
APPENDIX 2D 
 Special Studies 

 
 

 



 
 January 2023 | Page 2D-i 

 File No. 0186-846-03 

Table of Contents 
APPENDIX 2D. SPECIAL STUDIES ......................................................................................................... 2D-1 

REFERENCES .......................................................................................................................................... 2D-2 

 

ATTACHMENTS 

Attachment 2D-1. META 1999 Laboratory Report 
Attachment 2D-2. META 2001 Laboratory Report 

Sub-attachment 2D-2.1. Chains of Custody 
Sub-attachment 2D-2.2. Chemical Concentrations Biomarkers 
Sub-attachment 2D-2.3. Stable Carbon Isotope Ratios and Chromatograms 
Sub-attachment 2D-2.4. Extracted Ion Current Profiles (EICs) 
Sub-attachment 2D-2.5. Hydrocarbon Fingerprint Report 

Attachment 2D-3. Battelle 2002 and 2003 Reports 
Sub-attachment 2D-3.1. Battelle Data Packages 
Sub-attachment 2D-3.2. ARI Data Packages 
Sub-attachment 2D-3.3. Battelle Sedimentation Rates 

Attachment 2D-4. Chemical Forensics Sampling Report 2006 
Sub-attachment 2D-4.1. Chemical Forensics Analysis Chromatograms 
Sub-attachment 2D-4.2. NAPL Investigation Sediment Core Logs 
Sub-attachment 2D-4.3. RI/FS 2005 Sediment Core Logs 
Sub-attachment 2D-4.4. Photographs of NAPL Investigation 2004 Sediment Cores 

Attachment 2D-5. Battelle February 2007 Data Report 
Attachment 2D-6. Battelle November 2007 Data Report 
Attachment 2D-7. Stanford Aqueous Equilibrium Report 

Sub-attachment 2D-7.1. Summary of PAH Analyses in Bulk Sediment Samples and Separated 
Fractions 
Sub-attachment 2D-7.2. Summary of Data for PAH Aqueous Equilibrium Experiments with Sediment 
Samples 

Attachment 2D-8. Stanford Identification of Black Carbon Materials in Sediments from Lake Union 
Sub-attachment 2D-8.1. Carbon Petrography Analysis Reports 

 



 
 January 2023 | Page 2D-1 

 File No. 0186-846-03 

APPENDIX 2D 
SPECIAL STUDIES 

Special investigations were conducted to identify potential sources and refine the conceptual site model 
(CSM) to support both the Remedial Investigation (RI) and Feasibility Study (FS). A summary of the 
investigations is listed below: 

■ Tar samples collected from test pits north of Kite Hill (TP-10) and the eastern shoreline (TP-6) 
(Figure 2-1) were analyzed by North Creek Analytical in 1997. Results are presented in Appendix J of 
the focused feasibility study (FFS) (Parametrix and Key 1998). 

■ As part of an interim action in 1998, two product samples were submitted for extended polycyclic 
aromatic hydrocarbon (PAH) analysis (META 1999). The sample of product collected from a tank west 
of Cracking Towers 3 and 4 (GWP-TANK) was used to characterize oil gas tar (OGT) and another sample 
collected from a well (MLS-4) was used to characterize dense nonaqueous phase liquid (DNAPL) 
downgradient of the former American Tar Company (ATCO) tar refinery. The tar from the tank was 
subsequently removed (Attachment 2D-1). 

■ In 1999, sediment and nonaqueous phase liquid (NAPL) samples from wells were submitted for 
fingerprinting of monocyclic aromatic hydrocarbons (MAHs) and PAHs (META 1999). The PAH results 
are included in the RI data set, and the report is included as Attachment 2D-1. 

■ In 2001, DNAPL samples analyzed in the 1998 and 1999 META studies were reanalyzed for biomarker 
compounds and gas chromatography isotope ratio mass (GC IRM) (META 2001). Most samples 
indicated biomarker sources were predominantly biological in origin. When sediment samples were 
compared with the product samples, stable carbon isotope ratios suggested three source types: 

 Similar to product from the tank, 

 Similar to product in the well (MLS-4), and 

 Unlike either product sample. 

The third source, which was not identified, included a mix of petroleum signatures, showed moderate 
to low total PAH (TPAH) concentrations, unlike typical manufactured gas plant (MGP) DNAPL, and low 
naphthalene-to-TPAH ratios. These chemical characteristics suggest the third source may be 
attributable to other origins. Distribution of the third group was concentrated in sediment offshore the 
Northlake Shipyard and extended to Harbor Patrol. The report is included as Attachment 2D-2. 

■ In 2002, as part of Phase 2 of the eastern study area (ESA) RI/FS investigation, DNAPL well samples,1 
tar samples2 and sediment samples (both grab and core) were submitted to Battelle for analysis of 
extended PAHs, pesticides and polychlorinated biphenyls (PCBs) and for a petrology study 
(Battelle 2003). Some split samples were submitted to Analytical Resources, Inc. (ARI) for analysis of 
metals and semivolatile organic compounds (SVOCs). The study indicated multiple pyrogenic3 sources 
of PAHs in the western sediments. The analytical results are included in the RI data set and the report 
is included as Attachment 2D-3. 

 
1 DNAPL samples included MW-09, DW-5 and MW-5. 

2 Tar samples included SS-1 from the CWG unit, and the tar mound on the eastern shoreline.  

3 Pyrogenic materials are complex mixtures of primarily hydrocarbons formed by incomplete combustion of organic matter. 
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■ In 2003, ARI (Analytical Resources 2003) analyzed a NAPL sample collected by RETEC from 20 feet 
below ground surface (bgs) (MW-09) for PAHs and SVOCs. Tar samples from the carbureted water gas 
(CWG) unit (SS-4) and northeast corner tar mound (SS-5) were also analyzed; however, tar results were 
not included in the RI soil data set because there is good data coverage in those areas. See Section 5 
for more detail on the RI data set. 

■ In 2004, as part of Phase 3 of the ESA RI/FS, selected sediment samples were submitted to Stanford 
University for PAH partitioning aqueous equilibrium testing, petrographic analysis and scanning 
electron microscopy (SEM) (Hong and Luthy 2005). The aqueous equilibrium testing determined 
site-specific partitioning coefficients of PAHs. Samples were classified into four categories using 
petrographic analyses: carbon, organic plant material, diatoms and mineral matter. The non-plant 
carbon fraction was further separated into carbon black, pitch, cenospheres, coke, tar-like, charcoal, 
coal, depositional carbon and bug plant residue; the report is included in Attachment 2D-8. 

