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EXECUTIVE SUMMARY 

The site (hereafter referred to as the Gas Works Park Site or GWPS), was recently redefined by 
modifying Agreed Order DE 2008 to include the upland (i.e., Gas Works Park and Harbor Patrol) 
and adjacent sediments.  The expanded area of investigation ensures upland to sediment 
pathways are adequately characterized and facilitates completion of a site-wide remedial 
investigation and feasibility study (RI/FS) that encompasses both upland and offshore sediment 
areas.  This Feasibility Study (FS) Bridging Document has been prepared to “bridge” from previous 
work performed to a site-wide FS.  As such, this document summarizes previous remedial 
investigations, feasibility studies, and cleanup actions conducted to date for upland and in-water 
portions of the site and describes the approach that will be followed to complete the site-wide FS. 

Numerous environmental investigations have been conducted in the upland and sediments to 
characterize the nature and extent of contamination.  Earlier work identified the chemicals of 
concern (COCs) associated with historical operations conducted at the GWPS.  Existing site data 
were reviewed to identify additional data needs and develop the scope of a supplemental 
investigation.  The purpose of the supplemental investigation is to provide additional data to 
characterize potential upland sources and migration pathways to sediments to allow completion of 
the site-wide RI/FS.  The scope of the supplemental investigation is presented in the March 2013 
Supplemental Investigation Work Plan. 

A number of studies have been completed to evaluate remedial alternatives for the GWPS.  One of 
these, the 1998 focused feasibility study, culminated in a Cleanup Action Plan (CAP) for the upland.  
The CAP describes remedial actions which have since been implemented in the upland.  Prior to 
this, several remedial actions focused on source removal were completed.  The 1999 consent 
decree required implementation of several cleanup actions; these actions have reduced risk to 
park users associated with soil and groundwater.  An additional remedial action to address 
contaminated soil in the Kite Hill area is planned for fall 2014. 

The primary GWPS COCs are polycyclic aromatic hydrocarbons; volatile aromatic hydrocarbons and 
arsenic are additional COCs for specific media in the uplands.  A preliminary conceptual site 
exposure model (CSEM) has been prepared to identify sources, transport mechanisms, and 
exposure media of potential concern as well as exposure pathways and potential receptors for 
COCs to be addressed in the site-wide FS.  Supplemental investigation data will be integrated into 
the preliminary CSEM to address entire pathways from source to receptor for use in the 
site-wide FS. 

The site-wide FS, outlined in this FS Bridging Document, will incorporate a significant amount of 
work performed during previous feasibility study analyses for the GWPS, where applicable.  
However, the site-wide FS will also be based on updated site characterization data, data resulting 
from previous completed cleanup actions, and updated regulatory requirements.  Compliance with 
all applicable or relevant and appropriate requirements will form the basis for remedial action 
goals, cleanup levels, points of compliance, and ultimately a remedy for a site.  The CSEM will be 
used to develop site-specific remedial action objectives (RAOs) that address each complete 
pathway for the site.  RAOs will also be used to evaluate remedial alternatives in the site-wide FS.  
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The remedial alternatives developed in the site-wide FS will represent site-wide actions using 
mutually compatible technologies for upland soil and groundwater as well as sediment.  Transport 
pathways between soil, groundwater, and sediment representing significant risk to human and 
ecological receptors will be addressed holistically in the FS.  The alternatives will be evaluated in 
accordance with Model Toxics Control Act (MTCA) to identify a preferred alternative. 

The path forward for the project is shown graphically below.  The primary workflow generally 
consists of completing the supplemental investigation followed by completion of a site-wide RI/FS 
report.  Although not part of the primary workflow, this document summarizes previous work and 
describes the approach for completing the site-wide FS. 
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1.0 INTRODUCTION 

This Feasibility Study Bridging Document has been prepared for Puget Sound Energy (PSE) and the 
City of Seattle (City) to describe the process associated with completion of a site-wide feasibility 
study (FS) for City of Seattle (City) Gas Works Park and Harbor Patrol properties and adjacent 
in-water areas in Lake Union, Seattle, WA (Figure 1).  Previous investigations (including remedial 
investigations and feasibility studies) and remedial action planning have been completed for 
portions of the site; however, no site-wide evaluation has been conducted to support previously 
performed remedial actions and final cleanup planning for the site in its entirety, including 
pathways between the upland and in-water portions of the site. 

In order to “bridge” from previous work to a site-wide FS, this document: 

■ Summarizes the previous remedial investigations, feasibility studies, and cleanup actions 
conducted to date for upland and in-water portions of the site; 

■ Identifies subsequent data needs and currently ongoing supplemental investigation efforts to 
collect additional data; 

■ Concludes with a description of the process for preparing a site-wide FS for the combined 
upland and sediment areas that will form the basis of the final cleanup action plan for the 
whole site. 

The Gas Works Park Site (GWPS) was originally defined in a 1999 Consent Decree as the upland 
areas of Gas Works Park and the adjacent Harbor Patrol property to the west of the park 
(Ecology  1999).  The Gas Works Park Sediment Site (GWPSS) was initially defined in a 2005 
Agreed Order (Ecology 2005a) to be the adjacent 56 acres of impacted sediment that are 
submerged or seasonally submerged by the waters of Lake Union.  The GWPSS was recently 
modified to include the GWPS as defined in the 1999 Consent Decree.  This change was made to 
ensure the upland to sediment pathway is adequately characterized and facilitate completion of a 
site-wide remedial investigation and feasibility study (RI/FS) that encompasses both upland 
(original GWPS) and offshore sediment (original GWPSS) areas.  For simplicity, the combined 
upland and in-water portions of the site will be referred to as the GWPS (Figure 2).  For the 
purposes of this report, “the uplands” or “the upland portion of the GWPS” refers to the original 
GWPS, consisting of Gas Works Park and the Harbor Patrol property, as shown on Figure 2 and 
Figure 3. 

2.0 BACKGROUND INFORMATION 

The upland portion of the GWPS is located on a 20.5-acre peninsula (formerly known as 
Brown’s Point), at the northern edge of Lake Union (Figure 2).  The GWPS includes several 
properties owned by the City of Seattle: Gas Works Park and the Harbor Patrol property adjacent to 
the west boundary of the park.  The present shoreline is the result of placement of fill material 
primarily between 1907 and 1929 to expand the peninsula over time for industrial use 
(Washington State Board of Appraisers of Tide and Shore Lands and Commissioner of Public Lands 
1907, Sanborn Fire Insurance 1919, Seattle Gas Company 1949). 
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Gas Works Park consists of open grassy areas and landscaping in addition to historic industrial 
structures and a bulk-headed shoreline known as the Prow.  As a city-wide destination known for 
sponsoring summertime public events, the park is accessed by car, bus, bicycles, and by foot (the 
Burke-Gilman bike trail runs along the north border of the park). 

Industrial or commercial properties, including offices and warehouses, are adjacent to the GWPS.  
The Chevron/Metro industrial site, leased, in part, by the Center for Wooden Boats, and the North 
Lake Union Shipyard are located west of the Harbor Patrol property.  The Gas Works Park Marina is 
located to the east.  Residences and commercial facilities are located immediately north of the 
park boundary and within the Gas Works Park Marina adjacent to the northeastern boundary of 
the park. 

Historical operations and activities at the GWPS have resulted in contamination of soil, 
groundwater, and sediment.  The upland portion of the GWPS has been investigated, remedial 
actions have been implemented, and monitoring is ongoing.  The nature and extent of 
contamination in sediment areas has also been investigated.  The following documents contain 
more complete descriptions of background information or more detailed descriptions of site 
conditions: 

■ Supplemental Investigation Work Plan prepared for the Gas Works Park Site 
(GeoEngineers 2013). 

■ Remedial Investigation prepared for the Gas Works Park Site (Hart Crowser 2012). 

■ Gas Works Park Eastern Shoreline Investigation Data Report (AECOM 2008). 

■ Gas Works Sediment Area Supplement to the Cleanup Standards Document 
(AECOM et al. 2012). 

■ Hydrogeologic Testing Report for Gas Works Sediment Area (GWSA) (Aspect 2012). 

■ Draft Groundwater Flow Model Construction and Calibration Memorandum for Gas Works 
Sediment Area (Aspect et aI. 2012). 

■ Gas Works Park Northeast Corner Investigation Data Report (Floyd|Snider 2008b). 

■ Monitoring Well Installation Report for Gas Works Sediment Area (GeoEngineers 2010). 

■ Work in Progress Geologic and Interpreted NAPL Cross Sections for Gas Works Sediment Area 
(GWSA 2010b). 

■ Draft Revised Geologic CSM Memorandum - Maps and Cross-Sections for Gas Works Sediment 
Area (GWSA) (GWSA Technical Team 2011a). 

■ Preliminary Revised Hydrogeologic Conceptual Site Model Memorandum for Gas Works 
Sediment Area (GWSA Technical Team 2011b). 

■ Regional Geologic Setting Memorandum for Gas Works Sediment Area (GWSA Technical 
Team 2011c). 

■ Gas Works Sediment Western Study Area (WSA) Remedial Investigation/Feasibility Study 
(RI/FS) (Floyd|Snider 2007a). 

■ Gas Works Sediment Eastern Study Area (ESA) Draft RI/FS (RETEC 2006). 
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2.1. Site History  

Site history reflects the evolution of the Puget Sound region.  Once the home of the Duwamish 
Tribe, it was later the site of small homesteads and farms.  This area of Seattle was originally 
settled by non-natives in the mid- to late 1800s.  The first industries were associated with sawmills 
and forest products.  Lake Union was a major barge route for coal mined in eastern King County, 
timber, and other materials.  In 1891, Wallingford and other communities on the north side of Lake 
Union were annexed by the City of Seattle.  In 1907, a manufactured gas plant (MGP) was 
constructed on the north shore of Lake Union to service the growing communities around Seattle.  
The following sections discuss site history from 1907 onwards. 

2.1.1. The Manufactured Gas Plant 

The MGP, constructed by the Seattle Gas Light Company on the eastern side of Brown’s Point, 
operated until 1956.  Three gas manufacturing processes were used at the plant (Progressive Age, 
multiple dates): 

■ Coal carbonization from 1907 to 1937; 

■ Carbureted water gas from 1907 to 1952; and 

■ Oil gas (Pacific Coast Low BTU Oil Gas--500 BTU) from 1937 to 1956. 

The Cracking Towers (gas production towers) currently located on the GWPS were associated with 
the oil gas process―the third manufacturing process used at the facility.  Historical MGP features, 
including overwater structures, are shown on Figure 4.  In 1954, the Trans Mountain Pipeline 
began providing natural gas to the Seattle area.  This decreased demand for manufactured gas, 
and led to the plant closing in 1956 (Sabol et al. 1988).  The MGP was in stand-by mode from 
1956 to approximately 1966; it was subsequently used for gas storage until the property was 
transferred to the City in 1973. 

2.1.2. The Tar Refinery 

West of the MGP, a tar refinery began operating sometime between 1907 and 1912.  The tar 
refinery operated until the mid-1950s under the name American Tar Company (ATCO) (Figure 4) 
and continued with storage operations into the mid-1960s (USEPA 1995).  According to a 1924 
Seattle Times article, the tar refinery obtained tar from the adjacent gas plant and from other gas 
plants throughout the Pacific Northwest.  These materials were refined using steam distillation to 
produce various grades of tar and tar derivatives (Seattle Times 1924). 

2.1.3. Municipal Landfill/Incinerator 

The City operated a landfill at Lake Union at the foot of Wallingford Avenue N (western portion of 
the GWPS) (City of Seattle 1914).  Municipal landfill operations ended in this area by the early 
1920s.  Earlier, the City also operated a refuse incinerator at the junction of Wallingford Avenue N 
and N Northlake Way from 1912 to 1914. 

2.1.4. Park Construction 

From 1962 to 1973, MGP decommissioning and demolition were conducted by Washington 
Natural Gas (WNG).  In 1971, a master plan for what would become Gas Works Park was 
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completed (Richard Haag and Associates 1971).  By this time, the MGP had been 
decommissioned, some MGP facilities had been demolished, and fill material had been imported 
and stockpiled in the Kite Hill area.  Between 1972 and 1976, park development activities were 
conducted by the landscape architecture firm Richard Haag Associates. 

In 1973, the City completed limited improvements to the Great Mound (Kite Hill) so that it could be 
temporarily opened for public use during development of the remainder of the park.  The Great 
Mound primarily consisted of imported excavation material generated from construction at 
Interstate 5, the Safeco Building, and possibly other off-site sources (Sabol et al. 1988).  Earlier in 
1973, the City authorized targeted excavation of contaminated soil and demolition throughout the 
remainder of the park.  Targeted excavation depths extended up to 8 feet below grade and to 
“water level” near shore.  Substantial cutting and stockpiling of impacted soil occurred during 
these excavation activities.  A minimum of 20,000 cubic yards of impacted soil were excavated and 
temporarily stockpiled on site; however, exact quantities of what was excavated and removed from 
the park are unknown.  By early 1974, most of the demolition of former MGP structures, 
excavation, and regrading of the majority of the park had occurred.  In 1975, the focus was on 
renovating the former MGP structures to become the Picnic Shelter and Play Barn. 

In 1976, another phase of regrading occurred as the uplands were sculpted into their current 
topographic form.  Between 1973 and 1976, substantial soil was cut from shoreline areas and 
areas away from the shoreline were filled.  Near the end of the redevelopment, a layer of soil, 
sawdust, and dewatered biosolids (as fertilizer) was tilled into the soil to encourage the breakdown 
of pollutants and control dust (Richard 1983).  Two inches of hydroseeded topsoil was used for 
cover.  The property was opened as a public park in 1976. 

2.2. Environmental Setting 

Lake Union is a glacially carved water body that drained to Salmon Bay via a small stream. 
Originally hydraulically isolated from Lake Washington, it now forms a major component of the 
Lake Washington Ship Canal system.  The lake serves as the receiving water for outflow from Lake 
Washington, stormwater from a variety of private and municipal sources, and combined sewer 
overflows from the City and King County.  In addition, various industries (e.g., boat yards and 
shipyards) discharge to the lake.  Much of the shoreline is developed, with a high percentage of 
overwater cover from docks, piers, and house boats.  Naturalized shoreline features exist as part of 
small pocket parks that have been constructed around the lake; Gas Works Park represents the 
largest section of public shoreline on the lake. 

The GWPS is underlain by low-permeability pre-Vashon glacial till.  Higher permeability glacial 
outwash deposits, including Vashon recessional outwash and Vashon advance outwash, are on top 
of the till along the eastern and western shorelines and adjacent upland areas (GWSA Technical 
Team 2011a).  Additional detail on site geology is provided in Appendix A. 

Direct recharge to fill and outwash deposits is the main source of groundwater from the uplands to 
the lake.  Total groundwater discharge to north Lake Union from the uplands is estimated 
to range from 1,100 to 1,920 cubic feet per day for the entire area of the Park, or approximately 
6 to 10  gallons per minute. Greater than 98 percent of the groundwater discharge is estimated 
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to originate from direct recharge, primarily from precipitation and irrigation at the park 
(Aspect et.  al. 2012). 

Groundwater generally flows radially across the uplands before discharging to Lake Union 
(Figure 4).  The average horizontal gradient observed in the uplands during five recent groundwater 
monitoring events ranges from approximately 0.01 to 0.02 feet per foot.  Groundwater elevations 
in the glacial till appear to be controlled by seasonal recharge due to infiltration and tend to be 
higher during wet weather and subsequent months (i.e., winter and spring) and lower in the 
summer when the weather is drier.  Groundwater elevations in monitoring wells near the shoreline 
tend to be governed by the elevation of Lake Union, which is maintained by the US Army Corps of 
Engineers1 at a higher elevation in the summer. 

2.3. Regulatory Framework 

The U.S. Environmental Protection Agency (EPA) became interested in the park in 1981 and 
conducted a survey of off-shore sediments in 1983.  Based on the results of this survey, EPA 
notified WNG (PSE’s predecessor) that they may be a responsible party under the Comprehensive 
Environmental Response Compensation and Liability Act (CERCLA or Superfund).  Ecology 
conducted a Site Hazard Assessment in 1990 and notified the City and PSE of their “potentially 
liable persons” status.  In 1996, Ecology and EPA signed a Deferral Agreement formally deferring 
regulatory authority to Ecology to oversee response actions on the GWPS.  Since then, 
environmental investigations, studies, and remedial actions have been overseen by Ecology.  The 
following legal instruments govern response actions on the GWPS: 

■ Deferral Agreement between EPA Region 10, dated July 17, 1996 (EPA 1996).  This document 
formally defers site regulatory authority to Ecology (Ecology 1996). 

■ Agreed Order number 97TC-148, dated August 1, 1997.  The 1997 Agreed Order executed by 
the City and PSE develops procedures and a schedule for preparation of cleanup action 
planning documents related to contaminated media in the uplands (Ecology 1997). 

■ Consent Decree 99-2-52532-9SEA, dated December 22, 1999.  This document establishes the 
framework for remedial actions on the uplands (Ecology 1999). 

■ Amendment 1 to Consent Decree 99-2-52532-9SEA, dated May 12, 2005.  This document 
incorporated an updated Cleanup Action Plan (CAP) for the uplands (Ecology 2005b). 

■ Agreed Order DE 2008, dated March 18, 2005.  This document establishes the framework for 
sediment investigation within the area of investigation (AOI) in Lake Union (Ecology 2005a). 

■ Modification of Agreed Order DE 2008, dated March 15, 2013.  The agreed order was modified 
to expand the AOI defined in the 2005 Agreed Order to include the uplands (Figure 2).  The AOI 
was expanded to ensure that upland-to-sediment pathways are adequately characterized.  The 
modified Agreed Order requires preparation of a site-wide RI/FS that will address sediments, 

                                                            

1 The Corps maintains the water level in Lake Union by regulating flow through the Hiram M. Chittenden Locks on the western end of 
Salmon Bay.  Lake Union water levels vary approximately 2 feet on a yearly basis, from approximately 20 feet during the winter months to 
approximately 22 feet during the summer months. 
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inclusive of the shoreline area, and upland areas that are part of upland-to-sediment pathways 
(Ecology 2013). 

2.4. Summary of Existing Remedial Investigation Data 

The nature and distribution of hazardous materials at the park have been investigated and 
monitored by the City, PSE, EPA, and Ecology since 1971.  Early environmental assessments of the 
subsurface conditions began in that year.  In the 1970s, several soil investigations took place 
during planning and development of the park.  In the 1980s, multiple soil and groundwater quality 
investigations were conducted, as concerns regarding potential contamination of the park were 
explored.  Further investigations took place in the 1990s, 2000s, and 2010s. 

Sediment investigations date back to EPA’s initial survey in 1983.  EPA conducted a second 
investigation in 1994.  PSE began their investigation in 1999 and conducted a second phase of 
investigation in 2002.  Ecology, with Texas A&M University, also conducted an investigation in 
2002.  The City began their investigation in 2004.  The final phase of the sediment RI/FS 
investigation was completed by the City and PSE in 2004 and 2005. 

Descriptions of the major investigations are provided in Table 1; full details can be found in the 
investigation documents listed in the reference section.  Exploration/sample locations associated 
with previous investigations are shown on Figures 5 (upland) and 6 (sediments).  A supplemental 
investigation, being conducted in 2013, will refine our understanding of the nature, extent, fate, 
and transport of site-related chemicals; this information will be interpreted in the site-wide RI/FS. 

2.4.1. Chemicals of Concern 

The chemicals produced by the industrial processes conducted on site—manufacture of gas from 
coal and petroleum and tar refining—are well established and consist primarily of polycyclic 
aromatic hydrocarbons (PAHs).  Additional chemicals associated with these historical industrial 
processes include benzene, toluene, ethylbenzene, xylene, arsenic, sulfur, and cyanide.  Cleanup 
levels (CULs) for contaminants in soil and groundwater with the broadest distribution representing 
the greatest risk for the upland area were established in the upland CAP (Parametrix 1999) and 
incorporated into the 1999 Consent Decree (Ecology 1999).  The contaminants for which cleanup 
values were specified were volatile organic compounds (VOCs) (specifically benzene, toluene, and 
ethylbenzene), seven carcinogenic PAHs (cPAHs), selected non-carcinogenic PAHs, and arsenic. 

CLEANUP LEVELS ESTABLISHED IN THE 1999 CONSENT DECREE 

Analytes 
Groundwater Cleanup 

Level1 
(µg/L) 

Soil Cleanup Level1 
(mg/kg) 

Metals 

Arsenic NE 20 

Carcinogenic PAHs 

Benzo( a)anthracene 0.0296 0.137 

Benzo(b )fluoranthene 0.0296 0.137 

Benzo(k)fluoranthene 0.0296 0.137 
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Analytes 
Groundwater Cleanup 

Level1 
(µg/L) 

Soil Cleanup Level1 
(mg/kg) 

Benzo(a)pyrene 0.0296 0.137 

Chrysene 0.0296 0.137 

Dibenzo(a,h)anthracene 0.0296 0.137 

Indeno( 1 ,2,3-cd)pyrene 0.0296 0.137 

Other PAHs 

Fluoranthene 90.2 3,200 

Fluorene 3,460 NE 

Naphthalene 9,880 3,200 

Pyrene 2,590 2,400 

Volatile Organic Compounds 

Benzene 43 NE 

Ethylbenzene 6,910 NE 

Toluene 48,500 NE 

Note: 
1Cleanup levels established in Cleanup Action Plan based on MTCA Method B. 
µg/L = micrograms per liter PAH = Polycyclic aromatic hydrocarbon 
mg/kg = milligrams per kilogram NE = not established; is not a risk driver in this medium 

PAHs and VOCs are present at the highest concentrations in non-aqueous phase liquid (NAPL) and 
NAPL-impacted media.  The highest concentrations of VOCs were associated with light 
non-aqueous phase liquid (LNAPL) in the southeast area of the upland (Hart Crowser 2012); this 
area was subsequently remediated.  PAHs, and to a lesser extent VOCs are associated with tars—
namely coal tar, carbureted water gas tar, and oil gas tar.  These tars are typically manifested as 
dense non-aqueous phase liquid (DNAPL) and as residual impacts to soil and sediment.  Where the 
MGP and tar refinery tars are weathered and/or present in a semi-solid or solid form, they are 
considered to be a “tar” in the generic sense.  Further usage of the term “tar” in this document will 
refer to the generic semi-solid to solid tar and is not intended to imply the particular type 
(e.g., coal tar) or source (e.g., MGP) of the tar. 

A separate screening process was conducted for the sediments that identified PAHs, selected 
metals, polychlorinated biphenyls (PCBs), pentachlorophenol, bis(2-ethylhexyl)phthalate, 
chlordane, and tributyltin (TBT) as the contaminants most likely posing risks associated with direct 
or indirect exposure to sediment (AECOM et.al., 2012).  Because there are multiple sources of 
almost all of these chemicals to an urban waterway such as Lake Union, an evaluation of area 
background concentrations was conducted.  PAHs were the only contaminants that were 
significantly higher in sediments adjacent to the park relative to the remainder of Lake Union.  
Total PAH (TPAH) was selected to represent this group of related compounds and a preliminary 
cleanup level of 170 mg/kg dry weight was calculated for protection of benthic organisms based 
on site-specific bioassay responses and an evaluation of the spatial distribution of bioassay 
failures relative to site-specific chemistry.  Details of this evaluation are provided in the Cleanup 
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Standard Determination document (RETEC 2005).  As a companion to the Cleanup Standard 
Determination document, the Supplement to the Cleanup Standards Document (AECOM et.al., 
2012) was prepared to further evaluate site-wide chemicals of potential concern and determine 
indicator COCs that drive risk at the GWPS.  This evaluation determined that TPAH, benzo(a)pyrene, 
and high molecular weight PAH (HPAH) are the indicator COCs that drive risk. 

A summary of the occurrence and distribution of contaminants representing significant potential 
risks at the GWPS based on existing information is provided in the following sections.  Additional 
data being collected as part of a supplemental investigation will be evaluated in the site-wide RI.  
Discussion and graphical presentation of existing data focuses on the following contaminants: 

■ Total PAHs, (TPAH) as a surrogate for PAHs as a whole, in sediment; 

■ Naphthalene, as the most mobile PAH, in soil, sediment, and groundwater; 

■ Benzo(a)pyrene (BaP), as the most toxic PAH, in soil, sediment, and groundwater; 

■ Benzene, as the most toxic of the VOCs, in soil and groundwater; 

■ Arsenic in soil; and  

■ LNAPL and DNAPL. 

2.4.2. Soil 

Shallow surface soil samples have been collected throughout the upland area.  Concentrations of 
BaP, naphthalene, benzene, and arsenic in soil samples are presented on Figures B-1 through B-8 
in Appendix B of this FS Bridging Document.  Shallow soil (depth of 0 to 3 feet below ground 
surface [bgs]) sample locations and analytical results are presented on Figures B-1 through B-4.  
Subsurface soil sample locations and analytical results (deeper than 3 feet bgs) are presented on 
Figures B-5 through B-8. 

The majority of the upland area is covered by structures, impervious surfaces, and vegetated soil 
covers.  The primary exception is the Kite Hill/Cracking Tower area although localized areas in the 
northeast corner of the park also remain uncovered.  Areas of previous cleanup actions, including 
installation of soil caps, are shown on Figure 7, and discussed further in Section 5.0.  Shallow soil 
samples in areas subsequently covered by soil caps are not representative of current surface soil 
conditions. 

BaP was detected in shallow and subsurface soil samples collected from numerous locations 
across the uplands at concentrations exceeding the CUL of 0.137 mg/kg.  Figures B-1 and B-5 in 
Appendix B show the location and concentrations of BaP detected in soil samples.  The highest 
concentrations of BaP were detected in soil samples from north of the Prow, in the northeast 
corner, Harbor Patrol, and the southeast area. 

Concentrations of naphthalene were detected in shallow and subsurface soil samples collected 
from numerous locations across the upland area at concentrations below the CUL.  Figures B-2 and 
B-6 in Appendix B show the location and concentrations of naphthalene detections in soil.  
Concentrations of naphthalene exceeded its CUL of 3,200 mg/kg in two samples.  One soil sample 
collected from 16.5 feet bgs from a boring located in the Harbor Patrol area, contained 
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6,695 mg/kg naphthalene.  This exceedance occurs below a depth considered to represent a 
potential risk to humans through direct contact.  Another soil sample from 9 feet bgs from a boring 
located in the northeast corner, contained 8,200 mg/kg naphthalene. 

