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APPENDIX 2C 
PREVIOUS ENVIRONMENTAL INVESTIGATIONS  

Numerous investigations of upland and sediment conditions associated with the Area of Investigation (AOI) 
have been conducted since the 1970s. Table 2C-1 provides a summary; further details are discussed 
below. 

Environmental assessments related to the upland portion of the AOI began in the early 1970s during 
planning and development of Gas Works Park. These investigations, sponsored primarily by the City of 
Seattle (City), supported planning for park design and development, including demolition and disposal of 
hazardous materials. 

A 1984 United States Environmental Protection Agency (EPA) investigation of Lake Union sediment 
adjacent to the park (Hileman et al. 1985) found elevated concentrations of polycyclic aromatic 
hydrocarbons (PAHs), metals and other contaminants. EPA investigations of soil and groundwater (Ecology 
& Environmental 1984) in the park established that PAHs, metals, and volatile organic compounds (VOCs) 
were present, in many cases at elevated concentrations. Public health concerns regarding exposure to tar 
and PAHs in surface soil resulted in temporary closure of the park in April 1984 followed by a public health 
evaluation that same year (Kalman 1984; Ongerth 1985). 

The City reopened the park and, in the interest of public safety, undertook a broader assessment of 
contamination in park soil and groundwater. Several investigations of soil and groundwater were conducted 
over the next few years, with oversight by the City and input from the United States Geological Survey (USGS) 
on the groundwater investigation approach (Tetra Tech 1985a, b, c; 1987a, b). This work helped form an 
initial conceptual hydrogeologic model for the AOI, which USGS later refined when reevaluating existing 
data (Sabol et al. 1988). 

In 1985, Ecology selectively resampled sediment that EPA had sampled in 1984, partly to address an error1 
in the reporting of analytical data. Focusing on a single location with the highest reported PAH 
concentration, Ecology also tested the use of a Triad2 approach in assessing the toxicity of PAHs to benthic 
invertebrates living in freshwater sediment (Yake et al. 1986). 

As part of the City’s continuing evaluation of contamination in the park, HDR (1988) conducted a focused 
field investigation with a threefold purpose: 

■ Continue monitoring upland groundwater quality, including areas not previously monitored in the park. 

■ Assess the feasibility of groundwater treatment. 

■ Determine the feasibility of installing and operating an irrigation system at the park that would limit the 
contribution of irrigation water to groundwater. 

 
1 EPA 1984 sediment data were normalized to dry weight (dw) twice, resulting in values that were higher than actual by a factor of 3 to 7 
(Yake et al. 1986). 

2 A Triad approach is based on benthic community structure, sediment chemistry and sediment toxicity to evaluated impacts to surface 
sediment quality. 
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This study confirmed that a low-permeability glacial till layer that limits downward migration of groundwater 
was present below the AOI. Three contaminant plumes in the shallow groundwater above this till layer were 
also identified: one west of the Play Barn, one south of the Play Barn and one in the northwest corner of 
the park. It was suspected that the plume south of the Play Barn, which contained light oil and associated 
benzene, was migrating to Lake Union along the southeastern shoreline. PSE and the City later constructed 
an air sparging/soil vapor extraction (AS/SVE) groundwater remediation system in this area (see further 
discussion below and in Section 2). 

The City installed an irrigation system following HDR’s (1988) recommended design (Graves 2011) that 
uniformly distributed irrigation water and automatically stopped watering when moisture content 
immediately below the rooting zone reached a specified threshold. By not generating excess water, the 
irrigation system would thus have no effect on the movement of contaminated groundwater. HDR (1989) 
also conducted additional geophysical surveys, treatability studies and modeling in support of the City’s 
management of upland contamination. 

In 1992, Ecology collected surface sediment from Lake Union and adjacent areas of the Ship Canal and 
Lake Washington to document general chemical and biological conditions. Data from the two sampling 
stations located within the AOI sediment area continued to demonstrate elevated concentrations of PAHs 
in sediment relative to other areas of Lake Union (Cubbage 1992). 

In 1995, EPA completed an expanded investigation of sediment adjacent to the park, using a sampling 
design similar to that of the 1984 effort (Hileman et al. 1985). Several seep and bank sediment samples 
were also collected. Corrected data from the 1984 investigation were also provided as part of this study. 
Results indicated that PAHs continued to be elevated relative to both background levels and effects-based 
sediment chemical criteria.3 

In 1997, the City and Puget Sound Energy (PSE) began a focused feasibility study (FS) to address the former 
light-oil plant and associated benzene plume and contamination associated with the former American Tar 
Company (ATCO) refinery (Parametrix and Key Environmental 1998) resulting in a cleanup action plan for 
contaminated upland media. Supporting studies included soil sampling, groundwater monitoring, and fate 
and transport modeling of contaminants in the western part of the AOI upland (Attachment 2C-1) as well 
as additional evaluation of the benzene plume in the southeastern part of the AOI upland (RETEC 1998). 
Detailed descriptions of cleanup actions are provided in Section 2.2 of the remedial investigation (RI). 

PSE undertook sediment investigations in North Lake Union to determine the extent of PAHs and metals 
and to support evaluation of various sediment remedies. In 1999, surface and subsurface sediment was 
analyzed for a broad suite of contaminants, as well as physical properties. Lake bottom conditions and the 
potential presence of debris were evaluated using side-scan sonar and video surveys. In this study, PAH 
contamination within the sediment was greater at depth than at the surface in most areas, and 
concentrations in both surface and subsurface sediment generally decreased with distance from the 
upland. Most of the contamination appeared confined to the lake’s upper geologic units (lake sediment 
and glacial outwash) and did not extend into the underlying glacial till. The second phase of study was 
conducted in 2002. These first two phases of sediment investigation were site-wide studies and provided 
data to identify the initial area of investigation for sediment for the 2005 Agreed Order. Subsequently, the 

 
3 Effect-based sediment criteria are threshold concentrations defining either no effects or low effects to benthic invertebrates (e.g., clams, 
worms) that live in the sediment. 
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sediment area was divided approximately in half. In 2004/2005 PSE undertook the investigation of the 
eastern half (eastern study area or ESA) and the City conducted a series of investigations of the western 
half (western study area or WSA). This series of studies culminated in two draft RI/FS reports. Data and 
other evaluations from these RIs have been incorporated into this comprehensive RI (see Table 2C-1 for 
individual studies). 

In addition to the three phases of study conducted by the City and PSE of lake sediment, supplemental 
studies to provide detailed source characterization, augment the nature and extent of subsurface 
contamination in the WSA, and evaluate the microscopic make-up of sediment were conducted 
(Attachments 2D-1 through 2D-6 and 2D-8 in Appendix 2D). Results from these supplemental studies are 
incorporated in Section 2.1 of the RI. 

In a document prepared by RETEC in 2005 called Cleanup Standards Determination (included as 
Appendix 4C) , PSE and the City proposed a site-specific cleanup level for total PAH (TPAH) and proposed 
an active remediation. The active remediation area roughly followed the 170 milligrams per kilogram 
(mg/kg) TPAH contour and encompassed bioassay failures within the AOI. 

Upland environmental investigations continued after remediation of upland media. A 2004 study of surface 
and subsurface soil in the northwest corner of the park found that planned improvements and public access 
could be constructed in this vicinity without increasing health risks to park users (Parametrix 2004). 
A similar investigation was conducted in 2005 for soil within the fenced area around the Cracking Towers 
(Lillie 2005). Then in 2005, the City investigated the western shoreline of the park to evaluate potential 
pathways by which contaminants could migrate to sediment (see Attachment 2C-2). Work included 
installation of monitoring wells and aquifer testing that was later used to support groundwater flow model 
development (Appendix 3F). 

Investigations of the northeastern meadow (Floyd|Snider 2008) and eastern shoreline area (ENSR/AECOM 
2008) were conducted by the City and PSE in 2007. These studies were designed to provide additional 
information about subsurface dense nonaqueous phase liquid (DNAPL) to support development of 
remedies in the eastern portion of the park and to help the City evaluate potential tar exposures within the 
park. 

Floyd|Snider sampled air at locations within Gas Works Park and Harbor Patrol during three quarterly 
monitoring events in 2007 and 2008 (Appendix 4D, Attachment 4D-2) to evaluate the potential impacts of 
soil gas on air quality. Results showed that the VOC concentrations were below levels that are protective of 
park users and park workers. 

In 2010, GeoEngineers and Aspect Consulting (GeoEngineers 2010) installed six wells in the park and 
collected additional hydrogeologic data in support of developing a site-wide, three-dimensional (3D) 
numerical groundwater flow model. It was this study that resulted in a reinterpretation of the geologic and 
hydrogeologic conceptual site model (CSM) as discussed in Section 3 of the RI. 

A relatively recent environmental study occurred in 2013, when GeoEngineers conducted a supplemental 
investigation (SI) of upland media to support completion of this site-wide RI/FS. Specific objectives included 
evaluation of potential source areas, assessment of impacted soil and groundwater to characterize the 
upland-to-sediment migration pathway, and investigation of nonaqueous phase liquid (NAPL) occurrence 
and stability. The SI data report is included as Appendix 2A to this RI report. 
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A series of investigations were subsequently conducted in the Play Area in response to the discovery of 
elevated arsenic concentrations in groundwater and soil during the 2013 SI. Focused investigations of the 
Play Area took place in 2014 and 2016 when additional soil and groundwater sampling and analyses were 
used to delineate the area impacted by arsenic (Appendix 2B-1 and Appendix 2B-3). Data from the 2014 
investigation were used in a geochemical fate and transport evaluation of arsenic in the Play Area in 2015 
(Appendix 2B-2). Bench scale tests to evaluate the performance of iron-based amendments for arsenic 
treatment were conducted. Results supported the design and construction of a groundwater injection 
treatment system. The injection system and groundwater monitoring network were constructed in 2017 
and began operation as an Interim Action for groundwater treatment. Three rounds of injections of 
amendments have taken place since the system was installed (October 2017, June/December 2018 and 
October 2019). Groundwater samples within and downgradient of the treatment area have been collected 
and analyzed. The Play Area Interim Action was discontinued following the December 2020 groundwater 
monitoring event (GeoEngineers 2021). Data from samples collected from wells downgradient of the 
treatment system in December 2020 are used to characterize groundwater quality in the RI. 
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Year Survey Name Database Namea Investigation Description
Location of 
Investigation

Type of 
Exploration Type of Sample

In the RI 
Database? Reference

1971 Not named -- Borings were completed site-wide to explore subsurface conditions at the park. Upland boring
Surface soil, suburface 
soil

N Cole and Machno 1971

1972 Not named -- Soil grab samples were collected in the vicinity of the Kelly filters and analyzed for arsenic. Upland grab Surface soil N Brooks 1972

1973 Not named -- Test pits were dug site-wide in support of park design and construction. Upland test pit
Surface soil, suburface 
soil

N City of Seattle 1973

1973 Not named -- Borings and test pits were completed along a proposed sewer line in support of park design and construction. Upland boring, test pit
Surface soil, suburface 
soil

N City of Seattle 1973

1977 Not named --
Sediments, water and biota samples collected across Lake Union for a baseline study. Sediment and surface water sampling 
stations were selected for testing based on lake bathymetry and circulation patterns. Stations also provided characteristics of 
Lake Union’s major inlet and outlet sources. 

Lake Union
grab, core, 
biological

Surface water, 
subsurface sediment, 
benthic infauna

N
Tomlinson et al. 1977;
Barnes and Schell 1973

1981–1986
King County Lake 
Monitoring Study

LUUMON86
Sediment grab samples were collected across Lake Union for a Lake Union sediment monitoring study by King County. 
Subsequent related monitoring surveys include LUUMON95, LUUCSO97 and LUUCSO00. Data accessed from SEDQUAL (now 
EIM).

Lake Union grab Surface sediment Y Ecology 2003a

1984
1984 EPA 
Sediment 
Investigation

EPA-84
EPA collected sediment grab samples in Lake Union adjacent to Gas Works Park. Original data were incorrectly reported; PAH 
data were later reevaluated in the 1995 EPA sediments study (EPA 1995). The corrected results are used in the RI data set.

Lake Union grab Surface sediment Y Hileman et al. 1985

1984
1984 Soil 
Characterization

EPA-84
EPA collected soil samples as a follow-up to their 1984 sediments study. Soil grab samples were collected in the northeast 
corner, Play Barn and Prow. Borings were completed site-wide; surface (0 to 6 inches) and subsurface (0 to 3 feet) soil samples 
were collected for analysis. 

Upland grab, boring
Surface soil, suburface 
soil

Y Ecology & Environment 1984

1984
1984 Risk 
Evaluation

UofW-84 The University of Washington collected soil grab samples (uppermost inch) for a health risk evaluation for park users. Upland grab Surface soil Y Ongerth 1985

1984 Not named --
Air and soil gas samples were collected for an air toxicity study focused on Gas Works Park. Air samples were evaluated for off-
site release of VOCs and soil gas samples were evaluated for PAHs. 

Upland charcoal tube Air, soil gas N
PSAPCA 1984;
Ongerth 1985

1984
1984 King County 
Human Health Risk 
Evaluation

-- King County collected crayfish tissue samples for human health and ecological risk evaluations. Lake Union biological Crayfish tissue Nb Frost and McCallum 1984;
Hansen et al. 1994

1985
1985 Soil 
Characterization

Tetra-85
Tetra Tech collected soil grab samples (upper 2 inches) for a surface soil study. A subset of those samples was analyzed for 
PAHs and some for cyanide. Several tar samples were also collected; however, these samples are not in the RI data set.

Upland grab Surface soil Y TetraTech 1985c

1985
1985 Lake-wide 
Sediment 
Investigation

GWPLKUN

Ecology collected a  grab sediment sample (0 to 2 cm) to determine the quality of Lake Union sediments using a weight-of-
evidence approach, and to replicate EPA’s 1984 most-contaminated station. The sample was a composite sediment sample 
collected near the west end of the former barge loading dock. The composite was analyzed for toxicity and chemistry; benthic 
infaunal analysis was also conducted. 

Lake Union grab, biological
Surface sediment, 
bioassays

Y Yake et al. 1986

1986 Not named SLUPLT86
Grab sediment samples were collected in south Lake Union for a sediment pilot project. Benthic infaunal abundance and 
bioassay samples were also collected. Data accessed from SEDQUAL (now EIM); original references are City of Seattle, Ecology 
and Solomon. 

Lake Union grab SS, BI Y Ecology 2003a

1986-1987
1987 Hydrogeology 
Evaluation

Tetra-87

Tetra Tech and others conducted a study to evaluate groundwater quality at the park and potential discharge of contaminants 
to Lake Union. Included monitoring well installation, borehole sampling, groundwater sampling, subsurface stratigraphy 
investigation, soil gas sampling, groundwater elevation measurement and hydraulic transmissivity testing. Groundwater samples 
were collected and analyzed for PAHs, BETX and arsenic. 

Upland
boring, monitoring 
well

Suburface soil, 
groundwater, soil gas

Y
TetraTech 1987a,b;
Turney and Goerlitz 1989

1987
1987 PCB Risk 
Evaluation

-- The City collected crayfish tissue samples for human health and ecological risk evaluations; focused primarily on PCBs. Lake Union biological Crayfish tissue Nb Trial 1988
Hansen et al. 1994

1988 Not named --
Air, soil and asbestos samples collected from the Play Barn area for protection of workers prior to renovation. Soil samples were 
collected from thin “dirt” accumulation on top of concrete basement floor.

Upland
charcoal tube, 
grab

Air, subsurface 
sediment, subsurface 
soil

N HDR 1988b

Table 2C-1
Upland and Sediment Investigations

Gas Works Park Site

Seattle, Washington

File No. 0186-846-03
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Year Survey Name Database Namea Investigation Description
Location of 
Investigation

Type of 
Exploration Type of Sample

In the RI 
Database? Reference

1988 1988 Monitoring HDR-88
HDR conducted a focused field study to continue ongoing monitoring of the park and assess plans for an irrigation system. 
Groundwater samples were collected from temporary monitoring wells. A permanent monitoring well (MW-17) was installed. 
Surface soil samples were collected near the berm northeast of Kite Hill.

Upland
grab, piezometer, 
monitoring well

Surface soil, 
groundwater 

Y HDR 1988a

1989 1989 GW CSM HDR-89
HDR installed permanent monitoring wells for a groundwater migration conceptual design report. Groundwater was sampled for 
BETX and PAHs. A geophysics study in the former tar refinery area was also completed.

Upland monitoring well Groundwater Y HDR 1989

1989 Not named SCLITE89
EcoChem collected sediment grab samples in southeast Lake Union for a sediment quality study. A subset of samples was 
collected along the eastern shoreline of the lake. Data accessed from SEDQUAL (now EIM).

Lake Union grab Surface sediment Y Ecology 2003a

1990
1990 Lake-wide 
Sediment 
Investigation

LKUNION
Ecology collected sediment grab and biological samples across Lake Union for a survey of contaminants throughout the lake 
and adjoining waters. Data accessed from SEDQUAL (now EIM).

Lake Union grab, biological
Surface sediment, 
bioassays

Y Ecology 2003a

1990
1990 Lake-wide 
Sediment 
Investigation

SLUPRK90
Ecology collected sediment grab samples in southwest Lake Union for a South Lake Union Park sediment study. Data accessed 
from SEDQUAL (now EIM); original source is Hart Crowser.

Lake Union grab Surface sediment Y Ecology 2003a

1991
1991 King County 
Human Health Risk 
Evaluation

--
King County collected crayfish and fish tissue samples for human health and ecological risk evaluations for the University 
regulator pre-CSO separation monitoring study. Subsequent related risk evaluation surveys were conducted in 1997 and 1999. 
Data accessed from SEDQUAL (now EIM).

Lake Union biological 
Crayfish tissue, fish 
tissue Nb Ecology 2003a

1991 Not named --
Landolt and others collected fish tissue samples across Lake Union for histopathology study. Data accessed from SEDQUAL 
(now EIM).

Lake Union biological Fish tissue Nb Ecology 2003a

1991
1991 Northlake 
Shipyard 
Investigation

UNIMAR2-CORES;
UNIMAR2-GRABS;
UNIMAR2

GeoEngineers collected sediment grab and core samples for an investigation focused on the UNIMAR facility; a subset of the 
explorations occurred just within the AOI. Grab samples were tested for arsenic, other metals, PAHs and additional analytes; 
core samples were tested for metals only. 

Lake Union
grab, core, 
biological

Surface sediment, 
subsurface sediment, 
bioassays

Y GeoEngineers 1991

1992 Not named LKUNDRDK
Ecology and others collected sediment shallow samples (0 to 2 cm) and biological in east Lake Union to determine 
representative concentrations of chemicals in the lake. Samples were analyzed for metals and organic chemicals. A subset of 
the samples was analyzed using bioassays and benthic macroinvertebrate abundance and diversity. 

Lake Union grab, biological
Surface sediment, 
bioassays

Y
Cubbage 1992;
Hart Crowser 1992

1993 Not named --
Subsurface explorations, soil and groundwater sampling, and groundwater elevation monitoring were completed for a METRO 
RI/FS report. All samples were collected outside the AOI.

Upland
boring, monitoring 
well

Suburface soil, 
groundwater 

N Applied Geotechnology 1993

1994 Not named NOAPMC94
Sediment grab samples were collected in east Lake Union for a survey focused on Pacific Marine Center. Data accessed from 
SEDQUAL (now EIM); original source is National Oceanic and Atmospheric Administration (NOAA).

Lake Union grab Surface sediment Y Ecology 2003a

1994 Not named SEACOM94
Sediment grab and biological samples were collected in southwest Lake Union for a sediment monitoring study. Data accessed 
from SEDQUAL (now EIM); original source is Ecology.