■ In 2004 and 2005, Floyd|Snider conducted two sampling events, submitting NAPL samples collected 
from wells and sediment cores to Zymax for full gas chromatography mass spectroscopy (GCMS) scan 
(Floyd|Snider 2006). Most of the sediment samples were collected from nearshore areas of the 
western study area (WSA) and provided supplemental information to characterize the distribution of 
NAPL and potential upland-to-sediment NAPL migration pathways in this area. The analytical results 
are included in the RI data set (Attachment 2D-4). 

■ In 2007, Floyd|Snider collected samples of soil, NAPL and tar from upland locations and submitted 
them to Battelle for total petroleum hydrocarbon (TPH) and PAH analysis (Battelle 2007). Selected split 
samples were submitted to ARI and analyzed for volatile organic compounds (VOCs), PAHs, diesel or a 
combination thereof. The analytical results are included in the RI data set and the report is included as 
Attachment 2D-5. 

■ In fall 2007, Floyd|Snider (Floyd|Snider 2008) collected split samples as part of the northeast corner 
investigation and a NAPL sample from MW-09 for analysis. Analytical results are included in the RI data 
set (Attachment 2D-6). 
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SUB-ATTACHMENT 2D-2.4 
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SUB-ATTACHMENT 2D-3.2 
ARI Data Packages 





























































































































SUB-ATTACHMENT 2D-3.3 
Battelle Sedimentation Rates



Battelle Marine Sciences Laboratory 2/17/03
1529 West Sequim Bay Rd.
Sequim, WA  98382
(360) 683-4151

Core NLU 109 (Confirmed 1/7/03) S = 0.16

Segment Mean Sediment Date of Sediment 
Depth Depth % Dry Age Deposition Accumulation

Sample # Sponsor code (cm) (cm) Weight (Years) (Year) Rate (cm/yr)
1920*1 NLU-109-0-2  0-2 1.0 11.7 1.17 2001 0.853
1920*2 NLU-109-2-4  2-4 3.0 13.7 3.81 1998 0.786
1920*3 NLU-109-4-6  4-6 5.0 13.6 7.90 1994 0.633
1920*4 NLU-109-6-8  6-8 7.0 13.7 12.3 1990 0.569
1920*5 NLU-109-8-10  8-10 9.0 14.3 16.8 1985 0.537
1920*7 NLU-109-12-14  12-14 13.0 17.7 21.9 1980 0.595
1920*9 NLU-109-16-18  16-18 17.0 18.7 29.5 1972 0.575
1920*11 NLU-109-20-22  20-22 21.0 16.4 37.9 1964 0.554
1920*13 NLU-109-24-26  24-26 25.0 18.6 46.3 1956 0.540
1920*15 NLU-109-28-30  28-30 29.0 20.0 54.9 1947 0.528
1920*17 NLU-109-32-34  32-34 33.0 23.6 65.0 1937 0.508
1920*20 NLU-109-38-40  38-40 39.0 21.8 76.0 1926 0.513
1920*25 NLU-109-48-50  48-50 49.0 19.8 90.1 1912 0.544
1920*30 NLU-109-58-60  58-60 59.0 22.5 109 1893 0.543

F = sample selected for forensic hydrocarbon analyses
S = sedimentation rate in g/cm2/year
X = estimated age of sediment deposition



Battelle Marine Sciences Laboratory 2/17/03
1529 West Sequim Bay Rd.
Sequim, WA  98382
(360) 683-4151

Core NLU 110 (Confirmed 1/24/03) S = 0.14

Segment Mean Sediment Date of Sediment 
Depth Depth % Dry Age Deposition Accumulation

Sample # Sponsor code (cm) (cm) Weight (Years) (Year) Rate (cm/yr)
1920*81 NLU-110-0-2  0-2 1.0 22.3 3.26 1999 0.307
1920*82 NLU-110-2-4  2-4 3.0 23.6 10.0 1992 0.299
1920*83 NLU-110-4-6  4-6 5.0 22.7 20.4 1982 0.245
1920*84 NLU-110-6-8  6-8 7.0 24.1 30.7 1971 0.228
1920*85 NLU-110-8-10  8-10 9.0 24.9 41.6 1960 0.216
1920*87 NLU-110-12-14  12-14 13.0 26.7 53.3 1949 0.244
1920*89 NLU-110-16-18  16-18 17.0 29.8 70.6 1931 0.241
1920*91 NLU-110-20-22  20-22 21.0 22.2 88.3 1914 0.238
1920*93 NLU-110-24-26  24-26 25.0 19.0 101 1901 0.248
1920*95 NLU-110-28-30  28-30 29.0 21.7 112 1890 0.260
1920*97 NLU-110-32-34  32-34 33.0 21.6 124 1878 0.266
1920*100 NLU-110-36-38  38-40 39.0 28.5 138 1864 0.282
1920*105 NLU-110-48-50  48-50 49.0 27.2 161 1841 0.305
1920*110 NLU-110-58-60  58-60 59.0 57.2 199 1803 0.297

F = sample selected for forensic hydrocarbon analyses
S = sedimentation rate in g/cm2/year
X = estimated age of sediment deposition



Battelle Marine Sciences Laboratory 2/17/03
1529 West Sequim Bay Rd.
Sequim, WA  98382
(360) 683-4151

Core NLU119 (Confirmed 2/3/03) S = 0.11

Segment Mean Sediment Date of Sediment 
Depth Depth % Dry Age Deposition Accumulation

Sample # Sponsor code (cm) (cm) Weight (Years) (Year) Rate (cm/yr)
1920*229 NLU-119-0-2  0-2 1.0 16.5 2.83 1999 0.353
1920*230 NLU-119-2-4  2-4 3.0 16.3 8.46 1994 0.355
1920*231 NLU-119-4-6  4-6 5.0 16.4 16.9 1985 0.296
1920*232 NLU-119-6-8  6-8 7.0 15.9 25.2 1977 0.278
1920*233 NLU-119-8-10  8-10 9.0 15.6 33.4 1969 0.270
1920*235 NLU-119-12-14  12-14 13.0 16.0 41.4 1961 0.314
1920*237 NLU-119-16-18  16-18 17.0 15.7 52.1 1950 0.327
1920*239 NLU-119-20-22  20-22 21.0 16.5 63.0 1939 0.334
1920*241 NLU-119-24-26  24-26 25.0 17.6 74.3 1928 0.336
1920*243 NLU-119-28-30  28-30 29.0 20.6 87.0 1915 0.333
1920*245 NLU-119-32-34  32-34 33.0 24.6 102.3 1900 0.323
1920*248 NLU-119-38-40  38-40 39.0 34.1 123 1879 0.317
1920*253 NLU-119-48-50  48-50 49.0 29.3 154 1848 0.318
1920*258 NLU-119-58-60  58-60 59.0 55.2 211 1791 0.280