Benzene was not detected at concentrations greater than the reporting limit in shallow samples 
from the Kite Hill area, with the exception of one soil sample from an area where soil was later 
removed (see Section 5.0).  Benzene exceeded the Model Toxics Control Act (MTCA) Method B 
cleanup level (18 mg/kg) in subsurface soil samples primarily from the southeast area in the 
former location of the light oil plant, and in one sample in the northeast corner.  Figures B-3 and 
B-7 in Appendix B present benzene concentrations in surface and subsurface soils. 

Concentrations of arsenic were detected in surface and subsurface soil samples throughout the 
park.  Arsenic concentrations exceeding the CUL of 20 mg/kg were limited to five shallow soil 
samples (collected from 0 to 3 feet bgs) on the east side of the park in the Play Barn area, and one 
shallow soil sample collected near the Cracking Towers (Hart Crowser 2012, AMEC 2012).  Arsenic 
concentrations are depicted in Appendix B—Figures B-4 (surface soil) and B-8 (subsurface soil). 

Recoverable LNAPL was removed and an air sparging/soil vapor extraction system operated in the 
southeast area (shown on Figure 7) from 2001 to 2006 (ThermoRETEC 2001, Hart Crowser 2012).  
Analytical soil sample results from the southeast area that were collected before 2006 (i.e., when 
air sparging/soil vapor extraction was discontinued) are not considered representative of current 
subsurface conditions in this area. 

2.4.3. Groundwater 

Concentrations of BaP, naphthalene, and benzene in groundwater from selected monitoring events 
are presented in figures included in Appendix C (Figures C-1 through C-3).  Arsenic was not selected 
as a site-specific groundwater contaminant because arsenic was detected in upgradient monitoring 
well MW-3D at a concentration of 4.9 µg/L indicating the presence of arsenic in area-wide 
groundwater (Parametrix and Key 1998). 

BaP exceeded the CUL at a number of locations throughout the uplands.  Similar to naphthalene, it 
was also detected at the greatest concentrations in groundwater samples collected from the 
Harbor Patrol/former ATCO area. 

Naphthalene was detected in most groundwater samples reported, but only exceeded the CUL in a 
limited number of locations.  Concentrations of naphthalene were greatest in groundwater samples 
collected from Harbor Patrol/former ATCO area. 

Benzene was detected at concentrations greater than the CUL of 43 µg/L in groundwater samples 
collected from monitoring wells located in the Harbor Patrol area, central meadow, near the 
Cracking Towers/Kite Hill, and in the air sparging/soil vapor extraction area in the southeast area.  
Concentrations of benzene were greatest in groundwater samples collected from the southeast 
area, Harbor Patrol, and the former ATCO property.  Benzene was remediated in the southeast 
area.  Concentrations in groundwater samples collected in February 2011 from OBS-1, OBS-2, and 
OBS-3, are more than 100 times lower than the concentrations of benzene collected from those 
monitoring wells in July 2000 and comply with the remediation level established to meet the 
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cleanup level at the groundwater conditional point of compliance located within the surface water 
of Lake Union as close to the groundwater - surface water interface as possible, as specified in the 
upland CAP (Parametrix 1999). 

2.4.4. Sediment 

Three comprehensive sediment investigations were conducted between 1999 and 2005 in 
Lake  Union adjacent to the park.  Collectively, these three phases of investigation comprise the 
sediment RI.  The first two phases of investigation, conducted in 1999 and 2002, evaluated nature 
and extent of sediment contamination, identified contaminants most likely posing unacceptable 
risks, and were used to establish the AOI for completion of the remedial investigation.  The third 
and final phase of the sediment RI consisted of two separate investigations for the east and west 
portions of the sediment area in 2004 and 2005. 

As discussed above, TPAH was the contaminant encompassing the greatest distribution and 
bioassay effects associated with site-related releases.  Surface sediment TPAH concentrations 
ranged from 5 to 18,015 mg/kg; however, impacts decreased offshore to below the preliminary 
cleanup level within ~300 feet of the shoreline.  Appendix D includes figures presenting TPAH 
concentrations in sediment excerpted from the 2007 WSA RI/FS (Floyd|Snider et al. 2007a) and 
the 2006 ESA RI/FS (RETEC 2006).  The original AOI line shown on the Appendix D figures was 
drawn based on evaluation of historic sediment investigation data to delineate chemical 
concentrations associated with GWPS and ambient Lake Union sources.  The following 
considerations were made to delineate the AOI: 

■ Based upon historical activities at the GWPS, PAHs were primarily used as a basis for defining 
the AOI. 

■ GWPS area PAH patterns are generally distinguishable from ambient Lake Union sediments. 

■ Based upon the evaluation of sediment investigation data collected between 1994 and 2002, 
the extent of sediments containing elevated PAHs could be clearly delineated as a narrow band 
wrapping around the shoreline. 

■ The distribution of metals and other non-GWPS contaminants in sediments in the vicinity of the 
GWPS indicates the presence of non-GWPS sources that further help to delineate the extent of 
GWPS-related impacts. 

TPAH concentrations generally increased with depth in the sediment column (Appendix D).  
Subsurface TPAH concentrations ranged from non-detect to 64,000 mg/kg. 

2.4.5. Dense and Light Nonaqueous Phase Liquids (DNAPL and LNAPL) and Tar 

Numerous subsurface explorations have been performed to evaluate the presence of visible 
DNAPL and LNAPL and tar throughout the GWPS.  The estimated lateral extent and locations of 
known NAPL are presented on Figure 8.  Upland areas where substantial subsurface NAPL has 
been encountered include Harbor Patrol/ATCO, the northeast corner of the park, and the Play Barn 
area.  Recoverable LNAPL was removed and an air sparging/soil vapor extraction system was 
installed in the light oil plant area in 1999 and 2000 (Hart Crowser 2012).  As a result of the 
LNAPL removal and system operation, LNAPL measurements made in this area before 2006 are 
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likely not representative of current conditions.  Visual observations of LNAPL were made during 
investigations performed east of the Play Barn in 2007.  This area is outside the extent of the air 
sparging /soil vapor extraction system and will be incorporated into supplemental RI investigation 
activities. 

DNAPL has been encountered in the Harbor Patrol/ATCO area and in the northeast corner of the 
park and at multiple locations in sediment.  The high TPAH concentrations correlate with the 
presence of DNAPL at depth.  In the lower lake slope and lake bottom regions of the east side of 
the park, DNAPL-impacted sediments are overlain by cleaner sediments providing evidence that 
DNAPL is not impacting surface sediments in these areas. 

3.0 CONCEPTUAL SITE EXPOSURE MODEL 

A conceptual site exposure model (CSEM), as used in this document, is a depiction of the potential 
primary and secondary chemical sources, transport mechanisms, pathways, and receptors at the 
GWPS.  The CSEM identifies potential human and ecological receptors that could be affected by 
contaminants from MGP and other historical releases.  A preliminary CSEM, graphically 
represented on Figure 9, has been developed for the GWPS based on existing information.  It is 
considered a dynamic model and will be refined, as needed, based on the results of the 
supplemental investigation conducted in spring 2013.  Institutional controls have been 
established for the uplands that address potential pathways for human receptors identified in this 
preliminary  CSEM. 

The CSEM does not quantify potential risks to human health or the environment posed by 
site-related chemical impacts.  Instead, it is intended to focus on those pathways that may warrant 
further consideration (i.e., investigation, monitoring, or cleanup), because of the likelihood that 
there is a complete pathway from a source to a receptor.  This section summarizes the main 
elements of the preliminary CSEM for the GWPS. 

3.1. Primary and Secondary Sources of Potential Concern 

Primary sources of contaminants at the GWPS generally consist of gas manufacturing and tar 
refining processes that released hazardous materials to the environment.  Other primary sources of 
chemicals may exist at the GWPS, based on past site activities.  Primary sources are often used to 
identify areas of likely affected media (e.g., soil, groundwater) that become secondary sources.  
However, the location of primary sources at the GWPS may not reflect the current location of all 
affected media and associated contaminants for the following reasons: 

■ Primary sources have been removed from the GWPS upland area during facility demolition and 
remedial actions. 

■ Natural transport mechanisms have distributed contaminants beyond the original source 
areas. 

■ Substantial cutting and filling occurred during park construction resulted in removal and/or 
relocation of COCs from primary source areas to other areas of the uplands. 
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Secondary sources at the GWPS include contaminated surface and subsurface soil, groundwater, 
surface and subsurface sediment, and NAPL. 

3.2. Transport Mechanisms and Exposure Media of Potential Concern 

Principle transport mechanisms and exposure media at the GWPS include: 

■ Erosion of soil (and weathered tar) and stormwater transport to surface water and sediment; 

■ Mobile NAPL migration to soil, surface water, and sediment; 

■ Erosion of bank/shoreline materials by wave action; 

■ Current transport of fine-grained sediments from nearshore to offshore, or along shore; 

■ Discharge of contaminated groundwater to surface water and sediment; and 

■ Uptake by benthic biota, crayfish and finfish from surface water and sediment. 

Transport of contaminated surface water and infiltrated groundwater through storm drain to 
surface water and sediment is also considered a transport mechanism of concern for the GWPS.  
Storm drain transport will be addressed separately under the source control phase of the project. 

3.3. Exposure Pathways and Potential Receptors for Chemicals of Concern 

The following sections describe potential exposure pathways based on a preliminary CSEM.  These 
exposure pathways are labeled as “complete or potentially complete” or “incomplete or minor 
pathway” in Figure 9.  The preliminary CSEM is based on the preliminary evaluation of data from 
previous investigations.  The CSEM will continue to be refined as existing data are further 
evaluated and new data are incorporated. 

3.3.1. Outdoor and Indoor Air 

The preliminary CSEM for the GWPS (Figure 9) includes evaluation of potential outdoor and indoor 
air pathways.  Based on previous investigation findings, the exposure pathways and receptors 
associated with outdoor and indoor air determined to be potentially applicable for the GWPS 
included: 

■ Inhalation of potential vapors in indoor air, and 

■ Inhalation of vapors and particulate-bound contaminants in outdoor air. 

The City conducted a study within the park to evaluate impacts to indoor and ambient air quality.  
During the late summer and early fall of 2006, mothball-like odors were noted in several sections 
of the park, particularly near the Play Barn, former MGP structures, and at the eastern shoreline 
where there were visible tar seeps.  To evaluate the source and potential impacts of the odors, the 
City conducted an air quality-monitoring program consisting of collecting three rounds of ambient 
and indoor air samples in various areas of the park and at the Harbor Patrol.  The monitoring 
program consisted of the following: 

■ Ambient air samples were collected from three locations including the Cracking Tower area, 
East Shoreline, and the Prow (upwind background sample). 



GAS WORKS PARK SITE FINAL FEASIBILITY STUDY BRIDGING DOCUMENT ■ Seattle, Washington 

  October 11, 2013 | Page 13 
 File No. 0186-846-01 

■ Air samples were collected inside the Harbor Patrol office building and below the Play Barn. 

■ Samples were collected in the spring (April) and summer (August/September) of 2007 and in 
the winter (January) of 2008. 

Detailed descriptions of the air monitoring events and analytical results are presented in Quarterly 
Air Sampling Data Reports (Floyd|Snider 2007b, 2007c, and 2008a).  A June 13, 2008, 
memorandum from Floyd|Snider summarizing the results of the air quality evaluation program is 
provided in Appendix E. 

Aromatic hydrocarbons likely associated with material released from historical MGP operations 
were detected in most of the samples collected, along with low concentrations (less than 
2 nanograms per liter [ng/L]) of several chlorinated VOCs that appear to be associated with 
background sources (e.g., personal hygiene and cleaning products).  According to the analysis 
provided in the Floyd|Snider summary memorandum (Appendix E), concentrations of these 
aromatic compounds (excluding benzene) generally did not exceed MTCA Method B unrestricted 
(residential) air cleanup levels (Floyd|Snider 2008c).  Although benzene concentrations typically 
exceeded the Method B air cleanup level of 0.32 ng/L, they generally fell within the range of 
Seattle ambient air background concentrations.  Excluding an apparently anomalous Spring 2007 
result obtained from one of two replicate samples collected in the Cracking Tower area, benzene 
concentrations in the air samples were also below a calculated modified Method B cleanup level 
applicable to a park recreational visitor exposure scenario (four hours per week of exposure versus 
continuous residential occupation). 

Floyd|Snider concluded that the mothball-like odor noted during the summer of 2006 was 
primarily associated with surface tar on the eastern shoreline.  Seattle Parks subsequently 
excavated the tar and covered the areas with clean gravel.  Following these maintenance activities, 
no odors were noted during the spring and summer of 2007. 

Based on the results of indoor and outdoor air monitoring in 2007 and 2008, concentrations of 
VOCs in outdoor and indoor air at the park and Harbor Patrol property are below levels of concern 
(Floyd|Snider 2008a).  Therefore, volatilization to indoor and outdoor air, although complete, is 
considered a minor pathway and does not pose a significant risk to people or ecological receptors 
(Hart Crowser 2012). 

Inhalation of particulate-bound contaminants in outdoor air was considered an incomplete or minor 
pathway because most surface soil at the GWPS is covered by vegetation, buildings, or pavement.  
Engineered, vegetated soil caps have been installed in most areas of the Park and additional 
capping is proposed to be completed in 2014/2015 in the Kite Hill area, as described in 
Section 5.1.3. 

3.3.2. Soil 

HUMAN HEALTH 
Based on previous investigation findings, the potential exposure pathways and receptors for 
impacted soil in the upland portion of the GWPS include: 

■ Dermal contact with contaminated soil by park visitors and site workers; 
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■ Incidental ingestion of contaminated soil by park visitors and site workers; and 

■ Direct contact with contaminated soil by terrestrial plants, soil biota, and wildlife. 

Environ evaluated human health risk for uncapped areas of the uplands for the City.  Hart Crowser 
incorporated Environ’s work into the Uplands RI Report prepared for Ecology (Hart Crowser 2012).  
A summary of Environ’s findings are provided below. 

Surface soil contaminant concentrations were compared to MTCA Method B direct contact cleanup 
levels under a residential exposure scenario (i.e., assumed to be continuously exposed over 
30  years).  Contaminants (primarily cPAHs) exceeding Method B direct contact cleanup levels for 
soil are present across most of the uplands.  However, buildings, paved areas, and clean vegetated 
soil caps installed on most of the uplands prevent park visitors from directly contacting these 
contaminated soils.  Exposure to contaminated soils in the Cracking Tower area is prevented by a 
tall, locked chain-link fence that surrounds it.  There does appear to be some potential for human 
exposure to cPAH-impacted soil in the Kite Hill area of the park and to a lesser extent, in uncapped 
areas in the northeast corner.  Although a topsoil and grass cover were placed over the Gas Works 
fill deposit in the Kite Hill area, it was not covered by an engineered cap as in other portions of 
the park. 

Exposure to contaminated dust at the GWPS is likely minimal given the presence of an extensive 
and well-maintained vegetated soil cap, as well as an active irrigation program.  During the dry 
season, the computerized irrigation system is used to water the park approximately every other 
day, but is adjusted to daily watering if abnormally hot weather occurs.  Although the Cracking 
Tower area is not watered, much of this area is covered by pavement or other hard surfaces and is 
heavily vegetated. 

ECOLOGICAL 
A simplified terrestrial ecological evaluation (TEE) was conducted on the upland portion of the 
GWPS compliant with MTCA (WAC 173-340-7492) (Hart Crowser 2012) and is summarized here.  
A significant portion of the uplands is covered by concrete, asphalt, or compacted gravel that 
prohibits ecological exposures to underlying soil.  Most areas of the park including the northwest 
corner, northeast corner, southeast area, and central meadow have been covered with vegetated 
soil cap that limit ecological exposure.  Other areas have received some soil bioremediation, but 
residual contaminants remain in the surface soils. 

Exposure to residual contaminants in subsurface soil is limited because the dominant plants and 
animals found on the uplands are exposed only to surface soil.  The dominant vegetation is 
turfgrass, which has a root system that is limited to the upper 1 foot of soil.  Most soil invertebrates 
found at the GWPS (e.g., earthworms and crane flies) inhabit this same zone.  No burrowing 
animals were observed, so direct wildlife contact with soil is likely restricted to shallow soil.  
However, limited ecological exposure to chemicals in subsurface soil is possible.  One species of 
deep burrowing soil invertebrate (night crawler) and several species of shrubs and trees (e.g., 
Himalayan blackberry, beech tree) that have deeper root systems and are a food source to wildlife 
are present at the GWPS. 
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Two contaminants that may pose a risk to ecological receptors were identified in soil at the GWPS: 
arsenic and BaP.  As part of the TEE, applicable toxicity values and bioaccumulation factors were 
identified and used to derive protective ecological soil screening values (SSVs).  The SSVs were 
then compared to reasonable maximum exposure (RME) concentrations in soil in ecological 
exposure areas.  The RME concentrations were all below the SSVs indicating these contaminants 
do not pose an ecological hazard. 

3.3.3. Groundwater 

Potential receptors and exposure pathways for groundwater are limited at the GWPS.  Shallow 
groundwater beneath the GWPS is not a drinking water source.  Based on the results of pumping 
tests conducted at the GWPS, the shallow groundwater zone beneath the GWPS is not capable of 
producing water of sufficient quantity to support use as a future water supply.  Specifically, 
groundwater does not yield greater than 0.5 gallon per minute on a sustainable basis (per 
WAC 173-340-720[2]); therefore, ingestion of groundwater is not considered a complete exposure 
pathway at the GWPS (Hart Crowser 2012, Parametrix 1999).  Seeps, where direct contact could 
occur, are limited to the shoreline directly east of the Prow during periods of lake drawdown (late 
fall/early winter).  PAHs have not been detected in seep water samples collected from this location 
(ARI 2001). 

The transport/exposure pathway that may pose a potential risk to people or ecological receptors is 
groundwater discharge to Lake Union sediment and surface water and subsequent contact with 
impacted sediment and surface water by wildlife, fish, and benthic organisms; or consumption of 
contaminated aquatic organisms.  This pathway has not been fully evaluated in previous 
investigations but will be addressed as part of the site-wide RI/FS.  The supplemental investigation 
described in Section 7.0 includes activities specifically intended to provide information related to 
this pathway. 

3.3.4. Sediment 

Potential receptors and exposure pathways associated with contaminated sediment include: 

■ Ingestion of or dermal contact with potentially impacted surface water by beach users, 
recreational fishers, Tribal fishers, or wildlife, fish, and benthic invertebrates; 

■ Ingestion of or dermal contact with potentially impacted sediment by beach users, recreational 
fishers, Tribal fishers, or wildlife, fish, and benthic invertebrates; 

■ Bioaccumulation of water- or sediment-borne contaminants in benthic invertebrates and fish; 
and 

■ Ingestion of contaminated biota (fish, crayfish) by park visitors, Tribal fishers, site workers, fish 
and wildlife. 

Multiple lines of evidence were evaluated in the human health and ecological risk evaluations to 
determine the contaminants that likely drive risks in sediment (AECOM et al. 2012).  Potential risk 
drivers included: BaP, high molecular weight PAHs (HPAHs), and total PAHs.  The selection of 
sediment risk drivers within the study area, in accordance with Ecology and EPA guidance, will 
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focus the FS by identifying the chemicals that have the largest contribution to estimated overall 
site risk, based on the reasonable maximum exposure. 

3.3.5. Potentially Mobile NAPL and Tar 

Studies performed on the uplands indicate that NAPL identified are not substantially mobile 
(Floyd|Snider 2007a, ENSR 2008).  Potential receptors and exposure pathways for potentially 
mobile NAPL on the GWPS include: 

■ Direct contact (through upwelling to surface soil) with tar by humans and wildlife; 

■ Contact (through mobile NAPL transport to sediment and surface water) with impacted 
sediment by humans, wildlife, fish, and benthic organisms; and 

■ Ingestion of contaminated benthic organisms by humans, fish, and wildlife. 

The supplemental investigation described in Section 7.0 will include activities specifically intended 
to evaluate the nature, extent, and mobility of NAPL at the GWPS focusing on the upland and 
shoreline areas. 

4.0 PREVIOUS REMEDIAL ACTION PLANNING AND FEASIBILITY STUDIES 

Remedial action planning and feasibility studies have been conducted for the upland and sediment 
areas of the GWPS.  The previous studies are described chronologically by area in the following 
sections. 

4.1. Previous Upland Feasibility Studies 

Planning for upland remedial action in the GWPS has been performed in several stages since the 
1980s, including feasibility study analyses performed under formal agreement between Ecology, 
the City, and PSE.  The proposed site-wide feasibility study described in Section 8.0 of this 
FS Bridging Document will build on these previous analyses while developing cleanup alternatives 
based on updated remedial technologies and a more comprehensive CSEM that integrates upland 
and in-water portions of the site.  The integrated CSEM will incorporate supplemental investigation 
data and address entire pathways from source to exposure point.  Reports documenting previous 
remedial action planning are listed below: 

■ Focused Field Investigation and Irrigation Feasibility Study, Gas Works Park, Seattle, 
Washington (HDR, 1988). 

■ Treatability Study Work Plan, Gas Works Park (HDR, 1989a). 

■ Groundwater Containment Migration Control System Conceptual Design Report (HDR, 1989b). 

■ Gas Works Park Environmental Cleanup, Phase 1―Candidate Remedial Measures 
(Parametrix, 1996). 

■ Agreed Order No. DE 97TC-148, Attachment 1―Focused Feasibility Study and Cleanup Action 
Plan Work Scope, Gas Works Park Environmental Cleanup (Ecology, 1997). 
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■ Gas Works Park Environmental Cleanup, Focused Feasibility Study (Parametrix and Key 
Environmental, 1998). 

■ Extremely Hazardous Waste Memorandum (ThermoRETEC, 1999). 

The primary phases of remedial action planning for the uplands are presented in the sections that 
follow. 

4.1.1. HDR Remedial Action Planning, 1988-1989 

Groundwater contamination and treatment methods were the focus of the FS work conducted by 
HDR.  The Focused Field Investigation and Irrigation Feasibility Study (HDR, 1988) was intended to 
determine the extent and magnitude of contamination of groundwater, present a preliminary 
feasibility analysis of alternatives for the control of contaminants, and assess the feasibility of 
irrigating the park without further mobilizing contaminants. 

Thirty-two groundwater samples were collected from existing, newly-installed or temporary wells 
located throughout the uplands to provide a “snapshot” of groundwater conditions.  The 
groundwater samples were analyzed for VOCs, with selected samples also analyzed for PAHs 
and/or metals.  The field investigation concluded that three plumes of contaminated groundwater 
existed, two located in the southeast portion of the park near the Play Barn structures, and the 
third in the northwest portion of the park near the former ATCO facility. 

The Focused Field Investigation and Irrigation Feasibility Study considered four alternatives to 
control contaminants in each of the three plume areas. 

■ Alternative 1―Excavating contaminated materials 

■ Alternative 2―Capping contaminated areas 

■ Alternative 3―Capturing and treating contaminated groundwater 

■ Alternative 4―No action 

These alternatives were evaluated based on compatibility with park use, water quality, waste, the 
ability to implement with respect to irrigation, and life-cycle cost estimates.  Based on the results of 
the comparative evaluation, the recommended alternative for control of contaminants was 
Alternative 3 in all areas and Alternative 1 (excavate contaminated materials) in the vicinity of the 
former ATCO facility.  Four groundwater treatment technologies were presented as part of 
Alternative 3 including: 1) air stripping with and without air pollution control, 2) evaporation, 
3) ultraviolet light oxidation, and 4) activated carbon adsorption.  The report stated that these 
treatment processes appeared to have promise in treating the contaminated groundwater but 
recommended additional studies to evaluate these and other groundwater treatment technologies. 

In assessing the feasibility of irrigating the park, the primary considerations were the potential for 
excavating contaminated soil during installation of the irrigation system and mobilizing 
contaminants during operation.  To prevent or reduce the mobilization of contaminants, irrigation 
sensors and controllers were recommended to limit water from leaching below the plant root zone.   
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Based on the recommendations from their irrigation FS, HDR prepared the Treatability Study Work 
Plan (TSWP) (HDR,1989a) to compare groundwater treatment technologies and select three 
alternatives for bench scale analysis.  The TSWP documented the initial screening process for 
potential soil and groundwater remediation technologies, developed and screened a set of 
remedial alternatives, and developed cost estimates for implementation.  Groundwater treatment 
technologies utilizing chemical, biological, and physical removal and/or degradation processes 
were evaluated. 

The technology screening performed in the TSWP retained five alternative treatment technologies: 

■ Technology 1―Ultraviolet (UV)/Peroxide 

■ Technology 2―Biological―(in situ) 

■ Technology 3―Biological (bioreactor) 

■ Technology 4―Biological (carbon) 

■ Technology 5―Physical (carbon with oil/water separator) 

These alternative technologies were evaluated based on performance, ability to implement, 
regulatory acceptability, and cost.  Based on the results of the comparative evaluation, three 
groundwater treatment technologies including carbon with oil/water separator, UV/peroxide, and in 
situ biological treatment, were recommended for bench scale studies and a treatability evaluation. 

Following the bench scale studies and treatability evaluation, only UV/peroxide with pretreatment 
proved to be successful in removing and destroying all the contaminants.  Although the results of 
the treatability studies indicate UV/peroxide had the best treatment performance, additional 
criteria including short- and long-term effectiveness, reduction of toxicity, mobility, and volume, 
public and environmental considerations, institutional acceptability, implementability, and cost 
were considered in determining the preferred treatment technologies.  Two treatment alternatives 
were further evaluated using the expanded criteria. 

■ Alternative 1―Flow equalization, polymer/alum pretreatment, sludge handling, UV/peroxide 
treatment, and standby carbon 

■ Alternative 2―Flow equalization, dual fixed-film bioreactors, a filtration system, and standby 
carbon 

When compared and evaluated, Alternative 1 (UV/peroxide treatment process) ranked higher and 
was used in the conceptual design for the treatment facility.  Design elements presented included 
discharge requirements, residual handling, chemical usage, safety considerations, spill 
containment and monitoring.  After pilot scale testing of the UV/peroxide treatment system, a final 
design of the treatment system was recommended. 