Lake Union grab, biological
Surface sediment, 
bioassays

Y Ecology 2003a

1995
1995 EPA 
Sediment 
Investigation

EPA-95; 
EPAGAS95

EPA collected sediment grab and water samples across Lake Union with an emphasis on the sediments adjacent to Gas Works 
Park; investigation was a follow-up to the 1984 EPA investigation (Hileman et al. 1985). Surface water data were not included in 
the RI data set

Lake Union grab
Surface sediment, 
surface water

Y EPA 1995

1995-2000
King County Lake 
Monitoring Study

LUUMON95
King County collected sediment grab samples in Lake Union as part of a multi-year monitoring program. Data accessed from 
EIM.

Lake Union grab Surface sediment Y Ecology 2003a

1996 Not named DUNATO96
Sediment grab samples were collected in northeast Lake Union for a survey focused on Dunato’s Marine Service & Supply. Data 
accessed from SEDQUAL (now EIM); original source is ATC Environmental.

Lake Union grab Surface sediment Y Ecology 2003a

1996-1997
King County 
University Regulator 
Studies

LUUCSO97
King County collected sediment grab samples in northeast Lake Union for a University regulator post-CSO separation monitoring 
study. Data accessed from SEDQUAL (now EIM).

Lake Union grab Surface sediment Y Ecology 2003a

1997
King-County Post-
Separation Risk 
Evaluation

--
King County collected crayfish and fish tissue samples for human health and ecological risk evaluations for the University 
regulator pre-CSO separation monitoring study. Data accessed from SEDQUAL (now EIM); original source is King County.

Lake Union biological 
Crayfish tissue, fish 
tissue Nb Ecology 2003a

1997-1998
1998 Fate and 
Transport 
Evaluation

EPRI-98;
RETEC Product

RETEC collected boring, monitoring well and piezometer sampling for an assessment of the fate and transport of soil and 
groundwater. Focus was Harbor Patrol plus western portion of Gas Works Park and central shoreline area within the park. The 
investigation also included measuring groundwater flow gradients, and evaluating the nature and extent of NAPL occurrences. 
The study also characterized DNAPL and estimated leaching potential for PAHs. Fate and transport modeling was used to 
predict downgradient attenuation of dissolved PAHs as part of the conceptual site model.

Upland
boring, 
piezometer, 
monitoring well

Suburface soil, 
groundwater, NAPL 

Y
Appendix 2C (Attachment 2C-
1)
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Year Survey Name Database Namea Investigation Description
Location of 
Investigation

Type of 
Exploration Type of Sample

In the RI 
Database? Reference

1997-1998 1998 FFS
Param-98; 
Parametrix/Key_98;
RETEC-Product

Parametrix and others collected samples for a focused feasibility study across Gas Works Park. Groundwater samples were 
collected from existing monitoring wells; wells with detectable NAPL thickness were excluded. Test pits were completed site-
wide. An assessment of upwelling tar sources was conducted including removal and disposal of several drums of tar. An 
assessment of the fenced Cracking Towers area was conducted, including visual inspection of potential sources. Tar samples 
from test pits and a tank (sample identified as “GWP Tank”) were collected for characterization. 

Upland
monitoring well, 
test pit, grab

Groundwater, suburface 
soil, tar

Y
Parametrix and Key 1998; 
Parametrix, Inc 1999; North 
Creek Analytical 1997

1997-1998 1998_AVS-SVE
RETEC-97,98;
Parametrix/Key_98

Parametrix and RETEC  sampled the southeastern area soil and groundwater to evaluate the feasibility of an air sparging 
system. Geoprobe borings were advanced and soil and groundwater samples were collected. 

Upland
boring, monitoring 
well

Suburface soil, 
groundwater, NAPL

Y
Parametrix and Key 1998; 
Parametrix, Inc 1999; RETEC 
1998

1999
1999 UST 
Decommissioning

HarborPatrol_UST_
1999

Gary Struthers and Associates collected confirmation soil samples from a 2,000-gallon diesel fuel UST decommissioning at 
Harbor Patrol.

Upland test pit Suburface soil Y
Gary Struthers Associates 
1999

1999
King-County Post-
Separation Risk 
Evaluation

--
King County collected fish tissue samples for human health and ecological risk evaluations for the University regulator pre-CSO 
separation monitoring study. Data accessed from SEDQUAL (now EIM).

Lake Union biological Fish tissue Nb Ecology 2003a

1999
1999 RETEC Phase 
1 Investigation

RETEC99-Cores; 
RETEC99-Grabs

RETEC collected sediment grab (0 to 10 cm) and core samples a Phase 1 sediment study to provide preliminary chemical data 
regarding surface and subsurface sediment quality in the AOI. Core sediment samples, which were collected nearshore, were 
used to determine vertical extent and magnitude of COCs in nearshore. Grab sediment samples offshore were used to 
determine horizontal extent and magnitude of COCs in sediments beyond the nearshore coring areas. Chemical analysis 
focused on PAHs and metals. Samples delineated the lateral extent of surface sediment impacts. Sediment cores collected 
were used to identify subsurface sediment material types and the vertical extent of sediment impacts in most areas. Physical 
surveys including an underwater diver-assisted towed video survey and a side-scan sonar survey were incorporated into this 
study to help delineate bathymetry, substrate and debris.

Lake Union
grab, core, 
physical survey

Surface sediment, 
subsurface sediment

Y RETEC 2002b

1999
Phase 1 Split 
Sample Analysis

RETEC99-Cores; 
RETEC99-Grabs

META analyzed split grab and core samples from RETEC's Phase 1 study for supplemental characterization. Lake Union grab, core
Surface sediment, 
subsurface sediment

Y
RETEC 2002b
META 2001

2000
King County Lake 
Monitoring Study

LUUCSO00
King County collected sediment grab and biological samples in northeast Lake Union for the University regulator post-CSO 
separation monitoring study. Data accessed from SEDQUAL (now EIM).

Lake Union grab, biological
Surface sediment, 
bioassays

Y Ecology 2003a

2000-2010
2000-2010 
Quarterly GW 
Sampling

AMEC_2010

AMEC conducted quarterly (2000 to 2007) and annual (2008 to 2010) groundwater sampling in accordance with a 2000 
groundwater compliance monitoring plan. A subset of the existing monitoring wells was selected as the monitoring network, 
including some Harbor Patrol wells, a few wells directly north and west on Kite Hill and observational wells by the AS/SVE near 
the eastern shoreline.

Upland

monitoring well Groundwater Y
RETEC 2001-2007; 
EcoCompliance 2007-2009; 
AMEC 2010

2001 Not named KC_LKUN01
Additional surface sediment samples across Lake Union were discovered from studies conducted by King County. Data were 
provided by R. Jack through electronic communication.

Lake Union grab Surface sediment Y Jack 2009

2002
2002 Cracking 
Tower Geotechnical 
Investigation

--
GeoEngineers drilled a pair of borings within the fenced Cracking Towers area for a geotechnical evaluation of their foundations. 
The evaluation was strictly geotechnical and did not include analytical sampling or field screening. 

Upland boring suburface soil Y GeoEngineers 2002

2002
2002 Agency 
Sediment 
Investigation

TAMU02
Texas A&M University and Ecology collected biological and split surface sediment samples in March and July 2002 across the 
AOI. Sediment results from March are in the RI data set and bioassay results from July are used in the RI.

Lake Union grab, biological
Surface sediment, 
bioassays

Y Ecology 2003b

2002 Not named --
The City conducted a side-scan sonar survey and a detailed multibeam bathymetric survey to help delineate bathymetry and 
debris offshore.

Lake Union physical survey -- --
City of Seattle 2002; 
Parametrix 2002

2002
2002 RETEC Phase 
2 Investigation

RETEC02-Cores; 
RETEC02-Grabs

RETEC collected sediment grab (0 to 10 cm) and core and biological samples for a Phase 2 sediment study to fill chemical data 
gaps identified from the Phase 1 sampling. Sediment samples were also used assess sediment quality for benthic organisms, 
evaluate sedimentation rates and collect geotechnical data. Radioisotope cores were collected and analyzed. The spatial extent 
of biological effects was determined from the analysis of chemical and biological data at co-located stations. A nearshore 
bathymetry survey was performed as part of this study to help delineate bathymetry and debris.

Lake Union
grab, core, 
biological, physical 
survey

Surface sediment, 
subsurface sediment, 
bioassays

Y RETEC 2004a, b, c, d

2002-2003
Phase 2 Split 
Sample Analysis

RETEC02-Cores; 
RETEC02-Grabs;
RETEC-Product

Battelle and others analyzed split sediment, NAPL and tar samples from RETEC's Phase 2 study for supplemental 
characterization. The study included various grab and core sediment samples; DNAPL samples from MW-09, MW-5 and DW-5; 
and a tar sample near former MGP structures. NAPL from MW-09 and a pair of surface sediment samples were used for 

additional supplemental characterization evaluation.c 

Lake Union
grab, core, 
monitoring well

Surface sediment, 
subsurface sediment, 
NAPL, Tar

Yc Battelle 2003;
ARI 2003a, b, c
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Year Survey Name Database Namea Investigation Description
Location of 
Investigation

Type of 
Exploration Type of Sample

In the RI 
Database? Reference

2004
2004 NW Park 
Investigation

PARA-NW_2004
Parametrix collected surface and subsurface soil samples in the northwest corner of Gas Works Park for an investigation 
evaluating the removal of physical barriers which would then allow public access to that area. 

Upland grab, test pit
Surface soil, suburface 
soil

Y Parametrix 2004

2004
WSA Sediment 
Investigation

FSnider_05 Floyd|Snider collected core samples from western slope sediments. Samples were also used in forensics analysis. Lake Union Core Subsurface sediment Y
Appendix 2D (Attachment 2D-
4)

2004-2005
2004-2005 RETEC 
Phase 3 
Investigation

NLU04;
RIFSE

RETEC collected sediment grab (0 to 10 cm) and core samples for the Phase 3 sediment investigation, completing the eastern 
sediment RI/FS. The study was conducted to refine the horizontal and vertical extent of chemical concentrations in the eastern 
sediment area and further investigate potential contaminant sources, sediment physical properties and transport pathways to 
facilitate development of remedial alternatives to address impacted sediment. The investigation also evaluated porewater, 
geotechnical and physical properties, bathymetry, soft sediment extent, seeps and DNAPL, debris extent, currents and wave 
forces, and supplemental organic carbon and PAH partitioning to assess bioavailability. 

Lake Union
grab, core, 
physical survey

Surface sediment, 
subsurface sediment, 
porewater

Y

Appendix 2C (Attachment 2C-
3), Appendix 2D 
(Attachments 2D-4, 2D-7 and 
2D-8), 3A, 3C, 3D, 3H, 3I and 
3J

2005
2005 Cracking 
Tower Soil 
Investigation

Corvus2005 Corvus collected subsurface soil samples (6 to 18 inches) within the fenced Cracking Towers area for a soil quality study. Upland test pit Subsurface soil Y Lillie 2005

2005
2005 RETEC 
Biological 
Evaluation

NLUBio05; 
GWSA05

RETEC collected surface sediment for chemical and bioassay testing to address bioassay data gaps  and to establish cleanup 
levels.

Lake Union
grab, core, 
biological

Surface sediment, 
subsurface sediment, 
bioassays, porewater

Y Appendix 5C 

2005
2005 Western Area 
RI/FS

Fsnider_05
Floyd|Snider collected sediment grab (0 to 10 cm) and core samples for the western sediments RI/FS. Sampling was focused 
on surface sediment evaluation. Analysis was focused on BETX, PAHs, other SVOCs and arsenic. The investigation also included 
geotechnical testing and NAPL characterization.

Lake Union grab, core
Surface sediment, 
subsurface sediment

Y

Appendix 2C (Attachment 2C-
2); Appendix 2D (Attachment 
2D-4); Appendices 3C, 3D, 
and 3J

2006
2006 Metro Site 
Preliminary 
Investigation

SAIC_2007
SAIC completed a pair of borings, P-10 and P-12, within the upland AOI as part of a limited environmental investigation at the 
METRO site to determine if soil in the vicinity of monitoring well MW-22 (METRO) was acting as a source of hydrocarbons. 
Subsurface soil samples from only P-10 were submitted for analytical testing.

Upland boring Suburface soil Y SAIC 2006

2006
2006 Western 
Shoreline 
Investigation

Fsnider_06
Floyd|Snider advanced soil borings and installed monitoring wells along the western shoreline of the upland AOI to delineate 
the presence and assess the mobility of DNAPL in the subsurface. Soil samples were collected and analyzed for petrophysical 
properties, and slug tests were performed to determine hydrogeologic properties.

Upland boring Suburface soil Y
Appendix 2C (Attachment 2C-
2)

2006

WSA Sediment 
Investigation and 
WSA Shoreline 
Investigation

--
Floyd|Snider documented DNAPL collected from a Harbor Patrol well and sediment from the Western Study Area as part of the 
2004 core sampling and 2005 RI/FS sampling for forensic chemical and geotechnical properties.

Upland and Lake 
Union

Monitoring well, 
grab, core

NAPL, surface and 
subsurface sediment

N
Appendix 2C (Attachment 2C-
2) and Appendix 2D 
(Attachment 2D-4)

2006
2006 Bathymetric 
Survey

--
TetraTech performed a multibeam bathymetry survey in September 2006 to help delineate bathymetry and debris. Results 
incorporated into AOI bathymetry map (RI Figure 3-2).

Lake Union physical survey -- -- TetraTech 2006

2007
2007 NE Soil-Gas 
Survey

--

Floyd|Snider conducted a soil gas survey in the northeast corner of the upland AOI to identify locations where aromatics 
measured in the subsurface soil may be associated with the presence of shallow subsurface tar and/or DNAPL. A real-time 
instrument, the Aromatic-Specific Laser Ionization Detector (ARSLID) manufactured by Dakota Technologies, and a gas vapor 
probe kit were used for the survey.

Upland ARSLID with GVP Soil gas Nb Floyd|Snider 2008a 

2007
2007 NE Park 
Investigation

NE Corner-GWSA

Cooperative investigations of the northeastern meadow and eastern shoreline area were conducted by the ENSR/AECOM and 
Floyd|Snider. Soil borings were advanced to collect subsurface soil samples.Chemical tests were conducted on selected 
samples for SVOCs, VOCs, total petroleum hydrocarbons and synthetic precipitate leaching protocol (for SVOCs). UV light 
photography was also completed on a subset of the cores.

Upland boring Suburface soil Y
Floyd|Snider 2008a;
ENSR/AECOM 2008

2007

2007 
Supplemental 
Source 
Characterization

BattelleFeb07;
FSNIDER-Product

Battelle analyzed a subsurface soil sample and several tar and NAPL samples for supplemental characterization. Upland
boring, grab, 
monitoring well

Subsurface soil, tar, 
NAPL

Y Battelle 2007

2007

2007 
Supplemental 
Source 
Characterization

FloydSniderMW9_
2007

Floyd|Snider collected a NAPL sample from monitoring well MW-9 for supplemental characterization. Upland monitoring well NAPL Y Floyd|Snider 2008b 
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Year Survey Name Database Namea Investigation Description
Location of 
Investigation

Type of 
Exploration Type of Sample

In the RI 
Database? Reference

2007-2008
2007-2008 
Quarterly Air Quality 
Monitoring

--
Floyd|Snider evaluated air quality using three quarterly monitoring events conducted from spring 2007 to winter 2008. Air 
samples were collected from locations within Gas Works Park (Cracking Towers, Prow Upwind, Weather Station Location, East 
Shore, and Play Barn Basement) and the Harbor Patrol facility. 

Upland
thermal 
desorption tubes

Air Nb Floyd|Snider 2007a,b, 
2008c

2008 Not named KC_2008ww
A surface sediment sample from Lake Union was discovered from studies conducted by King County. Data were provided by R. 
Jack through electronic communication.

Lake Union grab Surface sediment Y Jack 2009

2008
2008 Catch Basin 
Sampling

Phase 1 StW CS Inv; 
F|S09

Catch basins were screened (including chemical testing of solids) for Floyd|Snider's Phase 1 source control evaluation. The 
study included video inspection of portions of accessible storm drains.

Upland grab Catch basin solids Y Floyd|Snider 2009

2009
2009 Northlake 
Shipyard 
Investigation

NLSY09

Ecology & Environment collected sediment core samples for a Northlake Shipyard sandblast grit investigation. Its purpose was 
to delineate the extent of and define the characteristics of sandblast grit-impacted sediments. The study was conducted to 
support a removal action of the sandblast grit. Sampling evaluated the vertical and horizontal extent and the chemical and 
geotechnical characteristics of grit-impacted sediments. Additional bathymetric data were also collected.

Lake Union core Subsurface sediment Y Ecology & Environment 2009

2009 - 2010
2008 Catch Basin 
Sampling

NE Corner 2009; 
P3 Storm Drain 
December 2010

Storm drain solids captured in filter fabrics from selected catch basins and surrounding soil were collected for Floyd|Snider's 
Phase 3 source control evaluation. Surface soil samples were also collected from the Waterway 19 storm drain ditch. 

Upland grab
Surface soil, catch 
basin solids, filter fabric

Y Floyd|Snider 2010a, b

2010
2010 3-D Model 
Sampling

--

GeoEngineers and Aspect conducted a hydrogeologic investigation in support of a site-wide, three-dimensional numerical 
groundwater flow model. The investigation included surveying groundwater levels from existing monitoring wells, advancing soil 
borings to provide stratigraphic information, completing monitoring wells and performing slug and pump tests. No chemical 
analysis were conducted. 

Upland boring Subsurface soil Y
GeoEngineers 2010 
Aspect et al. 2012

2010
2010 Agency Split 
Samples

HydroInvest 2010
Ecology obtained split soil samples from the 2010 hydrogeologic investigation (GeoEngineers 2010). The samples were 
analyzed for metals and SVOCs.

Upland boring Subsurface soil Y
Manchester Environmental 
Laboratory 2011a

2011
2011 Agency 
Evaluation of Kite 
Hill

ECYKiteHill 2011 Ecology collected surface (0 to 3 inches) soil samples across Kite Hill for analysis of PAHs and SVOCs. Upland grab Surface soil Y
Manchester Environmental 
Laboratory 2011b

2011
2011 Sink Hole 
Sampling

HarborPatrol 2011
Seattle Structural collected subsurface soil samples from a boring and a grab sample from a sinkhole for analysis of 
environmental chemicals of concern as part of a bulkhead structural review and assessment at Harbor Patrol.

Upland grab, boring
Surface soil, subsurface 
soil

Y Seattle Structural 2011

2012
2012 Play Area 
Investigation

AMEC2012_Playbarn AMEC conducted soil sampling as a preliminary investigation for a proposed children's Play Area near the Play Barn structures. Upland auger Surface soil Y AMEC 2012

2013
2013 
Supplemental 
Investigation

2013_SI;
2013_SI_2

GeoEngineers conducted  a site-wide supplemental investigation in the upland. Components of the investigation included 

geophysical survey, existing monitoring well survey, TarGOST® laser-induced fluorescence testing, environmental soil 
investigation, geotechnical investigation of Kite Hill, monitoring well installation, baseline groundwater monitoring (spring), NAPL 
testing, slug testing, UV light photography, NAPL physical properties evaluation and an additional round of groundwater 
monitoring (fall).