F = sample selected for forensic hydrocarbon analyses
S = sedimentation rate in g/cm2/year
X = estimated age of sediment deposition



Battelle Marine Sciences Laboratory 2/17/03
1529 West Sequim Bay Rd.
Sequim, WA  98382
(360) 683-4151

Core NLU117 (Confirmed 2/17/03) S = 0.30

Segment Mean Sediment Date of Sediment 
Depth Depth % Dry Age Deposition Accumulation

Sample # Sponsor code (cm) (cm) Weight (Years) (Year) Rate (cm/yr)
1920*113 NLU-117-0-2  0-2 1.0 30.7 2.34 2000 0.428
1920*114 NLU-117-2-4  2-4 3.0 30.8 7.03 1995 0.427
1920*115 NLU-117-4-6  4-6 5.0 26.4 13.6 1988 0.367
1920*116 NLU-117-6-8  6-8 7.0 24.1 19.6 1982 0.358
1920*117 NLU-117-8-10  8-10 9.0 22.6 24.7 1977 0.365
1920*119 NLU-117-12-14  12-14 13.0 23.6 29.5 1972 0.440
1920*121 NLU-117-16-18  16-18 17.0 21.5 35.7 1966 0.476
1920*123 NLU-117-20-22  20-22 21.0 17.1 41.4 1961 0.507
1920*125 NLU-117-24-26  24-26 25.0 18.9 46.3 1956 0.539
1920*127 NLU-117-28-30  28-30 29.0 19.5 51.0 1951 0.568
1920*129 NLU-117-32-34  32-34 33.0 28.1 56.8 1945 0.581
1920*132 NLU-117-38-40  38-40 39.0 24.1 63.5 1939 0.614
1920*137 NLU-117-48-50  48-50 49.0 25.8 70.9 1931 0.691
1920*142 NLU-117-58-60  58-60 49.0 63.1 83.1 1919 0.590

F = sample selected for forensic hydrocarbon analyses
S = sedimentation rate in g/cm2/year
X = estimated age of sediment deposition



Battelle Marine Sciences Laboratory 2/17/03
1529 West Sequim Bay Rd.
Sequim, WA  98382
(360) 683-4151

Core NLU125 (Unconfirmed) S = 0.043

Segment Mean Sediment Date of Sediment 
Depth Depth % Dry Age Deposition Accumulation

Sample # Sponsor code (cm) (cm) Weight (Years) (Year) Rate (cm/yr)
1920*181 NLU-125-0-2  0-2 1.00 9.24 3.08 1999 0.325
1920*182 NLU-125-2-4  2-4 3.0 11.3 10.3 1992 0.290
1920*183 NLU-125-4-6  4-6 5.00 8.34 20.2 1982 0.247
1920*184 NLU-125-6-8  6-8 7.0 10.2 30.6 1971 0.229
1920*185 NLU-125-8-10  8-10 9.0 13.2 41.9 1960 0.215
1920*187 NLU-125-12-14  12-14 13.0 10.8 54.6 1947 0.238
1920*189 NLU-125-16-18  16-18 17.0 12.0 72.9 1929 0.233
1920*191 NLU-125-20-22  20-22 21.00 9.34 88.7 1913 0.237
1920*193 NLU-125-24-26  24-26 25.0 12.1 105 1897 0.239
1920*195 NLU-125-28-30  28-30 29.00 9.42 120 1882 0.243
1920*197 NLU-125-32-34  32-34 29.0 19.3 140 1862 0.207
1920*200 NLU-125-38-40  38-40 39.0 12.2 163 1839 0.240
1920*205 NLU-125-48-50  48-50 49.0 11.2 207 1795 0.237
1920*210 NLU-125-58-60  58-60 59.0 10.5 237 1765 0.249

F = sample selected for forensic hydrocarbon analyses
S = sedimentation rate in g/cm2/year
X = estimated age of sediment deposition
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1.0 Introduction 

1.1 PURPOSE 

This data report was prepared by Floyd|Snider to document two sediment investigations 
conducted in the Gas Works Sediment Western Study Area (GWS-WSA) Area of Investigation 
(AOI) Figure 1.1.  Both sampling events were conducted by Floyd|Snider with assistance from 
MCS Environmental, Inc. (MCS), and were performed at the request of the City of Seattle.   

The first sampling event occurred in August of 2004 and included the collection of dense 
non-aqueous phase liquid (DNAPL), a tar-like material,  from upland monitoring wells located in 
the City of Seattle Police Department’s Harbor Patrol Facility.  These wells are downgradient 
from the historical tar plant located adjacent to the historical manufactured gas plant at Gas 
Works Park.  Sediment samples were collected off-shore from the park in the GWS-WSA.  The 
sediment investigation and well sampling in 2004 were performed in accordance with the 
Sampling and Analysis Plan (SAP) and Work Plan (MCS 2004a, MCS 2004b). The purpose of 
this investigation was to gather additional information about the nature and characteristics of the 
nearshore environment and the DNAPL that has been found in the area.  

The second sampling event was conducted in May of 2005 by the City of Seattle as part of the 
Remedial Investigation and Feasibility Study (RI/FS). The sampling event consisted of surface 
and subsurface sediment sampling as well as geotechnical investigations. The sediment 
investigation was performed in accordance with a RI/FS SAP and a RI/FS Quality Assurance 
Project Plan (QAPP), which are presented in Appendices B and C of the Current Situation 
Report and RI/FS Work Plan (Floyd|Snider 2005a) and approved by the Washington State 
Department of Ecology (Ecology) in April 2005. The purpose of this investigation was to further 
characterize the horizontal and vertical extent of contamination in sediments and to evaluate the 
geotechnical characteristics of sediments within the GWS-WSA. 