HDR prepared the Groundwater Containment Migration Control System Conceptual Design Report 
in June of 1989 (HDR, 1989b) to present the results of a subsurface geophysical survey, 
hydrogeological modeling, groundwater treatability studies, and conceptual design of a 
groundwater control and treatment facility. 
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Additional hydrogeological data were collected from the existing wells to develop a groundwater 
model that simulated aquifer responses to imposed groundwater pumping.  The preliminary results 
indicated that 10 extraction wells (four wells placed along the western perimeter near Kite Hill, 
three wells west of the Play Barn area, and three wells south of the Play Barn area) would be 
sufficient to slow or stop the migration of the contaminant plumes.  To determine the actual 
location of wells for a well extraction system, HDR recommended a full-scale aquifer test and 
further modeling.  The efficacy of pumping groundwater was further evaluated by Parametrix as 
described below. 

4.1.2. Parametrix Remedial Action Planning, 1996-1998 

The 1996 Candidate Remedial Measures report (CRM) prepared by Parametrix (1996) was the first 
phase of the GWPS focused FS (FFS).  The CRM documented the initial screening process for 
potential upland soil and groundwater remediation technologies, developed and screened a set of 
remedial alternatives, and developed preliminary cost estimates.  Soil cleanup technologies 
ranging from capping to excavation and disposal were evaluated for appropriateness for site 
conditions and effectiveness.  Several groundwater technologies were also evaluated, ranging from 
natural attenuation to pump and treat.  The 1996 CRM is included as Appendix F of this 
FS Bridging Document. 

The technology screening performed in the CRM resulted in five alternatives being retained: 

■ Alternative 1―Geotextile and topsoil surficial soil cover 

■ Alternative 2―Geotextile and topsoil surficial soil cover with low-permeability surficial cap 

■ Alternative 3―Upgradient cutoff wall combined with surficial soil cover and/or low-permeability 
cap 

■ Alternative 4―Partial downgradient cutoff wall with funnel and gate treatment cells combined 
with surficial soil cover and/or low-permeability cap 

■ Alternative 5―Enhanced biodegradation (biosparging) combined with surficial soil cover and/or 
low-permeability cap 

The alternative screening process in the CRM eliminated several soil and groundwater alternatives 
from further consideration.  Soil alternatives involving in situ biodegradation, in situ fixation, and 
use of excavated soil for asphaltic road base were evaluated and eliminated due to limited 
expected effectiveness and high cost relative to other alternatives.  One groundwater alternative, 
groundwater pump and treat, was also eliminated from further consideration.  Pump and treat was 
determined to not provide effective source reduction for the expected cost. 

Much of the technology evaluation documented in the 1996 CRM remains valid and will be 
referenced for the future site-wide FS document outlined in this FS Bridging Document.  However, 
advancements in soil and groundwater remediation technologies and additional site data collected 
since 1996 warrants performing an updated technology screening process as part of the 
site-wide FS. 

Following preparation of the CRM, the City and PSE entered into an Agreed Order with Ecology for 
the uplands (Ecology 1997).  The Agreed Order, dated August 1, 1997, outlined requirements for 
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cleanup action planning following the CRM.  The CAP Work Scope, included as an attachment the 
Agreed Order, outlined the plan for preparation of the cleanup action planning documents. 

Parametrix and Key Environmental prepared a Draft FFS Report (Draft FFS) in October 1998 
(Parametrix and Key 1998) based on the scope of work outlined in the Agreed Order.  In addition to 
a description of general site information and known conditions, the Draft FFS included a summary 
of work performed since the CRM was prepared in 1996.  This included several phases of 
additional investigation and treatability evaluation, including the following: 

■ Inspection and sampling of monitoring wells installed during early (approximately 1986 to 
1989) investigation phases to determine current groundwater conditions and evaluate the 
need to repair or reconstruct monitoring wells. 

■ Collection of surficial soil samples to characterize current park conditions relative to those 
during the initial investigation periods. 

■ Characterization and removal of upwelling tar. 

■ Assessment of the potential for the Cracking Tower area to act as a source of contamination to 
surrounding soil and groundwater. 

■ Completion of an ecological survey to evaluate risks to threatened or endangered species, 
on-site ecological habitat, and off-site ecological resources that may be affected by on-site 
impacts. 

■ Characterization of contaminant fate and transport in the western upland area of the GWPS. 

■ Implementation of an interim action to remove LNAPL in the southeastern upland portion of 
the GWPS. 

Based on existing data and the results of the additional characterization and work listed above, 
Parametrix selected soil CULs for contaminants posing the greatest risk in the uplands area of the 
GWPS and groundwater CULs for contaminants posing the greatest risk to surface water.  Proposed 
CULs were based on MTCA Method B values for direct contact with soil and MTCA Method B 
surface water values for groundwater.  Additional potential groundwater COCs (arsenic, cyanide, 
and selected non-carcinogenic PAHs) were predicted not to exceed standards at the agreed upon 
point of compliance and were not retained as COCs.  COCs and associated CULs are listed in 
Section 2.4.1. 

As a result of the significant amount of additional work performed following the 1996 CRM, the 
1998 Draft FFS included a revised conceptual site model, remedial technology screening, and 
development and evaluation of five cleanup action alternatives: 

■ Alternative 1, No Action―This alternative includes no cleanup action activities for soil and 
groundwater 

■ Alternative 2, Soil Cover―This alternative consists of placement of vegetated soil cover over the 
north central and southeast portions of the uplands 
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■ Alternative 3, Air sparging and soil cover―This alternative combines air sparging and soil vapor 
extraction to treat the benzene contamination south of the Play Barn, with vegetated soil cover 
in the north central and southeast portions of the uplands 

■ Alternative 4, Containment―Downgradient groundwater cutoff wall with soil cover in the north 
central and southeast portions of the uplands 

■ Alternative 5, Excavation and Fill―Removal of vadose zone soil across 8.8 acres of the GWPS, 
and backfilling to original grade 

Detailed life-cycle cost estimates were developed for each alternative and a comparative 
evaluation of the alternatives was performed in accordance with MTCA requirements.  Appendix G 
of this FS Bridging Document includes Table 14-1 from the Parametrix Draft FFS, which outlines 
the results of the comparative evaluation of the five cleanup action alternatives proposed for the 
GWPS.  Based on the results of the comparative evaluation, Alternative 3, which included air 
sparging and soil vapor extraction and vegetated soil cover, was recommended as the cleanup 
action for the uplands. 

A CAP, documenting the selection of Alternative 3, was prepared and approved by Ecology on 
June 18, 1999.  The CAP summarized the selected cleanup actions, presented cleanup standards 
for the planned cleanup, identified the points of compliance and outlined cleanup implementation 
details including construction activities, monitoring requirements and institutional controls needed 
following completion of the cleanup.  The selected cleanup actions described in the CAP include: 

■ Removal and treatment of residual tar seeps as necessary; 

■ Placement of a vegetated soil cap in unpaved open areas in the north-central and 
southeastern portions of the Park; 

■ Treatment of groundwater using air sparging and soil vapor extraction for volatile organic 
compound-impacted groundwater; 

■ Treatment of groundwater by natural attenuation for PAH-impacted groundwater in the western 
portion of the uplands; and 

■ Implementation of institutional controls designed to limit or prohibit activities that may result in 
exposure to hazardous substances. 

The soil cleanup levels selected for the upland portion of the GWPS were based upon a future 
residential exposure scenario.  The selected cleanup levels for hydrocarbons in GWPS soil 
(carcinogenic and non-carcinogenic PAHs) were based on MTCA Method B levels, and the cleanup 
level for arsenic was the MTCA Method A value of 20 mg/kg.  Groundwater cleanup levels 
presented in the 1999 CAP were based on the protection of surface water and correspond to the 
MTCA Method B Surface Water Cleanup Levels.  The selection of this cleanup level is based on the 
determination of non-potability of groundwater at the GWPS, in accordance with 
WAC 173-340-720(1)(c), and the known connection between groundwater at the GWPS and 
Lake Union surface water. 

The standard MTCA point of compliance for contaminants in soil above cleanup levels based on 
human exposure due to direct contact is 15 feet bgs.  However, in the CAP Ecology acknowledged 
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that the proposed vegetated soil cap complied with cleanup standards when combined with 
long-term monitoring and institutional controls, in accordance with WAC 173-340-740(6)(f).  The 
conditional point of compliance for GWPS groundwater selected in the CAP was within adjacent 
surface water, as close as possible to points where groundwater discharges into the surface water 
in accordance with WAC 173-340-720(8)(d)(i). 

In December 1999, PSE and the City entered into a Consent Decree with Ecology (Ecology 1999) to 
implement the remedial actions described in the CAP.  Section 5.1.2 of this FS Bridging Document 
describes the remedial actions completed in accordance with the 1999 Consent Decree. 

The upcoming site-wide RI/FS will update the identification of risk drivers, cleanup levels, and 
points of compliance for potential pathways, exposures, and media not addressed in the Consent 
Decree (e.g., sediment, groundwater to sediment, sediment bioaccumulation).  Past studies of the 
sediment portion of the GWPS, not addressed by the Consent Decree, are discussed in the next 
section. 

4.2. Previous Sediment Feasibility Studies 

Evaluation of sediment remedial actions has been performed by the City and PSE in several stages 
since the 1980s, with several major efforts conducted between 2004 and 2008 under the 
2005 Agreed Order DE 2008.  The 2013 amendment to Agreed Order DE 2008 now provides for a 
site-wide feasibility study, combining the uplands and sediments.  The proposed site-wide 
feasibility study described in this FS Bridging Document is expected to build on these previous 
analyses while updating cleanup action alternatives for sediment.  The site-wide FS will combine 
information from all previous studies, while providing a holistic assessment of the linkages 
between the upland and in-water portions of the GWPS and remedies that address complete 
pathways and exposures representing significant risk to human and ecological receptors. 

Remedial action evaluation performed to date is documented in the following reports and 
discussed in the following sections: 

■ Lake Union Capping Feasibility Study (Parametrix, Inc., 1992). 

■ Gas Works Sediment Area Cleanup Standard Determination, Gas Works Sediment Area, 
Seattle, Washington (RETEC, 2005b). 

■ Draft Remedial Investigation and Feasibility Study. Gas Works Sediment Eastern Study Area. 
Seattle, Washington (RETEC, 2006). 

■ Gas Works Sediment Western Study Area. Remedial Investigation/Feasibility Study, Ecology 
Review Draft (Floyd|Snider, 2007a). 

■ Gas Works Sediment Area Supplement to the Cleanup Standards Document, Draft Final 
(AECOM et al. 2012). 

4.2.1. Parametrix Capping Feasibility Study (1992) 

Prior to any MTCA-imposed cleanup planning for contaminated sediments associated with Gas 
Works Park, Ecology sponsored an evaluation of sediment capping technologies for potential use at 
the GWPS.  Parametrix documented this evaluation in the June 1992 Lake Union Capping 
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Feasibility Study (Parametrix 1992).  For this report, the term “feasibility study” was used to define 
the process of determining if capping in place, a known remedy for contaminated sediment sites, 
would be feasible under the conditions in Lake Union adjacent to Gas Works Park.  This study was 
not an evaluation of a full range of cleanup alternatives that would typically be completed for an FS 
under MTCA and CERCLA.  The capping feasibility study involved four separate steps: 1) completing 
a siting evaluation to identify the most appropriate site for a pilot capping project; 2) performing a 
cap material evaluation to determine the most likely sources of cap material for a capping remedy; 
3) evaluating permit requirements for completing a capping remedy; and 4) performing sediment 
cap modeling to evaluate the potential for recontamination of cap materials following cap 
construction. 

The results of the evaluation indicated that sediment capping was feasible and that suitable cap 
material would be available.  Modeling completed during this study indicated that groundwater 
discharge through the cap would not jeopardize the cap effectiveness, thus allowing capping of 
contaminated sediments prior to completing upland groundwater remediation. 

4.2.2. RETEC Gas Works Sediment Area Cleanup Standard Determination (2005) 

In accordance with Agreed Order No. DE 2008 for RI/FS activities to evaluate cleanup actions for 
contaminated sediment at the GWPS, RETEC conducted a study to determine site-specific 
sediment cleanup standards for the sediments prior to completing the RI/FS process 
(RETEC 2005b).  CULs, as well as points of compliance, were evaluated for sediment.  The 
approach to determining sediment CULs focused on chemicals associated with upland sources 
(i.e., PAHs, selected metals, volatile compounds) and biological responses of site-specific sediment 
toxicity tests. 

The data evaluated for this effort supported the use of TPAH as a surrogate for organic 
contaminants, as it is representative of impacts from GWPS upland sources.  Two cleanup levels 
were derived for use during subsequent RI/FS activities for the sediment to be functionally 
equivalent to the Washington State Sediment Management Standards (SMS) sediment quality 
standard (SQS) and the cleanup screening level (CSL).  The lower site-specific sediment quality 
value (SSQL) defined a threshold below which no adverse effects would be expected (170 mg/kg 
TPAH [dry weight]); the higher site-specific cleanup screening level (SCSL) was equivalent to a 
lowest adverse effects value (290 mg/kg TPAH [dry weight]).  The SCSL was intended to define the 
sediment areas requiring active remediation and the SSQL defined the long-term goal for the 
GWPS. 

The second component of the cleanup standards determination evaluated bioassay effects to 
identify a boundary for sediment remediation.  The results of the evaluation indicated that the area 
of investigation (AOI) proposed in Agreed Order DE 2008 encompassed sediment contaminated by 
sources from the GWPS, as well as areas affected by non-GWPS sources.  Subsequently, an area 
within the AOI was further defined to represent the primary area impacted by GWPS sources that 
would be evaluated in the FS.  Appendix I presents the subarea identified for further evaluation 
(termed the Area Boundary or AB line in the Cleanup Standards Determination document). 

The cleanup standard determination process was revisited in 2011 and is discussed below in 
Section 4.2.4. 
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4.2.3. GWPS Eastern and Western Study Area RI/FS Process (2006-2007) 

Remedies for the sediments were evaluated independently for portions of the GWPS delineated as 
the Eastern Study Area (ESA) and the Western Study Area (WSA).  As described in Agreed Order 
DE 2008, the ESA RI/FS was PSE’s responsibility and the WSA RI/FS was the responsibility of the 
City.  The remedial action technologies proposed in the subsequent draft RI/FS reports evaluated 
numerous remediation alternatives to identify preferred sediment cleanup alternatives for the two 
study areas.  Both documents presented the initial screening process for potential sediment 
remediation technologies, developed and screened a set of remedial alternatives, and developed 
cost estimates for the assembled alternatives. 

The 2006 ESA Draft RI/FS (RETEC 2006) evaluated the use of monitored natural recovery, 
enhanced natural recovery, containment, and removal technologies, as well as institutional 
controls.  To develop and evaluate cleanup alternatives, the ESA was subdivided into five sediment 
management areas (SMAs) based on site characteristics.  The preferred remedial alternative 
includes several technologies specifically to account for the variation in site conditions such as 
bathymetry, contaminant concentrations, erosive forces, and sediment strengths.  The preferred 
alternative included a combination of capping and natural recovery in the entire ESA.  Remedial 
technologies that were proposed, by SMA, are described below.  Appendix J (Figure 14-1 from the 
ESA Draft RI/FS) illustrates the preferred remedy, which is summarized below: 

■ SMA 1 (Gas Works Park Marina)─Monitored natural recovery and institutional controls to 
minimize disruptions to an active marina with residents. 

■ SMA 2 (Waterway 19)─A composite (grout mat plus sand) capping at the head of the waterway 
to protect boaters that may wade into the water during launching of hand-carried craft; a 2-ft 
cap of clean material in the remainder of the waterway that exceeded the TPAH criterion in 
surface sediments. 

■ SMA 3 (Southeast Nearshore)─Placement of a thick (> 6 ft of sand and rock) cap over the 
entire SMA to confine tar and surficial DNAPL.  The toe of the cap will extend into portions of 
SMA 2 (Waterway 19) and SMA 4 (offshore of SMA 3) to achieve a 4.5:1 slope. 

■ SMA 4 (Southeast Offshore) ─The toe of the cap from SMA 3 will extend into SMA 4 providing a 
2-ft cap of the portion of this SMA that exceeded the TPAH criterion in surface sediments. 

■ SMA 5 (Seawall and South Offshore)─Placement of a 2-ft cap in areas of higher (>700 mg/kg) 
TPAH concentrations; thin-layer placement (6 inches) in the majority of the remaining area.  
One outer lobe of the SMA would be allowed to naturally recover. 

Long-term monitoring of remedy performance is a component of the action in each SMA.  No action 
would be implemented in the area offshore of the SMAs but within the AOI (Figure 14.1 in 
Appendix J). 

The 2007 WSA Draft RI/FS (Floyd|Snider 2007a) evaluated the same technologies considered for 
the ESA for nine SMAs.  The preferred alternative accounted for variations in site condition and 
proposed the following cleanup actions (see Appendix J, Figure 12.4 from the WSA Draft RI/FS for a 
depiction of the recommended remedy): 
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■ SMA 1 (Gas Works Park)─Construction of a retaining wall and dredging to allow placement of a 
2-ft sand cap along the shoreline.  The remaining slope area would be capped with 2-ft of sand 
or a low permeability barrier. 

■ SMA 2 (Harbor Patrol property)─Carbon-amended sand cap along the shoreline with a rock 
buttress at the bulkhead.  Underpier area would be capped with amended sand (no rock).  
A low permeability or impermeable barrier would be placed on the remaining slope below the 
shoreline. 

■ SMA 3 (Washington State Department of Natural Resources [DNR] and King County 
properties)─Placement of a sand cap with a rock buttress (for bulkhead stability) at the King 
County property shoreline; habitat material would be included in the cap design.  Placement of 
an impermeable barrier at the DNR shoreline and low permeability barrier or 2-ft sand cap on 
the remaining slope of the entire SMA. 

■ SMA 4 (offshore of SMA 3)─Cap with 2 ft of sand (will be a continuation of the sand cap or 
overlap with the low permeability barrier in SMA 3). 

■ SMA 5 (offshore of SMA 2)─Cap with 2 ft of sand (will overlap with impermeable or low 
permeability barrier in SMA 2). 

■ SMA 6 (offshore of SMA 1)─Cap with 2 ft of sand (will be a continuation of the sand cap or 
overlap with the low permeability barrier in SMA 1). 

■ SMA 7 (offshore of SMA 1)─Cap with 2 ft of sand. 

■ SMA 8 (outer portion of SMAs 4, 5 and 6)─Placement of 6 inches of clean material to enhance 
natural recovery. 

■ SMA 9 (between all other SMAs and the site boundary)─No action. 

All SMAs include debris removal in the shoreline area and long-term monitoring of the remedy 
performance. 

The preferred remedial alternatives and recommendations for the ESA and WSA utilized similar 
technologies and evaluation techniques, but differed in their recommended preferred alternatives, 
in part, because of assumptions regarding the groundwater-to-sediments pathway and resulting 
impacts on the remedy.  The ESA FS deferred evaluating a near-shore remedy in light of the data 
gaps subsequently evaluated during the 2007 Eastern Shoreline Investigation (ENSR 2008).  Both 
documents were reviewed by Ecology, with subsequent responses from the City and PSE that 
addressed Ecology’s concerns.  The site-wide FS will reconcile the recommendations for the 
eastern and western portions of the sediment area, account for the linkages between the upland 
and sediments, and develop site-wide alternatives and remedial alternative recommendations. 

4.2.4. Gas Works Sediment Area Supplement to the Cleanup Standards Document (2012) 

In response to agency and stakeholder comments on the 2005 Cleanup Standard Determination 
document (RETEC 2005b) and the 2006 and 2007 draft RI/FS documents for the ESA and WSA, 
additional risk evaluation work was initiated to supplement the Cleanup Standards Determination 
work and provide a basis for evaluating remedial action for sediments when the site-wide FS is 
prepared.  The Draft Final Gas Works Sediment Area Supplement to the Cleanup Standards 
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Document (SCSD) (AECOM et al. 2012) was designed to be a companion document to the 
2005 Cleanup Standard Determination document and addressed agency and stakeholder 
concerns about the screening process for identification of contaminants of potential concern and 
the evaluation of risks to human health and ecological receptors.  The SCSD utilized existing data 
to perform additional contaminant screening and evaluate site-specific ecological risks and human 
health risks from additional exposure pathways, specifically beach play/wading at Gas Works Park, 
Tribal net fishing, recreational fishing, and consumption of Lake Union fish and shellfish resources.  
Previous work, presented in the Cleanup Standard Determination document, evaluated the benthic 
pathway through site-specific bioassay testing. 

Comparison of sediment data to an extensive list of screening criteria resulted in 59 constituents 
being identified as contaminants of potential concern; these contaminants were subsequently 
included in the human and ecological risk evaluations. 

Human health exposure pathways identified for contaminated sediments were direct contact 
(dermal absorption) and incidental ingestion by children and adults through beach play/wading 
and net fishing (Tribal population) and fish and shellfish ingestion by both recreational and Tribal 
fishers.  In order to evaluate a range of risks, both a reasonable maximum exposure (RME) and a 
central tendency (CT) scenario were developed.  Estimated potential risks for the CT scenarios 
were about one to two orders of magnitude less than the estimated risks for the RME scenarios.  
For CT scenarios, three contaminants, arsenic, HPAHs, and PCBs exceeded the threshold for 
acceptable cancer risks. 

Several ecological receptors were evaluated in the SCSD, including the great blue heron, the 
American mallard, the northern river otter, and juvenile Chinook salmon.  Incidental ingestion of 
sediments and potentially contaminated fish prey were considered, with incidental sediment 
ingestion being the primary source of potential risk for wildlife receptors.  The ecological risk 
assessment determined that TBT represented the greatest potential risk for juvenile salmonids, 
while BaP and HPAHs slightly exceeded the risk thresholds for the American mallard and Northern 
river otter, respectively. 

Based on the evaluation of contaminants and risk scenarios and in accordance with 
MTCA guidance, specific risk drivers were selected for identifying areas requiring remedial action.  
Risk drivers included TPAH (including BaP and HPAH), arsenic, and PCBs for human health 
exposure and TBT for juvenile salmonid exposure.  Risk drivers were not identified for the blue 
heron, mallard, or otter. 

Concentrations of contaminants that exceeded risk thresholds were compared to ambient 
Lake Union (ALU) concentrations to identify those contaminants that were most closely associated 
with GWPS sources and, if cleaned up, would contribute to the greatest reduction in risks to people 
and ecological receptors.  Risk drivers that also exceeded ALU values were considered COCs in 
sediments and were intended to be carried forward in the evaluation of site-specific sediment 
remedies.  HPAH, TPAH, and BaP were identified as indicator COCs as a result of this process. 
Additional chemicals representing a potential risk (TBT, PCBs, antimony, arsenic, chromium, lead, 
bis(2-ethylhexyl)phthalate, pentachlorophenol, and chlordane) are also present in GWPS sediment, 
but at similar or lower concentrations than ALU conditions.  These additional chemicals are more 
likely due to diffusive sources throughout Lake Union and are considered ALU COCs. 
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The SCSD also re-evaluated the lateral extent of contamination to determine where offshore 
surface sediment concentrations were no longer distinguishable from ambient conditions in 
Lake Union.  The AOI was divided into five bands representing increasing distance from the 
shoreline (see Figure 6-2 from the SCSD document, reproduced in Appendix K).  Different cleanup 
scenarios were assumed, remediating all sediment within each band, beginning with only the 
nearshore band in the first scenario and adding another band with each additional cleanup 
scenario.  Bands not included in remediation scenarios were considered No Action areas.  With 
each scenario, the No Action area “mean” (90th upper confidence limit of the mean or four times 
the 50th percentile) was calculated for COCs and compared to the ambient condition.  The results 
indicated that cleanup of the first three bands closest to shore would reduce the average 
concentration of the No Action area (i.e., bands 4 and 5) to ambient conditions for HPAH, TPH, and 
BaP.  The outer boundary of the third band was proposed as the limit of active remediation for 
evaluation in the FS and as an alternative to the area boundary (AB) line proposed in the 
2005 Cleanup Standard Determination document. 

The SCSD was intended to build upon the original 2005 Cleanup Standard Determination 
document that was the basis for the RI/FS documents prepared for the ESA and WSA.  The 
conclusions and recommendations regarding COCs and limits of cleanup will serve as the basis for 
developing and evaluating cleanup action alternatives for sediment in the site-wide feasibility study 
described in this FS Bridging Document. 

5.0 PREVIOUS REMEDIAL ACTIONS 

Several remedial actions have been performed to date in upland areas of the GWPS.  Ongoing 
maintenance of the upland remedy and source control work in anticipation of the sediment remedy 
are planned prior to completing cleanup action planning.  A list of previous remedial actions 
performed in the uplands is presented in Table 2.  Areas where significant remediation has been 
conducted are shown on Figure 7.  The sections below discuss the scope of previous and planned 
remedial actions, and the resulting change in conditions in the upland areas at the GWPS.  These 
previous actions will be considered during preparation of the site-wide FS. 

5.1. Summary of Previous Remedial Actions 

Several remedial actions have been performed in the upland portion of the GWPS, beginning with 
plant demolition and park development.  As part of plant demolition, facilities were 
decommissioned and the majority of the primary sources were demolished and removed.  Since 
1999, remedial actions have been completed at the GWPS to comply with the Consent Decree and 
more recently maintenance and source control work to address immediate concerns.  A discussion 
of the significant phases of remedial action conducted to date and additional planned work is 
provided in the sections below. 

5.1.1. Remedial Actions Prior to 1999 Consent Decree 

Several remedial actions took place prior to enacting the 1999 Consent Decree for upland 
remediation at the GWPS.  As described above in Section 2.1.4, development of Gas Works Park 
involved addressing contaminated media, although not as a formal remedial action.  Demolition of 
a significant amount the facility was completed between 1962 and 1973.  As the City constructed 
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Gas Works Park, extensive re-grading and redistribution of surface materials, including 
contaminated media, was performed.  The scope of the excavations included excavation of 
between 2 and 8 feet of contaminated soil from several areas of the former gas works facility.  
Some of the excavated soil was stockpiled in the north portion of the property for reuse as fill and 
some of the excavated soil was transported off-site for disposal. 