Upland
boring, monitoring 
well

Surface soil, subsurface 
soil, groundwater, NAPL

Y Appendix 2A

2014

2014 Northlake 
Shipyard Post-
Dredging 
Confirmational 
Sampling

2014_HC Hart Crowser collected post-dredging surface sediment at Northlake Shipyard to document post-dredging sediment conditions. Lake Union grab Surface sediment N Hart Crowser 2014

2014
2014 Play Area 
Investigation

2014_Play Area
GeoEngineers sampled soil and groundwater as part of a Play Area supplemental investigation in the upland. Components of 
the investigation included environmental soil investigation, XRF data, grab groundwater sampling, and monitoring well sampling.

Upland
boring, monitoring 
well

Subsurface soil, 
groundwater

Y
Appendix 2B (Attachment 2B-
1)

2015 Not named SPU_CatchB SPU collected a composite sample from the Harbor Patrol catch basins Upland grab Catch basin solids Y Appendix 6B

2015
2015 Arsenic 
Treatment Bench 
Scale Testing

2015_Treatability 
Study

Anchor conducted a bench-scale study of various injection agents for groundwater.  Groundwater analyzed for arsenic, including 
speciation

Upland grab Groundwater N
Anchor 2016; Appendix 2B 
(Attachment 2B-2)

2016
2016 Play Area 
Investigation

2016_Play Area
GeoEngineers collected additional groundwater samples to define arsenic extent in Play Area.  Also collected soil XRF and 
conventional data

Upland boring
Groundwater, 
subsurface soil

Y Appendix 2B-3
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Year Survey Name Database Namea Investigation Description
Location of 
Investigation

Type of 
Exploration Type of Sample

In the RI 
Database? Reference

2017-2019
Play Area Pre- and 
Post-Treatment 
Sampling

--
GeoEngineers collected a series of groundwater samples for arsenic analysis from the Play Area prior to three rounds of 
injection (baseline), two weeks following each injection (short-term), and one month following each injection (performance). 
Speciation was conducted as part of the first and second baseline events.  

Upland grab Groundwater N GeoEngineers. 2021

2020
Play Area 
Confirmation 
Sampling

2020_CONF
GeoEngineers collected groundwater samples 13 months following the last performance monitoring event to confirm the 
effectiveness of groundwater treatment.

Upland grab Groundwater Y GeoEngineers. 2021

2017
2017 Catch Basin 
Sampling

SEA_18 SPU continued catch basin sampling as part of source control evaluation. Samples collected in 2017, processed in 2018. Upland grab Catch basin solids Y Appendix 6B

Notes:
a Database name cross-references to RI data tables provided in Appendix 5B.
b Risk assessment and air data used in the RI Report but not stored in the EQUIS database.

N = no

Y = yes

NAPL = nonaqueous phase liquid; also light NAPL or LNAPL and dense NAPL or DNAPL

SPLP = synthetic precipitation leaching procedure

SPU = Seattle Public Utilities 

See text for full acronym list.

c Tar samples from the carburated water gas unit (SS-4) and northeast corner tar mound (SS 5) were also analyzed; however, tar results were not included in the RI data set because there is good data coverage in those areas, and these tar samples were collected from the ground surface and are not considered representative of 
underlying/surrounding soil. Data not included in the RI data set are discussed in Appendix 5A (Data Management). 
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Sample Location: Potential Cleanup MLS-1-3 MLS-1-2 MLS-1-1 MLS-2-3 MLS-2-2 MLS-2-1 MLS-3-3 MLS-3-2 MLS-3-1  
Sample Date: Level 10 x MTCA MLS-1-3-0298 MLS-1-2-0298 MLS-1-1-0298 MLS-2-3-0298 MLS-2-2-0298 MLS-2-1-0298 MLS-3-3-0298 MLS-3-2-0298 MLS-3-1-0298  

Sample ID: Method B Surface 02/17/98 02/17/98 02/17/98 02/17/98 02/17/98 02/17/98 02/17/98 02/17/98 02/17/98  
Compound Water Criteria

2-Methylnaphthalene 0 < 0.001 < 0.001 < 0.001 1.30 9.50 0.40 5.5 1.1 1.1
Acenaphthene 6.43 < 0.001 < 0.001 0.0095 0.14 2.40 0.066 1.6 0.096 0.11
Acenaphthylene 0 < 0.001 < 0.001 0.0011 0.13 0.61 0.038 1.1 0.077 0.13
Anthracene 259 < 0.001 < 0.001 0.0018 0.045 1.50 0.012 1.2 0.014 0.026
Benzo(a)anthracene 0 < 0.001 < 0.001 < 0.001 0.015 0.57 0.0032 0.53 < 0.001 0.0052
Benzo(a)pyrene — < 0.001 < 0.001 < 0.001 0.011 0.47 0.0026 0.41 < 0.001 0.0043
Benzo(b)fluoranthene — < 0.001 < 0.001 < 0.001 < 0.01 0.35 0.0015 0.21 < 0.001 0.002
Benzo(g,h,i)perylene — < 0.001 < 0.001 < 0.001 < 0.01 0.19 0.0012 0.17 < 0.001 0.0014
Benzo(k)fluoranthene — < 0.001 < 0.001 < 0.001 0.01 J 0.30 0.0019 0.16 < 0.001 0.0036
Carbazole — NA NA NA NA NA NA NA NA NA
Chrysene — < 0.001 < 0.001 < 0.001 0.014 0.53 0.0032 0.57 < 0.001 0.0052
Dibenz(a,h)anthracene — < 0.001 < 0.001 < 0.001 < 0.01 0.073 < 0.001 0.081 < 0.001 < 0.001
Dibenzo(a,h)anthracene — NA NA NA NA NA NA NA NA NA
Dibenzofuran — < 0.001 < 0.001 < 0.001 0.068 0.71 0.024 0.92 0.044 0.052
Fluoranthene 0.92 < 0.001 < 0.001 < 0.001 0.041 1.50 0.0098 1.6 0.0041 0.015
Fluorene 34.6 < 0.001 < 0.001 0.0035 0.10 1.70 0.039 1.7 0.057 0.071
Indeno(1,2,3-cd)pyrene — < 0.001 < 0.001 < 0.001 < 0.01 0.21 0.0011 0.18 < 0.001 0.0016
Naphthalene 98.8 0.0013 < 0.001 0.073 12.0 31.0 2.50 37.0 10.0 12.0
Pentachlorophenol — NA NA NA NA NA NA NA NA NA
Phenanthrene 0 < 0.001 < 0.001 < 0.001 0.18 5.80 0.056 3.9 0.05 0.11
Pyrene 25.9 < 0.001 < 0.001 < 0.001 0.053 1.80 0.013 1.8 0.0048 0.02

NOTES:
Concentrations shown in mg/L.
NA - Not Analyzed
< - Below detection limit 
J - Indicates an estimated concentration when the value is less than the calculated reporting limits.  
M - Indicates an estimated concentration.  Analyte has low spectral match.
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Table G-1     Groundwater Quality Data (Continued)

Sample Location: Potential Cleanup MLS-4-5 MLS-4-4 MLS-4-3 MLS-4-2 DW-4 MLS-5-5 MLS-5-4 MLS-5-3 MLS-5-2 MLS-5-1 MLS-5-1
Sample Date: Level 10 x MTCA MLS-4-5-0298 MLS-4-4-0298 MLS-4-3-0298 MLS-4-2-0298 DW-4-0298 MLS-5-5-0298 MLS-5-4-0298 MLS-5-3-0298 MLS-5-2-0298 MLS-5-1-0298 MLS-5-6-0298

Sample ID: Method B Surface- 02/17/98 02/17/98 02/17/98 02/17/98 02/18/98 02/17/98 02/17/98 02/17/98 02/17/98 02/17/98 02/17/98
Compound Water Criteria

2-Methylnaphthalene 0 0.47 1.0 1.1 1.1 1.1 0.10 1.1 1.1 1.1 0.92 1.0
Acenaphthene 6.43 0.017 0.11 0.10 0.10 0.12 0.052 0.12 0.14 0.12 0.11 0.11
Acenaphthylene 0 < 0.005 0.13 0.11 0.12 0.17 0.0072 0.13 0.1 0.11 0.13 0.12
Anthracene 259 0.02 0.016 0.017 0.017 0.027 0.0054 0.018 0.0098 0.012 0.01 0.0098
Benzo(a)anthracene 0 0.0062 < 0.001 0.0014 0.0011 < 0.005 < 0.005 < 0.005 < 0.005 < 0.001 < 0.001 < 0.005
Benzo(a)pyrene — 0.0048 J < 0.001 < 0.001 0.001 < 0.005 < 0.005 < 0.005 < 0.005 < 0.001 < 0.001 < 0.005
Benzo(b)fluoranthene — < 0.005 < 0.001 < 0.001 < 0.001 < 0.005 < 0.005 < 0.005 < 0.005 < 0.001 < 0.001 < 0.005
Benzo(g,h,i)perylene — < 0.005 < 0.001 < 0.001 < 0.001 < 0.005 < 0.005 < 0.005 < 0.005 < 0.001 < 0.001 < 0.005
Benzo(k)fluoranthene — < 0.005 < 0.001 < 0.001 < 0.001 < 0.005 < 0.005 < 0.005 < 0.005 < 0.001 < 0.001 < 0.005
Carbazole — NA NA NA NA NA NA NA NA NA NA NA
Chrysene — 0.0059 < 0.001 0.0013 0.0013 < 0.005 < 0.005 < 0.005 < 0.005 < 0.001 < 0.001 < 0.005
Dibenz(a,h)anthracene — < 0.005 < 0.001 < 0.001 < 0.001 < 0.005 < 0.005 < 0.005 < 0.005 < 0.001 < 0.001 < 0.005
Dibenzo(a,h)anthracene — NA NA NA NA NA NA NA NA NA NA NA
Dibenzofuran — 0.034 0.066 0.065 0.047 0.065 0.011 0.066 0.064 0.051 0.049 0.054
Fluoranthene 0.92 0.019 0.0058 0.0077 0.0069 0.019 0.0077 0.0094 < 0.005 0.0038 0.0013 < 0.005
Fluorene 34.6 0.083 0.072 0.076 0.068 0.082 0.02 0.076 0.079 0.079 0.073 0.073
Indeno(1,2,3-cd)pyrene — < 0.005 < 0.001 < 0.001 < 0.001 < 0.005 < 0.005 < 0.005 < 0.005 < 0.001 < 0.001 < 0.005
Naphthalene 98.8 1.1 11.0 10.0 10.0 11.0 0.49 9.9 11.0 9.8 9.5 11.0
Pentachlorophenol — NA NA NA NA NA NA NA NA NA NA NA
Phenanthrene 0 0.11 0.068 0.07 0.07 0.11 0.029 0.082 0.068 0.064 0.054 0.062
Pyrene 25.9 0.027 0.0072 0.0081 0.008 0.015 0.01 0.011 < 0.005 0.0041 < 0.001 < 0.005

NOTES:
Concentrations shown in mg/L.
NA - Not Analyzed
< - Below detection limit 
J - Indicates an estimated concentration when the value is less than the calculated reporting limits.  
M - Indicates an estimated concentration.  Analyte has low spectral match.



Table G-1     Groundwater Quality Data (Continued)

 Sample Location: Potential Cleanup DW-5 DW-5 MLS-6-5 MLS-6-5 MLS-6-4 MLS-6-4 MLS-6-3 MLS-6-2 MLS-6-2 MLS-6-1 MLS-6-1
 Sample Date: Level 10 x MTCA DW-20-0298 DW-5-0298 MLS-6-5-0498 MLS-6-5-298 MLS-6-4-0498 MLS-6-4-0298 MLS-6-3-0298 MLS-6-2-0498 MLS-6-2-0298 MLS-6-1-0498 MLS-6-1-0298
 Sample ID: Method B Surface- 02/18/98 02/18/98 04/15/98 02/17/98 04/15/98 02/17/98 02/17/98 04/15/98 02/17/98 04/15/98 02/17/98

Compound Water Criteria

2-Methylnaphthalene 0 1.2 1.2 0.0069 < 0.001 < 0.0001 < 0.001 0.0058 0.37 0.19 0.11 0.12
Acenaphthene 6.43 0.10 0.094 < 0.001 < 0.001 0.0023 0.0037 0.0042 0.15 E 0.16 0.021 0.024
Acenaphthylene 0 0.14 0.13 < 0.001 < 0.001 < 0.0001 < 0.001 < 0.0014 < 0.001 < 0.005 < 0.001 < 0.005
Anthracene 259 0.017 0.015 < 0.001 < 0.001 0.0025 < 0.001 0.0025 0.004 0.0078 < 0.001 < 0.005
Benzo(a)anthracene 0 < 0.005 < 0.005 < 0.001 < 0.001 < 0.0001 < 0.001 0.0022 < 0.001 < 0.005 < 0.001 < 0.005
Benzo(a)pyrene — < 0.005 < 0.005 < 0.001 < 0.001 < 0.0001 < 0.001 0.0017 < 0.001 < 0.005 < 0.001 < 0.005
Benzo(b)fluoranthene — < 0.005 < 0.005 < 0.001 < 0.001 < 0.0001 < 0.001 < 0.0014 < 0.001 < 0.005 < 0.001 < 0.005
Benzo(g,h,i)perylene — < 0.005 < 0.005 < 0.001 < 0.001 < 0.0001 < 0.001 < 0.0014 < 0.001 < 0.005 < 0.001 < 0.005
Benzo(k)fluoranthene — < 0.005 < 0.005 < 0.001 < 0.001 < 0.0001 < 0.001 < 0.0014 < 0.001 < 0.005 < 0.001 < 0.005
Carbazole — NA NA NA NA NA NA NA NA NA NA NA
Chrysene — < 0.005 < 0.005 < 0.001 < 0.001 < 0.0001 < 0.001 0.0024 < 0.001 < 0.005 < 0.001 < 0.005
Dibenz(a,h)anthracene — < 0.005 < 0.005 NA < 0.001 NA < 0.001 < 0.0014 NA < 0.005 NA < 0.005
Dibenzo(a,h)anthracene — NA NA < 0.001 NA < 0.0001 NA NA < 0.001 NA < 0.001 NA
Dibenzofuran — 0.055 0.05 < 0.001 < 0.001 0.0013 < 0.001 < 0.0014 0.021 0.025 0.0011 < 0.005
Fluoranthene 0.92 0.0061 0.0053 < 0.001 < 0.001 0.0064 0.0015 0.0053 0.0019 < 0.005 < 0.001 < 0.005
Fluorene 34.6 0.066 0.064 < 0.001 < 0.001 0.0012 0.0015 0.0027 0.005 0.055 0.0014 < 0.005
Indeno(1,2,3-cd)pyrene — < 0.005 < 0.005 < 0.001 < 0.001 < 0.0001 < 0.001 < 0.0014 < 0.001 < 0.005 < 0.001 < 0.005
Naphthalene 98.8 12.0 12.0 0.072 0.0014 0.0022 0.0044 0.047 8.8 4.4 3.3 3.6
Pentachlorophenol — NA NA NA NA NA NA NA NA NA NA NA
Phenanthrene 0 0.072 0.065 < 0.001 < 0.001 0.0016 0.0034 0.0093 0.034 0.051 < 0.001 < 0.005
Pyrene 25.9 0.0061 0.0059 < 0.001 < 0.001 0.0097 0.0022 0.0075 0.002 < 0.005 < 0.001 < 0.005

NOTES:
Concentrations shown in mg/L.
NA - Not Analyzed
< - Below detection limit 
J - Indicates an estimated concentration when the value is less than the calculated reporting limits.  
M - Indicates an estimated concentration.  Analyte has low spectral match.



Table G-1     Groundwater Quality Data (Continued)

 Sample Location: Potential Cleanup DW6 DW-6 MLS-7-5 MLS-7-5 MLS-7-4 MLS-7-4 MLS-7-3 MLS-7-3 MLS-7-2 MLS-7-2 MLS-7-1 MLS-7-1
 Sample Date: Level 10 x MTCA DW6-0498 DW-6-0298 MLS-7-5-0498 MLS-7-5-0298 MLS-7-4-0498 MLS-7-4-0298 MLS-7-3-0498 MLS-7-3-298 MLS-7-2-0498 MLS-7-2-298 MLS-7-1-0498 MLS-7-1-298
 Sample ID: Method B Surface- 04/15/98 02/18/98 04/15/98 02/17/98 04/15/98 02/17/98 04/15/98 02/17/98 04/15/98 02/17/98 04/15/98 02/17/98

Compound Water Criteria

2-Methylnaphthalene 0 0.52 1.0 0.0011 0.0052 0.0027 0.006 0.73 1.2 0.19 0.17 0.23 0.19
Acenaphthene 6.43 0.098 0.12 0.0023 0.0068 0.0039 0.0071 0.17 0.28 0.19 0.23 0.20 0.28
Acenaphthylene 0 0.086 0.10 < 0.0001 < 0.001 < 0.0001 < 0.001 0.019 0.021 0.0087 0.011 0.0067 0.019
Anthracene 259 0.0061 M 0.0076 0.0003 0.0019 < 0.0001 < 0.001 0.01 0.013 0.0088 0.011 0.0093 0.011
Benzo(a)anthracene 0 < 0.001 < 0.005 0.0016 0.0021 < 0.0001 < 0.001 < 0.001 < 0.005 < 0.001 < 0.005 < 0.001 < 0.005
Benzo(a)pyrene — < 0.001 < 0.005 0.0014 0.0023 < 0.0001 < 0.001 < 0.001 < 0.005 < 0.001 < 0.005 < 0.001 < 0.005
Benzo(b)fluoranthene — < 0.001 < 0.005 < 0.0001 0.0014 < 0.0001 < 0.001 < 0.001 < 0.005 < 0.001 < 0.005 < 0.001 < 0.005
Benzo(g,h,i)perylene — < 0.001 < 0.005 < 0.0001 0.0017 < 0.0001 < 0.001 < 0.001 < 0.005 < 0.001 < 0.005 < 0.001 < 0.005
Benzo(k)fluoranthene — < 0.001 < 0.005 0.0001 0.0018 < 0.0001 < 0.001 < 0.001 < 0.005 < 0.001 < 0.005 < 0.001 < 0.005
Carbazole — NA NA NA NA NA NA NA NA NA NA NA NA
Chrysene — < 0.001 < 0.005 0.0002 0.0024 < 0.0001 < 0.001 < 0.001 < 0.005 < 0.001 < 0.005 < 0.001 < 0.005
Dibenz(a,h)anthracene — NA < 0.005 NA < 0.001 NA < 0.001 NA < 0.005 NA < 0.005 NA < 0.005
Dibenzo(a,h)anthracene — < 0.001 NA < 0.0001 NA < 0.0001 NA < 0.001 NA < 0.001 NA < 0.001 NA
Dibenzofuran — 0.049 0.046 0.0003 < 0.001 < 0.0001 < 0.001 0.038 0.044 0.037 0.046 0.036 0.048
Fluoranthene 0.92 0.001 < 0.005 0.001 0.0046 < 0.0001 < 0.001 0.0043 < 0.005 0.0017 < 0.005 0.0022 < 0.005
Fluorene 34.6 0.06 0.056 0.0015 0.003 0.0003 0.0011 0.086 0.078 0.087 0.084 0.077 0.083
Indeno(1,2,3-cd)pyrene — < 0.001 < 0.005 < 0.0001 0.0013 < 0.0001 < 0.001 < 0.001 < 0.005 < 0.001 < 0.005 < 0.001 < 0.005
Naphthalene 98.8 15.0 12.0 0.008 0.03 0.01 0.027 14.0 12.0 16.0 13.0 14.0 14.0
Pentachlorophenol — NA NA NA NA NA NA NA NA NA NA NA NA
Phenanthrene 0 0.036 0.042 0.0029 0.01 0.0005 0.0021 0.062 0.086 0.063 0.075 0.063 0.087
Pyrene 25.9 0.001 < 0.005 0.0011 0.007 0.0001 < 0.001 0.0047 < 0.005 0.0013 < 0.005 0.0022 < 0.005

NOTES:
Concentrations shown in mg/L.
NA - Not Analyzed
< - Below detection limit 
J - Indicates an estimated concentration when the value is less than the calculated reporting limits.  
M - Indicates an estimated concentration.  Analyte has low spectral match.