1.2 PROJECT BACKGROUND 

Gas Works Park is located on the northern shore of Lake Union, a heavily developed urban lake 
located north of downtown Seattle, Washington.  Historical operations at the site have resulted 
in environmental contamination.  The Gas Works Uplands have been investigated and remedial 
construction is complete, as documented in a formal Consent Decree (CD) between Ecology, 
Puget Sound Energy (PSE), and the City (State of Washington 1999).  The investigation and 
remediation of Lake Union sediments offshore from the Gas Works Uplands are being 
addressed in a second scope of work.   

Ecology, the City, and PSE have entered into an Agreed Order (AO) (State of Washington 
2005) to conduct an RI/FS and associated planning for the Gas Works Sediment Area (GWS).  
The GWS is delineated by an AOI line.  The AOI is the area where the remedial investigations 
and feasibility studies will be focused.  The AO further defines two study areas within the AOI 
line, the Western Study Area (WSA) and the Eastern Study Area. The Eastern Study Area 
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RI/FS process will be completed by PSE.  The City is conducting the RI/FS process for the 
Western Study Area.  This document is focused on the GWS-WSA. 
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2.0 Field Sampling Events 

The August 2004 NAPL sampling program included the sampling and collection of sediment 
samples from 21 core locations and the collection of DNAPL samples from two shoreline 
monitoring wells.  Field activities followed the sampling and analysis procedures described in 
the SAP (MCS 2004b) and the quality assurance procedures described in the Work Plan (MCS 
2004a) with minor deviations.  A video survey and diver survey were conducted prior to 
sampling and was used to refine the locations of sediment sample collection.  The SAP and 
sampling collection completed were conducted in accordance with Ecology’s Sediment 
Sampling and Analysis Plan Appendix (Ecology 2003).  

The May 2005 RI sampling program included the collection and testing of sediment from 
21 environmental core locations, 16 surface locations, and six geotechnical core locations within 
the GWS-WSA.  Field activities followed the sampling and analysis procedures described in the 
RI/FS SAP and the quality assurance procedures described in the RI/FS QAPP, which were 
presented in Appendices B and C of the Current Situation Report and RI/FS Work Plan 
(Floyd|Snider 2005a).   

The sediment and DNAPL sampling locations for both field events are presented in Figure 2.1.  

2.1 DNAPL UPLAND COLLECTION 

As part of the 2004 investigation, DNAPL samples were collected from two upland monitoring 
wells (DW-4 and DW-5) located within the Harbor Patrol facility as shown in Figure 2.1.  DNAPL 
samples were collected using a bottom-loading narrow-diameter high density polyethylene 
(HDPE) disposal bailer that was weighted and lowered to the bottom of the well and then 
retrieved.  DNAPL samples were poured into a 4-oz. glass laboratory supplied jar.  The samples 
were stored on ice in a cooler and transported under chain-of-custody to Zymax Forensics Inc., 
located in San Louis Obispo, California, for polycyclic aromatic hydrocarbons (PAHs) forensics 
analysis.  The chromatograms and data are presented in Appendix A.   

A DNAPL sample was also collected from upland monitoring well DW-4 during the RI/FS 
sampling program, submitted to PTS Laboratories and tested for kinematic viscosity and 
specific gravity, interfacial/surface tension, and water content. 

2.2 SUBSURFACE SEDIMENT SAMPLING 

2.2.1 August 2004 NAPL Investigation 

Subsurface sediment cores were collected with the MudMoleTM pneumatic core.  The sampler 
consisted of a 4-inch square aluminum core tube with a pneumatic powered driving assembly 
attached to the top with a quick release pin.  The core sampler was operated by personnel on 
the sampling vessel in shallow waters, and diver assisted in deeper waters.  
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Several core locations were moved from the proposed core locations due to field conditions 
(typically refusal due to debris or barges moored over proposed sampling location) that 
prohibited sample collection from the initially proposed location.  All cores were re-located less 
than 5 meters away from the proposed location.  A core was not collected from one proposed 
location, sediment station 4-2 due to the presence of wood debris.  

The core tubes were processed on site and sediment samples collected from the cores 
following the procedures described in the SAP (MCS 2004b). A Washington State Licensed 
Geologist logged each sediment core.  In addition to the sediment classification, the presence of 
organics, evidence of anthropogenic inputs (i.e., debris, wood chips), and the presence of 
DNAPL were indicated on the core logs.  Core logs for the August 2004 sampling event are 
presented in Appendix B.   

Approximately 54 sediment samples were collected from the 21 core locations.  In addition to 
sediment samples collected from subsurface cores, three grab samples (1-1-G, 1-4-G, and 3-1-
G) were collected by a diver.  Grab sample 1-1-G consisted of a coarse black material with 
silt/clay sized grains that were relatively soft and crushable.  Grab sample 1-4-G consisted of 
black, stained, wood splinters. Grab sample 3-1-G consisted of fluffy, light-weight organic 
material, with no visible free product, however additional surface sediment that was collected in 
the grab contained a relatively large quantity of oil.  

In general, one sediment sample was collected from each stratum of the core.  The sample 
intervals were typically less than 0.5 feet in length.  The most visibly contaminated (i.e., odor, 
sheen, DNAPL, oil) portion of the sediment interval was selected for sample collection and 
forensics analysis.  The volume of sediment collected for each sediment sample was one 4-oz 
glass jar.  A total of 54 sediment samples were collected from subsurface cores.  The samples 
were stored on ice in a cooler and transported under chain-of-custody to Zymax Forensics Inc. 
Sediment samples were held at the laboratory and a subset of 16 sediment core and grab 
samples were selected for PAHs forensics analysis. The chromatograms and data are 
presented in Appendix A.   

2.2.2 May 2005 Remedial Investigation and Feasibility Study 

Subsurface sediment cores were collected from 22 locations, as shown in Figure 2.1.  Six core 
locations (GWS-EC05, GWS-EC06, GWS-EC11, GWS-EC14, GWS-EC15, and GWS-EC20) 
were moved during sampling due to field conditions (typically, refusal due to debris and/or 
barges moored over proposed sampling location) that prohibited sample collection from the 
initially proposed location.  In addition, field duplicate cores (GWS-EC24 and GWS-EC23) were 
collected from two core locations (GWS-EC09 and GWS-EC11, respectively).   