In 1973, the City authorized targeted excavation and demolition throughout the remainder of the 
park.  Targeted excavation depths extended up to 8 feet below grade and to “water level” near the 
shore.  This phase of park construction included excavation and grading of the southeast shoreline 
to remove contaminated surface soil and to grade the final surface down to the lake level.  The 
excavation commenced 30 feet or more inland from the water’s edge.  The upper 2-feet of the 
regraded shoreline area was filled with cleaner fill generated from other areas of the park 
construction.  Substantial cutting and stockpiling of impacted soil occurred during these excavation 
activities.  A minimum of 20,000 cubic yards of impacted soil were excavated and temporarily 
stockpiled on site; however, exact quantities of what was excavated and removed from the park 
are unknown.  By early 1974, most of the demolition of former MGP structures, excavation, and 
regrading of the majority of the park had occurred. 

In 1976, another phase of regrading occurred as the park was sculpted into its current topographic 
form.  During this period of regrading, substantial soil was cut from shoreline areas and areas away 
from the shoreline were filled.  Near the end of the redevelopment, a layer of soil, sawdust, and 
dewatered biosolids was tilled into the soil to encourage the breakdown of pollutants and control 
dust (EPA 1995).  Two inches of hydroseeded topsoil was used for cover. 

Additional remediation was performed in the upland portion of the GWPS in the 1980s prior to 
completing RI/FS activities and development of the Consent Decree for the upland area.  As a 
result of soil and sediment sampling conducted by EPA and the University of Washington in 1983 
and 1984, the park was temporarily closed while health risks were evaluated.  This work resulted 
in a 1-foot-thick clean soil cover being placed over the most impacted areas of the park to reduce 
risks to park visitors.  The Park was reopened in August 1984 after this remedial action was 
completed (Hart Crowser 2012). 

In 1985, a tar seep was discovered in the northwest section of the park, south of the railroad 
right-of-way and in the vicinity of the original tar refinery.  The tar seeps emerging from asphalt 
sidewalks were paved to seal the seeps, but the seeps continued to penetrate the asphalt, 
particularly during warmer months (Hart Crowser 2012). 

Between the 1997 Agreed Order and the 1999 Consent Decree, additional interim actions were 
completed in the uplands.  In 1997, tar and tar-contaminated soil was characterized at 12 test pit 
locations across the park (TP-1 through TP-12) (Parametrix and Key 1998).  The test pits were dug 
in October 1997 to characterize tar seeps.  During the characterization, additional tar was removed 
from the areas surrounding test pits TP-6 and TP-10 through TP-12.  Twenty-two drums of tar 
(1 drum from TP-6 and 21 drums from TP-10, TP-11, and TP-12) were removed as well as 24 cubic 
yards of tar-contaminated soil from the area of TP-10.  The locations of the 1997 tar removal are 
shown on Figure 7. 
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In 1997, during investigation activities in the Cracking Tower area, a partially buried tank 
containing approximately 2,500 gallons of viscous tarry liquid was discovered.  The liquid was 
sampled and analyzed to determine appropriate disposal or recycling methods.  In June 1998, the 
liquid was removed and transported off-site to be burned at an energy recovery facility (Parametrix 
and Key 1998). 

Prior to completing groundwater treatment outlined in the 1999 Consent Decree, an interim action 
was conducted to remove LNAPL.  In 1998, recovery wells were installed in the southeastern 
corner of the GWPS.  LNAPL was removed from the wells using mobile high-vacuum extraction 
through a contracted vac-truck service. 

5.1.2. Remedial Actions Following 1999 Consent Decree 

A complete list of individual cleanup actions performed under the Agreed Order and Consent 
Decree for the GWPS is presented in Table 2.  Areas where significant or larger scale remedial 
action has been completed is presented on Figure 7.  The 1999 Consent Decree and CAP required 
several cleanup actions (Parametrix 1999).  Additional details regarding the proposed 
implementation of the selected cleanup action is contained in the 1999 CAP attached as 
Appendix H to this FS Bridging Document.  The City of Seattle and PSE entered into a Consent 
Decree in 1999 for cleanup of the uplands, based on the approved CAP.  Remediation activities 
that were implemented in accordance with the Consent Decree included: 

■ Removal and treatment of tar seeps; 

■ Placement of additional vegetated soil cap over unpaved open areas of the park; 

■ Installation of an in situ groundwater treatment system involving air sparging and soil vapor 
extraction in the southeastern corner of the park, and operating the system for six years at 
which point benzene concentrations had decreased to below remediation levels; 

■ Monitoring of natural attenuation of PAHs in groundwater in the western portion of the park; 

■ Maintenance of engineering and administrative controls within the Park designed to limit 
exposure to contaminants by park users, including fencing, signage, and irrigation; and 

■ Implementation of restrictive covenants preventing actions that disturb contaminated soil or 
groundwater. 

Further discussion of how the cleanup actions called for in the 1999 CAP were completed is 
provided in the 2012 Draft Gas Works Park Uplands Remedial Investigation document (Hart 
Crowser 2012). 

In 2005, the Consent Decree and CAP were amended to allow barriers to the northwestern corner 
of the GWPS to be removed and make the area accessible to the public.  The amended CAP 
provided for regrading the area, placement of a geotextile barrier and a 1-foot vegetated topsoil 
cover. 

In 2006 and 2007, additional tar was observed along the eastern shoreline—in sediments near the 
ordinary highwater mark and in the northeastern area of the uplands.  The tar was removed and 
the areas covered with geotextile and clean fill (Hart Crowser 2012).  In 2008, four additional tar 
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seeps were observed in the eastern shoreline area and near the Cracking Towers.  The Parks 
Department removed or partially removed three tar seep areas and backfilled the excavated areas 
and covered one tar seep area with gravel. 

In 2012, Ecology conducted maintenance of the upland remedy, to reduce the potential for 
exposure to contaminated surface soil, and source control work, in anticipation of the sediment 
remedy, in the northeast corner of the uplands portion of the GWPS.  Placement of an 
approximately 1- to 2-foot thick soil cap across an area of approximately 3/4 of an acre was 
completed in the fall of 2012. 

5.1.3. Planned Additional Actions 

Currently, maintenance of the upland remedy and source control work in anticipation of the 
sediment remedy is planned to begin in the Kite Hill area in summer 2014.  Kite Hill area work is 
expected to consist of constructing a vegetated soil cap to cover exposed contaminated soil.  
Implementation would be similar to previous vegetated cap projects conducted at the GWPS, 
including the 2012 northeast corner capping project described above.  The Kite Hill area capping 
project is not expected to alter the use of Kite Hill or the surrounding area. 

5.2.  Effect of Previous Remedial Actions on Current Site Conditions 

Current conditions at the GWPS will be established based on the existing data from previous 
investigations and the ongoing supplemental investigation.  However, site conditions have changed 
since previous investigations as a result of remedial actions, including soil capping, groundwater 
treatment, and tar removal.  The potential effect of previous remedial actions on the use and 
interpretation of data will be accounted for in the site-wide RI/FS. 

A significant portion of the park has been capped with a vegetated soil cap (including a subsurface 
geotextile layer) to prevent direct exposure to surface soil.  As a result of these remedial actions, 
the soil direct contact pathway was eliminated in these areas.  These actions will affect the 
interpretation of current conditions and risks; the existing surface and shallow soil data for the cap 
areas are not representative of surface soil and the associated exposure pathways that were 
documented in previous investigations.  During the site-wide RI, the existing data will be presented 
and evaluated with consideration for the respective cap thickness. 

The Kite Hill area has not been capped, but placement of a soil cap is currently being planned as 
described above in Section 5.1.3.  This work is expected to be completed concurrently with 
preparation of the site-wide FS, and the resulting conditions relative to the current data will be 
considered during the evaluation of cleanup action alternatives in the site-wide FS. 

Groundwater and LNAPL conditions have also changed as a result of previous remedial action at 
the GWPS.  As a result of operation of the air sparging/soil vapor extraction system for six years, 
concentrations of benzene (and other contaminants) in groundwater in the southeast portion of the 
uplands have decreased significantly.  In addition, the LNAPL recovery performed in 1999 and 
2000 has resulted in a reduction of LNAPL mass relative to data collected during early RI phases. 

COC concentrations in groundwater and NAPL extent and mobility data collected during the 
supplemental investigation, including data from new well locations, will be used to update the 
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understanding of NAPL and groundwater conditions.  The updated data will be used to evaluate 
potential cleanup action alternatives in the site-wide FS based on current conditions. 

6.0 DATA GAPS ANALYSIS  

This section summarizes the work completed to identify data gaps and how the data gaps are 
being addressed prior to completion of the site-wide feasibility study.  Ecology identified upland 
data gaps following preparation of the February 2012 Gas Works Park Upland 
Remedial Investigation Report (Hart Crowser 2012).  Ecology documented the data gaps in a 
March 22, 2012 letter, which is included in Appendix L of this FS Bridging Document. 

More recently, the City and PSE worked with Ecology to compile EPA and Ecology comments 
submitted from 2004 through 2012 regarding the cleanup planning process at the GWPS.  The 
compilation of comments, and respective responses to those comments, focused on data gaps 
identified for the GWPS and outlined general plans for addressing those data gaps.  The comments 
and responses were documented in a January 23, 2013 letter from Ecology to EPA, which is 
included in Appendix M of this document. 

In order to resolve the site data gaps, a supplemental investigation is being conducted, and is 
described below.  The purpose of this supplemental upland investigation is to provide additional 
data regarding upland areas that may impact sediments and characterize potential sources and 
migration pathways to sediments to allow completion of a site-wide RI/FS.  Objectives of the 
supplemental investigation included the following: 

■ Perform an evaluation of primary sources of impacts on the uplands. 

■ Characterize upland soil in targeted areas to assess potential ongoing sources of groundwater 
impacts. 

■ Characterize upland groundwater to address the groundwater to sediment pathway. 

■ Assess light and dense non-aqueous phase liquid (LNAPL and DNAPL) occurrence and mobility 
on the uplands, relative to migration to sediment. 

The methods used to obtain the data outlined above during the supplemental investigation are 
described more completely in the Supplemental Investigation Work Plan (GeoEngineers 2013). 

An expedited schedule to fill the primary data gaps and collect other necessary data to complete a 
site-wide RI/FS is being implemented for the supplemental investigation.  The majority of the field 
investigation was conducted in March and April 2013 during the park’s low-use season, which 
generally extends from November through April.  A second round of groundwater sampling will be 
completed in late summer 2013.  The expected schedule for the supplemental investigation, 
including data evaluation and reporting, is presented as Figure 13. 
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7.0 SUPPLEMENTAL INVESTIGATION 

The Supplemental Investigation Work Plan was prepared to collect supplemental data necessary to 
complete a site-wide RI/FS focusing on further characterization of upland to sediment transport 
pathways and potential risks to human health and the environment. 

The primary transport mechanisms and pathways of concern that will be refined as a result of the 
supplemental investigation activities include: 

■ Leaching of contaminants from impacted soil to groundwater; 

■ Transport of impacted groundwater to surface water and sediment; and 

■ Migration of mobile NAPL to surface water and sediment. 

The results of the supplemental investigation are expected to facilitate refining the conceptual site 
model to evaluate site-wide cleanup actions as part of the FS.  The transport pathways expected to 
be retained following completion of the supplemental investigation include: 

■ Wind erosion and dispersion of impacted soil to outdoor air; 

■ Volatilization of COCs from impacted media indoor and outdoor air; 

■ Erosion of impacted soil and subsequent storm water or surface water transport to sediment 
and surface water; 

■ Leaching of COCs from impacted soil and dissolved groundwater transport to surface water 
and sediment; and 

■ Mobile NAPL transport to surface water and sediment. 

7.1. Supplemental Investigation Elements 

The supplemental investigation included the following general work elements: 

■ Geophysical Surveys.  Non-intrusive magnetic/gradiometer and electromagnetic conductivity 
surveys were performed to provide information regarding the presence and location of 
potential buried MGP structures that may be primary sources.  Ground penetrating radar was 
used in selected areas of the GWPS, where magnetic methods did not yield usable data, 
including the NE Corner (Figure 10).  This information was used to focus subsequent 
TarGOST® investigation in areas of potential concern. 

■ Monitoring Well Survey.  Existing monitoring wells were located and inspected to determine 
their usability for groundwater monitoring.  A total of 40 existing monitoring wells were 
surveyed, multi-level-sampler wells were not included in the survey.  Groundwater levels and 
NAPL measurements were documented.  NAPL samples were collected from wells with 
measurable NAPL thickness.  The samples were shipped to Dakota Technologies for 
pre-mobilization purposes to determine if the TarGOST® technology would respond to the 
NAPL characteristic of that found at the GWPS.  TarGOST® did respond to NAPL samples 
provided.  Monitoring wells were repaired as necessary before including them in the monitoring 
well network. 
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■ “TarGOST®” Laser Induced Fluorescence Screening.  TarGOST® was used in selected areas 
of the site were tar or NAPL has been identified, or other areas where semi-quantitative data 
could be used to provide a rapid method of identifying the potential presence and further 
delineating the extent of known occurrences of tar or NAPL.  TarGOST® was used to evaluate 
potential primary sources identified through historical research or anomalies identified by the 
geophysical survey.  Forty-five TarGOST® explorations plus two replicate explorations were 
completed.  The location of the TarGOST® explorations are shown on Figure 11. 

■ Soil Investigation.  Soil borings were drilled in selected locations based on the results of the 
geophysical surveys and TarGOST® screening.  Twenty-six soil borings were completed; depths 
extended from approximately 15 feet bgs to 40 feet bgs.  The location of the soil borings are 
shown on Figure 11.  Soil samples were selected for chemical analysis of benzene, toluene, 
ethylbenzene, and xylenes (BTEX), PAHs, and arsenic.  Select split soil samples from borings 
were submitted to Dakota to correlate the TarGOST® responses to chemical analytical results. 

■ Geotechnical Evaluation of Kite Hill.  The geotechnical stability of Kite Hill was evaluated in 
anticipation of placing an engineered, vegetated soil cap in that area.  Three geotechnical 
borings were completed (Figure 11): depths ranged from approximately 30 feet bgs to 50 feet 
bgs.  One location was converted to a monitoring well.  Soil samples were collected for 
geotechnical soil properties analysis.  Additionally split soil samples were collected from 
several borings for chemical analysis. 

■ Monitoring Well Installation.  Twelve new monitoring wells were installed near the shoreline to 
evaluate the concentrations of COCs in groundwater discharging to sediments and surface 
water.  The location of the new monitoring wells are shown on Figure 12.  Three well pairs were 
installed to target groundwater in different geologic units. 

■ Baseline Groundwater Monitoring.  Usable monitoring wells were sampled to provide a 
snapshot of groundwater quality across the uplands and baseline data to select wells for future 
groundwater monitoring.  Groundwater samples from the wells without NAPL presence were 
collected, including existing and newly installed wells.  Fifty-three wells were sampled.  
Groundwater samples were submitted for chemical analysis of BTEX and PAHs.  Conductivity, 
turbidity, dissolved oxygen, oxidation reduction potential, total dissolved solids, salinity, pH and 
temperature were documented during groundwater sampling.  Additionally, water levels were 
measured in all monitoring wells on site and METRO wells located northwest of the site over a 
two-day period to provide a snapshot of groundwater elevations.  The monitoring wells sampled 
for baseline data are highlighted on Figure 12. 

■ NAPL Testing.  NAPL samples were collected from six wells and were submitted for viscosity 
and density testing.  Additionally three petrophysical borings were completed near the 
shoreline.  Petrophysical testing of selected soil samples were collected for core photography 
and potential follow-up testing.  Data will be used to evaluate potential NAPL mobility. 

■ Slug Testing.  Hydraulic conductivity of the water bearing zones was estimated based on slug 
tests of eight (8) newly installed monitoring wells. 

■ Groundwater Monitoring.  An additional round of groundwater monitoring will be conducted in 
late summer.  Groundwater sampling will provide data to evaluate groundwater quality, 
focusing on the GWPS shoreline. 
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8.0 SCOPE OF SITE-WIDE FEASIBILITY STUDY 

The most recent FSs prepared for the sediment area of the GWPS are part of the 2006 Remedial 
Investigation and Feasibility Study for the Gas Works Sediment Eastern Study Area prepared by 
RETEC (RETEC 2006) and the 2007 Remedial Investigation/Feasibility Study for the Gas Works 
Sediment Western Study Area prepared by Floyd|Snider (Floyd|Snider 2007a).  The most recent 
feasibility study addressing the uplands portion of the GWPS is the 1998 Focused Feasibility Study 
Report prepared by Parametrix (Parametrix and Key 1998).  In addition to the supplemental 
investigation described above, several investigation phases have been performed at GWPS since 
the most recent feasibility study was prepared.  The Eastern Shoreline Investigation performed by 
ENSR (ENSR 2008) and the Northeast Corner Investigation performed by Floyd|Snider in 2007 
(Floyd|Snider 2008b) addressed a significant data gap concerning the shoreline and adjacent 
upland area of the eastern portion of the GWPS.  In addition, upland groundwater investigation 
activities were conducted in 2010 to evaluate hydrogeologic conditions at the GWPS and develop 
revised geologic and hydrogeologic conceptual site models.  The results of the 2010 investigation 
activities resulted in refining the understanding of the site geology and the hydrostratigraphic units 
and were summarized in memoranda to Ecology that presented the Draft Revised Geologic CSM 
and Hydrogeologic CSM prepared by the Gas Works Sediment Area Technical Team 
(GWSA Technical Team 2011a and 2011b). 

The previous feasibility studies prepared for the sediment area of the GWPS were conducted 
independently for the east and west portions of the sediment area, resulting in different 
recommended cleanup actions.  The site-wide FS will identify cleanup alternatives for the entire 
sediment area.  In addition, groundwater and potential DNAPL migration from upland impacted 
media to sediment needs to be addressed holistically.  Identifying upland and sediment cleanup 
alternatives separately could lead to potentially incompatible and/or inefficient remedial actions.  
The site-wide FS outlined in this FS Bridging Document will address all of these issues by 
developing and evaluating cleanup action alternatives for the entire GWPS. 

The site-wide FS will incorporate a significant amount of work performed during previous 
FS analyses for the GWPS, where applicable.  However, the site-wide FS will also be based on 
updated site characterization data, data resulting from previous completed cleanup actions, and 
updated regulatory requirements.  The site-wide FS will also be prepared with primary 
consideration for cleanup actions at adjacent upland and sediment areas to be compatible and 
protective.  The site-wide FS will include the following components: 

■ Identify all applicable or relevant, and appropriate requirements (ARARs) for cleanup of site 
media; 

■ Develop remedial action objectives based on ARARs and the revised CSEM;  

■ Develop cleanup levels and points of compliance and, as necessary, establish remediation 
levels; 

■ Delineate affected media where evaluation of remedial actions are appropriate; 

■ Screen and evaluate potential remediation technologies and assemble a set of cleanup 
alternatives; 
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■ Evaluate cleanup alternatives using MTCA criteria for selection of cleanup actions, in 
accordance with WAC 173-340-360; and 

■ Recommend a preferred alternative. 

The following sections provide the details of the FS process that will be completed for the GWPS. 

8.1. Identify Applicable or Relevant and Appropriate Requirements 

Compliance with ARARs forms the basis of selection of remedial action goals, cleanup levels, 
points of compliance, and ultimately a remedy for a site.  These requirements may be by statute 
(federal or state) or as guidance and are defined by MTCA.  The primary ARARs for the GWPS will be 
the applicable MTCA and Sediment Management Standards (SMS) cleanup levels and regulations 
that address implementation of a cleanup under MTCA.  CERCLA and RCRA requirements 
governing cleanup actions will also be considered primary ARARs.  Other potential ARARs may 
include the following: 

■ Washington Pollution Control Act and the implementing regulations: Water Quality Standards 
for Surface Waters of the State of Washington (Chapter 173-201A WAC). 

■ Washington Hazardous Waste Management Act and the implementing regulations: Dangerous 
Waste Regulations (Chapter 173-303 WAC), to the extent that any dangerous wastes are 
discovered or generated during the cleanup action. 

■ Washington’s Shoreline Management Act with respect to construction cleanup activities 
conducted within 200 feet of the shoreline. 

■ Archeological and Historical Preservation―The Archeological and Historical Preservation Act 
(16 USC 469a-1) would be applicable if any culturally significant materials are discovered 
during site grading and excavation activities.  Additional historic preservation requirements, if 
any, related to the recent listing of Gas Works Park on the National Register of Historic Places 
will be identified. 

■ Health and Safety―Site cleanup-related construction activities would need to be performed in 
accordance with the requirements of the Washington Industrial Safety and Health Act 
(RCW 49.17) and the federal Occupational Safety and Health Act (29 CFR 1910, 1926).  These 
applicable regulations include requirements that workers are to be protected from exposure to 
contaminants and that excavations are to be properly shored. 

ARARs may be chemical-, location-, or action-specific.  Chemical-specific ARARs are usually 
risk-based; location-specific ARARs address considerations such as the presence of wetlands, 
sensitive habitats or historic site-specific features that would pose additional requirements; 
action-specific ARARs typically address concerns regarding the implementation of the remedy (e.g., 
types of treatment and disposal).  The site-wide FS will identify the complete set of ARARs that are 
applicable to the site cleanup. 

8.2. Development of Remedial Action Objectives 

Remedial action objectives (RAOs) define the overall goals that the cleanup must achieve.  The 
RAOs will specify the goals for site-specific COCs, the potential exposure pathways, and receptors 
(human or ecological).  The CSEM will be used to develop site-specific RAOs, which are typically 
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narrative statements that address each complete pathway for the GWPS.  They will also be used to 
compare remedial alternatives that will be evaluated in the site-wide FS. 

8.3. Development of Cleanup Levels, Points of Compliance and Remediation Levels 

Cleanup levels for the uplands were established in the CAP (Parametrix 1999) and incorporated 
into the 1999 Consent Decree (Ecology 1999).  The Consent Decree also specified institutional 
controls and site use restrictions for overall protection of human health and the environment.  The 
CULs included in the Consent Decree for soil were based on risks associated with direct exposure 
to soil.  The selection of CULs included consideration of a risk assessment performed by the 
University of Washington (Ongerth 1985) that evaluated risks to park users from exposure to PAHs 
in soil.  However, the MTCA Method B cleanup levels for soil were determined to be more 
conservative than the site-specific risk-based values and were selected as the CULs for soil. 

Use of TPAH to define sediment areas requiring cleanup and a CUL of 170 mg/kg TPAH was 
proposed for the sediment area in the Gas Works Sediment Area Cleanup Standard Determination 
(RETEC 2005b) document.  This value was determined to be protective of the benthic community 
inhabiting Lake Union sediments from acute and chronic toxicity from exposure to PAHs.  Recently, 
Washington State proposed new freshwater sediment standards, which will be promulgated as part 
of the revised SMS in September 2013.  The GWPS sediments will be re-evaluated for compliance 
with the revised standards.  Additional pathways will also be evaluated in the site-wide RI to 
address bioaccumulative effects and the potential migration of contaminated groundwater or NAPL 
to sediment and surface water. 

The preliminary CSEM, described above and depicted in Figure 9, may be further revised in the RI 
based on the results of the supplemental site investigation conducted in 2013.  Transport 
pathways in the CSEM involving migration of contaminants from upland media to Lake Union 
surface water and sediments will be considered during development of CULs and points of 
compliance.  Migration of contaminants as a result of direct groundwater flow into Lake Union, as 
well as through stormwater discharge and erosion will be evaluated.  As needed, remediation levels 
may also be established for specific cleanup alternatives. 

Cleanup levels for groundwater, established in the 1999 Consent Decree, are based on protection 
of Lake Union surface water.  Attenuation factors for COCs will be evaluated to ensure the 
groundwater to sediment pathway is protective.  Uplands groundwater is not a current or 
reasonable future source of drinking water.  It is expected that information developed during the 
site-wide RI will confirm previous findings that groundwater at the property meets the requirements 
of WAC 173-340-720 for non-potable groundwater.  A groundwater point of compliance will be 
developed, which may include a proposed conditional point of compliance located at or near the 
groundwater/surface water interface. 

8.4. Delineation of Media Requiring Remedial Action 

The results of the Supplemental Site Investigation will be used to update the delineation of upland 
media requiring remedial action.  Sediment data from previous GWPS RI/FS documents will be 
used to delineate sediment remediation areas.  The site-wide FS will include figures representing 
the limits of media exceeding cleanup levels or remediation levels in the GWPS.  The figures will 
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present the limits of contaminated media in plan and cross-section view, which will be used to 
quantify distances, areas, and volumes of contaminated media for use in estimating cleanup costs. 

8.5. Screening of Cleanup Alternatives 

Cleanup alternatives will be developed for each medium of concern.  Initially, general remediation 
technologies will be identified for the purpose of meeting RAOs.  General remediation technologies 
consist of specific remedial action technologies and process options and will be considered and 
evaluated based on the media type and the properties of any contaminant(s).  These may include 
no action, institutional controls, containment or other engineering controls, removal, in situ 
treatment and natural attenuation.  Remedial action technologies appropriate for all COCs, media, 
and other site constraints will be evaluated during the screening process, and the compatibility of 
the technologies between upland and sediment media will be considered. 

Specific remedial action technologies are the engineering components of a general remediation 
technology.  Several specific technologies may be identified for each general remediation 
technology and multiple process options may exist within each specific technology.  Specific 
remedial action technologies and representative process options will be selected for evaluation 
based on documented development or documented successful use for the particular medium and 
contaminants.  Cleanup alternatives will be developed from the general and specific remedial 
technologies and process options consistent with Ecology expectations identified in 
WAC 173-340-370 using best professional judgment and guidance, as appropriate.  The cleanup 
alternatives developed in the FS will represent site-wide actions using mutually compatible 
technologies for upland soil and groundwater as well as sediment.  Transport pathways between 
soil, groundwater, and sediment will be addressed in the site-wide cleanup action alternatives 
evaluated in the FS. 

Conceptual level designs will be prepared for each of the cleanup alternatives developed for 
comparative evaluation.  The design for each alternative will include figures showing the layout of 
any treatment systems, locations for barriers or other permanent installations, etc. to provide a 
conceptual representation of the proposed elements of the alternative and allow for estimating 
quantities and costs of capital expenses.  The design will also specify post-construction 
requirements including: operation durations; labor, equipment, and products required during 
operation; maintenance or replacement assumptions; and, compliance monitoring requirements.  
The cost of these short-term or long-term operation and maintenance elements will be estimated 
using MTCA guidance and the EPA guidance document “A Guide to Developing and Documenting 
Cost Estimates during the Feasibility Study” (EPA 2000). 