Table G-1     Groundwater Quality Data (Continued)

 Sample Location: Potential Cleanup DW7 DW-7 MW-13 MW-14 MW-22 MW-22 MW-22-D MW-23 MW-23 MW-24 MW-24
 Sample Date: Level 10 x MTCA DW7-0498 DW-7-0298 MW13-0498 MW-14-0298 MW22-0498 MW-22-0298 MW22-0498-DUP MW23-0498 MW-23-0298 MW24-0498 MW-24-0298
 Sample ID: Method B Surface- 04/15/98 02/18/98 04/16/98 02/18/98 04/16/98 02/18/98 04/16/98 04/16/98 02/18/98 04/16/98 02/18/98

Compound Water Criteria

2-Methylnaphthalene 0 0.42 0.86 < 0.0001 < 0.001 < 0.0001 0.0017 < 0.0001 < 0.0001 0.0076 < 0.0001 < 0.001
Acenaphthene 6.43 0.11 0.12 < 0.0001 0.076 0.036 0.047 0.037 0.0031 0.026 0.075 0.078
Acenaphthylene 0 0.061 0.083 0.0024 0.0042 0.0022 0.0044 0.0023 0.0021 0.0039 0.0028 0.0035
Anthracene 259 0.0095 M 0.012 0.0036 0.0018 0.004 0.0061 0.0042 < 0.0001 0.0021 0.0052 0.0046
Benzo(a)anthracene 0 < 0.001 < 0.005 0.0013 < 0.001 0.0002 < 0.001 0.0001 < 0.0001 < 0.001 < 0.0001 < 0.001
Benzo(a)pyrene — < 0.001 < 0.005 0.002 < 0.001 < 0.0001 < 0.001 < 0.0001 < 0.0001 < 0.001 < 0.0001 < 0.001
Benzo(b)fluoranthene — < 0.001 < 0.005 0.0016 < 0.001 < 0.0001 < 0.001 < 0.0001 < 0.0001 < 0.001 < 0.0001 < 0.001
Benzo(g,h,i)perylene — < 0.001 < 0.005 0.0022 < 0.001 < 0.0001 < 0.001 < 0.0001 < 0.0001 < 0.001 < 0.0001 < 0.001
Benzo(k)fluoranthene — < 0.001 < 0.005 0.001 < 0.001 < 0.0001 < 0.001 < 0.0001 < 0.0001 < 0.001 < 0.0001 < 0.001
Carbazole — NA NA NA NA NA NA NA NA NA NA NA
Chrysene — < 0.001 < 0.005 0.0013 < 0.001 0.0001 < 0.001 0.0001 < 0.0001 < 0.001 < 0.0001 < 0.001
Dibenz(a,h)anthracene — NA < 0.005 NA < 0.001 NA < 0.001 NA NA < 0.001 NA < 0.001
Dibenzo(a,h)anthracene — < 0.001 NA 0.0014 NA < 0.0001 NA < 0.0001 < 0.0001 NA < 0.0001 NA
Dibenzofuran — 0.05 0.048 < 0.0001 0.0019 0.0017 0.0042 0.0019 < 0.0001 0.0013 0.0043 0.0041
Fluoranthene 0.92 0.0028 < 0.005 0.0068 0.003 0.0028 0.0028 0.0022 0.0005 0.0021 0.0037 0.0028
Fluorene 34.6 0.060 0.063 0.0002 0.014 0.012 0.019 0.013 0.0010 0.0099 0.031 0.03
Indeno(1,2,3-cd)pyrene — < 0.001 < 0.005 0.0017 < 0.0010 < 0.0001 < 0.001 < 0.0001 < 0.0001 < 0.001 < 0.0001 < 0.001
Naphthalene 98.8 15.0 11.0 0.0057 0.0017 0.0036 0.0017 0.0056 0.0003 0.0086 0.012 0.018
Pentachlorophenol — NA NA NA NA NA NA NA NA NA NA NA
Phenanthrene 0 0.046 0.058 0.0084 < 0.001 0.0028 0.025 0.0061 < 0.0001 0.0086 0.0009 0.0014
Pyrene 25.9 0.0029 < 0.005 0.0092 0.0045 0.003 0.0038 0.0024 0.0007 0.0027 0.0039 0.0031

.
NOTES:

Concentrations shown in mg/L.
NA - Not Analyzed
< - Below detection limit 
J - Indicates an estimated concentration when the value is less than the calculated reporting limits.  
M - Indicates an estimated concentration.  Analyte has low spectral match.



Table G-1     Groundwater Quality Data (Continued)

Sample Location: Potential Cleanup MW-25 MW-25 PZ-3 PZ-4 PZ-7
Sample Date: Level 10 x MTCA MW25-0498 MW-25-0298 PZ-3-1297 PZ-4-1297 PZ-7-1297

Sample ID: Method B Surface- 04/16/98 02/18/98 12/29/97 12/29/97 12/29/97
Compound Water Criteria

2-Methylnaphthalene 0 0.0013 0.0085 12.0 1.40 0.99
Acenaphthene 6.43 0.049 0.063 2.20 0.53 0.24
Acenaphthylene 0 0.0054 0.0088 1.30 0.086 0.05
Anthracene 259 < 0.001 < 0.005 1.80 0.14 0.015
Benzo(a)anthracene 0 < 0.001 < 0.005 2.50 0.089 0.0034
Benzo(a)pyrene — < 0.001 < 0.005 2.20 0.084 0.0032
Benzo(b)fluoranthene — < 0.001 < 0.005 1.30 0.052 0.0017
Benzo(g,h,i)perylene — < 0.001 < 0.005 0.78 0.039 0.0019
Benzo(k)fluoranthene — < 0.001 < 0.005 1.60 0.043 0.0019
Carbazole — NA NA 1.50 0.082 0.15
Chrysene — < 0.001 < 0.005 2.50 0.087 0.004
Dibenz(a,h)anthracene — NA < 0.005 0.29 0.01 < 0.001
Dibenzo(a,h)anthracene — < 0.001 NA NA NA NA
Dibenzofuran — 0.0014 < 0.005 1.20 0.17 0.045
Fluoranthene 0.92 0.0011 < 0.005 2.30 0.22 0.022
Fluorene 34.6 0.01 0.014 2.50 0.44 0.061
Indeno(1,2,3-cd)pyrene — < 0.001 < 0.005 0.77 2.50 0.0018
Naphthalene 98.8 0.21 1.1 E 34.0 0.0013 6.90
Pentachlorophenol — NA NA < 5.0 < 0.015 < 0.005
Phenanthrene 0 0.0028 0.0081 6.90 0.46 0.120
Pyrene 25.9 0.0014 < 0.005 2.00 0.18 0.012

NOTES:
Concentrations shown in mg/L.
NA - Not Analyzed
< - Below detection limit 
J - Indicates an estimated concentration when the value is less than the calculated reporting limits.  
M - Indicates an estimated concentration.  Analyte has low spectral match.
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1.0 Introduction 

1.1 BACKGROUND 

Gas Works Park is situated on the northern shore of Lake Union, a heavily developed urban 
lake located north of downtown Seattle, Washington (Figure A.1).  Historical operations at the 
site have resulted in environmental contamination. The Gas Works Uplands have been 
investigated and remedial construction has been completed, as documented in a formal 
Consent Decree (CD) between the Washington State Department of Ecology (Ecology), Puget 
Sound Energy (PSE), and the City of Seattle (City) (State of Washington 1999).   

This data report is part of the investigation and remediation of Lake Union sediments offshore 
from the Gas Works Uplands, which are being addressed in a separate scope of work.  Ecology, 
the City, and PSE have entered into an Agreed Order (AO; State of Washington 2005) to 
conduct a remedial investigation and feasibility study (RI/FS) and associated planning for the 
Gas Works Sediment Area (GWSA).  The GWSA is delineated by an Area of Investigation (AOI) 
line (Figure A.1).  The AOI is the area where the RI/FS’ will be focused.  The AO further defines 
two study areas within the AOI line, the Western Study Area and the Eastern Study Area—as 
shown in Figure A.1.  The Eastern Study Area (ESA) RI/FS process will be completed by PSE. 
The City is conducting the RI/FS process for the Western Study Area (WSA).  This data report is 
focused on the Gas Works Sediment (GWS)-WSA.   

Seattle Public Utilities (SPU) prepared a Current Situation Report and RI/FS Work Plan 
(Floyd|Snider 2005a) for the GWS-WSA, which was approved by Ecology on April 19, 2005 in a 
letter to Allison Geiselbrecht (Keeling 2005).  GWS-WSA field investigations were then 
conducted in accordance with the approved RI/FS Work Plan.  This data report is consistent 
with Task 3 of the AO Exhibit B, Statement of Work for the Western Study Area. 

The City, under the lead of SPU, has prepared this data report to present the results of a 
shoreline investigation performed adjacent to the GWS-WSA, and, to fulfill obligations under the 
Washington State Model Toxics Control Act (MTCA).  This document is consistent with 
requirements of MTCA (Chapter 173-340 WAC) and the Washington State Sediment 
Management Standards (SMS) [Chapter 173-204 WAC].  The shoreline investigation was 
performed in September and October 2006 in accordance with the GWS-WSA Shoreline 
Investigation Sampling and Analysis Plan (SAP; The Floyd|Snider Team 2006).  

The investigation described in this data report is consistent with the existing CD and Cleanup 
Action Plan (CD/CAP) in effect for the Gas Works Park and Harbor Patrol properties (Uplands), 
which states that “full analysis of any Gas Works Park upland to sediment pathways…will be 
reserved for the next phase of cleanup analysis and action, under a separate decree or order” 
(State of Washington 1999).  As specified in the Uplands CD/CAP, the investigation described 
in this data report supports the evaluation of risks to biota in the sediments and will be 
conducted under the AO for the GWSA (State of Washington 2005).  Section 1.5 of Restrictive 
Covenant No. 20050505001726, which is in effect for the Uplands, requires that “any activity on 
the [Gas Works Park] Property that may result in the release or exposure to the environment of 
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a hazardous substance that remains on the Property…is prohibited without prior written 
approval from Ecology” (City of Seattle 2005).   

1.2 SITE CONDITIONS 

An area of dense non-aqueous phase liquid (DNAPL)-impacted sediment is present in the 
GWS-WSA adjacent to the shoreline and extending approximately 300 feet offshore.  Records 
regarding historical Uplands uses, however, do not clearly indicate there was an over-water 
structure or activity that would have resulted in significant “top-down” transport mechanism or 
source to account for the DNAPL observed in the sediments.   

The spatial and vertical distribution of DNAPL in upland wells near the Harbor Patrol facility and 
in offshore sediments raised the concern of a continued shoreline source of DNAPL (historical 
and/or current).   Due to the locations of previous shoreline borings and wells, a data gap 
existed regarding the potential presence of DNAPL in the shoreline bank area between Harbor 
Patrol and the western end of the prow/seawall.  The potential that DNAPL could be present in 
this portion of the shoreline bank area is particularly relevant to the selection of a sediment 
remedial action. In part, this is due to the generally steep GWS-WSA shoreline slope.  

The steep shoreline slope present on the west and shoreline structures, as well as facility 
operations inhibit shoreline access with sampling vessels to collect surface sediment grab 
samples and subsurface sediment core samples. Therefore, the abrupt shoreline slope, extent 
of shoreline data gaps, and lack of a known historical over-water DNAPL source were all 
characteristics of the GWS-WSA that warranted performance of this shoreline investigation to 
support the GWS-WSA RI/FS. 

1.3 PURPOSE AND OBJECTIVES 

The purpose of this shoreline investigation is to evaluate the upland-to-sediment pathway in the 
context of potential DNAPL migration from the Uplands to the sediments (and associated 
aquatic receptors).  The information obtained will confirm or update the conceptual site model 
and support development of remedial alternatives proposed for the GWS-WSA.  The results of 
this shoreline investigation will be presented and incorporated in the GWS-WSA remedial RI/FS. 

The information obtained from this shoreline investigation will facilitate a well-informed decision 
by the City and Ecology regarding the preferred remedial alternative.  The information obtained 
will help define the most cost-effective sediment remedy, from both short and long-term 
perspectives. 

The objectives of the investigation include the following: 

 Visually delineate the presence of DNAPL in the shoreline bank in areas with limited 
existing data coverage. This information will aid in evaluating the potential for 
ongoing DNAPL migration. 

 Identify the petrophysical characteristics of the DNAPL (where DNAPL is present in 
soils and fill along the shoreline, and based on field conditions) in order to evaluate 
its potential mobility to the sediments. 
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 Evaluate the geologic conditions at the bank in areas with limited existing data 
coverage, including thickness and elevations of the fill and glacial units. This 
information will aid in evaluating the potential location and vertical extent of remedial 
action components that may be necessary at the bank. 

 Measure groundwater flow characteristics, including vertical hydraulic gradients and 
hydraulic conductivities, at the shoreline for use in groundwater modeling to evaluate 
long-term protectiveness of GWS-WSA remedial alternatives.   

 Evaluate DNAPL recoverability (if DNAPL is encountered) in temporary groundwater 
wells and evaluate the physical properties of DNAPL to assess potential mobility to 
the sediments. 

 Identify the geotechnical characteristics of the bank materials for use in evaluating 
potential remedial action components for the bank area. 
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2.0 Soil Borings, Soil Samples, and Well Construction 

The methods employed for drilling the soil borings, collecting soil samples, and constructing the 
wells departed from the methods proposed in Floyd|Snider’s SAP. The following sections 
describe the scope of the investigation, the departures from the SAP, and the reasons for them. 

2.1 SCOPE OF FIELD INVESTIGATION 

A total of nine soil borings were advanced at five locations along the GWS-WSA shoreline.  At 
each boring, soil was sampled at selected depths to obtain geologic information and support the 
visual identification of DNAPL.  When encountered, DNAPL samples were obtained and 
analyzed for mobility characteristics.  Soil samples were also selected for geotechnical testing 
(i.e., grain size and moisture content).  

At three locations, one temporary shallow well and one temporary deep groundwater well were 
installed.  These three well pairs were used to evaluate the general groundwater flow in, and the 
hydrogeologic properties of, the Gasworks Fill and Recessional Stratified Drift.  The wells in 
each pair are within approximately 10 feet of each other.  Groundwater quality sampling was not 
performed.  These six temporary groundwater wells will be properly decommissioned upon 
completion of the field program. 

The following two tables summarize the drilling program. David Evans and Associates, Inc. 
(Professional Surveys) conducted a survey to obtain the coordinates of boring locations and 
vertical elevations.  Figure A.1 shows the boring and well locations.  Boring logs and well 
completion drawings are shown in Attachment A.1. 

Summary of Soil Borings 

Location Boring 
ID

Description 

Northwestern portion of 
Harbor Patrol Facility, near 
shoreline.

TDW1 Deep soil boring completed as temporary well.  Boring is 43.8 ft 
deep and the well screen is located between 37 and 42 ft bgs. 

Northwestern portion of 
Harbor Patrol Facility, near 
shoreline.

TSW1 Shallow soil boring completed as temporary well.  Boring is 10.5-
ft deep and located near TDW1.  Well screen is located between 
5 and 10 ft bgs.  Split spoon samples were only collected in the 
screen interval.   

West side of Kite Hill, near 
shoreline.

TDW2 Deep soil boring completed as temporary well.  Boring is 40.1 ft 
deep and well screen is located between 34 and 39 ft bgs. 

West side of Kite Hill, near 
shoreline.

TSW2 Shallow soil boring completed as temporary well.  Boring is 10.5 ft 
deep and located near TDW2. Well screen is located between 7 
and 12 ft bgs. Split spoon samples were only collected in the 
screen interval. 

West side of Kite Hill, near TSB3 Soil boring is 31.1 ft deep and located near TDW2.  This boring 
was drilled to sample potentially DNAPL-impacted soils at 
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Location Boring 
ID

Description 

shoreline. Selected depths where DNAPL impacts were observed while 
drilling TDW2. 

Southwest side of Kite Hill, 
near shoreline. 

TSB1 Soil boring is 47.7 ft deep.    

South side of Kite Hill, 
near shoreline. 

TSB2 Soil boring is 49.2 ft deep. 

South side of Kite Hill, 
near shoreline. 

TDW3 Soil boring completed as temporary well.  Boring is 40.8 ft deep 
and the well screen is located between 34.5 and 39.5-ft bgs. 

South side of Kite Hill, 
near shoreline. 

TSW3 Soil boring completed as temporary well.  Boring is 11.5 ft deep 
and located near TDW3.  Well screen is located between 6.5 and 
11.5 ft bgs. Split spoon samples were only collected in the screen 
interval.

Soil Boring and Well Summary 

I.D.

State Plane 
Coordinates (ft WA 
North) 

Elevation of 
Ground

Surface (ft  
USACE) 

Elevation of Top 
PVC (ft USACE) 

Total Depth 
(ft) 

Screen
Interval (ft 

bgs)
TDW1 239,245.2 North 

1,269,573.7 East 
24.8 24.51 43.8 37 to 42 

TDW2 238,940.3 North 
1,269,7545.0 East 

24.7 24.50 40.1 34 to 39 

TDW3 238,769.8 North 
1,269,998.3 East 

26.6 26.50 40.8 34.5 to 39.5 

TSW1 239,252.3 North 
1,269,586.6 East 

25.6 25.35 10.5 5 to 10 

TSW2 238,955.4 North 
1,269,762.8 East 

27.3 27.06 12.0 7 to 12 

TSW3 238,775.8 North 
1,270,000.3 East 

27.3 26.99 11.5 7 to 11.5 

TSB1 238,867.5 North 
1,269,836.9 East 

29.0 NA 47.7 NA 

TSB2 238,814.0 North 
1,269,926.1 East 

31.4 NA 49.5 NA 

TSB3 238,938.3 North 
1,269,758.6 East 

24.9 NA 31.1 NA 
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2.2 SOIL SAMPLE COLLECTION METHODS 

Two different length 2-inch diameter split spoon samplers were used, 18- and 24-inches1.  Soil 
samples were collected at intervals that coincided with the length of the split spoon sampler.  
Where the 18-inch split spoon sampler was used, the subsequent sample was collected from a 
depth 18 inches deeper, regardless of recovery.  Where the 24-inch split spoon was used, the 
subsequent sample was collected from a depth 24 inches deeper. Therefore, soil samplers were 
continuously driven—except where refusal occurred.  However, due to incomplete sample 
recovery, only a portion of the soil profile was actually collected for observation. 

Most soil samples were collected using 2-inch diameter split spoons.  In a few locations, a 
2.5-inch diameter split spoon sampler (also called a Dames & Moore sampler) was used.  The 
Dames & Moore sampler was mainly used to obtain larger samples of suspected glacial till.  The 
sampler type used is indicated on the boring logs. 

2.3 SAMPLING STRATEGY 

The SAP indicates that a deep soil boring would first be drilled and sampled continuously to 
identify DNAPL-saturated soil.  Then, a second boring would be drilled so laboratory samples of 
DNAPL-saturated soil could be collected.  This procedure was changed because of problems 
associated with heaving sand and because the DNAPL content of the soil was less than 
anticipated. 