A Washington State Licensed Geologist logged each sediment core using the Unified Soil 
Classification System (USCS) (ASTM D 2488).  In addition to the sediment classification, the 
presence of organics, evidence of anthropogenic inputs (i.e., debris, wood chips), and the 
presence of DNAPL were indicated on the core logs.  Following the results of laboratory 
grain-size analyses, sediment classifications were updated to reflect the grain-size distribution 
per ASTM D 2487.  Core logs for the May 2005 sampling event are presented in Appendix C.   
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Out of the 22 core locations, subsurface sediment samples were collected from 21 cores for 
analytical testing.  Core samples were submitted for chemical analysis on the basis of geologic 
stratigraphy or physical features, such as odor, sheen, DNAPL, and wood debris.  Each sample 
represented between 0.5 and 4.6 feet in situ, with an average in situ thickness of approximately 
2 feet, depending on the percent recovery and sample volume requirements.  In the RI/FS SAP, 
an in situ thickness of approximately 1 foot was proposed but was generally not obtained due to 
core recoveries and sample volume requirements.  Samples were not collected from 
GWS-EC05 due to poor recoveries; however, geologic information was obtained and a core log 
was generated for this location.  Subsurface sediment samples were submitted to ARI for 
analytical testing, as described in Section 3.1. In addition, a subset of samples were sent to 
Zymax Forensics Inc., for supplemental PAHs analysis, as described in Section 3.1.1. 

2.3 SURFACE SEDIMENT SAMPLING 

As part of the May 2005 RI/FS sampling, surface (0-10 cm) sediment samples were collected 
from 16 locations, as shown in Figure 2.1.  Two initially proposed surface sample locations 
(GWS-SG05 and GWS-SG16) were moved to be co-located with environmental core locations 
near the shoreline to increase data density in these areas.  A field duplicate sample 
(GWS-SG17) was collected from the surface location GWS-SG07.   

Surface samples were collected using a diver-assisted “cookie-cutter” hand-corer instead of the 
modified van Veen grab sampler proposed in the RI/FS SAP in the CSR (Floyd|Snider 2005a).  
This deviation was prompted due to the potential for over-penetration into the soft sediment by 
the van Veen grab sampler.  This over penetration was demonstrated during test deployments 
performed during field activities.  The “cookie-cutter” sampler was successful in collecting the 
upper 10 cm of surface sediment with minimal disturbance and no observable “losses” of 
material during sampling.   

All surface sediment samples were submitted to Analytical Resources, Inc. (ARI) for analyses, 
as described in Section 3.1.  In addition, a subset of samples were sent to Zymax Forensics Inc. 
l for supplemental PAHs analysis, as described in Section 3.1.1.  The chromatograms and data 
are presented in Appendix A.   

2.4 GEOTECHNICAL INVESTIGATION 

As part of the May 2005 RI/FS sampling, geotechnical investigations were performed to 
characterize the subsurface strength properties of the sediments.  The geotechnical 
investigation program involved completion of hollow stem auger borings (including the Standard 
Penetration Test [SPT]), vane shear [VS] tests, and cone penetrometer tests [CPT] at the 
locations shown on Figure 2.1.  Sample collection (during hollow stem auger drilling) and in situ 
testing procedures followed the RI/FS SAP (Floyd|Snider 2005a). 

A Washington State Licensed Geologist was present during the geotechnical investigations.  
Subsurface sediment samples were collected during hollow stem auger drilling and classified as 
shown on the boring logs. Boring logs, descriptions and results of the in situ geotechnical 
investigations (VS and CPTs) are presented in Appendix C of the Gas Works Sediment Western 
Study Area Data Report (Floyd|Snider 2005b). 
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Subsurface sediment samples were additionally sent to ARI for physical testing in order to 
further characterize the sediment strength properties within the geologic units encountered 
during hollow stem auger drilling.  Detailed descriptions and results of physical laboratory 
testing are presented in Appendix D of the Gas Works Sediment Western Study Area Data 
Report (Floyd|Snider 2005b). 

2.5 REPORTING 

The 2005 RI/FS Sampling has also been reported in more detail in the Gas Works Sediment 
Western Study Area Data Report submitted to Ecology on December 7, 2005.  No detailed 
evaluation of the 2004 sampling event or the supplemental PAH analysis in the 2005 RI/FS 
event has been presented at this time. 
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3.0 Laboratory Testing 

This data report focuses on presenting, but not interpreting, the results of the chemical forensics 
analyses, while the additional analytical and geotechnical testing conducted as part of the RI/FS 
sampling program is described in detail in the Gas Works Sediment Western Study Area Data 
Report (Floyd|Snider 2005b).  Sediment samples, collected as part of the August 2004 NAPL 
investigation, were only submitted for chemical forensics analyses. 

3.1 ANALYTICAL TESTING 

Surface and subsurface sediment samples collected as part of the May 2005 RI were submitted 
to ARI and analyzed for the following constituents: 

• Conventional parameters: ammonia, total organic carbon (TOC), and sulfide 

• Metals:  antimony, arsenic, cadmium, copper, lead, mercury, nickel, silver, and zinc 

• Tributyltin (TBT) 

• Volatile organic compounds (VOCs): benzene, ethylbenzene, and toluene 

• Semi-volatile organic compounds (SVOCs) 

∗ PAHs 
∗ Phthalates:  di-n-butyl phthalate and bis(2-ethylhexyl)phthalate (BEHP) 
∗ Carbazole 
∗ Phenol 

• Polychlorinated biphenyls (PCBs) 

• Grain-size distribution  

3.1.1 Chemical Forensics Analysis 

A selected subset of samples collected from both the August 2004 NAPL investigation and the 
May 2005 RI/FS were submitted to Zymax Forensics Inc. for PAHs forensics analysis.  The 
NAPL investigation and RI samples that were submitted for forensic analysis are presented in 
Table 3.1. 

The samples were subjected to Gas Chromatography/Mass Spectrum (GC/MS) full scan 
analyses.  Sediment samples (25 g) were sonicated with methylene chloride solvent and the 
solvent extracted to 1 to 5 mL. The DNAPL samples collected from the shoreline monitoring 
wells were diluted with methylene chloride to the required hydrocarbon concentration.  The 
diluted DNAPL or sediment extract was injected into a gas chromatograph (GS) equipped with a 
column in order to separate the individual hydrocarbons. The hydrocarbons within the C8 to C40 
range were detected and identified with a mass spectrometer (MS). Specific ion fragments were 
scanned, and a number of hydrocarbon classes were generated and compared and relatively 
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quantified based on the respective peak areas. The chromatogram results of the forensic 
analyses are presented in Appendix A. 