8.6. Evaluation of Cleanup Alternatives 

MTCA requires that cleanup alternatives be compared to a number of criteria as set forth in 
WAC 173-340-360 to evaluate the adequacy of each alternative in achieving the intent of the 
regulations, and as a basis for comparing the relative merits of the developed cleanup alternatives.  
Consistent with MTCA, the alternatives will be evaluated with respect to compliance with threshold 
requirements, permanence, and restoration timeframe, and the results of the evaluation will be 
documented in the FS.  The estimated costs for each alternative will be evaluated relative to 
benefit using the MTCA disproportionate cost analysis procedures to determine a preferred 
cleanup action alternative. 
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9.0 PATH FORWARD 

The path forward following completion of this FS Bridging Document will generally consist of 
completing the scope of the supplemental investigation followed by completion of a site-wide RI/FS 
report.  A request to amend Agreed Order Number DE 2008 was submitted to Ecology by the City of 
Seattle and PSE to expand the AOI to include the Gas Works Park and Harbor Patrol properties to 
evaluate upland areas that may impact sediments.  In a letter dated March 15, 2013, Ecology 
approved the requested Agreed Order amendment.  The proposed Revised Schedule of 
Deliverables as presented in the request to amend the Agreed Order is presented below. 

PROJECT DELIVERABLES COMPLETION SCHEDULE 

Agency Review Draft – Site-Wide RI Report  
Report will encompass all sediments data, data 
collected as part of the supplemental uplands 
investigation, and existing uplands data necessary 
to address uplands to sediments pathways. 

Not later than the later of 120 days after completion 
of field investigation activities or 300 days after 
Ecology’s approval of the Final Work Plan for 
Supplemental Investigation2.  

Agency Review Draft – Site-wide FS Report 
The FS will address sediments, inclusive of the 
shoreline area, and uplands areas that are part of 
uplands to sediments pathways  

Not later than 120 days after resolution of Ecology’s 
comments on the Agency Review Draft – Site-wide RI 
Report.  

Final Draft – Site-wide RI/FS delivered to Ecology 
The RI/FS report will package the revised drafts of 
the RI and FS reports, incorporating agency 
comments.  

Not later than 60 days after Ecology orders 
production of the Final Draft Site-wide RI/FS report. 

Public Comment Period 
Not later than 45 days after the receipt of the Final 
Draft Site-wide RI/FS report.  
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Year Investigation Description Location Location IDs Type of Exploration Analytical Collected
1971 Cole and Machno summarized the subsurface conditions at the park for the City. They found oil in the water table and oil-soaked ground in the 

southeast corner of the park and several other areas. Hydrocarbon wastes, ashes, cinders, and oil were found in the majority of the 20 soil borings.
site-wide #1 to #20 soil borings --

1972  In 1972, two surface soil samples were collected and analyzed for arsenic. Results showed levels of arsenic from "under the old filter" and from “15 
feet around the periphery.”  There are no maps showing the locations of the soil arsenic samples.  "Under the old filter" could be interpreted to mean 
underneath the former Kelly filter area to the south of the playbarn.

unknown - Kelly filter? A and B surface soil samples soil

1973 Thirty-one backhoe test pits (referred to as "borings") were dug; encountered foundations, pipes, gas plant waste materials, and native soils. site-wide A, A-A, A-1, B, B-B, C, D, E, Trench F, G, H, I, J, K, L, M, 
N, O, P, Q, R, S, T, T-1, T-2, U, V, W, X, Y, Z

test pits --

1973 Five test pits and three borings were installed along a proposed sewer line in December 1973; noted fill and some oily wastes. site-wide MH1 to MH5; A, B, C test pits and borings --

1984 In April 1984, Ecology and Environment conducted a soil sampling investigation of the Site, collecting and analyzing 72 composite samples from 0 to
0.5 feet and 0 to 3 feet depths at 24 locations. Seven additional soil samples were collected from apparent “hotspots” on the east side of the park
and under the pier.

site-wide 84EPA… series; EPA1 to EPA24 soil sampling soil

1984 Surface soil samples (upper inch) were collected from the Site in May 1984 and evaluated for PAHs. site-wide UW… series surface soil samples soil

1984 Air and soil samples were collected in June 1984 to evaluate off-site release of volatile organic compounds and determine PAH compounds in dust. site-wide P1 to P5; S1 to S5; V1 to V9 air and soil sampling air and soil (NOT IN 
DATABASE)

1985 Additional testing was conducted in 1985, which included surface soil, tar samples, and groundwater samples. This investigation consisted of
collecting 21 surface soil samples (upper 2 inches) and six tar samples; 34 soil samples and associated field replicates were analyzed for PAHs and
one location was analyzed for cyanide.

site-wide B.., C…, D…, E…, F…, G…, H…, I…, J…, K…, L…, M…,
N…, P… series

surface soil, tar, and 
groundwater samples

soil

1986-1987 The Seattle Parks Department and US Geological Survey conducted an investigation in 1986 and 1987 to evaluate groundwater quality under the 
park and potential discharge of contaminants to Lake Union. This included the installation of 16 groundwater monitoring wells, borehole sampling (10 
soil samples), groundwater sampling and testing, investigation of subsurface stratigraphy, soil gas sampling (28 samples), groundwater elevation, and 
hydraulic transmissivity testing.  

Soil cores were obtained from the well borings and analytical testing for organic compounds was conducted on ten soil samples. Groundwater 
samples were collected and analyzed for PAHs, VOCs, metals, cyanide, polychlorinated biphenyls, and pesticides. Results from the groundwater 
analyses indicated that the southeast corner had elevated levels of VOCs.  The northwest corner had elevated levels of oil and tar wastes.  Soil results 
indicated the presence of a number of PAH compounds associated with coal tar wastes. Several volatile organic compounds were detected in soil gas 
including benzene, toluene, ethylbenzene, xylene, and naphthalene.

site-wide MW-01 to MW-16 monitoring wells, 
groundwater, soil, and soil 
gas sampling

groundwater, soil, and 
soil gas

1988 In February 1988, air, soil, and asbestos testing from the Play Barn area were conducted for protection of workers prior to renovation. Results from
this testing showed low levels of PAHs in the soils, low levels of VOCs in the air, and the presence of friable asbestos in pipe lagging, though no
airborne asbestos fibers were detected above the reporting limit.

Playbarn PB-S-1 to PB-S-4 air, soil, and asbestos 
testing

air and soil

1988 A focused field investigation was conducted in June and July 1988 to continue ongoing monitoring of the park and assess plans for an irrigation
system. Collected groundwater samples from 15 temporary monitoring wells and tested for VOCs; installed one permanent monitoring well (MW-17)
and tested for VOCs, PAHs, and metals; tested six soil samples for cyanide.

NE Corner  MW-1 to MW-17; TMS1 to TMS15; S23 to S29 monitoring well, 
groundwater, and surface 
soil sampling

groundwater and soil

1989 Installation of four permanent monitoring wells and groundwater sampling for VOCs and PAHs; geophysics study in former tar refinery area. site-wide MW-18 to MW-21 monitoring wells and 
groundwater sampling

groundwater

1995 In 1995, EPA conducted an Expanded Site Inspection, where two samples from the shoreline, one upland soil sample, and two surface water samples
were collected. Evaluation of the results indicated elevated levels of PAHs and other contaminants existed in the shoreline, soil, and water samples
collected. 

NE Corner; SE Corner shoreline 95EPA… series soil and surface water 
sampling

soil and surface water

1997 In 1997, in response to the Agreed Order work scope, groundwater monitoring wells were sampled and ten surficial soil samples were collected as
part of the Focused Feasibility Study/Cleanup Action Plan. Known and suspected tar seeps were characterized. Twelve test pits were excavated and
three tar samples were collected.

site-wide MW-1 to MW-21; S-1 to S-10; TP-1 toTP-12 test pits, groundwater, 
surface soil, and tar 
sampling

groundwater, soil, and 
tar

Table 1
Previous Upland Investigations

Gas Works Park Site

Seattle, Washington

File No. 0186-846-01
Table 1 | October 11, 2013 Page 1 of 2



Year Investigation Description Location Location IDs Type of Exploration Analytical Collected
1997 -1998 Also as part of the Agreed Order, soil and groundwater quality was investigated at the Harbor Patrol area and the area directly east of Kite Hill. Data

generated from soil borings, monitoring wells, and piezometers were used to develop cross-sections of the Site, measure groundwater flow gradients,
and evaluate the nature and extent of NAPL occurrences. Fate and transport modeling was used to predict downgradient attenuation of dissolved
PAHs as part of the conceptual site model. A total of two soil boring were completed and nineteen wells/piezometers were installed.  

Harbor Patrol area B-1-EPRI; B-2- EPRI; DW-4 to DW-7; PZ-1 to PZ-10;
RW-01; MLS-1 to MLS-7; MW-13; MW-14, MW-22 to
MW-25

soil borings, monitoring 
wells, piezometers, pump 
test, soil and groundwater 
sampling

groundwater and soil

1998 Field investigations of the southeastern area were conducted in 1998 to evaluate the feasibility of an air sparging system. Thirty-four geoprobe
borings were advanced and soil and groundwater samples were collected. Elevated benzene concentrations were detected in soil and groundwater
samples, and were delineated as two separate plumes, one near the shoreline and one further upgradient. Analytical results from LNAPL samples
collected indicated that light oil was the source of the benzene in the shoreline plume.

southeastern area mostly; one 
location NW corner

B-1 to B-34 soil borings, groundwater, 
soil and LNAPL sampling

groundwater, soil, and 
LNAPL

2000 Installation of four monitoring wells: OBS-1 to OBS-3 were installed as part of benzene cleanup action as performance monitoring wells; CMP-1 was
installed as part of groundwater monitoring compliance.

SE Corner; Harbor Patrol CMP-1; OBS-1 to OBS-3 monitoring wells --

2004 In 2004, the northwest corner of the park was investigated in order to allow the City to remove the existing physical barriers and allow public access to
that area. Thirteen test pits were excavated and sixteen surficial soil samples collected and analyzed. 

northwest area NWSS-… series test pits and surface soil 
sampling

surface soil

2005 A soil quality investigation was conducted within the fenced Cracking Towers area in July 2005. Six soil samples were collected at depths of 0.5 to 1.5
feet below ground surface. The samples were analyzed for PAHs, VOCs, PCBs, and metals (including arsenic, lead, and mercury). Elevated
concentrations of PAHs were detected in all six soil samples. No PCBs or VOCs were detected in the samples. Metals concentrations were generally
not detected or were well below MTCA Method A unrestricted cleanup levels.

cracking towers GWP-TP1 to GWP-TP6 test pits and soil sampling soil

2006 In September 2006, an investigation of the western shoreline was conducted to delineate the presence and assess the mobility of DNAPL in the
subsurface. Nine soil borings were advanced, and permanent and temporary monitoring wells installed. Soil samples were collected and analyzed for
petrophysical properties, and slug tests were performed to determine hydrogeologic properties.

western shoreline TDW-1 to TDW-3; TSW-1 to TSW-3; TSB-1 to TSB-3 soil borings and 
monitoring wells

soil (petrophysical and 
geotechnical)

2007 In August 2007, a soil gas survey was conducted in the northeastern portion of the park to identify locations for further exploration. northeast corner SG-01 to SG-54 soil gas survey soil gas

2007 In 2007, two separate but complementary investigations of the northeastern meadow and eastern shoreline area were conducted by PSE, the City of 
Seattle, and Ecology. In September 2007, 34 soil borings were advanced, and soil samples were collected and analyzed. LNAPL and DNAPL were 
observed most frequently in the southern section of the investigation area. Chemical tests were conducted on selected samples for SVOCs, VOCs, total 
petroleum hydrocarbons, and Synthetic Precipitation Leaching Procedure analysis for SVOCs.

northeast corner/eastern 
shoreline

GP1 to GP14; HA1 to HA9;  SB 1 to SB 13 soil borings and soil 
sampling

soil

2007  In October 2007, a NAPL sample was collected from monitoring well MW-9, and was found to contain elevated concentrations of PAHs. MW-9 MW-9 MW Sampling NAPL

2007-2008 Air quality was evaluated using three quarterly monitoring events conducted from spring 2007 to winter 2008. Air samples were collected from five
locations within the Park (Cracking Towers, Prow Upwind, Weather Station Location, East Shore, and Play Barn Basement) and Harbor Patrol facility.
The quarterly results showed that the detected concentrations of VOCs, benzene and naphthalene in particular do not exceed the park user scenario;
and do not exceed OSHA occupational standards that would be applicable to Park and Harbor Patrol employees.  

site-wide HP, CT, PUP, WSL, ES, PBB air sampling air

2008-2011 Annual groundwater sampling. SE Corner; Harbor Patrol; W Kite 
Hill

CMP-1; OBS-1 to OBS-3; MLS-5; MLS-6; MW-17; MW-
19

groundwater sampling groundwater

2010 In June 2010, six surface soil samples were collected from the WW No.19 storm drain ditch as part of storm drain source control evaluation. NE Corner WW19-01 to WW19-06 surface soil sampling surface soil

2010 In September 2010, a hydrogeologic investigation was conducted to collect additional hydrogeological data in support of a site-wide, three-
dimensional numerical groundwater flow model. This investigation included a survey of groundwater levels from existing monitoring wells, advancing
soil borings to provide stratigraphic information, completion of monitoring wells slug and pump tests. Ecology obtained split soil samples from the well
borings and submitted 19 of the samples for chemical analysis of metals and SVOCs.

site-wide MW-26 to MW-31 monitoring wells and soil 
sampling

soil

2011 Ecology sampled surface soil on Kite Hill. Kite Hill KH-1 to KH-7 surface soil grab sampling soil

2011 For Seattle Structural and Seattle Police Department, HartCrowser sampled geotechnical boring B-1 and sinkhole location for environmental COCs as
part of bulkhead structural review and assessment.

Harbor Patrol area B-1; sinkhole soil sampling soil

2012 Proposed play area soil sampling, and asbestos and lead paint sampling of playbarn structure. Playbarn GWP-PA-01 to GWP-PA-04 hand auger and soil 
sampling

soil

Note:
Storm drain and sediment investigations and associated sampling not included.

File No. 0186-846-01
Table 1 | October 11, 2013 Page 2 of 2



Year Remedial Action Description Who Remediated Location

1971 / 1972 SOIL COVER. In 1971 or 1972, the City learned about a large oil spill that occurred over approximately one-third of the Site in January 1969. Washington Natural Gas covered it with a thin layer of fill. Test holes 7, 8 and 10 were
located within the spill and cover area.  

WNG South Central Area

1973
EXCAVATION.  Targeted areas were identified for removal to depths ranging from 1.5- to 8-feet below grade or to water level during plant demolition and initial regrading for park development.  

City South Central; Central; 
Southeast; Northwest; 
Northeast Area

1976 "CLEAN" SOIL COVER.  Park regraded with net removal near shoreline and net fill away from shoreline.  A cover layer of biosolids mixed with sawdust and other organic materials was placed over the Site. This material was mixed with 
imported fill and/or excavated soil and graded and/or tilled into the upper surface soil layer.  Kite Hill was created by mounding 20,000 cubic yards of excavation materials and covering the mound with thousands of yards of 
imported fill. Excavated material and debris was covered with as much as 6 feet of clean soil during the construction of Kite Hill. 

City Site-Wide

1984 CLEAN SOIL COVER.  Approximately 1-foot-thick clean soil cover was placed over the most impacted areas of the park. City Site-Wide

1985 ASPHALT CAPPING OF TAR. In 1985, tar was observed seeping up through the asphalt sidewalk in the northwest section of the park, south of the railroad right-of-way. This area is in the general vicinity of the old tar refinery originally 
located on the Site. The City attempted to pave (seal) some of the larger seeps (5 or 6 inches in diameter).  However, the seeps continued to penetrate the asphalt, particularly during the warmer months. 

City Northwest Area

1997 REMOVAL AND TREATMENT OF RESIDUAL UPWELLING TAR. Characterization of known and suspected tar seeps was conducted in October 1997 using backhoe test pits. With concurrence from Ecology, the City and Puget Sound
Energy made the decision during the tar characterization work to define the extent of the shallow tar with the backhoe, remove as much tar as practicable, and backfill the excavations with clean fill. Tar was removed from the Site.
Twenty-two drums of semi-solid tar were removed in October 1997; one drum from TP-6 and 21 drums from TP-10, TP-11, and TP-12. Also, approximately 24 cubic yards of tar-contaminated soil were removed from the TP-1
excavation. 

City/PSE North of Kite Hill; Southeast 
Corner

1997
PRODUCT REMOVAL FROM TANK. As part of an assessment of soil quality within the Cracking Tower area, HWA Geosciences discovered a partially buried tank beneath the two relief-holder scrubbers. Approximately 2,500 gallons of
viscous tarry liquid was present in the tank. Most of the product was removed. The remaining non-pumpable product was left in the tank. The tank access covers were replaced and secured. 

Seattle Parks Department Cracking Tower Area

1998 FENCING, BARRIERS, SIGNAGE. Maintenance of fencing around the cracking towers, barriers to public access in the northwest corner, and signs warning park users not to eat dirt, or drink from, wade, or swim in Lake Union. The
fence is inspected weekly. 

City/PSE Cracking Towers; Northwest 
Corner

1998 LNAPL RECOVERY. Prior to installation of the AS/ SVE system, an Interim Remedial Action was conducted in 1998. This action included installation of a network of recovery wells in the southeastern corner of the park. A vacuum
truck was used to recover oil and groundwater from the wells. 

City/PSE Southeast Corner

1999
RESTRICTIVE COVENANTS.  A restrictive covenant was recorded that restricts actions that disturb contaminated soil or groundwater.

Seattle Parks Department Site-Wide

1998-2000 CLEAN SOIL COVER. 1500 to 2000 cubic yards of clean fill from another City of Seattle project was moved to NW Corner and later spread to create a level surface. The thickness of this fill layer was estimated to be approximately 1
foot.  

City Northwest Corner

1999-Present TAR REMOVAL/COVERING. Seattle Parks Department does periodic inspections for upwelling tar. Recent communications with Seattle Parks Department personnel indicate that surface seepage of tar is infrequent and generally
involves covering “button-sized” or “thread-like” occurrences with clean soil. Residual upwelling tar is removed when discovered. 

Seattle Parks Department Site-Wide

2000-2001 CLEAN SOIL COVER. A 12- to 18-inch-thick vegetative soil cover was placed on approximately 5.7 acres of the Site in the north-central and southeastern portions of the park. These areas were scarified and rough graded to a depth
of 4-6 inches below ground surface. Soil cover consists of grass turf layer, 12 inches of sandy loose soil, and a geogrid identifier layer. The soil cover is inspected weekly. 

City/PSE North Central; Southeast 
Area

2001-2006 AIR SPARGE/SOIL VAPOR EXTRACTION. Installation of an in situ groundwater air sparging and soil vapor extraction treatment system of the southeastern corner of the park. The AS/ SVE treatment system operated in the southeast
corner of the park, from 2001 until December 2006. 

City/PSE Southeast Corner

2001-2010 MONITORED NATURAL ATTENUATION. Monitored natural attenuation of PAHs in groundwater in the western portion of the park. A detailed study conducted by EPRI of the tar-impacted area near the Seattle Harbor Patrol facility
confirmed that tar impacts extended from the former ATCO plant toward Lake Union. Monitored natural attenuation was selected as the remedy for this area. Portions of this remedial action were further described and implemented
in the Construction Completion Report.

City/PSE Harbor Patrol; Southwest 
Corner

2005 SOIL COVER.  In 2005, the Consent Decree and Cleanup Action Plan were amended to allow installation of a vegetated soil cover in the northwestern corner of the Site. This area was recontoured and geotextile fabric and 1 foot of 
topsoil were added following the installation of an irrigation system. 

City Northwest Corner

2007 TAR REMOVAL/COVERING. Two tar occurrences were removed by the Seattle Parks Department from the seasonally submerged areas along the eastern shoreline in January 2007. An additional occurrence was observed in May
2007 in the northeastern area of the uplands. This tar occurrence was partially removed, covered with geotextile fabric, and covered with clean fill. 

Seattle Parks Department Eastern Shoreline; 
Northeast Corner

2008 TAR REMOVAL/COVERING. In August 2008, Seattle Parks Department partially removed tar seeps observed in the eastern shoreline and in the valley west of the cracking towers. A total of four seeps were identified. Excavated
areas were backfilled.

Seattle Parks Department Eastern Shoreline; Cracking 
tower

2012 SOIL COVER.  In November 2012, the Northeast corner was capped with clean soil by Ecology. Ecology NE Corner

Table 2
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2. Reference: basemap provided by Esri.
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4. This drawing is for information purposes. It is intended
to assist in showing features discussed in an attached document.
GeoEngineers, Inc. cannot guarantee the accuracy and content
of electronic files. The master file is stored by GeoEngineers, Inc.
and will serve as the official record of this communication.
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Notes:
1. Reference: Historical structures provided by Floyd|Snider, 2012.
2. Site structures delineated as shown in the General Plan, Lake Station,
Seattle Gas Company, April 1949, revised in June 1953, the
1950 Oil Lines, Seattle Gas Co. Map, and a 1956 aerial photograph.
3. Historical railroad features shown as delineated in General Plan,
Lake Station, Seattle Gas Co., June 1938.
4. Structure labels shown in *( ) indicate previous
MGP operational uses (pre-1946).
5. The locations of all features shown are approximate.
6. This drawing is for information purposes. It is intended
to assist in showing features discussed in an attached document.
GeoEngineers, Inc. cannot guarantee the accuracy and content
of electronic files. The master file is stored by GeoEngineers, Inc.
and will serve as the official record of this communication.
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Notes:
1. The locations of all features shown are approximate.
2. This drawing is for information purposes. It is intended
to assist in showing features discussed in an attached document.
GeoEngineers, Inc. cannot guarantee the accuracy and content
of electronic files. The master file is stored by GeoEngineers, Inc.
and will serve as the official record of this communication.
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Notes:
1. The locations of all features shown are approximate.
2. This drawing is for information purposes. It is intended
to assist in showing features discussed in an attached document.
GeoEngineers, Inc. cannot guarantee the accuracy and content
of electronic files. The master file is stored by GeoEngineers, Inc.
and will serve as the official record of this communication.
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Notes:
1. The locations of all features shown are approximate.
2. This drawing is for information purposes. It is intended
to assist in showing features discussed in an attached document.
GeoEngineers, Inc. cannot guarantee the accuracy and content
of electronic files. The master fi le is stored by GeoEngineers, Inc.
and will serve as the official record of this communication.
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Legend
1984: Approximate area of tar removal.

!
1997: Approximate location
of tar removal test pit.

#*
2006-2011: Approximate location
of tar removal.
2001: Vegetative soil cap and geotextile
layer was placed over the unpaved areas.
2005: Soil cap consisting of grass turf,
1 foot of topsoil, and a geotextile layer.
2012: Area covered with a 1-foot thick
vegetated soil cap consisting of grass turf,
1 foot of topsoil, and a geotextile layer.
Air Sparging Area
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Gas Works Park Site
Seattle, Washington

Feasibility Study Bridging Document

Estimated Extent of
NAPL and Tar

Mapping Rationale:
1. Where both Tar and Heavy Sheen with NAPL
were observed in an exploration, the exploration
is shown as Tar-impacted.
2. Mapping intends to show areas where Tar or
NAPL have been interpreted to exist at multiple
adjacent sample locations.
Notes:
1. Modified from figure provided by Floyd|Snider, 2012.
2. NAPL data presented in this figure was sourced from a table jointly
produced by Floyd|Snider and GeoEngineers.
3. Observations of contiguous near-surface tar in the offshore 
delineated by diver probe.
4. The locations of all features shown are approximate.
5. This drawing is for information purposes. It is intended
to assist in showing features discussed in an attached document.
GeoEngineers, Inc. cannot guarantee the accuracy and content
of electronic files. The master file is stored by GeoEngineers, Inc.
and will serve as the official record of this communication.

Legend
Site Boundary
Air Sparging System

NAPL Occurrence
!( Tar
!( Heavy sheen with NAPL
!( Heavy sheen and/or trace NAPL
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Notes:
1. Reference: Historical structures provided by Floyd|Snider, 2012.
2. Site structures delineated as shown in the General Plan, Lake Station,
Seattle Gas Company, April 1949, revised in June 1953, the
1950 Oil Lines, Seattle Gas Co. Map, and a 1956 aerial photograph.
3. Historical railroad features shown as delineated in General Plan,
Lake Station, Seattle Gas Co., June 1938.
3. The locations of all features shown are approximate.
4. This drawing is for information purposes. It is intended
to assist in showing features discussed in an attached document.
GeoEngineers, Inc. cannot guarantee the accuracy and content
of electronic files. The master file is stored by GeoEngineers, Inc.
and will serve as the official record of this communication.
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Notes:
1. MLS = multi-level sampler.
2. * Soil boring will be completed following approval from
Washington State Department of Archaeology and Historical Preservation.
3. The locations of all features shown are approximate.
4. This drawing is for information purposes. It is intended
to assist in showing features discussed in an attached document.
GeoEngineers, Inc. cannot guarantee the accuracy and content
of electronic files. The master file is stored by GeoEngineers, Inc.
and will serve as the official record of this communication.
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Notes:
1. MLS = multi-level sampler.
2. The locations of all features shown are approximate.
3. This drawing is for information purposes. It is intended
to assist in showing features discussed in an attached document.
GeoEngineers, Inc. cannot guarantee the accuracy and content
of electronic files. The master file is stored by GeoEngineers, Inc.
and will serve as the official record of this communication.
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This drawing is for information purposes. It is intended to assist in showing features discussed in an attached document. GeoEngineers, Inc. 
cannot guarantee the accuracy and content of electronic files. The master file is stored by GeoEngineers, Inc. and will serve as the official 
record of this communication. 

1. 
Notes: 

https://projects.geoengineers.com/sites/0018684600/ 
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The master file is stored by GeoEngineers,
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Notes
1. The locations of all features shown are

approximate.
2. This drawing is for information purposes.

It is intended to assist in showing features
discussed in an attached document.
GeoEngineers, Inc. can not guarantee the
accuracy and content of electronic files.
The master file is stored by
GeoEngineers, Inc. and will serve as the
official record of this communication.