The procedure used was to drill a deep soil boring until glacial till was encountered2.  Soil 
samples were continuously collected using split spoon samplers.  Where potentially heavy 
DNAPL stains were observed, samples were collected with 6-inch long brass rings inserted into 
the split spoon samplers.  Selected “ring samples” were sealed, labeled, and shipped to PTS 
Laboratories3,4.  The remaining ring samples were emptied out for observation.  The heaviest 
DNAPL stains were observed in soil samples collected at TDW2.  Consequently, Boring TSB3 
was drilled to resample selected depth intervals using a Dames & Moore sampler with brass 
rings.  However, heavy DNAPL stains were not observed in the target depth intervals even 
though TSB3 was located about 5 feet from TDW2. 

Shallow soil borings were proposed at three locations (TSW1, TSW2, and TSW3) for the 
purpose of constructing shallow wells for hydrologic testing.  Soil samples at these locations 
were collected in the well screen interval for observation only and not laboratory testing. 

                                                
1 The 2-inch diameter, 18-inch long, split spoon sampler is typically used for the standard penetration test 

(SPT).
2 The deep soil borings are TDW1, TDW2, TDW3, TSB1, and TSB2. 
3 Void space in the ring samples, if present, was filled with pieces of plastic bags.  The ends of the rings 

were sealed with plastic caps and taped shut using duct tape.  The ring samples were labeled as to 
boring, depth, and orientation then stored on dry ice. 

4 Samples were continuously stored in a cooler with dry ice until shipped to the Laboratory (refer to Chain 
of Custodies included in Attachment A.2).  
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2.4 WELL CONSTRUCTION 

This section describes actual well construction—if it differed from that proposed in the SAP.  
Refer to the boring logs in Attachment A.1 for well construction details.  

Well screens are 5 feet long, rather than 10 feet as originally proposed.  For the deep wells, the 
bottoms of the screens were placed slightly into the glacial till.  For shallow wells the top of the 
screen was placed near the water table. 

Sand packs were generally placed about 3 feet above the tops of the screens for deep wells 
and about 1 foot above the tops of the screens for shallow wells.  Bentonite pellet seals were 
generally about 2 feet thick (over the sandpacks) in the deep wells and thick enough to extend 
to 1.5 feet below ground surface (bgs) for the shallow wells. The deep wells had an additional 
well seal that consisted of “Quick Grout” (a high solids bentonite grout) placed on top of the 
bentonite pellets using a tremie pipe.  In comparison, the SAP proposed a cement-bentonite 
grout placed over a bentonite pellet seal using a tremie pipe.  These changes in well 
construction were made to reduce the amount of time required for well construction and to 
minimize the potential for the bentonite pellets to bridge inside the auger, as happened in 
TDW1, the first well constructed. 

Well TDW1 was not constructed according to plan due to a problem.  Bentonite pellets bridged 
between the PVC well casing and the inside of the auger.  The driller was unable to remove the 
bridge and had to remove the auger before the full seal could be installed.  Consequently, 
TDW1 was constructed with a thin seal that consists of about 1 foot of bentonite pellets placed 
on the top of the sand pack.  Between this seal and the water table, there is formation soil that 
collapsed around the PVC casing as the auger was removed.  A bentonite seal was placed 
around the PVC casing above the water table.

2.5 FIELD OBSERVATIONS 

The most important field observations recorded include the color, texture, and moisture content 
of the fill and soils encountered. Also included were the blow counts (i.e., the number of 
hammer strikes required to drive the sampler into the soil) and indications of possible DNAPL 
and/or hydrocarbon contamination (e.g., odor, sheen, stains).  These observations are recorded 
on the boring logs (Attachment A.1). 

Observations suggest that DNAPL is a minor phase in the samples collected for this 
investigation and does not appear to be a mobile, separate liquid phase.  Field personnel did 
not observe soil samples that had enough DNAPL to flow out of the sample.  However, sheens 
(locally with colors) and oil blebs were observed in some soil samples.  In locations where 
DNAPL stains were relatively heavy, soil samples were submitted for petrophysical testing. 

The location of the top of the Vashon Till was based on field observations.  This unit was 
identified as a gray or dark gray, compact, very dense (high blow count), silty sand or sandy silt.  
When field personnel believed the Vashon Till was encountered, an additional sample was 
collected using the (larger) diameter Dames & Moore sampler.  This provided a larger sample 
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for observation. At most locations, a sample of the Vashon Till was submitted to the 
geotechnical laboratory for grain size analysis. 
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3.0 Laboratory Testing and Results 

Selected soil samples were analyzed for petrophysical and geotechnical properties.  The table 
below summarizes the testing accomplished.  Appendices B and C contain copies of the 
laboratory reports and chain of custody forms. 

3.1 PETROPHYSICAL LABORATORY TESTING 

Petrophysical tests were performed by PTS Laboratories Inc., which is located in Santa Fe 
Springs, CA.  Selected samples collected during hollow stem auger drilling were tested for pore 
fluid saturation and free product mobility.  The following table summarizes the petrophysical 
testing accomplished and results obtained.  The laboratory report is shown in Attachment A.2. 

Summary of Samples Tested 

Analysis Location Sample I.D.  

TDW2 TDW2-15.5-16.0 

TDW2 TDW2-16.8-18.8 

TDW2 TDW2-21.5-22.0 

Density, Total Porosity (API RP 40) 

Pore Fluid Saturations (ASTM D425M, Dean 
Stark)

TSB2 TSB2-21.3-21.8 

Summary of Petrophysical Test Results 

Property Range of Results 

Bulk Density (g/cc) 1.61 – 1.80 

Grain Density (g/cc) 2.69 – 2.73 

Total Porosity (%Vb) 34.1 – 40.3 

Water Saturation, before centrifuge (%Pv) 52.9 – 71.7 

Water Saturation, after centrifuge (%Pv) 10.0 – 26.0 

NAPL Saturation, before centrifuge (%Pv) 2.1 – 5.6 

NAPL Saturation, after centrifuge (%Pv) 0.1 – 4.1 
Notes:  

cc Cubic centimeters. 
g Grams. 

Pv Pore volume. 
The sum of the water and NAPL saturations (i.e., before centrifugation) does not equal 100% of the porosity.  
The difference is pore space filled with air. Because free DNAPL was not observed in the split spoon 
sampler and on the brass rings, it is likely the fluid lost from the sample was water that drained out of the 
brass rings while the drillers were retrieving the samplers.  The lost water was simultaneously replaced with 
air.
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3.2 GEOTECHNICAL LABORATORY TESTING  

Geotechnical laboratory tests were performed by Analytical Resources Inc., which is located in 
Tukwila WA.  Selected samples collected during hollow stem auger drilling were tested for grain 
size and moisture content. The following table summarizes the geotechnical testing 
accomplished.  The laboratory report is shown in Attachment A.3. 

Summary of Geotechnical Testing 

Analysis Location Sample 

TDW1 TDW1-9.0 

TDW1 TDW1-15.5 

TDW1 TDW1-27.5 

TDW2 TDW2-23.0 

TDW2 TDW2-39.5 

TDW3 TDW3-9.5 

TDW3 TDW3-29.9 

TDW3 TDW3-39.5 

TSB1 TSB1-15.0 

TSB1 TSB1-33.5 

TSB1 TSB1-47.0 

TSB2 TSB2-5.5 

TSB2 TSB2-17.5 

TSB2 TSB2-39.0 

Grain Size (ASTM D421/422) 

TSB2 TSB2-49.0 

TDW1 TDW1-43.2 

TSB2 TSB2-45.0 

Moisture Content (ASTM 2216) 

TSB2 TSB2-49.0 

The following table summarizes the results of the moisture content analyses. 

Summary of Moisture Content Analyses 

Sample ID Stratigraphic Unit Moisture Content (%) 

TDW1-43.2 Vashon Till 17.6 

TSB2-45.0 Recessional Stratified Drift 11.8 

TSB2-49.0 Vashon Till 9.13 
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The following table summarizes the grain size analyses in terms of gravel, sand and silt plus 
clay.  Hydrometer analysis was performed only on samples with potentially significant silt plus 
clay contents. 

Summary of Grain Size Analyses 

Sample ID Stratigraphic 
Unit

Gravel (%) Sand (%) Silt (%) Clay (%) Silt + Clay 
(%) 

TDW1-9.0 Recessional 
Stratified Drift 

0.9 96.6 - - 2.6 

TDW1-15.5 Recessional 
Stratified Drift 

38.8 55.8 - - 5.4 

TDW1-27.5 Recessional 
Stratified Drift 

24.9 69.9 - - 5.1 

TDW2-23.0 Recessional 
Stratified Drift 

37.4 59.8 - - 2.8 

TDW2-39.5 Vashon Till 25.7 48.7 21.7 3.9 25.6 

TDW3-9.5 Gas Works Fill 19.9 58.9 14.0 7.3 21.3 

TDW3-29.9 Recessional 
Stratified Drift 

21.9 73.8 - - 4.4 

TDW3-39.5 Vashon Till 25.2 46.5 25.4 2.9 28.3 

TSB1-15.0 Gas Works Fill 28.7 62.6 - - 8.8 

TSB1-33.5 Recessional 
Stratified Drift 

10.8 84.5 - - 4.7 

TSB1-47.0 Vashon Till 14.2 50.0 31.7 4.1 35.8 

TSB2-5.5 Gas Works Fill 32.1 58.2 5.3 4.3 9.6 

TSB2-17.5 Gas Works Fill 24.8 64.3 - - 10.8 

TSB2-39.0 Recessional 
Stratified Drift 

2.2 93.7 - - 4.0 

TSB2-49 Vashon Till 10.8 54.8 29.6 4.7 34.3 
Notes:  

- Indicates samples where silt plus clay contents were too low for hydrometer analyses. 
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4.0 Hydrogeological Test Results  

Aspect Consulting performed hydrogeological tests for this investigation. Their technical 
memorandum is presented in Attachment A.4. 

Aspect Consulting performed the following services for this investigation: 

 Developed the six temporary monitoring wells constructed for this project. 

 Performed slug tests (to estimate aquifer hydraulic conductivity) in the same six 
monitoring wells. 

 Collected a comprehensive set of water level measurements across the Uplands and 
adjacent King County Metro site. 

 Evaluated the data collected to estimate upland groundwater flow directions, 
horizontal and vertical hydraulic gradients, and groundwater velocities in the 
shoreline area. 

 Compared the results of this shoreline investigation with previous results obtained 
from previous investigations. 

4.1 WATER TABLE AQUIFER 

Aspect concluded that the available information indicates that the Gas Works Fill and 
Recessional Stratified Drift form a single unconfined aquifer (a water table aquifer) that they 
refer to as the GWF/RSD hydrostratigraphic unit.  However, this unit contains considerable 
small-scale stratification that can create localized semi-confined conditions. 

In Attachment A.4, Figure 2 shows inferred groundwater flow directions for the upland based on 
their October 2006 groundwater level measurements.  The groundwater contours represent the 
water table surface in the combined GWF/RSD hydrostratigraphic unit, but also in the Vashon 
Till (VT) unit where the GWF/RSD unit is absent in the vicinity of the Metro site (located 
northwest of the study area). According to Aspect, this interpretation is consistent with the 
previous hydrogeologic interpretation for the Metro site. 

The water table surface generally flows south/southwest toward Lake Union.  The water table 
surface gradient is low (up to 0.003 foot/foot) in the vicinity of the shoreline.  Aspect noted a 
slight depression of about one foot in the groundwater levels in the vicinity of Wells RW-1, PZ-9, 
and PZ-10.  They were unable to determine the cause of the anomaly and did not include the 
data from these three wells in the contours shown on Figure 2. 

4.2 VERTICAL GRADIENTS 

Aspect estimated vertical groundwater gradients in the GWF/RSD (i.e., water table) aquifer in 
the vicinity of the shoreline.  These estimates were made from measurements from the six wells 
constructed for this investigation.  One set of measurements was made in October 2006 and a 
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second set was made in November 2006.  In general, there appear to be small upward vertical 
gradients up to approximately 0.0007 foot/foot. 

These vertical gradients estimated for the shoreline area are at least an order of magnitude less 
than the horizontal gradients estimated for this area.  These results indicate groundwater flow is 
predominantly horizontal in the shoreline area.  

4.3 HYDRAULIC CONDUCTIVITY 

Aspect developed a set of estimates of hydraulic conductivity for the GWF/RSD aquifer based 
on the slug tests they performed and a pumping test performed in the vicinity of Harbor Patrol in 
1998.  Aspect’s “best estimate” of hydraulic conductivity of this unit is 16 feet/day (6 x 10-3

cm/sec).  They developed this estimate by evaluating the shoreline shallow and deep slug test 
results as well as the earlier pumping test result. 

4.4 GROUNDWATER VELOCITY 

Aspect estimated the average linear groundwater velocity in the GWF/RSD aquifer to be about 
0.16 feet/day in the vicinity of the shoreline.  The velocity varies locally due to differences in 
hydraulic gradient.
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MOISTURE CONTENT

2-inch OD Split Spoon, SPT
(140-lb. hammer, 30" drop)

3.25-inch OD Spilt Spoon
(300-lb hammer, 30" drop)

Non-standard penetration
test (see boring log for details)

Thin wall (Shelby) tube

Grab

Rock core

Vane Shear

Dusty, dry to the touch

Damp but no visible water

Visible free water

Terms and Symbols for
Boring and Test Pit Logs

Density

SILT / CLAY

GRAVEL (<5% fines)

GRAVEL (>12% fines)

SAND (<5% fines)

SAND (>12% fines)

Liquid Limit < 50

Liquid Limit > 50

Breaks along defined planes
Fracture planes that are polished or glossy
Angular soil lumps that resist breakdown
Soil that is broken and mixed
Less than one per foot
More than one per foot
Angle between bedding plane and a plane
normal to core axis

Very Loose
Loose
Med. Dense
Dense
Very Dense

SPT
N-values

Approx. Undrained Shear
Strength (psf)

<4
4 to 10
10 to 30
30 to 50

>50

<2
2 to 4
4 to 8

8 to 15
15 to 30

>30

California Bearing Ratio
Compaction Tests
Consolidation
Dry Density
Direct Shear
Fines Content
Grain Size
Permeability
Pocket Penetrometer
R-value
Specific Gravity
Torvane
Triaxial Compression
Unconfined Compression

SPT
N-values

Units of material distinguished by color and/or
composition from material units above and below
Layers of soil typically 0.05 to 1mm thick, max. 1 cm
Layer of soil that pinches out laterally
Alternating layers of differing soil material
Erratic, discontinuous deposit of limited extent
Soil with uniform color and composition throughout

Approx. Relative
Density (%)

Gravel

Layered:

Laminated:
Lens:

Interlayered:
Pocket:

Homogeneous:

Highly Organic Soils

#4 to #10 sieve (4.5 to 2.0 mm)
#10 to #40 sieve (2.0 to 0.42 mm)
#40 to #200 sieve (0.42 to 0.074 mm)
0.074 to 0.002 mm
<0.002 mm

UNIFIED SOIL CLASSIFICATION SYSTEM
MAJOR DIVISIONS GROUP DESCRIPTIONS

Notes:

MONITORING WELL

<15
15 - 35
35 - 65
65 - 85
85 - 100

GW

GP

GM

GC

SW

SP

SM

SC

ML

CL

OL

MH

CH

OH

PT

TEST SYMBOLS

50%or more passing #200 sieve

Groundwater Level at
     time of drilling (ATD)
Static Groundwater Level

Cement / Concrete Seal

Bentonite grout / seal

Silica sand backfill

Slotted tip

Slough

<250
250 - 500
500 - 1000

1000 - 2000
2000 - 4000

>4000

RELATIVE DENSITY / CONSISTENCY

Fissured:
Slickensided:

Blocky:
Disrupted:
Scattered:

Numerous:
BCN:

COMPONENT DEFINITIONS

Dry

Moist

Wet

1.   Soil exploration logs contain material descriptions based on visual observation and field tests using a system
modified from the Uniform Soil Classification System (USCS). Where necessary laboratory tests have been
conducted (as noted in the "Other Tests" column), unit descriptions may include a classification. Please refer to the
discussions in the report text for a more complete description of the subsurface conditions.

2.   The graphic symbols given above are not inclusive of all symbols that may appear on the borehole logs.
Other symbols may be used where field observations indicated mixed soil constituents or dual constituent  materials.

COMPONENT        SIZE / SIEVE RANGE COMPONENT        SIZE / SIEVE RANGE

SYMBOLS
Sample/In Situ test types and intervals

Silt and Clay

Consistency

SAND / GRAVEL

Very Soft
Soft
Med. Stiff
Stiff
Very Stiff
Hard

Bottom of Boring

CBR
Comp

Con
DD
DS
%F
GS

Perm
PP

R
SG
TV

TXC
UCC

Boulder:
Cobbles:
Gravel
           Coarse Gravel:
               Fine Gravel:

Sand
        Coarse Sand:
       Medium Sand:
            Fine Sand:
Silt
Clay

> 12 inches
3 to 12 inches

3 to 3/4 inches
3/4 inches to #4 sieve

Sand
50% or more of the coarse
fraction passing the #4 sieve.
Use dual symbols (eg. SP-SM)
for 5% to 12% fines.

for In Situ and Laboratory Tests
listed in "Other Tests" column.

Figure 1

50% or more of the coarse
fraction retained on the #4
sieve. Use dual symbols (eg.
GP-GM) for 5% to 12% fines.

DESCRIPTIONS OF SOIL STRUCTURES

Well-graded GRAVEL

Poorly-graded GRAVEL

Silty GRAVEL

Clayey GRAVEL

Well-graded SAND

Poorly-graded SAND

Silty SAND

Clayey SAND

SILT

Lean CLAY

Organic SILT or CLAY

Elastic SILT

Fat CLAY

Organic SILT or CLAY

PEAT



TDW1-9.0

TDW1-15.5

Loose, dark brown, gray and black, mottled, slightly silty,
slightly gravelly, SAND; moist to wet; poorly graded to well
graded, slight iron-oxide staining, no oil odor or sheen; (Gas
Works Fill) SP-SM/SP.

Very loose, dark gray, SAND, trace of silt and gravel; wet;
scattered thin silt and peat seams, faint odor, no oil sheen or
staining; (Recessional Stratified Drift) SP.

--Faint unknown odor between 9 and 10 feet.

--Silty peat seam at 9.5 feet.

Dense to medium dense, dark grayish brown, trace of gravel
to slightly gravelly, SAND, trace of silt; wet; bedded, no oil
sheen or staining; (Recessional Stratified Drift) SP.

Medium dense and dense, dark gray, clean to slightly silty,
gravelly, SAND to SAND, trace of gravel and silt; wet; no oil
odor sheen or staining; (Recessional Stratified Drift)
SP/SP-SM.
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Remarks: Standard Penetrations Test (SPT) sampler AND Dames and Moore Sampler
(D&M) driven with 140-lb. safety hammer.  Therefore, samples obtained with a D&M
sampler indicate non-standard N-values.
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TDW1-27.5

Medium dense and dense, dark gray, clean to slightly silty,
gravelly, SAND to SAND, trace of gravel and silt; wet; no oil
odor sheen or staining; (Recessional Stratified Drift)
SP/SP-SM. (Continued)

Very dense, dark gray, slightly gravelly to gravelly, SAND,
trace of silt; wet; bedded, scattered slightly silty seams,
scattered gravel lenses, no oil sheen or odor; (Recessional
Stratified Drift)  SP/SP-SM.
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Remarks: Standard Penetrations Test (SPT) sampler AND Dames and Moore Sampler
(D&M) driven with 140-lb. safety hammer.  Therefore, samples obtained with a D&M
sampler indicate non-standard N-values.
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TDW1-43.2

Very dense, dark gray, slightly gravelly to gravelly, SAND,
trace of silt; wet; bedded, scattered slightly silty seams,
scattered gravel lenses, no oil sheen or odor; (Recessional
Stratified Drift)  SP/SP-SM. (Continued)
--Driller reports groundwater heave between 33 and 39
feet..