3.1.2 DNAPL Physical Properties Analysis 

A sample of DNAPL, collected during the RI/FS sampling, from uplands Monitoring Well DW-4, 
as shown in Figure 2.1, was tested for kinematic viscosity and specific gravity (ASTM D445 and 
API RP40), interfacial/surface tension (ASTM D971), and water content (ASTM D96).  Testing 
results are discussed in Section 4.3 and Appendix E of the Gas Works Sediment Western Study 
Area Data Report (Floyd|Snider 2005b). 

3.1.3 Organic Content Analysis 

As part of the RI/FS sampling, four sediment samples from two environmental cores 
(GWS-EC16 and GWS-EC21) were analyzed for ash content using ASTM D 2974-00 in order to 
determine the organic content of the material.  These analytical results are discussed in 
Section 4.4 and Appendix E of the Gas Works Sediment Western Study Area Data Report 
(Floyd|Snider 2005b). 

3.2 GEOTECHNICAL TESTING 

Physical laboratory tests were performed by ARI on select subsurface samples collected during 
the RI/FS sampling, using a hollow stem auger.  Physical laboratory tests were performed to 
evaluate the following sediment properties as part of the geotechnical investigation program: 

• Moisture content 

• Grain-size 

• Atterberg Limits 

• Specific gravity 

• Triaxial unconsolidated undrained (UU) shear strength  

• One dimensional consolidation behavior 

Detailed descriptions and results of all physical laboratory testing performed under the 
geotechnical investigation are presented in Appendix D and Section 4.6 of the Gas Works 
Sediment Western Study Area Data Report (Floyd|Snider 2005b). 
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4.0 Results 

4.1 PHYSICAL CONDITIONS 

The following section presents a discussion of the physical conditions encountered during both 
sampling events in the GWS-WSA, including the geologic units (stratigraphy), as well as the 
presence of anthropogenic inputs such as fill and DNAPL.  Geologic cross-sections prepared 
along the lines of section, shown in Figure 4.1, are presented in Figures 4.2, 4.3, and 4.4. 
Additionally a geologic cross section that extends from the uplands to the sediments depicts the 
stratigraphy and presence of DNAPL in historical core and well samples. This cross section, 
Figure 3.2, was obtained from the Gas Works Sediment Western Study Area Data Report 
(Floyd|Snider 2005b) and is included to provide additional information on the transition of the 
strata from the uplands of Gas Works Park to the sediments. 

4.1.1 Sediment Stratigraphy 

The stratigraphy within the GWS-WSA, as observed in sediment cores collected during these 
and previous investigations, includes glacial deposits from the Vashon stade of the Frasier 
glaciation, recent post-glacial lake deposits, and shoreline fill material.  These deposits can be 
described as the following geologic units (from youngest to oldest):   

Gas Works Fill.  This material consists of loose, wet to dry, gray, brown, and black, 
poorly graded sand with varying amounts of silt, gravel and clay.  Material also includes 
ash, cinders, wood, brick fragments, concrete, and tar.   

Upper Recent Deposits (RDU).  These lake deposits consist of very soft, wet, brown to 
black, sandy silt and organic silt, with wood chunks and debris grading to very soft, wet, 
gray clay with varying amounts of silt.  Deposition of the RDU generally began during the 
initiation of industrial practices along the shores of Lake Union; therefore, this material is 
likely to contain sediment contaminants associated with historical and current industrial 
practices.  This material was found overlying the Gas Works Fill and Lower Recent 
Deposits (RDL). 

Lower Recent Deposits (RDL).  These deposits consist of very soft, wet, olive brown to 
dark brown, sandy organic silt with localized thin fine- to medium-grained sand lenses.  
This material is a Holocene, post-glacial lacustrine deposit that is considered to have 
been deposited prior to the urbanization of Lake Union.   

Vashon Recessional Outwash or Stratified Drift.  This deposit consists of loose to 
medium dense, moist to wet, gray, slightly silty to silty, fine- to medium-grained sand 
with varying amounts of gravel and sandy silt interbeds.  This stratified material was 
deposited in broad outwash channels during the recession or ablation of the Vashon 
glacier and, therefore, was not glacially overridden.  This material was generally found in 
nearshore environmental cores (GWS-EC05, GWS-EC06, and GWS-EC07) and two 
geotechnical borings (GWS-GC03 and GWS-GC04) within the eastern portion of the 
GWS-WSA.   
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Vashon Advance Outwash or Stratified Drift.  This deposit consists of very dense, 
moist to wet, gray, fine- to medium-grained sand with trace silt and sandy gravel and silt 
interbeds.  This stratified material was deposited in broad outwash channels ahead of 
the advancing Vashon glacier and, therefore, is glacially overridden.  This deposit was 
encountered in one nearshore environmental core (GWS-EC05) within the eastern 
portion of the GWS-WSA and in four (nearshore and offshore) geotechnical borings 
(GWS-GC01 through GWS-GC04).  This deposit is generally distinguished from the 
recessional stratified drift by a higher density. 

Also a Glaciolacustrine Clay was encountered below the RDL in two deep offshore 
geotechnical borings (GWS-GC05 and GWS-GC06).  This deposit consists of very soft, 
wet, gray clay with fine-grained sand and silty sand lenses.  This material is 
approximately 20 feet thick and appears to be of glacial origin and was not observed in 
nearshore geotechnical borings.  Field-observed densities indicate this unit is not 
glacially overridden and is not consistent with the recessional stratified drift material. 

4.1.2 DNAPL Occurrence 

DNAPL was observed in 19 cores collected during the 2004 NAPL investigation and in 12 cores 
collected during the 2005 RI/FS investigation.  DNAPL was encountered in the RDU, RDL, and 
Stratified Drift units as discontinuous layers at variable depths.   

Photographs of the sediment cores collected during the NAPL investigation in August 2004 are 
presented in Appendix D. 