3. MW-13 was not used to interpret lithology.
Source: GWSA Tech Team 2011a
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Notes
1. The locations of all features shown

are approximate.
2. This drawing is for information

purposes. It is intended to assist in
showing features discussed in an
attached document. GeoEngineers,
Inc. can not guarantee the accuracy
and content of electronic files. The
master file is stored by
GeoEngineers, Inc. and will serve
as the official record of this
communication.

Source: GWSA Tech Team 2011a
  (Revised Geologic CSM)
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Contaminant Concentrations in Soil Figures 
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GWP-TP5-071305

GWP-TP4-071305

GWP-TP3-071305

GWP-TP6-071305
7/13/05 0.5-1.5 9.5

7/13/05 0.5-1.5 1.9

7/13/05 0.5-1.5 32

7/13/05 0.5-1.5 0.24

GWP-TP2-071305

GWP-TP1-071305

7/13/05 0.5-1.5 2.8

7/13/05 0.5-1.5 9.5

KH-1

KH-2

KH-3

KH-4
KH-5

KH-6

KH-7

6/22/11 0-0.5 0.15

6/22/11 0-0.5 4.1

6/22/11 0-0.5 5.0

6/22/11 0-0.5 0.98
6/22/11 0-0.5 9.1

6/22/11 0-0.5 13.0

6/22/11 0-0.5 9.3

GWP-PA-01

GWP-PA-03

GWP-PA-04

GWP-PA-02

9/18/12 2 12
9/18/12 2 2.3

9/18/12 2 2.5

9/18/12 2 23

WW19-04

WW19-05
WW19-01

WW19-03
8/23/10 0-0.2 1.1

8/23/10 0-0.2 7.8

8/23/10 0-0.2 0.16

8/23/10 0-0.2 0.13
6/30/10 0-0.2 6.4

6/30/10 0-0.2 0.93

Date
Sampled Sample Depth (ft) Benzo(a)pyrene

Concentration (mg/kg)

4/16/98 2.5 19.38

Figure B-1

Benzo(a)pyrene Concentrations in Soil
Depths 0-3 Feet

Notes
1. Reference: Map prepared from Uplands RI figure provided by Hart Crowser, 2012.
2. Source: Base map prepared from aerial photo by City of Seattle, 2005.
3. The locations of all features shown are approximate.
4. This drawing is for information purposes. It is intended to assist in showing

features discussed in an attached document. GeoEngineers, Inc. can not
guarantee the accuracy and content of electronic files. The master file is stored by
GeoEngineers, Inc. and will serve as the official record of this communication.

Gas Works Park Site
Seattle, Washington

Feasibility Study Bridging Document
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No cover since sample collected

Sample location has been covered since
collection

U = Not detected at reporting limit

ND = Not detected

Bold = Detected concentration exceeds the
MTCA Method B direct contact soil cleanup
level of 0.137 mg/kg

* = According to Hart Crowser RI, sample
location excavated and covered with clean fill

** = According to Hart Crowser RI, sample
location reportedly covered with clean soil by
City of Seattle in 1985

Legend

Mapping Rationale:
1. If multiple samples were taken from one location the concentrations

are presented as a range from minimum to maximum values for that
location.

2. Shaded samples collected prior to 2001 represent soil conditions at
the depth indicated before capping and regrading of the site.
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S-6

TP-10*

B-35

84EPA700*

N26

95EPA33

D32

EPA24

B30

C27

B6

D8

C11

F16

E17

F10

EPA2

EPA1

EPA3

H10

UW21

J14

I13

EPA4**

K17

EPA5

L12

N18

EPA6

M10

EPA8
I21

L20

EPA7**
M17

P19

UW6

EPA18

EPA19**

EPA17

G19

H22

F24

G27

E25

I29

EPA11
UW12

J32
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SB 6

EPA 22
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NWSS-11S

NWSS-7S

NWSS-5S

NWSS-6S

NWSS-9S

NWSS-2S

NWSS-2D

NWSS-3S

NWSS-3D

NWSS-1S

NWSS-1D

NWSS-4S

NWSS-4D

EPA14

95EPA35**
SL14

SL8

SL7

84EPA200

84EPA400

84EPA300

C37

EPA21**

84EPA500

EPA20

S-3

K33

TP-6**

EPA15

95EPA32

84EPA32

84EPA31

UW10

84EPA100

PB-S-4

PB-S-1 PB-S-2

PB-S-3

84EPA33

NWSS-8S

10/13/09 0.2 6.5-11

10/13/09 0.2 0.35-0.73

10/13/09 0.2 0.77-1.4

3/26/04 0-0.3 0.073 U

3/26/04 2.2-2.5 25

3/26/04 0-0.3 0.082

3/26/04 1.3-1.6 0.024

3/26/04 0-0.3 0.0077 U

3/26/04 2.6-2.8 0.056

3/26/04 0-0.3 0.008 U

3/26/04 2.3-2.5 0.049

10/23/97 0.3 0.01 U

3/15/85 0.2 0.1 U3/26/04 0-0.3 0.0072 U

3/26/04 0-0.3 0.0096

3/26/04 0-0.3 0.027

3/26/04 0-0.3 0.0073 U

3/26/04 0-0.3 0.15
3/26/04 0-0.3 0.008

3/26/04 0-0.3 0.049

3/15/85 0.2 0.1 U

5/15/98 2-3 0.1 U

3/26/04 0-0.3 0.037 U

3/15/85 0.2 10 U

4/17/84 0.5 0.6
4/17/84 3 0.315 JT

4/17/84 0.5 2.5
4/17/84 3 0.23

4/17/84 0.5 22
4/17/84 3 4.698

3/15/85 0.2 1 U

3/15/85 0.2 10 U

3/15/85 0.2 1 U

3/15/85 0.2 1

4/17/84 0.5 0.86
4/17/84 3 0.952 U

3/15/85 0.2 10 U

3/15/85 0.2 10 U 3/15/85 0.2 10 U

3/15/85 0.2 10 U

10/23/97 0.3 0.184
5/24/84 0.1 1.13

3/15/85 0.2 10 U

3/15/85 0.2 1 U

4/19/84 0.5 2.1
4/19/84 3 0.0106 U

10/23/97 0.3 11.5
10/23/97 0.3 13

3/15/85 0.2 10 U

10/23/97 0.3 2.92

4/17/84 0.5 3.7
4/17/84 3 1.18

3/15/85 0.2 10 U

4/17/84 0.5 29
4/17/84 3 0.007 JT

3/15/85 0.2 10 U

3/15/85 0.2 10 U

2/1/98 3 164

2/1/98 3 57

4/17/84 0.5 2
4/17/84 3 2.23

4/19/84 0.5 22
4/19/84 3 0.057 JT

4/19/84 0.5 5.3
4/19/84 3 0.129

4/17/84 0.5 18
4/17/84 3 19.40

10/23/97 0.3 2.27

10/23/97 0.3 5.87

3/15/85 0.2 10 U

3/15/85 0.2 10 U

3/15/85 0.2 10 U

3/15/85 0.2 1 U

5/24/84 0.1 4.16

3/15/85 0.2 1 U

4/18/84 0.5 3.3
4/18/84 3 0.0023 U

3/15/85 0.2 1.3

3/21/84 0.1 4

4/2/84 0.1 2000

3/15/85 0.2 10 U
1/23/95 0.1 2.36

4/17/84 0.5 0.68
4/17/84 3 0.738

4/17/84 0.5 0.98
4/17/84 3 0.504 JT

EPA13**
4/17/84 0.5 7.1
4/17/84 3 4.41

3/15/85 0.2 1 U

4/17/84 0.5 1.1
4/17/84 3 1.27

10/23/97 0.3 0.18

4/17/84 0.5 2.3
4/17/84 3 4.31

3/15/85 0.2 10 U

3/15/85 0.2 10 U

3/15/85 0.2 10 U

3/15/85 0.2 1 U
10/23/97 0.3 1.1

4/2/84 0.1 13000

10/23/97 0.3 0.27

5/24/84 0.1 3.71

4/18/84 0.5 0.13
4/18/84 3 3.12

10/14/97 0.2 12200 J
1/23/95 0.1 25.5

3/21/84 0.1 1.4

1/23/95 0.1 54.1

3/21/84 0.1 18.3

4/18/84 0.5 5.4
4/18/84 3 0.156

4/19/84 0.5 28
4/19/84 3 0.021 JT

5/24/84 0.1 4.98

10/31/86 2.5 6

2/16/88 0.2 3 U2/16/88 0.2 3 U

2/16/88 0.2 3 U

2/16/88 0.2 3 U

3/15/85 0.2 1 U

3/15/85 0.2 10 U

3/15/85 0.2 1.6

4/2/84 0.1 0.2

5/24/84 0.1 9.99

4/2/84 0.1 14

4/2/84 0.1 25

4/2/84 0.1 1.4

3/15/85 0.2 10 U

4/2/84 0.1 27

4/19/84 0.5 100
4/19/84 3 0.0069 JT

9/18/07 1-2 13000

4/19/84 0.5 6.4
4/19/84 3 0.659 JT

4/19/84 0.5 4.6
4/19/84 3 1.847 JT

4/19/84 0.5 33
4/19/84 3 0.044 JT

3/15/85 0.2 10 U

10/23/97 0.3 0.529

10/15/97 0.5 1940 J
10/15/97 1.5 137 J

SL7-50-W

SL7-20-NW

SL7-50-N

SL7-20-NE

SL7-28-E

SL7-20-SW

SL7-20-SE

SL7-50-S

SL8-50-S

SL8-20-SW

SL8-20-SE

SL8-50-E

SL7-50-E

SL8-20-NW

SL8-20-NE

SL8-70-NW

SL8-50-N

10/13/09 0.2 2.2

10/13/09 0.2 0.69

10/13/09 0.2 0.39

10/13/09 0.2 2.8
10/13/09 0.3 6.5

10/13/09 0.3 2.6

10/13/09 0.2 1.6

10/13/09 0.2 1.7

10/13/09 0.2 1.1

10/13/09 0.2 0.41

10/13/09 0.2 5.7

10/13/09 0.2 0.98
10/13/09 0.2 1.1

10/13/09 0.2 1.4

10/13/09 0.2 0.64

10/13/09 0.3 0.59

10/13/09 0.2 3.9

L A K E  U N I O N

GWP-TP5-071305

GWP-TP4-071305

GWP-TP3-071305

GWP-TP2-071305

GWP-TP1-071305

GWP-TP6-071305

7/13/05 0.5-1.5 0.48

7/13/05 0.5-1.5 17

7/13/05 0.5-1.5 0.1 U

7/13/05 0.5-1.5 0.1 U

7/13/05 0.5-1.5 0.1 U
7/13/05 0.5-1.5 3.8

KH-1

KH-2

KH-3

KH-4
KH-5

KH-6

KH-7

6/22/11 0-0.5 0.033 J

6/22/11 0-0.5 0.75

6/22/11 0-0.5 0.73

6/22/11 0-0.5 0.2 6/22/11 0-0.5 1.4

6/22/11 0-0.5 2.3

6/22/11 0-0.5 1.5

GWP-PA-01

GWP-PA-03GWP-PA-04

GWP-PA-02
9/18/12 2 36

9/18/12 2 0.46

9/18/12 2 0.239/18/12 2 16

WW19-04
WW19-05

WW19-01

WW19-03

8/23/10 0-0.2 0.16

8/23/10 0-0.2 0.68

8/23/10 0-0.2 0.063 U

8/23/10 0-0.2 0.058 U

6/30/10 0-0.2 0.66

6/30/10 0-0.2 0.25EPA23

B36

Date
Sampled Sample Depth (ft) Naphthalene

Concentration (mg/kg)

4/16/98 8-9.5 1200

Naphthalene Concentrations in Soil
Depths 0-3 Feet

Gas Works Park Site
Seattle, Washington

Feasibility Study Bridging Document

No cover since sample collected

Sample location has been covered since collection

U = Not detected at reporting limit

ND = Not detected

J = Estimated Value

Bold = Detected concentration exceeds the MTCA
Method B direct contact soil cleanup level of 3200
mg/kg referenced in the 1999 Consent Decree

* = According to Hart Crowser RI, sample location
excavated and covered with clean fill

** = According to Hart Crowser RI, sample location
reportedly covered with clean soil by City of Seattle
in 1985

Notes
1. Reference: Map prepared from Uplands RI figure provided by Hart Crowser, 2012.
2. Source: Base map prepared from aerial photo by City of Seattle, 2005.
3. The locations of all features shown are approximate.
4. This drawing is for information purposes. It is intended to assist in showing

features discussed in an attached document. GeoEngineers, Inc. can not
guarantee the accuracy and content of electronic files. The master file is stored by
GeoEngineers, Inc. and will serve as the official record of this communication.FEET

0100 100
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S

Legend

Mapping Rationale:
1. If multiple samples were taken from one location the

concentrations are presented as a range from minimum to
maximum values for that location.

2. Shaded samples collected prior to 2001 represent soil conditions
at the depth indicated before capping and regrading of the site.
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EPA14

95EPA35**
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EPA20

S-3

TP-6

84EPA31

84EPA33

3/21/84 0.1 0.0023 JT

1/23/95 0.1 0.0026 U

EPA8

EPA22

1/23/95 0.1 0.0025 U

3/21/84 0.1 0.0024 U

10/23/97 0.3 0.05 U

10/23/97 0.3 0.5 U

10/23/97 0.3 0.05 U

10/23/97 0.3 0.05 U
10/23/97 0.3 0.05 U

10/23/97 0.3 0.05 U

4/17/84 0.5 0.0023 U
4/17/84 3 0.0056 U

4/17/84 0.5 0.0024 U
4/17/84 3 0.006 U

4/17/84 0.5 0.0023 U
4/17/84 3 0.006 U

4/17/84 0.5 0.0032 U
4/17/84 3 0.0058 U

4/17/84 0.5 0.002 U
4/17/84 3 0.0058 U

4/17/84 0.5 0.002 U
4/17/84 3 0.0057 U

4/17/84 0.5 0.002 U
4/17/84 3 0.0057 U

4/17/84 0.5 0.002 U
4/17/84 3 0.0057 U

B-35

5/15/98 2-3 0.05 U

EPA18

EPA17

4/19/84 0.5 0.0054 U
4/19/84 3 0.0053 U

4/19/84 0.5 0.006 U
4/19/84 3 0.082

4/19/84 0.5 0.0077 JT
4/19/84 3 0.03 U

10/23/97 0.3 0.05 U
4/17/84 0.5 0.0031 U
4/17/84 3 0.0056 U

EPA13

4/17/84 0.5 0.007 U
4/17/84 3 0.0072 U

4/18/84 0.5 0.006 U
4/18/84 3 0.0057 U

EPA15

95EPA32

84EPA32

3/21/84 0.1 0.14 JT4/18/84 0.5 0.006 U
4/18/84 3 0.029 U

1/23/95 0.1 0.258 U

10/23/97 0.3 0.05 U

10/23/97 0.3 0.05 U

10/23/97 0.3 0.122

10/15/97 0.5 0.79
10/15/97 1.5 0.25 U

4/17/84 0.5 0.0026 U
4/17/84 3 0.0065 U

4/17/84 0.5 0.003 U
4/17/84 3 0.0057 U

4/17/84 0.5 0.0036 U
4/17/84 3 0.006 U

4/18/84 0.5 0.006 U
4/18/84 3 0.0027 U

4/19/84 0.5 0.0055 U
4/19/84 3 0.0133 U

10/14/97 NS 191

4/19/84 0.5 0.043
4/19/84 3 0.0058 U

4/19/84 0.5 0.0064 U
4/19/84 3 0.0059 U

4/19/84 0.5 0.006 U
4/19/84 3 0.0064 U

4/19/84 0.5 0.006 U
4/19/84 3 0.006 U

L A K E  U N I O N

GWP-PA-01

GWP-PA-03

GWP-PA-04

GWP-PA-02

9/18/12 2 0.46 U
9/18/12 2 0.0007

9/18/12 2 0.0005 U

9/18/12 2 1.8

Date
Sampled Sample Depth (ft) Benzene Concentration

(mg/kg)

4/16/98 8-9.5 1700

Mapping Rationale:
1. Based on the 1999 Consent Decree, benzene was not listed as a constituent

of concern for soil (just groundwater).  For comparison purposes, benzene
concentrations are shown relative to the current MTCA Method B direct
contact cleanup level of 18 mg/kg.

2. Shaded samples collected prior to 2001 represent soil conditions at the
depth indicated before capping and regrading of the site.

Benzene Concentrations in Soil
Depths 0-3 Feet

Gas Works Park Site
Seattle, Washington

Feasibility Study Bridging Document

No cover since sample collected

Sample location has been covered since collection

U = Not detected at reporting limit

JT = Analyte present but below minimum quantifiable limit

NS = Not specified

Bold = Detected concentration exceeds the current MTCA
Method B direct contact soil cleanup level of 18 mg/kg

* = According to Hart Crowser RI, sample location
excavated and covered with clean fill

** = According to Hart Crowser RI, sample location
reportedly covered with clean soil by City of Seattle in 1985

Notes
1. Reference: Map prepared from Uplands RI figure provided by Hart Crowser, 2012.
2. Source: Base map prepared from aerial photo by City of Seattle, 2005.
3. The locations of all features shown are approximate.
4. This drawing is for information purposes. It is intended to assist in showing

features discussed in an attached document. GeoEngineers, Inc. can not
guarantee the accuracy and content of electronic files. The master file is stored by
GeoEngineers, Inc. and will serve as the official record of this communication.
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EPA14

95EPA35**

EPA21**

EPA20

S-3

EPA15

95EPA32

84EPA32

84EPA31

84EPA33
3/21/84 0.1 6.7

1/23/95 0.1 5.69

10/23/97 0.3 10 U

EPA22

1/23/95 0.1 27.8

3/21/84 0.1 5.7

3/21/84 0.1 13.2

3/26/04 0-0.3 5 U

3/26/04 0-0.3 6

3/26/04 0-0.3 12
3/26/04 0-0.3 6

3/26/04 0-0.3 5 U

3/26/04 0-0.3 6 U

3/26/04 0-0.3 5 U

3/26/04 0-0.3 6

3/26/04 0-0.3 6

3/26/04 2.6-2.8 7

3/26/04 0-0.3 7

3/26/04 1.3-1.6 6

3/26/04 0-0.3 6 U

3/26/04 2.2-2.5 7

3/26/04 0-0.3 6

3/26/04 2.3-2.5 5 U

4/17/84 0.5 2.9
4/17/84 3 2.8

4/17/84 0.5 3.3
4/17/84 3 1.4

4/17/84 0.5 4.7
4/17/84 3 4.6

4/17/84 0.5 5.3
4/17/84 3 2.6

10/23/97 0.3 10 U

10/23/97 0.3 10 U

10/23/97 0.3 10 U

10/23/97 0.3 10.9

10/23/97 0.3 10 U

10/23/97 0.3 10 U

10/23/97 0.3 10 U
10/23/97 0.3 10 U

10/23/97 0.3 10 U

4/17/84 0.5 4.1
4/17/84 3 2.4

4/17/84 0.5 3.7
4/17/84 3 4

4/19/84 0.5 3.1
4/19/84 3 3.3

4/17/84 0.5 7.6
4/17/84 3 5.7

4/19/84 0.5 10.4
4/19/84 3 13.2

4/19/84 0.5 7.7
4/19/84 3 8.1

4/17/84 0.5 5.4
4/17/84 3 2.5

4/17/84 0.5 9
4/17/84 3 7.5

4/17/84 0.5 28.7
4/17/84 3 3

4/17/84 0.5 3.5
4/17/84 3 3.5

4/17/84 0.5 9
4/17/84 3 9.2

4/17/84 0.5 6
4/17/84 3 2.5

4/18/84 0.5 5.9
4/18/84 3 2.6

4/18/84 0.5 4
4/18/84 3 4.6

4/18/84 0.5 4.4
4/18/84 3 12.9

4/19/84 0.5 26.9
4/19/84 3 30.4

4/19/84 0.5 47.5
4/19/84 3 15

4/19/84 0.5 6.1
4/19/84 3 5.5

4/19/84 0.5 3.7
4/19/84 3 2.7

4/19/84 0.5 4.8
4/19/84 3 3.7

1/23/95 0.1 12.4

L A K E  U N I O N

GWP-PA-01

GWP-PA-03

GWP-PA-04

GWP-PA-02
9/18/12 2 23.3

9/18/12 2 8.6

9/18/12 2 10.2

9/18/12 2 19.7

WW19-04
WW19-05

WW19-01
WW19-03

8/23/10 0-0.2 9

8/23/10 0-0.2 14

8/23/10 0-0.2 10

8/23/10 0-0.2 7

6/30/10 0-0.2 11
6/30/10 0-0.2 10 U

NWSS-9S

Date
Sampled Sample Depth (ft) Arsenic Concentration

(mg/kg)

4/16/98 3 7

No cover since sample collected

Sample location has been covered since collection

U = Not detected at reporting limit

Bold = Detected concentration exceeds the MTCA soil
cleanup level of 20 mg/kg

** = According to Hart Crowser RI, sample location
reportedly covered with clean soil by City of Seattle in 1985

Mapping Rationale:
1. Shaded samples collected prior to 2001 represent soil conditions

at the depth indicated before capping and regrading of the site.

Arsenic Concentrations in Soil
Depths 0-3 Feet

Gas Works Park Site
Seattle, Washington

Feasibility Study Bridging DocumentNotes
1. Reference: Map prepared from Uplands RI figure provided by Hart Crowser, 2012.
2. Source: Base map prepared from aerial photo by City of Seattle, 2005.
3. The locations of all features shown are approximate.
4. This drawing is for information purposes. It is intended to assist in showing

features discussed in an attached document. GeoEngineers, Inc. can not
guarantee the accuracy and content of electronic files. The master file is stored by
GeoEngineers, Inc. and will serve as the official record of this communication.
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Figure B-4



MW-6

MW-9

MW-14

B-16 MW-12

SB 10

SB 3

SB 13

GP1

GP12

GP11

10/29/86 6 0.37 U

10/31/86 3.3 5.5

9/20/07 23-24 11

9/18/07 14-1.5 73

5/8/98 9 0.683

9/20/07 2.5-4 510 9/20/07 15-16.5 1.0

9/17/07 12.5-13 0.07
9/19/07 10-11.5 1.5

10/31/86 5.7 2.9

10/27/86 5.8 13

MW-10

MW-7

MW-3

B-35

10/28/86 8 0.46 U
10/28/86 12 ND

10/28/86 3.4 0.33 U

10/31/86 4.3 0.73 U

5/15/98 6-7 0.1 U
5/15/98 10-11 0.1 U

DW-5

DW-7

2/1/98 7 65

2/1/98 15 8

2/1/98 27.5 34

B-2-EPRI98

2/1/98 16.5 146

L A K E  U N I O N

MW-26

MW-27

MW-28

MW-29

MW-30

MW-31

10/4/11 4.5-5 19.0 J
10/4/11 9 7.40
10/4/11 15 0.0274
10/5/11 40-40.5 0.016 J
10/5/11 52-53 0.030 U
10/5/11 88-90 0.028 U

9/29/11 19 0.027 U
9/29/11 28.5 0.022 J

9/28/11 5-6 2.80
9/28/11 12 0.50

9/30/11 11.5 0.029 U
9/30/11 16 0.028 U
9/30/11 22 0.028 U

9/30/11 10 0.81
9/30/11 15 1.50
9/30/11 25 0.008 J

9/29/11 9 5.2
9/29/11 10 0.46
9/29/11 15 0.026 U

GWP-PA-04

GWP-PA-02

9/18/12 4 1.6

9/18/12 4 3.4

HP-B-1

9/14/11 0-10 0.1
9/14/11 10-20 0.0081 U
9/14/11 20-30 0.011
9/14/11 30-41.5 0.0075 U

SINK HOLE

9/14/11 0-0.5 0.021

U = Not detected at reporting limit

ND = Not detected

J = Estimated value

Bold = Detected concentration exceeds the MTCA Method B direct
contact soil cleanup level of 0.137 mg/kg

Mapping Rationale:
1. Samples collected prior to 2001 represent soil conditions at

the depth indicated before capping and regrading of the site.

Date
Sampled Sample Depth (ft) Benzo(a)pyrene

Concentration (mg/kg)

9/19/07 10-11.5 1.5 Benzo(a)pyrene Concentrations in Soil
Depths 3+ Feet

Gas Works Park Site
Seattle, Washington

Feasibility Study Bridging Document
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1. Reference: Map prepared from Uplands RI figure provided by Hart Crowser, 2012.
2. Source: Base map prepared from aerial photo by City of Seattle, 2005.
3. The locations of all features shown are approximate.
4. This drawing is for information purposes. It is intended to assist in showing

features discussed in an attached document. GeoEngineers, Inc. can not
guarantee the accuracy and content of electronic files. The master file is stored by
GeoEngineers, Inc. and will serve as the official record of this communication.
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MW-6

MW-9

MW-10

MW-14

MW-7

DW-5

DW-7

B-2-EPRI98

MW-12

SB 10

SB 3

SB 8

SB 2

SB 13

GP1

GP12

GP9

GP11

9/17/07 8-9.5 1200

9/20/07 2.5-4 71

10/27/86 5.8 9

9/20/07 15-16.5 3.3

9/17/07 12.5-13 1.2
9/19/07 10-11.5 0.63

9/18/07 9-10.5 280

9/18/07 7-8 37

9/20/07 8-12 440
9/20/07 23-24 230

9/18/07 14-14.5 2700

10/31/86 3.3 46

10/29/86 6 1.5

10/28/86 3.4 0.037 T

10/28/86 8 0.46 U
10/28/86 12 ND

MW-3

10/31/86 4.6 0.73 U

10/31/86 5.7 0.66

2/1/98 16.5 6695

2/1/98 15 316

2/1/98 7 968
2/1/98 27.5 1306

5/15/98 10-11 0.1 U
5/15/98 6-7 0.1 U

B-16
5/8/98 9 144

L A K E  U N I O N

MW-26

MW-27

MW-28

MW-29

MW-30

MW-31

10/4/11 4.5-5 3.4
10/4/11 9 3.9
10/4/11 15 0.076
10/5/11 40-40.5 0.024 J
10/5/11 52-53 0.034
10/5/11 88-90 0.0284

9/29/11 19 0.040
9/29/11 28.5 0.074

9/28/11 5-6 2.6
9/28/11 12 0.26

9/30/11 11.5 0.025 J
9/30/11 16 0.018 J
9/30/11 22 0.140

9/30/11 10 0.20
9/30/11 15 0.40
9/30/11 25 0.18

9/29/11 9 8200
9/29/11 10 52
9/29/11 15 0.78

GWP-PA-04

GWP-PA-02
9/18/12 4 2.5

9/18/12 4 3.2

HP-B-1

9/14/11 0-10 0.017
9/14/11 10-20 0.01
9/14/11 20-30 0.031
9/14/11 30-41.5 0.008

SINK HOLE

9/14/11 0-0.5 0.0072 U

B-35

Date
Sampled Sample Depth (ft) Naphthalene

Concentration (mg/kg)

4/16/98 8-9.5 1200

Mapping Rationale:
1. Samples collected prior to 2001 represent soil conditions at

the depth indicated before capping and regrading of the site.