--Slightly silty seam at 37.5 feet.

Very dense, light gray and gray, silty, gravelly SAND; moist;
locally trace of clay, no oil sheen; (Vashon Till) SM.

--8-inch-thick, hard, sandy, silty clay seam at 42.3 feet.

Bottom of boring at 43.8 feet below ground surface.
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Remarks: Standard Penetrations Test (SPT) sampler AND Dames and Moore Sampler
(D&M) driven with 140-lb. safety hammer.  Therefore, samples obtained with a D&M
sampler indicate non-standard N-values.
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TDW2-15.5

Medium dense, brown, slightly silty, gravelly SAND; dry;
abundant coal fragments and roots; (Gas Works Fill)
SP-SM.

Very loose to loose, brown to black, intermixed, slightly silty,
slightly gravelly to gravelly SAND and gravelly SAND, trace
of silt; moist to wet; scattered brick, wood, metal, and
ceramic fragments; (Gas Works FIll) SP/SW-SM.

--Naphthalene-like odor noted below 6.3 feet.

--Oil sheen with color, black oil blebs, and naphthalene-like
odor at 15 feet.
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Remarks: Standard Penetrations Test (SPT) sampler AND Dames and Moore Sampler
(D&M) driven with 140-lb. safety hammer. Therefore, samples obtained with a D&M
sampler indicate non-standard N-values.
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TDW2-16.8

TDW2-21.5

TDW2-23.0

TDW2-30.6

Medium dense, gray and dark gray, interbedded fine SAND,
trace of silt, and slightly gravelly to gravelly, SAND, trace of
silt; wet; naphthalene-like odor, oil sheen and oil staining;
(Recessional Stratified Drift) SP. (Continued)
--Questionable N-values between 16.5 and 19 feet because
driller was distracted.

--Driller notes groundwater heave and geologist notes
oil-stained slough in samples below 22 feet.

--Oil staining and oil sheen in slough between 23.0 and 34.5
feet.

--Very heavy oil staining in slough between 27 and 28 feet.

-Geologist notes heavy oil stains and sheen on slough in
sample at 29.5 feet, and a 3/8-inch-thick sand bed with dark
brown oil stains at 29.7 feet.

--Wood fragment at 30 feet.

Very dense, gray-brown, gravelly SAND to SAND, trace of
silt; wet; significant groundwater heave noted, oil staining in
sample slough; (Recessional Stratified Drift) SP.
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Remarks: Standard Penetrations Test (SPT) sampler AND Dames and Moore Sampler
(D&M) driven with 140-lb. safety hammer. Therefore, samples obtained with a D&M
sampler indicate non-standard N-values.
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TDW2-39.5

Very dense, gray-brown, gravelly SAND to SAND, trace of
silt; wet; significant groundwater heave noted, oil staining in
sample slough; (Recessional Stratified Drift) SP.
(Continued)

Very dense, gray, silty, gravelly SAND; moist; no oil staining;
(Vashon Till) SM.

Bottom of boring at 40.1 feet below ground surface.
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Remarks: Standard Penetrations Test (SPT) sampler AND Dames and Moore Sampler
(D&M) driven with 140-lb. safety hammer. Therefore, samples obtained with a D&M
sampler indicate non-standard N-values.
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TDW3-4.5

TDW3-6.5

TDW3-9.5,
10.0

TDW3-11.5,
12.0,
12.0R

TDW3-14.5,
15.5

Loose to dense, dark brown and black, slightly silty, gravelly
SAND; moist to wet; scattered root, concrete, wood, brick,
and slag fragments; no oil odor or staining; (Gas Works Fill)
SP-SM.

Loose to very loose, very dark brown to black, slightly silty to
silty, gravelly SAND; wet; scattered wood, ceramic, and
brick fragments; chemical odor with slight sheen; (Gas
Works FIll) SP-SM.

--Soil appears to be a little oily, but not saturated and with a
naphthelene-like odor at 13 feet.

Very loose to loose, very dark brown to black, organic-rich,
silty SAND; wet; abundant wood and plant fragments; (Gas
Works Fill/Old Mudline Horizon) SM/OL.
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Remarks: Standard Penetrations Test (SPT) sampler AND Dames and Moore Sampler
(D&M) driven with 140-lb. safety hammer.  Therefore, samples obtained with a D&M
sampler indicate non-standard N-values.
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TDW3-17.0

TDW3-29.9

Very loose to loose, very dark brown to black, organic-rich,
silty SAND; wet; abundant wood and plant fragments; (Gas
Works Fill/Old Mudline Horizon) SM/OL. (Continued)

Medium dense to dense, dark gray, slightly gravelly to
gravelly, fine to medium SAND, trace of silt; wet; bedded, no
oil staining or sheen; (Recessional Stratified Drift) SP.
--Naphthalene-like odor between 17.5 and 31 feet.

--Grades to silty fine SAND, trace of gravel between 22.5
and 27.5 feet.

--Scattered sandy silt seams between 24.5 and 26 feet.

--Grades to clean, slightly gravelly SAND below 27.5 feet.
Driller notes groundwater heave.

--No naphthalene-like odor noted below 31 feet.
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Remarks: Standard Penetrations Test (SPT) sampler AND Dames and Moore Sampler
(D&M) driven with 140-lb. safety hammer.  Therefore, samples obtained with a D&M
sampler indicate non-standard N-values.
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TDW3-39.5

Medium dense to dense, dark gray, slightly gravelly to
gravelly, fine to medium SAND, trace of silt; wet; bedded, no
oil staining or sheen; (Recessional Stratified Drift) SP.
(Continued)

Very dense to dense, gray silty fine SAND; moist; (Vashon
Recessional Outwash) SM.

Very dense, gray, silty, gravelly SAND; moist to wet; no oil
staining or sheen; (Vashon Till?) SM.

Bottom of boring at 40.8 feet below ground surface.
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Remarks: Standard Penetrations Test (SPT) sampler AND Dames and Moore Sampler
(D&M) driven with 140-lb. safety hammer.  Therefore, samples obtained with a D&M
sampler indicate non-standard N-values.
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TSB1-15.0

Very dense to medium dense, brown and very dark brown, slightly
gravelly to gravelly, silty SAND; moist; Scattered concrete fragments,
variable color, earthy odor; (Gas Works Fill) SM.

Loose to very loose, brown and dark gray-brown, slightly gravelly, silty
SAND; moist to wet; earthy odor; (Gas Works Fill) SM.

Very loose to medium dense, dark gray and black, clean to slightly
silty, slightly gravelly to gravelly SAND; wet; scattered concrete, slag,
ceramic, glass, wood, metal, and brick fragments; (Gas Works Fill)
SP-SM/SM.

--No oil stains or sheen.

--Oily, naphthelene-like odor between 15 and 30 feet.
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Remarks: Standard Penetrations Test (SPT) sampler AND Dames and Moore Sampler
(D&M) driven with 140-lb. safety hammer.  Therefore, samples obtained with a D&M
sampler indicate non-standard N-values.
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Very loose to medium dense, dark gray and black, clean to slightly
silty, slightly gravelly to gravelly SAND; wet; scattered concrete, slag,
ceramic, glass, wood, metal, and brick fragments; (Gas Works Fill)
SP-SM/SM. (Continued)

--Slight sheen (no color) between 20 and 29 feet.

Dense and medium dense, dark gray and very dark gray, slightly
gravelly to gravelly, fine to medium SAND, trace of silt; wet; locally
sandy gravel at top, slight naphthelene-like odor, no oil sheen or
stains; (Recessional Stratified Drift) SP.
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Remarks: Standard Penetrations Test (SPT) sampler AND Dames and Moore Sampler
(D&M) driven with 140-lb. safety hammer.  Therefore, samples obtained with a D&M
sampler indicate non-standard N-values.
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TSB1-33.5

TSB1-47.0

Dense and medium dense, dark gray and very dark gray, slightly
gravelly to gravelly, fine to medium SAND, trace of silt; wet; locally
sandy gravel at top, slight naphthelene-like odor, no oil sheen or
stains; (Recessional Stratified Drift) SP. (Continued)

Very dense, gray, slightly gravelly to gravelly, SAND, trace of silt; wet;
possible naphthelene-like odor, no oil stains or sheen; (Recessional
Stratified Drift) SP.

Very dense, gray, slightly gravelly, silty SAND; moist; no
naphthelene-like odor; (Vashon Till) SM.

Bottom of boring at 47.7 feet below ground surface.
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Remarks: Standard Penetrations Test (SPT) sampler AND Dames and Moore Sampler
(D&M) driven with 140-lb. safety hammer.  Therefore, samples obtained with a D&M
sampler indicate non-standard N-values.
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TSB2-5.5

TSB2-7.5

Medium dense, dark brown to gray-brown, slightly silty to silty, gravelly
SAND; moist; scattered crushed rock and wood chips; (Gas Works
Fill) SM/SP-SM.

Very loose, dark brown to black, slightly silty to silty, gravelly SAND;
moist to wet; scattered concrete, glass, ceramic, brick, metal, and slag
fragments; (Gas Works Fill) SP-SM/SM.
--Oily odor but no oil sheen or oil staining between 3.5 and 8.3 feet.

--Sample S-5 was pounded on concrete.
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Remarks: Standard Penetrations Test (SPT) sampler AND Dames and Moore Sampler
(D&M) driven with 140-lb. safety hammer.  Therefore, samples obtained with a D&M
sampler indicate non-standard N-values.
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TSB2-17.5

TSB2-21.3

TSB2-22.5

TSB2-25.7

--Oily odor, oil sheen and staining from 16 to 30.5 feet.  Oil content
variable and apparently less than saturated.
Very loose, dark brown to black, slightly silty to silty, gravelly SAND;
moist to wet; scattered concrete, glass, ceramic, brick, metal, and slag
fragments; (Gas Works Fill) SP-SM/SM. (Continued)

Medium dense to dense, dark gray, slightly gravelly to gravelly SAND,
trace of silt; wet; slight oil odor and sheen in upper 2 feet of unit;
(Recessional Stratified Drift) SP.
--Wood fragment at 31.5 feet.
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Remarks: Standard Penetrations Test (SPT) sampler AND Dames and Moore Sampler
(D&M) driven with 140-lb. safety hammer.  Therefore, samples obtained with a D&M
sampler indicate non-standard N-values.
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TSB2-39.0

Medium dense to dense, dark gray, slightly gravelly to gravelly SAND,
trace of silt; wet; slight oil odor and sheen in upper 2 feet of unit;
(Recessional Stratified Drift) SP. (Continued)
--Oily odor below 32 feet.  No oil sheen or staining.

--Wood fragment at 41 feet.
Very dense, gray, slightly gravelly, silty SAND grading to slightly
gravelly, sandy SILT; wet; slight oily odor above 44 feet; (Recessional
Stratified Drift) SM/ML.

--No oily odor or sheen noted below 44 feet.

Very dense, gray, slightly gravelly, silty SAND; moist; no oil odor;
(Vashon Till) SM.
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Remarks: Standard Penetrations Test (SPT) sampler AND Dames and Moore Sampler
(D&M) driven with 140-lb. safety hammer.  Therefore, samples obtained with a D&M
sampler indicate non-standard N-values.
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TSB2-49.0
Very dense, gray, slightly gravelly, silty SAND; moist; no oil odor;
(Vashon Till) SM. (Continued)
Bottom of boring at 49.5 feet below ground surface.
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Remarks: Standard Penetrations Test (SPT) sampler AND Dames and Moore Sampler
(D&M) driven with 140-lb. safety hammer.  Therefore, samples obtained with a D&M
sampler indicate non-standard N-values.
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Borehole advanced from ground surface to a depth of 13.5 feet
without sampling.  Therefore, no soil description is presented for the
soil interval between 0 and 13.5 feet.

-TSB3 is located near TDW2, which was sampled in this depth
interval.

Very loose to loose, dark gray, slightly silty to silty, slightly gravelly to
gravelly, SAND; wet; scattered reeds and wood (organic-rich);
scattered glass fragments; naphthalene-like odor, no free oil; (Gas
Works Fill/Old Mudline Horizon) SP-SM/SM.

--Oil stains and colored sheen in soil at the 16.0-foot contact--does not
appear to be saturated with oil.
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Remarks: Dames and Moore Sampler (D&M) driven with 140-lb. safety hammer.
Therefore, samples obtained with a D&M sampler indicate non-standard N-values.
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TSB3-16.5

TSB3-16.5R

Medium dense, dark gray, slightly gravelly to gravelly, SAND, trace of
silt; wet; (Recessional Stratified Drift) SP-SM. (Continued)

Borehole advanced from a depth of 18 feet to 29 feet without
sampling.  Therefore, no soil description is presented for the soil
interval between 18 and 29 feet.

-TSB3 is located about 5 feet from TDW2, which was sampled in this
depth interval.

--Driller notes significant groundwater heave during sampling of
samples S-4 and S-5.
Medium dense, gray, slightly gravelly to gravelly, SAND, trace of silt;
wet; strong naphthalene-like odor, no sheen or oil drops; (Recessional
Stratified Drift) SP.

Bottom of boring at 31.1 feet below ground surface.
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Remarks: Dames and Moore Sampler (D&M) driven with 140-lb. safety hammer.
Therefore, samples obtained with a D&M sampler indicate non-standard N-values.
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TSW2-5.0

TSW2-7.0

TSW2-9.0

Borehole advanced from ground surface to a depth of 5 feet
without sampling.  Therefore, no soil description is
presented for the soil interval between 0 and 5 feet.

-TSW1 is located near TDW1, which was sampled in this
depth interval.

Very loose to medium dense, dark yellow-brown and dark
gray-brown, slightly silty SAND to slightly gravelly to
gravelly, SAND, trace of silt; wet; scattered wood chips, no
oil odor or sheen; (Gas Works Fill) SP.

Bottom of boring at 10.5 feet below ground surface.
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Remarks: Standard Penetrations Test (SPT) sampler driven with 140-lb. safety hammer.
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No Rec.

Borehole advanced from ground surface to a depth of 5.5
feet without sampling.  Therefore, no soil description is
presented for the soil interval between 0 and 5.5 feet.

-TSW2 is located near TDW2, which was sampled in this
interval.

Very loose, yellow, brown, gray to black, slightly silty SAND,
trace of gravel to gravelly, silty SAND; wet; scattered brick
fragments and burnt wood, no oil odor or sheen; (Gas
Works Fill) SP-SM/SM.

Bottom of boring at 12.0 feet below ground surface.
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Remarks: Standard Penetrations Test (SPT) sampler driven with 140-lb. safety hammer.
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The stratification lines represent approximate boundaries.  The transition may be gradual.
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Borehole advanced from ground surface to a depth of 6 feet
without sampling.  Therefore, no soil description is
presented for the soil interval between 0 and 6 feet.

-TSW3 is located near TDW3, which was sampled in this
depth interval.

Very loose to loose, strong brown, dark brown to dark gray,
slightly silty to silty, slightly gravelly to gravelly SAND; moist
to wet; scattered slag and ceramic fragments, no oil odor or
sheen; (Gas Works Fill) SP-SM/SP.

Bottom of boring at 11.5 feet below ground surface.
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Remarks: Standard Penetrations Test (SPT) sampler driven with 140-lb. safety hammer.
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PTS File No: 36834
Client: Floyd Snider

PROJECT NAME: Gasworks Park
PROJECT NO: COS-GWSA-304D

METHODS: API RP 40

SAMPLE TOTAL
SAMPLE DEPTH, ORIENTATION BULK, GRAIN, POROSITY, WATER (Swi) NAPL (Soi) WATER (Srw) NAPL (Sor)

ID. ft. (1) g/cc g/cc %Vb SATURATION SATURATION SATURATION SATURATION

TSB2-21.3-21.8 21.5 V 1.61 2.69 40.3 71.7 5.6 26.0 2.4

TDW2-15.5-16.0 15.9 V 1.80 2.73 34.2 71.4 5.2 14.0 4.1

TDW2-16.8-17.3 17.1 V 1.70 2.72 37.5 66.2 2.1 11.5 0.1

TDW2-18.3-18.8 18.5 V 1.80 2.73 34.1 52.9 4.4 10.0 1.2

N/A = Not Analyzed. Vb = Bulk Volume, Pv = Pore Volume.  (1)  H = horizontal,  V = vertical
Soi = Initial NAPL Saturation as received prior to centrifuging at 1000xG, Swi = Initial Water Saturation as received prior to centrifuging at 1000xG
Sor = Residual NAPL Saturation after centrifuging at 1000xG, Srw = Residual Water Saturation after centrifuging at 1000xG
Water =0.9996 g/cc, NAPL = 1.100 g/cc.

FREE PRODUCT MOBILITY: INITIAL AND RESIDUAL SATURATIONS

API RP 40

PTS Laboratories

DENSITY Initial Fluid Saturations After Centrifuge at 1000xG

ASTM D425M, DEAN-STARK
PORE FLUID SATURATIONS, % Pv



































811 First Avenue, Suite 480   Seattle, WA 98104   Tel: (206) 328-7443   Fax: (206) 838-5853 

www.aspectconsulting.com

 MEMORANDUM 
Project No.: 060102-001-03 

May 10, 2007 

To: Allison Geiselbrecht, PhD, Floyd|Snider 

From: Jeremy Shaha, Tyson Carlson, LHG, and Steve Germiat, LHG 

Re: Hydrogeologic Results from Shoreline Investigation 
Gas Works Sediment Western Study Area 
Seattle, Washington

Introduction 
This memorandum summarizes the results of the hydrogeologic work completed as part of 
the shoreline investigation to support the Gas Works Sediment Western Study Area (GWS-
WSA) remedial investigation/feasibility study (RI/FS). The work performed under the 
hydrogeologic investigation task includes: 

Development of six temporary groundwater monitoring wells along the shoreline of the 
study area, including measurement for presence of non-aqueous phase liquid (NAPL) in 
the wells;

Slug testing of the six temporary wells to estimate aquifer hydraulic conductivity; 

Collection of a comprehensive set of water level measurements across the western and 
eastern study areas; 

Evaluation of the data collected to estimate upland groundwater flow directions, 
horizontal and vertical hydraulic gradients, and groundwater velocities along the 
shoreline; and 

Compare data collected in this shoreline investigation with previous hydrogeologic 
information for the area. 

This collective hydrogeologic information helps refine the conceptual site model which is the 
basis for constructing a numerical groundwater flow model that will be used in evaluation of 
remedial alternatives for the GWS-WSA. 

Temporary Monitoring Well Development 
Six temporary monitoring wells (TSW-1, TDW-1, TSW-2, TDW-2, TSW-3 and TDW-3) 
were installed by Floyd|Snider along the shoreline of the GWS-WSA site between September 
19 and October 2, 2006 (Figure 1). We developed these temporary monitoring wells on 
October 3, 2006, to remove sediment accumulated in the sand pack and bottom of the well 
during installation, and help improve the well’s hydraulic connection with the surrounding 
aquifer.
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The temporary monitoring wells were developed with surging and pumping techniques using 
a 12-volt well development pump. The saturated screen interval was gently surged with the 
pump for short periods of time before the pump was lowered to the bottom of the well to 
remove accumulated sediment. This process was repeated several times until the overall 
turbidity of the groundwater removed from the well had significantly decreased, stabilizing at 
less than 50 NTU, and sediment no longer accumulated at the bottom of the well.  