4.1.2.1 Contaminant Transport Pathways  

Based on the observed oil and DNAPL contamination seen during both the 2004 NAPL 
investigation and the 2005 RI/FS sampling event there are multiple transport pathways that can 
potentially contribute to sediment contamination at the surface as well as at depth. Photographs 
of the sediment cores collected during the NAPL investigation are presented in Appendix D. The 
distribution of sediment contamination and transport pathways include the following: 

• Sediment Surface and Surface Deposition: There is a black surface layer that 
exists above or as part of the Gas Works Fill. This surface layer was observed to 
routinely contain clay, black oil, wood fragments and often had a gelatinous texture. 
This layer of contamination as seen in NAPL cores 1-1, 1-2, 1-3, 2-2A, and 3-3, 
among others, is likely representative of recent sedimentation, over-water 
contaminant releases, and possible discharge of contaminated materials to Lake 
Union.  In localized areas free product was observed, which appeared to penetrate 
underlying sediment units. 

• Recent Lake Deposits and Seepage: The RDU and RDL units do not appear to be 
completely impermeable to DNAPL seepage from surface contamination. In multiple 
cores (3-3, 3-3 Rep 3, 5-4) carry down of the surface oil and DNAPL material was 
observed through veins in the organic silt and sand. In core 3-3, DNAPL was 
observed underlying the RDL unit, potentially on the surface of the Stratified Drift. 
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Veins were observed from the bottom of the RDL unit, extending upwards vertically 
into the unit. These veins contained DNAPL and oil. The possible transport 
mechanism for the potentially upward vertical veining of the DNAPL and oil from 
below is uncertain.  

• Stratified Drift and Lateral Transport: Brightly colored sheens, oil staining, and 
black oil were observed in localized sections of the recessional outwash (or stratified 
drift) in cores 2-2A and 3-3 Rep 3. The observed contamination is suggestive of 
lateral transport of PAH-impacted groundwater and/or DNAPL originating from 
adjacent upland areas, traveling through silt/sand lenses or preferential pathways of 
the stratified drift and discharging at various depths in the sediments. 

4.2 ANALYTICAL RESULTS 

The results of the analytical testing and the geotechnical testing performed on sediment 
samples collected as part of the May 2005 RI/FS sampling program are presented in detail in 
the Gas Works Sediment Western Study Area Data Report (Floyd|Snider 2005b).  

The results of the chemical forensics analyses for both sampling events, presented as relative 
hydrocarbon quantitation, are shown in Table 4.1 and the chromatograms are presented in 
Appendix A. No evaluation and interpretation of the forensics results have been prepared at this 
time.  
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Table 3.1 
Chemical Forensics Samples 

Sample ID Matrix Investigation, Date 

3401100-8028 Sediment NAPL, August 2004 

3401100-8035 Sediment NAPL, August 2004 

3401100-8043 Sediment NAPL, August 2004 

3401100-8040 Sediment NAPL, August 2004 

3401100-8020 Sediment NAPL, August 2004 

3401100-8017 Sediment NAPL, August 2004 

3401100-89022 Sediment NAPL, August 2004 

3401100-8032 Sediment NAPL, August 2004 

3401100-8030 Sediment NAPL, August 2004 

3401100-8056 Sediment NAPL, August 2004 

3401100-8011 Sediment NAPL, August 2004 

3401100-8001 Sediment NAPL, August 2004 

3401100-8050 Sediment NAPL, August 2004 

3401100-8054 Sediment NAPL, August 2004 

1-1-G Solid, black, relatively soft sand to gravel 
sized material 

NAPL, August 2004 

3-1-G “Fluffy” material on surface, that produces oil 
drops 

NAPL, August 2004 

DW-4 DNAPL from well DW-4 NAPL, August 2004 

DW-5 DNAPL from well DW-5 NAPL, August 2004 

GWS-SG05 Sediment RI/FS, May 2005 

GWS-SG07 Sediment RI/FS, May 2005 

GWS-SG16 Sediment RI/FS, May 2005 

GWS-SG12 Sediment RI/FS, May 2005 

GWS-EC07-0034 Sediment RI/FS, May 2005 

GWS-EC12-0008 Sediment RI/FS, May 2005 

GWS-EC14-0008 Sediment RI/FS, May 2005 

GWS-EC13-0090 Sediment RI/FS, May 2005 
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Table 4.1 
Chemical Forensics Chromatogram Relative Quantitations (Hydrocarbon Peak Areas) 

Area Counts 

Samples from NAPL Investigation—August 2004 Samples from RI/FS—May 2005 

m/z Compound 8001 8011 8017 8022 8050 8030 8043 8032 8035 8040 
DW-4-

FP 8020 3-1-G 8056 8028 1-1-G 
DW-5-

FP 8054 
GWS-
SG05 

GWS-
SG07 

GWS-
SG16 

GWS-
EC07 

GWS-
EC12 

GWS-
EC14 

GWS-
EC13 

GWS-
SG12 

120 C3-alkylbenzenes 163 140 1049 1336 7613 222 2543 10570 840 456 9786 5461 7983 207 255 2 9976 47  15 81 8636 1495 12 191  

134 C4-alkylbenzenes 678 557 1385 3678 11242 100 3126 4337 2333 2225 11601 4233 10064 112 883 0 10536 89 160 51 533 6650 199 0 29 0 

148 C5-alkylbenzenes 317 259 329 1379 3323 0 322 532 771 270 2319 511 2703 0 249 0 2290 0  0 320 873 0 0 0 0 

162 C6-alkylbenzenes 146 116 161 547 1114 0 11 94 162 20 677 48 922 0 59 0 612 0 0 0 187  0 0 0 0 

128 C0-naphthalene 3683 1322 45843 5225 385662 51169 404700 563167 5765 416479 696735 512596 268550 23229 3897 3817 688597 24765 2003 824 1597 623574 59592 126 12910 447 

142 C1-naphthalenes 26850 18047 57556 101453 342601 21462 187558 266727 53255 202421 315356 275274 230227 8584 12953 913 311699 19542 4719 1658 30752 399414 4349 89 2296 282 

156 C2-naphthalenes 41536 30832 22990 103152 271684 9455 108011 150226 124960 128989 166797 156842 184511 1938 11406 1149 177743 12564 7089 1944 52305 205479 511 86 85 383 

170 C3-naphthalenes 19909 15978 10860 44262 116942 2725 31478 43808 54013 36611 59296 41664 75700 339 4517 1169 66886 3726 3740 1370 33626 50113 143 94 2 792 

184 C4-naphthalenes 4346 3651 2930 9579 23750 423 4463 6362 8913 5144 10941 5715 14942 6 1102 535 12902 394 1137 642 8718 6116 3 17 0 845 