U = Not detected at reporting limit

ND = Not Detected

T = Value is between the MDL and the RL

J = Estimated value

Bold = Detected concentration exceeds the MTCA Method B direct
contact soil cleanup level of 3200 mg/kg referenced in the 1999
Consent Decree

Naphthalene Concentrations in Soil
Depths 3+ Feet

Gas Works Park Site
Seattle, Washington

Feasibility Study Bridging DocumentNotes
1. Reference: Map prepared from Uplands RI figure provided by Hart Crowser, 2012.
2. Source: Base map prepared from aerial photo by City of Seattle, 2005.
3. The locations of all features shown are approximate.
4. This drawing is for information purposes. It is intended to assist in showing

features discussed in an attached document. GeoEngineers, Inc. can not
guarantee the accuracy and content of electronic files. The master file is stored by
GeoEngineers, Inc. and will serve as the official record of this communication.
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Figure B-6



B-18

B-17

B-19

B-20
B-21

B-16

B-30

B-27

B-25

B-24

B-34

B-26

B-33

B-28

B-22

B-23

B-32

B-1

B-9

SB 2

GP12

GP9

GP11

SB 8

9/17/07 8-9.5 1.7 9/18/07 9-10.5 0.29 U

9/18/07 7-8 0.67 U

5/11/98 9 7.07

9/20/07 8-12 1.1
9/20/07 23-24 0.084

9/18/07 14-14.5 4.3

5/8/98 10.5 0.135

5/8/98 9.5 4.55

5/11/98 7.5 0.276
5/11/98 11 0.094

5/11/98 9 0.65

B-29

5/8/98 8.5 1.2

5/8/98 9.5 1080
5/8/98 17 0.296

5/11/98 9 1.24
5/11/98 14 0.246
5/11/98 17.5 0.063

3/31/98 9-11 14.2

5/8/98 12 0.606

5/8/98 10 1.74

5/8/98 10 0.14

5/11/98 3.5 27.9
5/11/98 7 1340

3/31/98 4-6 2.5 U

5/11/98 12 1.04
5/11/98 13 0.425

B-35

B-31

5/11/98 9 0.05 U

5/8/98 8.5 1.03
5/8/98 12.5 0.144

5/8/98 7.5 2.5 U
5/8/98 10 20.6
5/8/98 14.5 0.167

5/8/98 9 25 U
5/8/98 5 10

5/11/98 6 2900
5/11/98 7.5 1.65
5/11/98 9 0.97

5/11/98 6.5 1620
5/11/98 9.5 0.655
5/11/98 14 0.341

5/8/98 6 2.23

5/15/98 6-7 0.05 U
5/15/98 10-11 0.05 U

L A K E  U N I O N

GWP-PA-04

GWP-PA-02
9/18/12 4 0.055 U

9/18/12 4 0.2

HP-B-1

9/14/11 0-10 0.02 U
9/14/11 10-20 0.02 U
9/14/11 20-30 0.11
9/14/11 30-41.5 0.02 U

SINK HOLE

9/14/11 0-0.5 0.02 U

Mapping Rationale:
1. Based on the 1999 Consent Decree, benzene was not listed

as a constituent of concern for soil (just groundwater).  For
comparison purposes, benzene concentrations are shown
relative to the current MTCA Method B direct contact
cleanup level of 18 mg/kg.

2. Samples collected prior to 2001 represent soil conditions at
the depth indicated before capping and regrading of the site.

Date
Sampled Sample Depth (ft) Benzene Concentration

(mg/kg)

4/16/98 8-9.5 1700

Benzene Concentrations in Soil
Depths 3+ Feet

Gas Works Park Site
Seattle, Washington

Feasibility Study Bridging DocumentNotes
1. Reference: Map prepared from Uplands RI figure provided by Hart Crowser, 2012.
2. Source: Base map prepared from aerial photo by City of Seattle, 2005.
3. The locations of all features shown are approximate.
4. This drawing is for information purposes. It is intended to assist in showing

features discussed in an attached document. GeoEngineers, Inc. can not
guarantee the accuracy and content of electronic files. The master file is stored by
GeoEngineers, Inc. and will serve as the official record of this communication.

FEET
0100 100

W E

N

S

Legend

Sample location remediated since collection

U = Not detected at reporting limit

JT = Analyte present but below minimum
quantifiable limit

Bold = Detected concentration exceeds the current
MTCA Method B direct contact soil cleanup level of
18 mg/kg

Figure B-7



L A K E  U N I O N

MW-26

MW-27

MW-28

MW-29

MW-30

MW-31

10/4/11 4.5-5 16.7
10/4/11 9 6.49
10/4/11 15 1.46
10/5/11 40-40.5 1.46
10/5/11 52-53 2.26
10/5/11 88-90 1.29

9/29/11 19 2.12
9/29/11 28.5 1.64

9/28/11 5-6 4.77
9/28/11 12 4.21

9/30/11 11.5 2.81
9/30/11 16 1.13
9/30/11 22 1.47

9/30/11 10 3.20
9/30/11 15 6.10
9/30/11 25 1.62

9/29/11 9 8.46
9/29/11 10 2.06
9/29/11 15 1.32

GWP-PA-04

GWP-PA-02
9/18/12 4 6.7

9/18/12 4 70.8

HP-B-1

9/14/11 0-10 13 U
9/14/11 10-20 12 U
9/14/11 20-30 12 U
9/14/11 30-41.5 11 U

SINK HOLE

9/14/11 0-0.5 11 U

Date
Sampled Sample Depth (ft) Arsenic Concentration

(mg/kg)

4/16/98 3 7

Arsenic Concentrations in Soil
Depths 3+ Feet

Gas Works Park Site
Seattle, Washington

Feasibility Study Bridging Document
Bold = Detected concentration exceeds the MTCA soil
cleanup level of 20 mg/kg

U = Not detected at reporting limit

Mapping Rationale:
1. Samples collected prior to 2001 represent soil

conditions at the depth indicated before capping
and regrading of the site.

Notes
1. Reference: Map prepared from Uplands RI figure provided by Hart Crowser, 2012.
2. Source: Base map prepared from aerial photo by City of Seattle, 2005.
3. The locations of all features shown are approximate.
4. This drawing is for information purposes. It is intended to assist in showing

features discussed in an attached document. GeoEngineers, Inc. can not
guarantee the accuracy and content of electronic files. The master file is stored by
GeoEngineers, Inc. and will serve as the official record of this communication.
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Figure B-8



 

 

APPENDIX C 
Contaminant Concentrations in Groundwater Figures 



MW-13

MW-10

MW-22

MW-24
MW-25

MW-23

MW-14

MW-15

MW-7
MW-8

MW-6

MW-3DMW-3

MW-15

MW-14
MW2

PZ-1

DW-7

PZ-2

MW-18

MW-17

PZ-5

PZ-6

PZ-7

DW-5
DW-4

PZ-4

PZ-3

MW-19

MW-5

PZ-10

PZ-9

MW-16

MW-11

RW-1

DW-6

CMP-1

MLS-1-1

MLS-4

MLS-5-3

MLS-7

MLS-3-1

MW-20 MW-9

MW-21

MW-12

MLS-6-1

PZ-8

MLS-1-2

MLS-1-3

MLS-6-4

MLS-5-5

MLS-3-2

MLS-3-3

MLS-2

OBS-1
OBS-2

OBS-3

L A K E  U N I O N

2/17/11 0.54 J
2/11/10 1 U
1/15/09 1 U
2/28/08 2 U
7/14/07 0.1 U

2/17/98 1 U

2/17/98 1 U

2/17/11 0.1 U
2/12/10 0.99 U
1/15/09 1 U
2/28/08 1 U
7/14/07 0.1 U

2/17/11 0.05 U
2/12/10 0.19
1/15/09 1 U
2/28/08 0.1 U
7/14/07 0.1 U

2/17/11 0.05 U
2/12/10 0.049 U
1/15/09 1 U
2/28/08 0.1 U
7/14/07 0.1 U

2/17/11 0.072
2/12/10 0.016
1/15/09 1 U
2/28/08 0.1 U
7/14/07 0.1 U

10/16/97 0.0769

10/17/97 1.51

10/17/97 0.0813

10/17/97 0.0387
10/21/97 0.1 U

4/16/98 2.0
10/21/97 38.5

2/18/98 1 U
10/21/97 4.97

10/22/97 70.1

10/21/97 0.1 U

2/16/11 0.1
1/16/09 1 U
7/14/07 0.1 U
7/21/05 0.3 U
7/29/03 0.1 U

10/21/97 0.025 U

2/16/11 0.029
1/16/09 1 U
7/14/07 0.1 U
7/21/05 0.1 U
7/29/03 0.1 U

12/29/97 2200

2/17/98 1 U

12/29/97 3.2

2/17/98 4.3

2/17/98 1 U

2/17/98 410

Date
Sampled Benzo(a)pyrene

10/21/97 4.97

U = Not detected at the reporting limit indicated
J = Estimated value

Bold = Detected concentration exceeds the MTCA
Method B surface water cleanup level of 0.0296 g/L

Concentrations in micrograms per liter ( g/L)

Exploration Location and Number
Monitoring Well

Piezometer
Multilevel Sampler

MW-22
DW-5

PZ-6

MLS-1

Benzo(a)pyrene Concentrations in
GroundwaterNotes

1. The locations of all features shown are approximate.
2. This drawing is for information purposes. It is intended to assist in

showing features discussed in an attached document. GeoEngineers,
Inc. can not guarantee the accuracy and content of electronic files. The
master file is stored by GeoEngineers, Inc. and will serve as the official
record of this communication.

3. Selected results are presented based on Uplands RI Figure 4-10/4-11
(HartCrowser, 2012) (not all results are depicted).

Reference: Map prepared from Uplands RI figure provided by Hart
Crowser, 2012.

Gas Works Park Site
Seattle, Washington

Feasibility Study Bridging Document
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Figure C-1



MW-13

MW-10

MW-22

MW-24
MW-25

MW-23

MW-14

MW-15

MW-7
MW-8

MW-6

MW-3DMW-3

MW-15

MW-14
MW2

PZ-1

DW-7

PZ-2

MW-18

MW-17

PZ-5

PZ-6PZ-7

DW-5
DW-4

PZ-4

PZ-3

MW-19

MW-5

PZ-10

PZ-9

MW-16

MW-11

RW-1

DW-6

CMP-1

MLS-1-1

MLS-4
MLS-5-3

MLS-7

MLS-3

MW-20 MW-9

MW-21

MW-12
MLS-6-1

PZ-8

MLS-1-2

MLS-1-3

MLS-6-4

MLS-5-5

MLS-2

OBS-1
OBS-2

OBS-3

L A K E  U N I O N

2/16/11 10000
2/11/10 13000 J
1/15/09 9200
2/28/08 5700
7/14/07 9600 B

2/17/98 73

2/17/98 < 1

2/17/11 12000
2/12/10 13000
1/15/09 12000
2/28/08 6200
7/14/07 12000 B

2/17/11 110
2/12/10 6.2
1/15/09 35 J
2/28/08 22 J
7/14/07 7.6 B

2/17/11 81 B
2/12/10 34
1/15/09 47 J
2/28/08 43
7/14/07 38 B

2/17/11 4.5
2/12/10 0.71
1/15/09 7 J
2/28/08 4.9 J
7/14/07 0.22

10/16/97 0.137 B
12/23/86 < 5

10/17/97 2
12/23/86 160

10/17/97 < 2.5
12/23/86 180

10/17/97 4.5
12/23/86 20 10/21/97 < 0.1

12/23/86 < 5

10/22/97 127
12/23/86 1700

4/16/98 5.7
10/21/97 < 25
6/24/88 < 100 2/18/98 1.7

10/21/97 < 2.5
12/23/86 40

10/22/97 631
12/23/86 1200

10/21/97 0.121 B
12/23/86 < 5

2/16/11 240
1/16/09 2200
7/14/07 1500 B
7/21/05 990
7/29/03 1300

10/21/97 0.0502 B
5/89 < 100

2/16/11 72
1/16/09 61 J
7/14/07 31
7/21/05 2.8
7/29/03 3.9

10/21/97 510
5/1/89 1000

4/16/98 210
2/18/98 1100

12/29/97 34000

2/17/98 1.3

J = Estimated value
B = Analyte was also identified in the method blank

Bold = Detected concentration exceeds the MTCA
Method B surface water cleanup level of 9,880 g/L
established under the Consent Decree

Concentrations in micrograms per liter ( g/L)

Date
Sampled Naphthalene ( g/L)

4/10/98 210

Monitoring Well

Piezometer
Multilevel Sampler

MW-22
DW-5

PZ-6

MLS-1

Naphthalene Concentrations in
Groundwater

Gas Works Park Site
Seattle, Washington

Feasibility Study Bridging Document
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Notes
1. The locations of all features shown are approximate.
2. This drawing is for information purposes. It is intended to assist in

showing features discussed in an attached document. GeoEngineers,
Inc. can not guarantee the accuracy and content of electronic files. The
master file is stored by GeoEngineers, Inc. and will serve as the official
record of this communication.

3. Selected results are presented based on Uplands RI Figure 4-10/4-11
(HartCrowser, 2012) (not all results are depicted).

Reference: Map prepared from Uplands RI figure provided by Hart
Crowser, 2012.

Figure C-2

Exploration Location and Number



MW-13

MW-10

MW-22

MW-24
MW-25

MW-23

MW-14

MW-15

MW-7
MW-8

MW-6

MW-3DMW-3

MW-15

MW-14
MW2

PZ-1

DW-7

PZ-2

MW-18

MW-17

PZ-5

PZ-6
PZ-7

DW-5 DW-4

PZ-4

PZ-3
MW-19

MW-5

PZ-10

PZ-9

MW-16

MW-11

RW-1

DW-6

CMP-1

MLS-1

MLS-4
MLS-5

MLS-7

MLS-3

MW-20 MW-9

MW-21

MW-12

MLS-6

PZ-8

MLS-2

OBS-1

OBS-3

OBS-2

L A K E  U N I O N

2/16/11 60
2/11/10 62
1/19/09 200
2/27/08 280
7/15/07 330

2/16/11 47
2/11/10 220
1/19/09 330
2/27/08 220
7/15/07 190

2/16/11 2600
2/11/10 5900
1/19/09 10000
2/27/08 8700
7/15/07 3100

10/16/97 < 0.5
3/21/88 < 1

10/16/97 < 0.5
3/21/88 < 1

10/17/97 < 0.5
3/21/88 < 1

10/17/97 3.2
3/21/88 77

10/17/97 31.1
6/22/88 17 10/21/97 0.785

6/22/88 < 1

10/21/97 < 0.5
6/22/88 < 1

10/21/97 2.52
6/22/88 120

10/21/97 173
6/22/88 < 1

10/16/97 2.18
6/22/88 < 1

10/21/97 < 0.5
5/89 < 100

Bold = Detected concentration exceeds the MTCA Method B
surface water cleanup level of 43 g/L established under the
Consent Decree
Concentrations in micrograms per liter ( g/L)

Date
Sampled Benzene ( g/L)

2/11/10 220Monitoring Well Screened within the Water Table Aquifer

Piezometer
Multilevel Sampler

MW-22
DW-5

PZ-6

MLS-1

2/16/11 270
1/16/09 160
7/14/07 190
7/21/05 320
7/29/03 330
7/25/01 580

2/16/11 21
1/16/09 99
7/14/07 71
7/21/05 33
7/29/03 49
7/25/01 85

Benzene Concentrations in
Groundwater

Notes
1. The locations of all features shown are approximate.
2. This drawing is for information purposes. It is intended to assist in

showing features discussed in an attached document. GeoEngineers,
Inc. can not guarantee the accuracy and content of electronic files. The
master file is stored by GeoEngineers, Inc. and will serve as the official
record of this communication.

Reference: Map prepared from Uplands RI figure provided by Hart
Crowser, 2012.

Gas Works Park Site
Seattle, Washington

Feasibility Study Bridging Document
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Exploration Location and Number

Figure C-3



 

 

APPENDIX D 
 TPAH Concentrations in Sediment Figures
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Notes:
·  Basemap layers from The City of Seattle.
·  Surface is defined as the top 10 cm of sediment.
·  Contours were generated in ArcView 9.1, using
   the Inverse Distance Weighted interpolation
   method, from surface samples reported in 
   Floyd|Snider 2005, RETEC 2005, RETEC and
   FSM 2004, RETEC 2002 and USEPA 1995.
·  For samples where the analyte was not detected,
   half the reporting limit was used in the interpolation.
·  Sample location names are labeled in black, and
   the analyte concentration (mg/kg dry wt.) and
   qualifier in blue.
·  J - Indicates an estimated concentration when the
   value is less than the calculated reporting limit.
·  At locations where duplicate samples were collected
   the highest concentration obtained is displayed.
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Notes:
·  Core interval accuracy is controlled by core
   recovery; low core recoveries result in less
   accurate core intervals.
·  Samples intervals are not necessarily consistent
   with the stated interval and may include
   sediment above and/or below it. For example,
   the A Interval sample for GWS-EC01 represents
   sediment from 2.3-3.9 ft.
·  Basemap layers from The City of Seattle.
·  Contours were generated in ArcView 9.1, using
   the Inverse Distance Weighted interpolation
   method, from core samples reported in 
   Floyd|Snider 2005, RETEC 2005, RETEC and
   FSM 2004, and RETEC 2002.
·  For samples where the analyte was not detected,
   half the reporting limit was used in the interpolation.
·  Contours are a representation of contaminant extent,
   limited by local data density.  For areas located in
   proximity to known contamination, but of low data
   density, an equivalent level of contamination was
   assumed.
·  Map extent of interpolated contours is determined 
   by the spatial extent of the sample location data used
   for contour generation.
·  Sample location names are labeled in black, and
   the analyte concentration (mg/kg dry wt.) in blue.
·  At locations where duplicate samples were collected
   the highest concentration obtained is displayed.
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Notes:
·  Core interval accuracy is controlled by core
   recovery; low core recoveries result in less
   accurate core intervals.
·  Samples intervals are not necessarily consistent
   with the stated interval and may include
   sediment above and/or below it. For example,
   the A Interval sample for GWS-EC01 represents
   sediment from 2.3-3.9 ft.
·  Basemap layers from The City of Seattle.
·  Contours were generated in ArcView 9.1, using
   the Inverse Distance Weighted interpolation
   method, from core samples reported in 
   Floyd|Snider 2005, RETEC 2005, RETEC and
   FSM 2004, and RETEC 2002.
·  For samples where the analyte was not detected,
   half the reporting limit was used in the interpolation.
·  Contours are a representation of contaminant
   extent, limited by local data density.  For areas
   located in proximity to known contamination,
   but of low data density, an equivalent level of
   contamination was assumed.
·  Map extent of interpolated contours is determined 
   by the spatial extent of the sample location data used
   for contour generation.
·  Sample location names are labeled in black, and
   the analyte concentration (mg/kg dry wt.) in blue.
·  At locations where duplicate samples were collected
   the highest concentration obtained is displayed.
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Notes:
·  Core interval accuracy is controlled by core
   recovery; low core recoveries result in less
   accurate core intervals.
·  Samples intervals are not necessarily consistent
   with the stated interval and may include
   sediment above and/or below it. For example,
   the A Interval sample for GWS-EC01 represents
   sediment from 2.3-3.9 ft. 
·  Basemap layers from The City of Seattle.
·  Contours were generated in ArcView 9.1, using
   the Inverse Distance Weighted interpolation
   method, from core samples reported in 
   Floyd|Snider 2005, RETEC 2005, RETEC and
   FSM 2004, and RETEC 2002.
·  For samples where the analyte was not detected,
   half the reporting limit was used in the interpolation.
·  Contours are a representation of contaminant extent,
   limited by local data density.  For areas located in
   proximity to known contamination, but of low data
   density, an equivalent level of contamination was
   assumed.
·  Map extent of interpolated contours is determined 
   by the spatial extent of the sample location data used
   for contour generation.
·  Sample location names are labeled in black, and
   the analyte concentration (mg/kg dry wt.) in blue.
·  At locations where duplicate samples were collected
   the highest concentration obtained is displayed.
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D Interval (9-12 ft)— TPAH
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Notes:
·  Core interval accuracy is controlled by core
   recovery; low core recoveries result in less
   accurate core intervals.
·  Samples intervals are not necessarily consistent
   with the stated interval and may include
   sediment above and/or below it. For example,
   the A Interval sample for GWS-EC01 represents
   sediment from 2.3-3.9 ft. 
·  Basemap layers from The City of Seattle.
·  Contours were generated in ArcView 9.1, using
   the Inverse Distance Weighted interpolation
   method, from core samples reported in 
   Floyd|Snider 2005, RETEC 2005, RETEC and
   FSM 2004, and RETEC 2002.
·  For samples where the analyte was not detected,
   half the reporting limit was used in the interpolation.
·  Contours are a representation of contaminant extent,
   limited by local data density.  For areas located in
   proximity to known contamination, but of low data
   density, an equivalent level of contamination was
   assumed.
·  Map extent of interpolated contours is determined 
   by the spatial extent of the sample location data used
   for contour generation.
·  Sample location names are labeled in black, and
   the analyte concentration (mg/kg dry wt.) in blue.
·  At locations where duplicate samples were collected
   the highest concentration obtained is displayed.
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DATE: 03/31/06 FIGURE:   5-2

SURFACE SEDIMENT TPAH
CONCENTRATIONS 

GAS WORKS SEDIMENT
EASTERN STUDY AREA

PSE10-18628-630

Uplands Boundary
As Defined by the Consent Decree
(December 1999)

Area of Investigation (AOI)

Division between Eastern 
and Western Study Areas
Shipyard Consent Decree Boundary

REVISION: 6

NOTES: 
1. Basemap generated in ArcGIS version 8.1 from Seattle Public Utilities  
Geographic Systems data, 9/28/99.  Overwater structure data updated, 12/18/03.  
Projection in Washington State Plane Coordinates, North Zone, HARN 1983/1991.  
2. Concentration contour  map generated through interpolation using an Inverse  
Distance Weighted (IDW) scheme (power = 6).  Maximum reach from each sampling  
location is equal to 500 feet. Contoured interval may differ from actual data shown due  
to influence by neighboring data v alues. 
3.   Total polynuclear aromatic hydrocarbon (TPAH) concentrations represent the  
total sum of 16 individual PAH compounds.  In accordance with Ecology’s Sediment  
Management Standards, individual PAH concentrations below the detection limit (DL)  
were not included when calculating the sum . 
4. RETEC split March 2002 samples reported for LU -1 through LU-11. 
5. All surface samples were collected by grab sampler except NLU81 which was  
collected using 18” diver push cores, only top 4” sampled.  
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DATE:  03/31/06 FIGURE: 5-12

TPAH CONCENTRATIONS 
0.33 - 3 FEET

GAS WORKS SEDIMENT
EASTERN STUDY AREA

PSE10-18628-630

Uplands Boundary
As Defined by the Consent Decree
(December 1999)

Area of Investigation (AOI)

Division between Eastern 
and Western Study Areas
Shipyard Consent Decree Boundary

REVISION: 4

NOTES: 
1. Basemap generated in ArcGIS version 8.1 from Seattle Public Utilities  

Geographic Systems data, 9/28/99.  Overwater structure data updated,  
12/18/03.  Projection in Washington State Plane Coordinates, North Zone, 
HARN 1983/1991. 

2. Concentration contour map generated through interpolation using an Inverse 
Distance Weighted (IDW) scheme (power = 6).  Maximum reach from each 
sampling location is equal to 300 feet. Contours were estimated in areas with  
fewer data points.  Contoured interval may differ from actual data shown due 
to influence by neighboring data values.  

3.   Total polynuclear aromatic hydrocarbon (TPA H) concentrations represent the 
total sum of 16 individual PAH compounds.  In acc ordance with Ecology’s 
Sediment Management Standards, individua l PAH concentrations below the 
detection limit (DL) were not included when calculating the sum . 

4. RETEC split March 2002 samples reported for LU -1 through LU-11. 
5. All surface samples were collected by grab  sampler except NLU81 which was 

collected using 18” diver push cores, only top 4” sampled.  
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total sum of 16 individual PAH compounds.  In acc ordance with Ecology’s 
Sediment Management Standards, individua l PAH concentrations below the 
detection limit (DL) were not included when calculating the sum . 

4. RETEC split March 2002 samples reported for LU -1 through LU-11. 
5. All surface samples were collected by grab  sampler except NLU81 which was 

collected using 18” diver push cores, only top 4” sampled.  

DWN. BY: KBL/ftcDATE:  03/31/06 FIGURE: 5-13

TPAH CONCENTRATIONS 
3 - 6 FEET

GAS WORKS SEDIMENT
EASTERN STUDY AREA

PSE10-18628-630
REVISION: 4

170 - 290
< 170

290 - 1000

Interpolated TPAH Concentrations (mg/kg dry wt.)