NAPL was not observed visually, nor indicated by an oil-water interface probe, in any of the 
six temporary monitoring wells during development. A chemical odor was noted in water 
from wells TSW-1, TDW-2, and TSW-3 during development.  In addition, no evidence of 
NAPL was indicated in the six temporary wells using an oil-water interface probe during a 
second round of water level measurements collected approximately a month later. 

All groundwater from development of the temporary monitoring wells was stored in labeled, 
55-gallon drums located within the Harbor Patrol property, awaiting proper disposal.  

Field parameters, including temperature, specific conductance, pH and turbidity were 
monitored during the development of the temporary monitoring wells. Table 1 summarizes 
the field parameter data at the end of development with comments regarding observations. 

Groundwater Flow Direction and Gradients 
Groundwater level measurements were collected from accessible upland monitoring wells 
located on the Gas Works Park property, Seattle Harbor Patrol property, King County Metro 
property, and adjacent public access areas on October 4, 2006. Monitoring well top-of-casing 
elevations were compiled from multiple sources and converted to the Army Corps of 
Engineers’ Locks vertical datum (3.25 feet below the NAVD88 datum) for evaluation1. A 
summary of the groundwater level measurements, including relevant monitoring well 
completion information and measuring point elevations, is provided in Table 2. Because of 
uncertainty in the well elevations on the Metro property, the groundwater elevation data for 
those wells are presented to 0.1 foot, not 0.01 foot in Table 2.  

In the project area, the sequence of upland stratigraphic units from youngest to oldest 
(shallow to deep) is: Gas Works Fill (GWF), Recessional Stratified Drift (RSD), Vashon 
Glacial Till (VT), and Advanced Stratified Drift (ASD). Offshore, the GWF is absent and is 
replaced by lake sediments to overlie the RSD. The lake sediment units are differentiated into 
(from youngest to oldest) the Upper Recent Deposits (RDU), Lower Recent Deposits (RDL),
and, in some explorations, a Glaciolacustrine Clay (GC). Within GWS-WSA, the Vashon 
Glacial Till (VT) appears to pinch out offshore – on average, within 70 to 100 feet of the 
shoreline. South of the pinch out, the RSD directly overlies the ASD. 

All of the accessible monitoring wells are screened within the GWF and/or RSD geologic 
units. There is no continuous low-permeability layer (aquitard) separating these two geologic 

1 The Corps’ Locks datum is 3.25 feet below the NAVD88 datum, therefore elevations relative to the Locks 
datum are 3.25 feet higher than those relative to the NAVD88 datum (i.e., elevation per Locks datum = 
elevation per NAVD88 datum + 3.25 feet). 
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units in the upland; consequently, they together represent a single hydrostratigraphic unit for 
the purposes of this investigation. The available information indicates that the GWF/RSD 
hydrostratigraphic unit is a single unconfined aquifer (water table aquifer); however, the unit 
contains small-scale stratification which can create localized semi-confined conditions. 

Figure 2 illustrates the contoured water table elevations and inferred groundwater flow 
directions for the upland, based on the October 2006 groundwater level measurements. The 
contours represent the water table surface in the combined GWF/RSD hydrostratigraphic 
unit, but also in the VT unit where the GWF/RSD unit is absent, namely, in the Metro site 
area north of approximately Northlake Way. We infer that there is a continuous water table 
surface between the two units as evidenced by the water table elevation data. This 
interpretation is consistent with previous hydrogeologic interpretations for the Metro site 
(AGI cross section A-A’ included in Foster Wheeler 1998). 

Based on the interpretation presented in Figure 2, groundwater flow upland of the GWS-
WSA is generally to the south/southwest, towards Lake Union. The water table surface 
across the upland area roughly mimics topography, sloping steeply in the topographically 
higher area north of Northlake Way and flattening as it approaches the lake shoreline. The 
highest observed horizontal gradient occurs within the glacial till unit north of the Metro 
South Yard property (0.07 feet/foot), although this interpretation is largely influenced by a 
single data point (Metro well MW-16). By contrast, the upland horizontal gradient within the 
Gas Works Park property is lower (0.01 feet/foot). 

Of greatest interest for the GWS-WSA is the shoreline area of the Metro South Yard 
property, Harbor Patrol property, and the western Gas Works Park property. In this broad 
shoreline area, shoreward of the 21-foot water table elevation contour (Figure 2), the water 
table surface is relatively flat, varying by less than approximately 0.8 feet. The horizontal 
hydraulic gradients in this area are correspondingly lowest (0.003 feet/foot or less). The lake 
elevation at the time of the October 4, 2006, water level measurements (20.4 feet) was 
obtained from the Army Corps of Engineers’ web site.  

An anomaly in the October 2006 water level data is a slight depression in groundwater levels 
(approximately 1-foot) indicated in the vicinity of wells RW-1, PZ-9, and PZ-10, northeast of 
the Harbor Patrol property. The reason for the low water table elevations at these wells 
(Table 2) could not be determined; therefore, these data were not included in the water table 
elevation contours on Figure 2.  RETEC (1998) also measured groundwater elevations below 
lake level in Harbor Patrol property monitoring wells during each of their nine rounds of 
water level measurements (December 1997 through May 1998). 

RETEC (1998) calculated horizontal gradients across the WSA using data from the nine 
rounds of water level measurements. That information indicates a steeper horizontal gradient 
to the north which becomes flatter near the lake shoreline – consistent with the results from 
this study. The data do not show a consistent seasonal change in horizontal gradient over the 
6 months, but RETEC notes that the highest gradient in the unpaved area north of Harbor 
Patrol property was measured in February 1998, approximately 2 weeks after the wettest 
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period of the study. No such gradient difference was noted within the paved Harbor Patrol 
area or in the western Gas Works Park property.   

The average of the nine horizontal gradient values calculated by RETEC (1998) for the 
Harbor Patrol Area in 1997-1998 is 0.003 feet/foot, consistent with that observed near the 
WSA shoreline based on the October 2006 data collected in this investigation.  RETEC 
(1998) used a gradient of 0.003 feet/foot in their groundwater transport modeling for the 
Harbor Patrol property. 

Vertical Gradients 
Vertical gradients occur within the GWF/RSD unit, and between the GWF/RSD unit and the 
deeper ASD unit. Estimates of both are described below. 

Within GWF/RSD Unit 
Vertical hydraulic gradients within the GWF/RSD unit along the GWS-WSA shoreline are 
calculated from groundwater level measurements collected from the three temporary 
monitoring well pairs installed for the shoreline investigation. Table 3 presents the calculated 
vertical gradients for the well pairs, in addition to relevant groundwater level data and well 
completion information.  

Based on the October 2006 measurements, there is a very small water level elevation 
difference between the shallow and deep wells in each pair (0.02 feet or less; Table 3). The 
data indicate a relatively small upward gradient (-4 x10-4 to -7 x 10-4 feet/foot) within the unit 
along the GWS-WSA shoreline (negative values represent upward gradients; positive values 
represent downward gradients). A second set of water level measurements collected on 
November 3, 2006, indicate the same small difference (0.02 foot or less) in groundwater 
elevations, except that a very small downward gradient is indicated at the TSW-3/TDW-3 
well pair (Table 3). However, that value is based on a measured water level difference of 
only 0.01 foot, which is within the range of measurement error. As stated above, no evidence 
of NAPL was indicated in the six temporary wells during either round of water level 
measurements collected using an oil-water interface probe (Table 3). 

RETEC (1998) calculated vertical gradients within Harbor Patrol property using four rounds 
of water level data collected from four pairs of wells between February 1998 and May 1998. 
Those measurements indicate vertical gradients that are an order of magnitude larger in 
magnitude than those measured from the three temporary well pairs in this study. The 1998 
data are variable in direction of the vertical gradient, with two well pairs (DW-6/PZ-7 and 
DW-7/PZ-7) indicating downward gradients in all four measurements; one well pair (DW-
5/PZ-8) indicating upward gradients in all measurements; and one well pair (DW-4/PZ-8) 
indicating upward and then downward gradients during the four measurements. This 
variability may be a result, in part, of the wells in each pair being farther apart (20 to 35 feet) 
than the pairs of temporary wells used in this study.  

During the four sets of measurements between February and May 1998, groundwater 
elevations rose in all of the wells. During this time, progressively smaller upward gradients 
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were observed from the two PZ-7 well pairs, and vertical gradients changed from upward to 
downward at the DW-4/PZ-8 well pair. These data suggest a progression toward a smaller 
component of upward flow, or to downward flow, as recharge to the GWF/RSD continues. 

In short, the vertical gradients based on the data from this study are an order of magnitude 
less than the estimated horizontal gradients in this area. The data indicate that groundwater 
flow in the GWF/RSD unit along the GWS-WSA shoreline is predominantly horizontal with 
only a small component of vertical (predominantly upward) flow. We expect that the 
component of upward flow becomes larger farther offshore, approaching discharge at the 
mudline.   

Between GWF/RSD Unit and Deeper ASD Unit 
Historical groundwater level data collected from monitoring wells MW-3 and MW-3D are 
used to estimate a vertical gradient between the GWF/RSD and the deeper ASD unit. These 
hydrostratigraphic units are hydraulically separated from each other in the uplands and 
nearshore area by the intervening lower permeability VT unit. Well MW-3D, formerly 
located next to well MW-3 (Figure 1), is the only monitoring well in the area screened in the 
ASD; however, it no longer exists. The only synchronous water level data available for wells 
MW-3 and MW-3D are 1986 and 1987, as presented on the USGS and Tetra Tech well logs 
for the wells. The well elevation and depth-to-water data are presented to a precision of 0.01 
foot on the logs and are considered generally reliable. The November 1986 groundwater 
elevation in the ASD well MW-3D was more than 10 feet lower than that in the GWF/RSD 
well MW-3, a surprisingly large difference. The data were generally confirmed by Tetra 
Tech’s April 1987 measurements in which the ASD water level elevation was approximately 
8.8 feet lower than the elevation in the GWF/RSD.  

These data indicate a large downward vertical gradient of approximately 0.2 feet/foot 
between the GWF/RSD unit and the ASD unit in this upgradient area (Table 3). A downward 
gradient at this location is not unexpected, but the gradient’s large magnitude seems unusual 
for two units without great vertical separation.  The magnitude of the gradient indicates that 
the intervening VT unit is an effective hydraulic barrier (aquitard).  The USGS report 
(Turney and Goerlitz 1989) notes that, despite this downward gradient at a location 750 feet 
inland from the shoreline, upward flow of groundwater into the lake from both units is 
expected.

Hydraulic Conductivity (K) Estimates for GWF/RSD Unit 
K Estimates from Slug Testing of Temporary Wells 
In order to determine the magnitude and variability of hydraulic conductivity (K) in the 
GWF/RSD unit along the shoreline of Lake Union, slug tests were performed in the six 
temporary monitoring wells installed for this shoreline investigation. The slug tests were 
performed using various length solid PVC slug rods and the resultant changes in water levels 
were monitored with a down-hole pressure transducer.  

Prior to performing the actual slug test, the static water level of the well was measured and a 
pressure transducer was set near the bottom of the well to measure baseline water levels. 
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Once a stable baseline water level had been recorded, a slug rod was quickly lowered below 
the static water level in the well. A 3-foot slug rod was used in the shallow wells (TSW-1, 
TSW-2 and TSW-3), and a 5-foot slug rod was used in the deep wells (TDW-1, TDW-2 and 
TDW-3). The initial displacement in the water level (falling-head data) was recorded with the 
pressure transducer and water levels were monitored until they returned to within 0.1-foot of 
the pre-slug water level. Once groundwater levels recovered to within tolerance, the slug rod 
was quickly removed from the water column in the well, and the resulting increase in the 
groundwater level (rising-head data) was monitored until the water level was again within 
tolerance of the pre-slug static water level. Attachment A presents the raw slug test data 
collected from the six temporary monitoring wells (Figures A-1 through A-6). 

Analysis of the slug test data was performed using both the Hvorslev (1951) and Bouwer and 
Rice (1976) Slug Test Methods for unconfined aquifers using AQTESOLV™ software. The 
initial AQTESOLV™ solution was also checked using the Hvorslev (1951) Slug Test 
Method in a graphical solution. Based on the difficulty of instantaneously lowering the slug 
below the static water level and the oscillatory nature of the falling-head data, only the rising-
head data were used to estimate the hydraulic conductivity of the aquifer immediately 
adjacent to the temporary monitoring wells.  

In order to calculate the hydraulic conductivity values in AQTESOLV™, several 
assumptions had to be made concerning well construction details. For example, for deep 
monitoring wells completed at the bottom of the GWF/RSD unit (TDW-1, TDW-2, and 
TDW-3), the lower portion of the screen interval is completed across the contact between the 
GWF/RSD and VT units – thus, reducing the effective screen length of the well. Table 4 lists 
the assumptions and hydraulic parameters used to determine the hydraulic conductivity 
values in AQTESOLV™. 

Table 4 provides hydraulic conductivity values for the temporary monitoring wells estimated 
using the different analysis methods. A best-estimate hydraulic conductivity value for the 
aquifer immediately surrounding each monitoring well was calculated as the average result 
from the two analytical slug test solutions. Detailed AQTESOLV solutions for both the 
Hvorslev (1951) and Bouwer and Rice (1976) analyses are provided in Attachment A 
(Figures A-7 through A-18). 

The slug test results indicate that the upper portion of the GWF/RSD unit, namely the GWF, 
generally has a slightly higher hydraulic conductivity than the RSD forming the lower 
portion of the hydrostratigraphic unit. Hydraulic conductivity estimates for the shallow wells 
TSW-1, TSW-2 and TSW-3 ranged between 40 and 160 ft/day, with an average (geometric 
mean) of 80 ft/day (3 x 10-2 cm/sec). Hydraulic conductivity estimates for the deep wells 
TDW-1, TDW-2 and TDW-3 ranged between 10 and 60 ft/day, with an average of 30 ft/day 
(1 x 10-2 cm/sec). 

K Estimate from Previous Study 
RETEC (1998) performed a step-drawdown and a 50-hour constant rate pumping test to 
determine hydraulic properties of the RSD. The pumping test was conducted in well RW-1 
(Figure 1), and drawdown response was monitored in several nearby monitoring wells. Well 
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RW-1 was screened within a 3- to 4-foot thickness of silty/clayey sand, and the pumping rate 
for the constant rate test was approximately 0.25 gpm. 

Results were calculated using data sets from the pumping and monitoring wells and several 
analytical solutions, yielding an average transmissivity value of 43 ft2/day and a storativity 
value of 0.0028 (dimensionless). Assuming an effective aquifer thickness of 8.8 feet, the 
hydraulic conductivity estimates ranged from about 2 to 10 feet/day, with an average value of 
5 ft/day (2 x 10-3 cm/sec; Table 4).   

Best Estimate of K 
The advantage of a long-tem constant rate pumping test over slug testing of individual wells 
is that the pumping test is representative of aquifer properties over a larger scale, whereas the 
influence of slug testing is limited to a small volume of aquifer immediately around the well. 
However, in this case, the aquifer conditions at RW-1 (silty/clayey sand) are different than 
the conditions observed at the three deep temporary well borings (predominantly non-silty 
sand), and the RW-1 pumping test results are not necessarily representative of aquifer 
conditions along the WSA shoreline. Therefore, it is appropriate for the GWS-WSA to 
incorporate the slug test K estimates from the more permeable portion of the aquifer along 
the shoreline in determining a best estimate K for the GWF/RSD unit. We place somewhat 
greater confidence in the slug test estimates from the deep temporary wells than those from 
the shallow temporary wells. The shallow wells are screened near the water table, and only 
had approximately 5 feet of saturation in them at the time of slug testing; therefore, a smaller 
initial water level displacement could be achieved than in the deep wells which had a longer 
water column. The greater initial aquifer stress achieved in testing the deep wells provides 
greater confidence in those test results. 

Consequently, we develop a best estimate K value for the GWF/RSD by weighting the K 
estimates from the various test methods based our confidence in the estimates. Based on 
professional judgment, we assign relative weighting factors of 1, 3, and 10 to the average K 
estimates from the shallow well slug tests, the deep well slug tests, and the 50-hour pumping 
test, respectively. Based on this approach, the best estimated K value for GWF/RSD unit is 
16 feet/day (6 x 10-3 cm/sec) (Table 4). 

Groundwater Velocity and Flux Estimates 
Average Linear Groundwater Velocity 
The average linear groundwater velocity in the GWF/RSD unit along the shoreline is 
estimated by applying Darcy’s Law of the form: 

v = K * i / n 

where:
v = Average linear groundwater velocity in feet/day; 
K = Best estimate hydraulic conductivity in feet/day; 
i = Horizontal hydraulic gradient in feet/foot; and 
n = Effective porosity (dimensionless). 
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The assumed parameter values for the GWF/RSD unit are as follows: 

Hydraulic conductivity (K) = 16 feet/day (6 x 10-3 cm/sec) as described above; 

Horizontal hydraulic gradient (i) = 0.003 feet/foot, which is a representative average 
for the shoreline area as described above. Vertical gradients in the GWF/RSD unit 
near the shoreline are small and not considered in this estimate; and 

Effective porosity (n) = 0.27, which was calculated from the empirical relationship 
between bulk density and total porosity (assuming a particle density of 2.65 g/cm3),
then reduced by a nominal five percent to yield effective porosity. Effective porosity 
excludes isolated pores space that is not available to fluid flow. This approach was 
similar to the methods used in RETEC’s groundwater modeling of the GWS-ESA 
(S.S. Papadopoulos & Associates 2006). 

Using these assumptions, average linear groundwater velocity in GWF/RSD unit at the 
shoreline is estimated to be 0.16 ft/day. Because the upland horizontal hydraulic gradient 
varies somewhat near the shoreline of the GWS-WSA, the groundwater velocity also varies 
somewhat. Based on the groundwater elevation contours collected for this shoreline 
investigation (Figure 2), the upland gradient along the shoreline ranges by less than a factor 
of 2 (0.0020 to 0.0038 feet/foot), resulting in estimated velocities ranging from 
approximately 0.12 to 0.22 ft/day at each of the temporary monitoring well pairs. This is the 
estimated velocity that groundwater travels on the pore scale, also termed seepage velocity. 

This groundwater velocity at the shoreline may be different than the velocity discharging 
from the soft sediment into the lake, since the soft sediment (RDU/RDL) K and effective 
porosity are expected to be different than that in the GWF/RSD unit. There are no hydraulic 
parameter measurements for the soft sediment, and these will be estimated as part of the 
groundwater flow modeling effort for the project. 
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Table 1 - Water Quality Parameters Collected During Well Development
Gas Works Sediment Western Study Area
Seattle, Washington

Well

Temperature in 
degrees
Celcius

Specific
Electrical

Conductance
in uS pH

Turbidity in 
NTU

Starting
Depth to 

Sedimenta
Final Depth 

to Sedimenta

Total Water 
Volume

Removed in 
Gallons Comments

TSW-1 17.8 176 6.3 6 9.6 9.8 50 Chemical odor.
TDW-1 13.4 659 6.1 30 42.1 42.2 60
TSW-2 15.8 1139 7.2 34 11.8 11.9 25
TDW-2 13.4 1415 7.5 36 39.6 40.0 85 Slight chemical odor.
TSW-3 17.5 1263 6.8 5 11.5 11.5 40 Slight chemical odor.
TDW-3 14.0 865 6.6 6 39.4 39.4 65

Notes:
a  All depths are reported in feet below top of casing.
No evidence of non-aqueous phase liquid (NAPL) observed during well development.

