display an event with the sample date shown in the 
legend.  Each rectangular slice corresponding to different sampling events with the earliest 
sampling event at the top.   

Within all figures, color is used to indicate the following: 

 Light gray shading indicates that the compound was not analyzed within the zone. 

 Black shading indicates that the compound was non-detect and the detection limit was 
below the PCUL. 

 Blue shading indicates that the compound was detected at below the PCUL. 

 Orange shading indicates that the compound was non-detect and the detection limit was 
above the PCUL. 

 Purple shading indicates that the compound was detected above the PCUL. 

For detections, the detected concentration is displayed adjacent to the symbol.  If more than 
one sample was analyzed within the zone/event for the compound, the highest measured 
concentration is displayed. 

4.1 Distribution of Chemicals of Concern (COCs) 

The distribution and occurrence of the COCs within each media that exceed the PCULs are 
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