1000 - 2500
> 2500
Outside AOI - Interpolated
concentrations not shown

Area Boundary



GAS WORKS PARK 

WESTERN
STUDY AREA

EASTERN
STUDY AREA

Harbor
Patrol

Gas
Works
Park

Marina

NLU70
 11 

NLU55
 3131 

NLU45
 2.48 

NLU11
 85.4 

CR-17
 4.32 

CR-04
 0.74 

NLU78
 107.9 

NLU75
 0.111 

NLU73
 0.218 

NLU69
 0.501 

NLU68
 0.323 

NLU58
 0.346 

NLU52
 11664 

NLU49
 0.127 

NLU47
<0.024 

NLU43
<0.028 

NLU41
 0.132 

NLU06
 0.603 

NLU04
 0.056 

CR-18
 1.062 

CR-11
 36.63 

CR-09
 0.039 

CR-08
 41.84 

CR-06
<0.019

CR-01
 313.1 

NLU57
 209.45 

NLU03
 0.0744 

NLU79-GE
 3.589 

NLU408-GE
 3.539 

NLU405-GE
 0.019 

NLU402-GE
 24.17 

GWS-EC06
 68.98 

NLU117D
 784.6 

NLU48
 19.12 

NLU18
 265.8 

GWS-EC01
<0.13 

GWS-EC02
<0.06 NLU410-GE

 15.465 

NLU418-GE
 34.4 

NLU80-GE
 0.022 

DWN. BY: KBL/ftcFIL
E: 

T:/
La

ke
Un

ion
_N

83
/P

roj
ec

ts/
NL

U/
20

05
sa

mp
lin

g/S
ub

su
rfa

ce
/tp

ah
_in

t_C
2.m

xd

DATE: 03/31/06 FIGURE: 5-14

TPAH CONCENTRATIONS 
6 - 9 FEET

GAS WORKS SEDIMENT
EASTERN STUDY AREA

PSE10-18628-630

Uplands Boundary
As Defined by the Consent Decree
(December 1999)

Area of Investigation (AOI)

Division between Eastern 
and Western Study Areas
Shipyard Consent Decree Boundary

REVISION: 4

0 200100 Feet

Harbor Patrol Boundary

SURFACE SEDIMENT SAMPLING STATIONS

Core Samples Collected in May 2005 (F|S)

PHASE 3 SAMPLING

Core Samples Collected in Fall 2002 (RETEC)
PHASE 2 SAMPLING

Core Samples Collected in September 1999 (RETEC)
PHASE 1 SAMPLING

Sample Start Depth >= 9 feet

Core Samples Collected in 
December 2004-April 2005 (RETEC)

NOTES: 
1. Basemap generated in ArcGIS version 8.1 from Seattle Public Utilities  

Geographic Systems data, 9/28/99.  Overwater st ructure data updated, 12/18/03.  
Projection in Washington State Plane Coordinates, North Zone, HARN  
1983/1991. 

2. Concentration contour map generated through interpolation using an Inverse 
Distance Weighted (IDW) scheme (power  = 6).  Maximum reach from each 
sampling location is equal to 300 feet. Contours were estimated in areas with  
fewer data points.  Contoured interval may differ from actual data shown due to 
influence by neighboring data values.  

3.   Total polynuclear aromatic hydrocarbon (TPAH) concentrations represent the  total 
sum of 16 individual PAH compounds.  In accordance with Ecology’s Sediment  
Management Standards, individual  PAH concentrations below the detection limit 
(DL) were not included when calculating the sum . 

4. RETEC split March 2002 samples reported for LU -1 through LU-11. 
5. All surface samples were collected by grab sampler except NLU81 which was  

collected using 18” diver push cores, only top 4” sampled.  
6.  Samples collected from a depth greater than 9 f eet were not used in contouring.  

Gas Works Park Boundary

Outside AOI - Interpolated
concentrations not shown

170 - 290
< 170

290 - 1000

Interpolated TPAH Concentrations (mg/kg dry wt.)

1000 - 2500
> 2500

Deeper than 9 feet

Area Boundary



 

 

APPENDIX E 
 June 2008 Summary of Air Quality Evaluation 

Memorandum 



 

 
Two Union Square • 601 Union Street • Suite 600 
Seattle, Washington 98101 • tel: 206.292.2078 • fax: 206.682.7867 

 

jsm 05/20/2008   
 

Memorandum 

To: David Graves, Seattle Parks and Recreation Department 
Copies: Marrel Livesay, Seattle Parks and Recreation Department ; Kathy Gerla, Law 

Department, and Teri Floyd 
From: Jessi Massingale 
Date: June 13, 2008 

Project No: COS-GWP-UP 
Re: Summary of Air Quality Evaluation 

 
This memorandum presents a summary of the results of an air quality evaluation at Gas Works 
Park (Site) and the Seattle Police Department (SPD) Harbor Patrol Facility conducted by The 
Floyd|Snider Team on behalf of the City of Seattle. 

INTRODUCTION 

During late summer and early fall of 2006, numerous studies were taking place at the Gas 
Works Park Site to support the selection of sediment remedies.  At this time, it was noticed that 
several uplands sections of the park had the distinct odor of mothballs, especially around the 
play barn, the old Manufactured Gas Plant (MGP) structures, and along the eastern shoreline 
where there were visible tar seeps. The City elected to conduct a year long air quality 
monitoring program to better understand the nature and significance of the odors. 
The purpose of this evaluation was to measure the concentrations of key volatile organic 
compounds (VOCs) in ambient air during different seasons and at different locations. 
The air quality evaluation consisted of three quarterly monitoring events conducted from spring 
2007 to winter (January) 2008. To estimate the concentration range of VOCs quarterly1 
(seasonal) air monitoring events were conducted for a period of one year.  Thermal desorption 
tube (TDT) sampling and high-sensitivity mass spectrometry (HS/MS) analysis was conducted 
during each of the three quarterly monitoring events.  Additionally, continuous air monitoring for 
total aromatics using an aromatic-specific laser ionization detector (ARSLID) was conducted 
during the month of August as part of the second quarter (summer) monitoring event. The 
second quarter (summer) consisted of ARSLID sampling in August and TDT sampling in early 
                                                 
1 The term quarterly has been used to represent the concept of seasonal measurements.  Measurements 
taken at three times during the year: spring, summer, and winter are considered to represent the range of 
conditions that would be expected during a typical year-long period in Seattle.   



Mr. David Graves 
June 13, 2008 
 

jsm 06/13/2008  Page 2 of 5
 

 

September. These time periods were chosen to represent the warmer summer and fall months 
in Seattle and therefore an additional fall quarter monitoring event was not conducted. The first 
quarter of monitoring was conducted during spring, April 2007. The third quarter of monitoring 
was conducted during winter, January 2008.  
Air samples were collected from five locations within the Park and Harbor Patrol facility (Figure 
1).  At each of the five sampling locations, one pair of replicate samples was collected on TDTs.  
Meteorological conditions during TDT sample collection were monitored using a Davis Vantage 
Pro Weather Station. 

QUARTERLY SAMPLING AND ANALYSIS RESULTS 

The complete quarterly air monitoring events and analytical results are presented in the 
Quarterly Air Sampling Data Reports (The Floyd|Snider Team 2007a, 2007b, 2008). A summary 
of the air quality evaluation is described below. 
As shown in Table 1, five chlorinated VOCs were detected that are not chemicals of concern 
(COCs) at Gas Works.  Their concentrations were less than 2 ng/L and were often just greater 
than the detection limit. In addition, they were generally around 1 percent of the total VOCs and 
were similar at different locations and different seasons as well as being similar to background 
and upwind locations.  There is no indication that these compounds were released from the 
facility, nor does there appear to be an association with the facility. 
Twelve aromatic hydrocarbons were detected in the air samples.  They include benzene, 
alkylated benzenes such as toluene, and naphthalene (the most volatile of the polycyclic 
aromatic hydrocarbons [PAHs]).  These VOCs are consistent with the COCs identified for the 
site.    
In general, the highest concentrations of most analytes were detected during the summer 
sampling event and the lowest were detected in the winter (Table 1).  There were a few 
exceptions to this trend within confined spaces such as under the Play Barn and in the Harbor 
Patrol Building, where winter concentrations for some analytes were higher than summer 
concentrations.   
Except for a single sample collected from the Cracking Tower area, the rest of the samples had 
similar concentrations between quarterly events and locations.  The one anomalous sample was 
collected from within the fenced area of the Cracking Towers (an area that is inaccessible to the 
public) in spring 2007.  Its replicate was also analyzed.  The detected concentrations of 
benzene in the two replicate samples were 870 ng/L and 0.9 ng/L. To better understand 
whether the structures (or soils) within the Cracking Tower area were contributing to the 
benzene, or whether the sample result might have been an anomaly, four additional TDT 
sampling locations—plus a screening level flux chamber air sample—were added to the second 
quarter (summer) monitoring event in the vicinity of the Cracking Towers. The results of the 
additional Cracking Tower samples collected during the second quarter (summer) monitoring 
event were consistent with the results of the Cracking Towers Area replicate sample, and did 
not significantly differ from the results of the other sampling locations. The detected benzene 
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concentrations during the second and third quarters suggested that the first quarter (spring) 
elevated benzene and VOC concentrations were an anomaly.  
The Prow upwind (background) benzene concentrations detected during the three quarters 
were within the Seattle Beacon Hill 2000 to 2002 background concentrations (Table 2) (PSCAA 
2003). Naphthalene was not detected in the Prow upwind sample during any of the quarterly 
monitoring events. 

ASIDE ON NE CORNER RESULTS 

You have recently asked about air quality in the NE Corner based on the results of the NE 
Corner Investigation soil gas survey. The following is provided to clarify the differences between 
this ambient air quality monitoring and the NE Corner soil gas survey. The soil gas survey was 
conducted as a screening method to identify locations where total aromatics measured in the 
subsurface soil may be associated with the presence of shallow subsurface tar and/or DNAPL. 
The soil gas survey consisted of collecting soil gas from the subsurface, approximately 18 
inches below the ground surface. The sampling probe was driven approximately 18 inches into 
the ground and sample tubing was connected to the portable ARSLID (Aromatic-Specific Laser 
Ionization Detector). The ARSLID monitor includes an internal sampling pump which pulls soil 
gas from the subsurface soils, and does not rely on passive diffusion and does not reflect any 
potential gas that would be present at the ground surface, which would be lower in any potential 
VOC concentrations. Additionally, the ARSLID detects and reports total aromatic hydrocarbons, 
as the air stream is drawn into the ARSLID, it is ionized and an electrical current is generated as 
the ions are drawn to electrodes via a potential bias.  Therefore, any and all compounds which 
ionize upon exposure to the laser generate an electrical response. The presence or contribution 
of individual compounds to the total reading cannot be determined.  For these reasons, the soil 
gas survey can not be used to predict air concentrations above ground. 
The quarterly air samples collected from the Eastern Shoreline sampling location (where 
previous tar seeps were located and odors observed) is located just south of the meadow and 
within the extent of the NE Corner Investigation. The air samples collected at the Eastern 
Shoreline location were collected from a height equivalent to an average breathing zone, 
reflecting the ambient air quality at that location.   

CONCLUSIONS 

The detected concentrations of VOCs in air samples collected from both the Park sampling 
locations and Harbor Patrol locations do not exceed any of the OSHA occupational standards 
(PEL) that would be applicable to Park and Harbor Patrol employees.  
Although air cleanup levels were not established under the existing cleanup action plan for the 
site, a modified Method B value appropriate for a park user has been defined for this memo.  
The value was calculated using the MTCA Method B equation in WAC 173-340-150, with a 
modification for the frequency of exposure.  In the Method B default exposure, exposure is 
assumed to be for 100% of the time or the equivalent of 24 hr per day for 7 days per week.  In 
the Park User scenario, the exposure was assumed to be for 4 hours per week.   All other 
parameters remained the same. 
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Excluding the anomalous2 air sample collected from within the fenced Cracking Tower area 
during the spring 2007, detected concentrations of all VOCs were below the park user scenario 
air standards. The maximum detected naphthalene concentration (6.8 ng/L) was approximately 
an order of magnitude below the park user air standard (58 ng/L). Additionally, the maximum 
naphthalene concentration was detected from within the locked Play Barn basement that is 
inaccessible to park users.   This location was selected because it is near known areas of 
subsurface concentrations, is a “confined space,” and is below ground – it was expected to 
represent a “worst case” condition at the Park.  
The average detected benzene concentration of (1.9 ng/L) and the maximum concentration (3.3 
ng/L) were an order of magnitude below the park user air standard (13.3 ng/L). Additionally, the 
detected benzene concentrations are within the range of Seattle background benzene 
concentrations, ranging from 1.21 ng/L to 2.68 ng/L (Table 2).  
The mothball like odor observed during the summer of 2006 was likely associated with elevated 
concentrations of naphthalene. During the subsequent Winter (January 2007) the Parks 
Department conducted tar maintenance actions, consistent with the Consent Decree, of 
excavating surface tar expressions along the eastern shoreline of the park (where naphthalene-
like odors had been observed) and then covering the areas with gravel. Following the Parks 
Department maintenance actions, no odors were observed during the spring or summer of 
2007. These actions resulted in a reduction of the previously observed odors and risks 
associated with VOC air concentrations. 
Based on the results of the air quality evaluation no additional air sampling is recommended at 
the Gas Works Park site. The quarterly results showed that the detected concentrations of 
VOCs, benzene and naphthalene in particular do not exceed the park user scenario; and do not 
exceed OSHA occupational standards (PEL) that would be applicable to Park and Harbor Patrol 
employees. Since the concentrations are below both of these benchmarks, we believe that they 
are protective of human health. 

REFERENCES 

Puget Sound Clean Air Agency (PSCAA) and Washington State Department of Ecology 
(Ecology) 2003.  Final Report:  Puget Sound Air Toxics Evaluation.  Seattle, 
Washington.  October.  http://www.pscleanair.org/airq/basics/psate_final.pdf 

The Floyd|Snider Team.  2007a. First Quarter (Spring) 2007 Air Sampling Data Report. 22 
June. 

_____. 2007b. Second Quarter (Summer) 2007 Air Sampling Data Report. 11 November. 
                                                 
2 Again, we believe that the spring 2007 sample with an elevated benzene concentration was an 
anomaly as neither the co-located replicate sample, nor subsequent air samples collected at the 
same location or adjacent to it showed the same level of concentrations. 
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_____. 2008. Third Quarter (Winter) 2008 Air Sampling Data Report. 8 April. 

FIGURES 

Figure 1—Air Sampling Locations 

TABLES 

Table 1—Comparison of Quarterly Air Sampling Thermal Desorption Tube Quantitative Volatile 
Organic Compound Concentrations 

Table 2—Seattle Average Annual Background Volatile Organic Compound Concentrations 
(2000 to 2002) 

Table 3—Comparison of Maximum Air Monitoring Results  
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Table 1
Comparison of Quarterly Air Sampling Thermal Desorption Tube Quantitative Volatile Organic Compound Concentrations 

Location Cracking Towers (CT) East Shoreline (ES) Harbor Patrol (HP) Play Barn Basement (PBB) Prow Upwind (PUP)
Sample Event Summer Winter Spring Summer Winter Spring Summer Winter Spring Summer Winter Spring Summer Winter Min Max

Sample ID CT-042707 CT-042707-
Rep CT-091107 CT-011608 ES-042707 ES-091107 ES-011608 HP-042707 HP-091107 HP-011608 PBB-042707 PBB-091107 PBB-011608 PUP-042707 PUP-091107 PUP-011608

Sample Date 9/11/2007 1/16/2008 4/27/2007 9/11/2007 1/16/2008 4/27/2007 9/11/2007 1/16/2008 4/27/2007 9/11/2007 1/16/2008 4/27/2007 9/11/2007 1/16/2008
Parameters (ng/L)
Total No. of detected VOCs 35 24 37 13 18 36 18 27 31 28 19 12 13 15 28 11
Total VOCs 1300 390 280 110 120 250 150 230 240 380 130 180 110 120 200 100 110 1300
Chlorinated VOCs (ng/L)
Chloroform ND ND ND ND ND ND ND ND ND 0.9 ND ND ND ND ND ND 0.9 0.9
Tetrachloroethene 0.4 0.7 1.6 ND ND 1.2 0.5 0.4 1.3 0.6 ND ND 0.5 ND 1 ND 0.4 1.6
Carbon tetrachloride ND ND ND ND 0.3 ND ND ND ND ND ND ND ND ND ND ND 0.3 0.3
1,4-Dichlorobenzene ND ND 0.4 ND ND 0.3 ND ND ND ND ND ND ND ND ND ND 0.3 0.4
Methylene chloride ND ND 1.3 ND ND 0.9 ND ND 1 ND ND 0.5 ND ND 1.8 ND 0.5 1.3
Aromatic VOCs (ng/L)
Benzene 870 0.9 2.8 1.6 2.5 2.9 2 1.4 2.5 3.3 1.3 1.6 2.1 0.8 2.1 1.6 0.9 870
Toluene 74 15 13 4.7 3.9 9.9 7.7 7.7 12 10 3.5 5.8 8 3.3 7.9 4 3.5 74
Ethylbenzene 3.7 0.9 2.8 0.8 0.6 2 1 1.2 2.4 3.5 0.5 0.6 0.6 0.6 1.7 0.7 0.5 3.7
m,p -Xylene 6.9 2.8 8.1 2.3 2 5.8 3.1 4.1 7.8 11 2 2.2 1.9 1.8 5.2 1.9 1.9 11
o -Xylene 1.2 1 3.2 0.9 0.7 2.3 1.1 1.4 2.9 3.4 0.7 0.8 0.8 0.6 2.1 0.7 0.7 3.4
n -Propylbenzene 0.6 0.6 1 ND ND 1.1 ND 0.3 0.9 1.2 ND ND ND ND 0.8 ND 0.3 1.2
1,3,5-Trimethylbenzene 0.9 1 1.2 0.4 ND 1.5 ND 0.4 0.9 1.8 0.4 ND ND ND 1.2 ND 0.4 1.8
1,2,4-Trimethylbenzene 4.4 3.1 5.3 1.7 0.8 6.4 1.2 1.8 3.6 7.8 1.4 ND 0.8 0.9 4.2 1 0.8 7.8
p -Isopropytoluene ND ND 0.4 ND ND 0.3 ND ND 0.4 ND ND ND ND ND ND ND 0.3 0.4
Naphthalene 0.3 0.3 0.8 0.4 ND 2.5 0.4 0.4 1 0.7 1.9 6.8 1.6 ND ND ND 0.3 6.8
2-Methylnaphthalene ND ND ND ND ND 0.4 ND ND 0.5 0.3 0.5 1.6 ND ND ND ND 0.3 1.6
Styrene ND ND ND ND ND ND ND ND ND ND ND 0.4 ND ND ND ND 0.4 0.4
Notes:

1 All samples were collected on thermal desorption tube (TDTs) over a period of approximately 3 1/2 to 4 1/2 hours. Samples were directly desorbed from the tubes with heat and analyzed by high-sensitivity mass spectrometry (HS/MS).  
2 Only quantitative quarterly results are presented. Calculated semi-quantitative results are not shown.

ND Not detected.
VOC Volatile organic compound.

Samples
Spring

4/27/2007

Table 1 Comparison of Quarterly Results & Table 3 061308.xlsTable 1
 06/13/2008 Page 1 of 1

Summary of Air Quality Evaluation
Table 1
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Evaluation 

Table 2 
 
 

Table 2 
Seattle Average Annual Background Volatile Organic Compound 

Concentrations (2000 to 2002)1 

Site Beacon Hill Georgetown 

Year 2000 2001 2002 2000 2001 2002 

Analyte (ng/L, µg/m3) 

benzene  1.69 1.31 1.21 2.68 1.82 1.88 
1,3-butadiene  0.18 0.11 0.09 0.24 0.13 0.22 
carbon tetrachloride 0.63 0.63 0.63 0.69 0.63 0.69 
chloroform 0.29 0.20 0.24 0.20 0.15 0.15 
dichloromethane 5.38 1.53 NA 7.04 1.84 NA 
tetrachloroethylene 0.20 0.14 0.27 0.47 0.34 0.41 
trichloroethylene 0.27 0.16 0.11 0.64 0.38 0.54 
acetaldehyde 1.51 1.30 1.49 1.84 1.22 1.46 
formaldehyde 2.25 1.66 1.64 3.51 1.48 1.43 
Notes:       

1 Data obtained from Seattle Air Toxics 2000-02.xls (Ecology 2004). 
NA Not available.      
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Total No. of detected VOCs 37 Towers, summer 28 -- --
Total VOCs 1,300 Towers, spring 200 -- --
Chlorinated VOCs (ng/L)
chloroform 0.9 Harbor Patrol, winter ND 0.11 4.6
tetrachloroethene 1.6 Towers, summer 1.0 0.42 18
carbon tetrachloride 0.3 East Shore, spring ND 0.17 7.1
1,4-Dichlorobenzene 0.4 Harbor Patrol, summer ND 370 15,000
Methylene Chloride 1.3 Towers, summer 1.8 5.3 220
Aromatic VOCs (ng/L)
benzene 870, 3.32 Towers spring, Harbor Patrol summer 2.1 0.32 13.3
toluene 74, 152 Towers, spring 7.9 2,200 92,000
ethylbenzene 3.7, 3.52 Towers spring, Harbor Patrol winter 1.7 460 19,000
m,p-xylene 11 Harbor Patrol, winter 5.2 46 1,900
o-xylene 3.4 Harbor Patrol, winter 2.1 46 1,900
n-propylbenzene 1.2 Harbor Patrol, winter 0.8 NA NA
1,3,5-trimethylbenzene 1.8 Harbor Patrol, winter 1.2 2.7 110
1,2,4-trimethylbenzene 7.8 Harbor Patrol, winter 4.2 2.7 110
p-Isopropytoluene 0.4 Harbor Patrol, summer ND NA NA
naphthalene 6.8 Play Barn, summer ND 1.4 58
2-methylnaphthalene 1.6 Play Barn, summer ND NA NA
Styrene 0.4 Play Barn, summer ND 4.4 180

Notes:
1 Complete quartelry air monitoring results are presented in Table 1.
2

NA Not available
ND Not detected

VOC Volatile organic compound

Parameters1

Table 3
Comparison of Maximum Air Monitoring Results

As discussed in the first quarterly report, one sample from the cracking towers contained high concentrations of benzene and 
toluene that were not present in its replicate.  This triggered additional sampling in the second quarter around the towers. The first 
number represents the sample with the high readings, the second number represents the maximum of all other samples.

Maximum 
Result Location and Time of Maximum Maximum 

Upwind
Park User
(4 hr/wk)

Resident 
(Method B)

Table 1 Comparison of Quarterly Results & Table 3 061308.xls Table 3
 06/13/2008 Page 1 of 1

Summary of Air Quality Evaluation
Table 3



 

 

APPENDIX F 
 Gas works Park Environmental Cleanup, Phase 1 – 

Candidate Remedial Measures 
(Provided on attached CD) 
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APPENDIX G 
 1998 Gas Works Park Environmental Cleanup, 

Focused Feasibility Study, Table 14-1 - Comparison of 
Cleanup Action Alternatives 













 

 

APPENDIX H 
 1999 Gas Works Park Environmental Cleanup, 

Cleanup Action Plan and SEPA Checklist 
(Provided on attached CD) 
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APPENDIX I 
 2005 Draft Gas Works Sediment Area Cleanup 

Standard Determination, Figure 5-2 – GWSA 
Boundary 
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NOTES: 
1. Basemap generated in ArcGIS version 8.1 from Seattle Public Utilities 
Geographic Systems data, 9/28/99.  Overwater structure data updated, 12/18/03.  
Projection in Washington State Plane Coordinates, North Zone, HARN 1983/1991. 
2. Concentration contour map generated through interpolation using an Inverse  
Distance Weighted (IDW) scheme (power = 6) from 2004/05 grab samples and pre-2005  
data.  Maximum reach from each sampling location is equal to 500 feet. Contoured  
interval may differ from actual data shown due to influence by neighboring data values. 
3. The number given below the sample name is the TPAH concentration (ppm), 
concentrations represent the total sum of 16 individual PAH compounds. In accordance  
with Ecology’s Sediment Management Standards, individual PAH concentrations below  
the detection limit (DL) were not included when calculating the sum. 
4. Data sets include King County 2000 (527), RETEC March 2002, TAMU July 2002,  
RETEC October 2002, and RETEC April 2005. 
5.   Results based on  H. azteca 10-day mortality H. azteca 28-day mortality and growth,  
C. tentans 10-day  mortality, C. Tentans 20-day mortality and growth, and Microtox  
bioassay tests.  The Microtox data presented for the 5 minute and 15 minute bioluminescence  
endpoints. 
6. Bioassay pass/fail results based on Ecology’s proposed freshwater bioassay decision  
criteria. 
7. SQS failure = avg T-R >10 or 15% for mortality endpoint; avg biomass of T/R < 0.75 
for growth endpoint; avg decrease T/R <0.85 for luminescence.  T = test and R = reference. 
8. CSL failure = avg T-R >25% for mortality endpoint; avg biomass of T/R < 0.6 for growth 
endpoint; avg decrease T/R < 0.75 for luminescence; two SQS failures. 
9. The dashed portion of the AB will be further refined as part of the Western Study Area  
RI/FS process. 
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APPENDIX J 
 Preferred Alternatives for the Sediment Area 
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Figure 12.4
Remedial Alternative 4

Remedial Investigation and Feasibility Study
Gas Works Sediment Western Study Area

City of Seattle

Notes:
·  SMA W2B: Following additional data collection
   and further discussion with the property owner, 
   the applicability of an amended sand or reactive cap
   will be considered during the design process.
·  Bathymetric data based on multi-beam
   survey conducted by TetraTech in 2006.
·  TBD = To Be Determined in Final RI/FS to
   align with GWS-ESA Preferred Alternative.
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APPENDIX K 
 2012 Gas Works Sediment Area Supplement to the 
Cleanup Standards Document, Figure 6-2 – Iterative 
Approach: Estimated Lateral Extent (GWSA Detail) – 

Indicator COC - TPAH 
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NOTES: 
              1. Sample dates in ambient lake range from 1986 to 2005;
                  samples dates within GWSA range from 1994 to 2005.
              2. GWSA Indicator COCs include benzo(a)pyrene, HPAH,
                  and TPAH.
              3. Indicator COCs benzo(a)pyrene and HPAH have essentially
                  identical datasets to TPAH, but different chemical
                  concentrations at any given sample location.
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APPENDIX L 
 March 22, 2012 Letter from Ecology, Gas Works Park 
Data Gaps for Remedial Investigation Re-Compilation 

Report 









 

 

APPENDIX M 
 January 23, 2013 Letter from Ecology to USEPA 

Regarding Gas Works Park Status Update 
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