Aspect Consulting
May 2007
V:\060102 Gas Works Park  Groundwater\Hydro Results memo\Tables 1 & 3.xls
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Table 2 - Summary of Groundwater Level Measurements and Well Construction Details
Gas Works Sediment Western Study Area - Seattle, Washington

Top Bottom Top Bottom Mid

CMP-01 21.41 - 21.64 MSL 2 6.5 21.5 GWF/SDf 24.7 24.89 18.4 3.4 10.9 4.47 20.42
DW-04 22.10 - 21.76 NAVD88 4 32.0 37.0 GWF/SDf 25.4 25.01 -7.0 -12.0 -9.5 18.16 6.85
DW-05 21.92 - 21.59 NAVD88 7 24.0 29.0 GWF/SDf 25.2 24.84 0.8 -4.2 -1.7 4.55 20.29
DW-06 21.39 - 21.04 NAVD88 4 37.0 42.0 GWF/SDf 24.6 24.29 -12.7 -17.7 -15.2 4.02 20.27
DW-7 21.80 - 21.46 NAVD88 5 37.5 42.5 GWF/SDf 25.1 24.71 -12.8 -17.8 -15.3 4.45 20.26
PZ-01 21.55 - 21.55 NAVD88 - 3.0 13.0 GWF/SD 24.8 24.80 21.8 11.8 16.8 4.55 20.25
PZ-04 30.48 - 30.30 NAVD88 - 10.0 30.0 GWF/SD 33.7 33.55 23.6 3.6 13.6 nm nm
PZ-05 24.49 - 24.28 NAVD88 7.72 3.0 18.0 GWF/SD 27.7 27.53 24.5 9.5 17.0 nm nm
PZ-06 23.91 - 23.55 NAVD88 7.03 5.0 20.0 - 27.2 26.80 21.8 6.8 14.3 nm nm
PZ-07 21.28 - 21.12 NAVD88 - 5.0 20.0 GWF/SD 24.5 24.37 19.4 4.4 11.9 nm nm
PZ-08 21.92 - 21.73 NAVD88 - 5.0 20.0 - 25.2 24.98 20.0 5.0 12.5 4.71 20.27

TDW-1 21.60 -0.31 21.29 NAVD88 4.2 37.5 42.5 GWF/SDf 24.9 24.54 -12.7 -17.7 -15.2 4.02 20.52
TSW-1 22.40 -0.27 22.13 NAVD88 4.5 5.3 10.3 GWF/SD 25.7 25.38 20.4 15.4 17.9 4.85 20.53

TDW-2 21.50 -0.22 21.28 NAVD88 4.5 35.3 40.3 GWF/SDf 24.8 24.53 -10.5 -15.5 -13.0 4.09 20.44
TSW-2 24.10 -0.26 23.84 NAVD88 7 7.0 12.0 GWF/SD 27.4 27.09 20.4 15.4 17.9 6.69 20.40
TDW-3 23.40 -0.12 23.28 NAVD88 5.5 34.8 39.8 GWF/SDf 26.7 26.53 -8.1 -13.1 -10.6 6.12 20.41
TSW-3 24.10 -0.33 23.77 NAVD88 7 7.0 12.0 GWF/SD 27.4 27.02 20.4 15.4 17.9 6.61 20.41
MW-03 32.12 -0.44 31.68 NAVD88 4.95 1.5 11.0 GWF/SD 35.4 34.93 33.4 23.9 28.7 8.60 26.33
MW-03D 32.21 -0.44 31.77 NGVD 13.81 54.6 57.6 ASD 39.0 38.59 -16.0 -19.0 -17.5 nm nm
MW-05 29.21 -0.48 28.73 NGVD 12.34 8.3 18.3 GWF/SDf 36.0 35.55 27.3 17.3 22.3 nm nm
MW-06 27.16 -0.42 26.74 NGVD 1.60 1.9 9.9 GWF/SD 34.0 33.56 31.7 23.7 27.7 nm nm
MW-07 29.32 -0.47 28.85 NGVD 9.60 7.1 17.1 GWF/SDf 36.1 35.67 28.6 18.6 23.6 nm nm
MW-08 29.88 -0.53 29.35 NGVD 7.96 8.0 18.0 VT 36.7 36.17 28.2 18.2 23.2 nm nm
MW-09 31.06 -0.33 30.73 NAVD88 7.74 10.8 20.8 VT 34.3 33.98 23.2 13.2 18.2 nm nm
MW-10 29.14 -0.42 28.72 NAVD88 9.0 5.3 15.3 GWF/SD 32.4 31.97 26.7 16.7 21.7 10.79 21.18
MW-11 31.51 -0.35 31.16 NGVD 11.90 2.0 3.0 GWF/SD 38.3 37.98 36.0 35.0 35.5 nm nm
MW-13 25.81 -0.33 25.48 NGVD 10.45 7.0 17.0 GWF/SD 32.6 32.30 25.3 15.3 20.3 11.60 20.70
MW-14 20.20 -0.36 19.84 NGVD 4.75 3.0 10.0 GWF/SD 27.0 26.66 23.7 16.7 20.2 5.62 21.04
MW-15 31.05 -0.35 30.70 NGVD 15.33 8.0 18.0 GWF/SDf 37.9 37.52 29.5 19.5 24.5 16.63 20.89
MW-16 16.56 -0.48 16.08 NGVD 0.05 2.5 10.5 GWF/SD 23.4 22.90 20.4 12.4 16.4 nm nm
MW-17 - - 29.32 NAVD88 10.88 6.5 16.5 GWF/SD 32.9 32.57 12.34 20.23
MW-18 - - - - - - - - - - - - - 16.86 nm
MW-19 - - - - - - - - - - - - - 17.28 nm
MW-22 20.70 - 20.40 NAVD88 3 24.0 34.0 GWF/SDf 24.0 23.65 -0.4 -10.4 -5.4 3.40 20.25
MW-23 19.96 - 19.51 NAVD88 5 22.0 32.0 GWF/SDf 23.2 22.76 0.8 -9.2 -4.2 2.49 20.27
MW-24 20.67 - 20.34 NAVD88 3 5.0 15.0 GWF/SD 23.9 23.59 18.6 8.6 13.6 3.35 20.24
MW-25 19.72 - 19.39 NAVD88 5 5.0 15.0 GWF/SD 23.0 22.64 17.6 7.6 12.6 2.39 20.25
PZ-02 30.95 - 30.95 NAVD88 - 5.0 20.0 - 34.2 34.20 29.2 14.2 21.7 nm nm
PZ-03 31.03 - 30.83 NAVD88 - 5.0 20.0 GWF/SD 34.3 34.08 29.1 14.1 21.6 13.75 20.33
PZ-09 33.51 - 33.09 NAVD88 19 12.5 22.5 GWF/SDf 36.8 36.34 23.8 13.8 18.8 17.09 19.25
PZ-10 33.72 - 32.83 NAVD88 13.5 12.5 22.5 GWF/SDf 37.0 36.08 23.6 13.6 18.6 17.19 18.89
RW-01 33.66 - 33.31 NAVD88 19 12.5 22.5 GWF/SDf 36.9 36.56 24.1 14.1 19.1 17.22 19.34
OBS-2 - - 22.70 NAVD88 - - - - - 25.95 - - - 5.44 20.51
OBS-3 - - 25.87 NAVD88 - - - - - 29.12 - - - 7.84 21.28

AGI-2 21.6a -0.4b 21.2b City of Seattle 12.5 8.0 23.0 GWF/SD 34.6 34.15 26.2 11.2 18.7 13.30 20.9
MLU-1 20.9a 2.2 23.05a City of Seattle 11.9 10.0 20.0 GWF/SD 33.9 36.00 26.0 16.0 21.0 15.50 20.5
MLU-3 21a -0.39 20.61a City of Seattle 12.4 11.0 21.0 GWF/SD 34.0 33.56 22.6 12.6 17.6 13.25d 20.3 Notes:
MW-04 21.4a 2.9 24.3a City of Seattle 14 9.7 19.7 GWF/SD 34.4 37.65 27.6 17.6 22.6 16.58d 20.7 Elevation Conversions for Different Vertical Datums:
MW-08A - - - - 13.05 10.0 25.0 GWF/SD - 33.57c 23.6 8.6 16.1 12.98d 20.6       USACE = NGVD29 + 6.82

MW-25 - - - - 11 5.0 20.0 GWF/SD - 34.14c 29.1 14.1 21.6 13.57d 20.6       USACE = COS + 12.95

MW-26 - - - - 11 5.0 20.0 GWF/SD - 33.84c 28.8 13.8 21.3 13.27d 20.6 Ground Surface and Measuring Point Elevations
a Well elevation information based on well logs.

MW-09 27.30 -0.4b 26.9b City of Seattle 17 11.9 21.9 GWF/SD 40.3 39.89 28.0 18.0 23.0 15.20 24.7 b Assumed stick-down of 0.4 ft

MW-11 23.90 -0.4b 23.5b City of Seattle 12.5 6.0 15.5 GWF/SDf 36.9 36.45 30.5 21.0 25.7 10.74 25.7

c Measuring point elevation based on SAIC's arbitrary benchmark.  Converted to Locks Datum based on an average conversion factor based on elevations 
   from well logs for other Metro wells.

MW-14 22.2a -0.4b 21.8b City of Seattle 13 9.2 19.2 GWF/SD 35.2 34.75 25.6 15.6 20.6 14.17 20.6 d Water level measured on October 6, 2006.
MW-15 22.1a -0.4b 21.7b City of Seattle 14.5 9.4 19.4 GWF/SD 35.1 34.65 25.3 15.3 20.3 14.11 20.5 e Unit of screen interval abbreviations are:
MW-16 43.90 -0.4b 43.5b City of Seattle 17 9.5 24.1 VT 56.9 56.49 47.0 32.4 39.7 18.52 38.0        GWF/SD = Gas Works Fill/Stratified Drift unit
MW-19 - - - - 11.5 9.0 19.0 GWF/SDf - 34.07c 25.1 15.1 20.1 13.48 20.6        VT = Vashon Till unit
MW-20 - - - - - 13.0 23.0 ? - - - - - 14.17 nm        ASD = Advance Stratified Drift unit
MW-21 - - - - 12 5.0 23.0 GWF/SDf - 34.49c 29.5 11.5 20.5 13.82 20.7 f Screen interval extends into VT unit, but the head is considered representative of the GWF/SD unit.
MW-22 - - - - 14 5.0 23.0 ? - 35.73c 30.7 12.7 21.7 15.21 20.5
Lake Elevation 20.4

10/4/06
Groundwater
Elevation in 

Feet (USACE)

Screen and Groundwater Elevation in Feet (USACE)Well Information (USACE Datum)Well Log Information

Unit of 
Screen

Intervale

Listed
Vertical
Datum

Ground
Surface

Elevation

Well ID Ground
Surface

Elevation
Stickup

Measuring
Point

Elevation

Harbor Patrol Property

Measuring
Point

Elevation

Gas Works Park Property

(In/Next to Roads) Near Metro Property

Metro Property (south yard)

DNR Waterway No. 20 Property

Screen Interval Elevation
ATD

Water
Level
Depth

10/4/06
Depth to 
Water in 

Feet

Screen Interval 
Depth
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Table 3 - Vertical Groundwater Gradients 
Gas Works Sediment Western Study Area
Seattle, Washington

Well
Name

Ground
Surface

Elevationa

Top of PVC 
Casing

Elevationa
Top of 
Screen

Bottom of 
Screen

Effective
Bottom of 
Screenb

Effective
Midpoint
of Screen

Screen
Midpoint

Elevationa
Groundwater

Depth
Groundwater

Elevationa
Vertical

Gradientc
Groundwater

Depth
Groundwater

Elevationa
Vertical

Gradientc

TSW-1 25.65 25.38 5.3 10.3 10.3 7.8 17.9 4.86 20.52 4.68 20.70
TDW-1 24.85 24.54 37.5 42.5 40.0 38.8 -13.9 4.00 20.54 3.82 20.72
TSW-2 27.35 27.09 7.0 12.0 12.0 9.5 17.9 6.62 20.47 6.58 20.51
TDW-2 24.75 24.53 35.3 40.3 38.0 36.6 -11.9 4.04 20.49 4.00 20.53
TSW-3 27.35 27.02 7.0 12.0 12.0 9.5 17.9 6.58 20.44 6.54 20.48
TDW-3 26.65 26.53 34.8 39.8 37.8 36.3 -9.6 6.08 20.45 6.06 20.47

MW-3 38.94 38.50 1.6 10.6 10.6 6.1 32.8 4.71 33.79 4.95 33.55
MW-3D 39.03 38.59 54.6 57.6 57.6 56.1 -17.1 14.67 23.92 13.81 24.78

Notes:

b The effective bottom of the screen is the bottom of the Gas Works Fill/Stratified Drift Unit for screen intervals extending into the Vashon Till Unit.
c Negative values represent upward gradients; positive values represent downward gradients.
No evidence of non-aqueous phase liquid (NAPL) observed in the six temporary wells during either round of water level measurements.

a All screen depths are in feet below ground surface.  All groundwater depths are in feet below TOC.  All elevations are in feet relative to USACE 
Locks datum.

Screen Depths

11/3/86 Measurements

0.2

-0.0006

-0.0007

-0.0004

Between Gas Works Fill/Recessional Stratified Drift (GWF/RSD) Unit and Advance Stratified 
Drift (ASD) Unit

Within Gas Works Fill/Stratified Drift Hydrostratigraphic Unit 

-0.0006

-0.0007

0.0004

10/3/06 Measurements 11/6/06 Measurements

4/23/87 Measurements

0.2
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Table 4 - Hydraulic Conductivity (K) Estimates for GWF/RSD Unit
Gas Works Sediment Western Study Area - Seattle, Washington 

Estimates from Slug Testing Temporary Wells

Well

Screen
Length

(ft)

Effective
Screen
Lengtha

(ft)

Total
Depth

(ft)

Static
Water
Level

(ft)

Static
Water

Column
Height
(H); ft

Initial
Displacement

s(0); ft

Aquifer
Saturated
Thickness

(D); ft Kv/Kh

Casing
Radius
r(c); ft

Effective
Radius
r(w); ft

Outer
Radius
of Well 

Skin
r(sk); ft

Effective
Porosity of 
Filter Pack 
Envelope

(n)

AQTESOLV
Solution

(Bouwer-Rice;
ft/day)

AQTESOLV
Solution

(Hvorslev;
ft/day)

Graphical
Solution

(Hvorslev;
ft/day)

Estimated
K (ft/day)

Estimated
K (cm/sec)

Shallow Wells
TSW-1 5 5 9.8 4.9 4.9 1.6 37.4 0.1 0.08 0.3 0.3 0.5 140 180 - 160 6.E-02
TSW-2 5 5 11.9 6.7 5.2 1.2 33.3 0.1 0.08 0.3 0.3 0.5 40 40 - 40 1.E-02
TSW-3 5 5 11.5 6.6 4.9 0.6 32.8 0.1 0.08 0.3 0.3 0.5 80 100 - 90 3.E-02

Geometric mean of shallow well estimates: 80 3.E-02
Deep Wells

TDW-1 5 2.5 42.2 4.0 38.2 2.9 35.7 0.1 0.08 0.3 0.3 0.5 10 10 7 10 4.E-03
TDW-2 5 2.7 40.0 4.1 35.9 2.6 33.6 0.1 0.08 0.3 0.3 0.5 60 50 - 60 2.E-02
TDW-3 5 3 39.4 6.1 33.3 2.0 31.2 0.1 0.08 0.3 0.3 0.5 50 50 - 50 2.E-02

Geometric mean of deep well estimates: 30 1.E-02

Notes:
a The effective screen length assumes the bottom of the Gas Works Fill/Stratified Drift Unit is the bottom of the screen interval for screen intervals extending into the Vashon Till Unit.

Estimate from 50-Hour Pumping Test of Well RW-1 (RETEC 1998)

Weighted Best Estimate Value

(ft/day) (cm/sec)
Weighting factor for collective slug test estimates from shallow wells: 1

Weighting factor for collective slug test estimates from deep wells: 3
Weighting factor for 50-hr pump test estimate: 10

5

Estimated K 
(ft/day)

K Estimates by Different Methods

16 6.E-03

Resultant Best 
Estimate K

2.E-03

Final K EstimatesAQTESOLV ParametersWell Information

Estimated K 
(cm/sec)
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Figure A-1
TSW-1 Slug Test Results 

Gas Works Sediment Western Study Area
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Figure A-2
TDW-1 Slug Test Results

Gas Works Sediment Western Study Area
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Figure A-3
TSW-2 Slug Test Results

Gas Works Sediment Western Study Area
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Figure A-4
TDW-2 Slug Test Results

Gas Works Sediment Western Study Area
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Figure A-5
TSW-3 Slug Test Results

Gas Works Sediment Western Study Area
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Figure A-6
TDW-3 Slug Test Results

Gas Works Sediment Western Study Area
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Gas Works Sediment Western Study Area
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May 2007 TSW-1 Bouwer-Rice Analysis 

Gas Works Sediment Western Study Area, Seattle, WA 
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May 2007 TSW-1 Hvorslev Analysis 

Gas Works Sediment Western Study Area, Seattle, WA 
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Gas Works Sediment Western Study Area
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May 2007 TDW-1 Bouwer-Rice Analysis 

Gas Works Sediment Western Study Area, Seattle, WA 
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May 2007 TDW-1 Hvorslev Analysis 

Gas Works Sediment Western Study Area, Seattle, WA 
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May 2007 TSW-2 Bouwer-Rice Analysis 

Gas Works Sediment Western Study Area, Seattle, WA 
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May 2007 TSW-2 Hvorslev Analysis 

Gas Works Sediment Western Study Area, Seattle, WA 
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May 2007 TDW-2 Bouwer-Rice Analysis 

Gas Works Sediment Western Study Area, Seattle, WA 
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May 2007 TDW-2 Hvorslev Analysis 

Gas Works Sediment Western Study Area, Seattle, WA 
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May 2007 TSW-3 Bouwer-Rice Analysis 

Gas Works Sediment Western Study Area, Seattle, WA 
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May 2007 TSW-3 Hvorslev Analysis 

Gas Works Sediment Western Study Area, Seattle, WA 
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May 2007 TDW-3 Bouwer-Rice Analysis 

Gas Works Sediment Western Study Area, Seattle, WA 
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ATTACHMENT 2C-3 
2004 AND 2005 SEDIMENT CHEMICAL DATA PACKAGES 

In 2004-2005, RETEC collected sediment grab (0 to 10 centimeters [cm]) and core samples for the 
Phase 3 sediment investigation in the Eastern Study Area (ESA). In 2005, Floyd|Snider collected 
sediment grab (0 to 10 cm) and core samples for the sediment investigation in the Western Study Area 
(WSA). The studies were conducted to refine the horizontal and vertical extent of the chemical 
concentrations in the ESA and WSA, respectively, and further investigate potential contaminant sources, 
sediment physical properties and transport pathways to facilitated development of remedial alternatives 
to address impacted sediment. 

This attachment includes the following Phase 3 ESA chemical data packages.  

■ HL18, HL41 

■ HL42, HL69, HM02, HM06 

■ HM11 

■ HM46 

■ HM60, HM61, HM62, HM63 

■ HM80, HM81, HM82, HM83 

■ HM84, HM97, HN15 

■ HN00, HN01, HN14 

■ HO56, HO57 

■ HO58, HO59 

■ HP38 

■ HP74 

■ HP93, HQ21 

■ HQ02, HQ53, HR98 

■ HQ10 

■ HQ34, HQ44, HQ60 

■ HQ65 

■ HQ73 

■ HR71 

■ HR83, HS12 

■ HS21 

■ HT08 

■ HU78 

■ HY74 

■ HY88, HY90 

■ HZ01, HZ34, HZ34 

■ IM75 

 

The ESA and WSA chemical data packages will be included in a future draft of the RI. 
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