166 C0-fluorene 783 834 535 1654 31543 636 6776 42246 37480 27899 24598 30103 3652 31 595 191 17524 651 2726 1171 12351 77572 68 44 20 594 

180 C1-fluorenes 4907 4832 2974 9792 39553 2767 27467 37453 37441 28392 23686 35046 23782 53 3374 1469 21695 2656 1615 695 9411 38331 26 52 0 718 

194 C2-fluorenes 2566 2230 1402 3656 16216 529 6594 9129 12306 6865 6504 8250 10092 0 1128 806 7035 586 1058 727 5686 9884 0 18 0 776 

208 C3-fluorenes 864 865 611 1500 4862 244 1107 1765 2427 1481 1901 1809 2935 0 591 802 1790 98 488 429 2125 2138 0 9 0 538 

222 C4-fluorenes 328 247 394 381 1217 19 354 623 613 536 468 784 634 0 184 253 675 2 194 218 421 790 0 0 0 221 

154 C0-biphenyl 93 153 1539 389 25985 3306 19076 27098 1362 25798 36891 31605 16434 385 423 555 32154 1983 343 115 213 33044 72 3 40 64 

168 C1-biphenyls + dibenzofuran 911 748 714 2059 14303 1117 9377 12927 5263 11766 13108 14315 8856 67 408 128 12519 1032 202 87 1297 16777 20 2 0 35 

182 C2-biphenyls + C1-dibenzofuran 4087 3611 2304 6981 23585 2223 14251 17703 18626 20107 21409 19940 16233 31 1038 350 19812 1567 807 524 6660 18811 9 9 0 440 

178 C0-phenanthrene 31557 35278 21610 102088 168137 42620 189452 202454 213872 251707 186995 240096 126657  96822 19118 166747 24433 24835 4628 39329 249684     

178 C0-anthracene 9468 11264 6153 29762 55383 6610 52715 65891 73291 68251 52316 58049 45213  19924 6096 48382 4596 7018 1855 16581 84937     

178 C0-phenanthrene/anthracene              928         371 596 80 4333 

192 C1-phenanthrenes/anthracenes 16750 17350 9964 31241 119776 8319 69029 88827 117008 83262 65017 96218 84650 298 12300 6852 67985 6899 8842 4269 35710 103432 108 641 6 2428 

206 C2-phenanthrenes/anthracenes 7632 7701 4961 11678 53516 2324 20054 20027 39281 23081 21371 29361 35674 18 4751 4632 23900 1925 5505 3490 19790 32023 13 432 0 4098 

220 C3-phenanthrenes/anthracenes 3258 2355 3219 3246 14971 517 4297 6028 8242 4702 4932 6548 9912 0 3038 2192 5866 323 2150 1514 6189 7577 0 98 0 2429 

234 C4-phenanthrenes/anthracenes 2327 813 4292 724 2221 87 1000 886 1029 847 948 1423 1359 0 3979 548 1007 22 1346 607 1152 1895 0 24 0 596 

202 C0-fluoranthene 16107 26066 17482 91459 53071 17046 87916 89450 114754 112014 67518 107551 43428  95974 69448 59469 7771 48804 16161 50138 110367    12645 

202 C0-pyrene 20760 30655 24318 110891 54289 18362 92142 95261 124679 110183 67743 120168 44163  136037 92433 59865 8004 58201 17061 58626 121353    13954 

202 C0-pyrene/fluoranthene              377         126 2801 51  

216 C1-pyrenes/fluoranthenes 8254 9826 7248 19317 49810 4733 48327 59469 77575 53953 33039 60964 29461 13 16044 15995 32599 3578 11301 7629 24489 68423 8 1072 0 7416 

230 C2-pyrenes/fluoranthenes 2871 2849 2917 3876 20701 1075 13294 12945 19001 14875 10905 13273 10890 0 4103 4553 11139 802 2956 2558 8008 17867 0 305 0 3144 

244 C3-pyrenes/fluoranthenes 847 691 702 1078 4026 197 2545 3212 4979 3432 2270 4449 2901 0 1055 1151 2481 100 720 897 1787 3195 0 18 0 1023 

258 C4-pyrenes/fluoranthenes 364 365 391 1066 1085 94 870 689 923 788 746 751 560 0 698 1420 579 6 389 443 682 844 0 0 0 393 

228 C0-chrysene 11168 15964 13139 51543 36800 7511 52928 58832 79793 60287 38390 64546 25645 43 41276 46020 34219 3816 27689 13330 32184 63046 26 1257 11 11549 
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Table 4.1 
 

Area Counts 

Samples from NAPL Investigation—August 2004 Samples from RI/FS—May 2005 

m/z Compound 8001 8011 8017 8022 8050 8030 8043 8032 8035 8040 
DW-4-

FP 8020 3-1-G 8056 8028 1-1-G 
DW-5-

FP 8054 
GWS-
SG05 

GWS-
SG07 

GWS-
SG16 

GWS-
EC07 

GWS-
EC12 

GWS-
EC14 

GWS-
EC13 

GWS-
SG12 

242 C1-chrysenes 3346 3649 2943 5716 19082 1466 14929 19116 27518 16300 10915 20413 10007 0 4862 6967 11253 835 4067 3898 7442 19799 0 421 0 4283 

256 C2-chrysenes 1146 1210 1046 1736 7137 353 3859 5094 7121 3761 2869 5385 3316 0 1312 2331 3335 218 1420 1366 2146 5332 0 76 0 1656 

270 C3-chrysenes 359 224 308 463 1447 18 796 811 617 611 519 1045 795 0 357 603 697 0 298 452 736 1003 0 0 0 516 

284 C4-chrysenes 90 172 144 270 169 0 101 150 151 142 173 154 177 0 226 277 202 0 153 156 197 228 0 0 0 154 

148 C1-benzothiophenes 1450 1425 1927 6254 25926 550 4942 7764 2072 5916 15587 9271 17160 474 1042 66 15509 452 602 294 2805 8695 405 0 188 5 

162 C2-benzothiophenes 3397 2925 1804 9275 30589 327 4164 6564 4635 5014 12139 6295 20797 87 1042 92 14662 457 781 217 4983 6849 27 0 0 17 

176 C3-benzothiophenes 2301 1918 1221 4981 16322 101 1883 2828 3250 2007 5726 2372 10600 0 551 95 6946 142 396 128 4017 2524 4  4 119 

190 C4-benzothiophenes 634 541 463 1356 3907 2 301 477 676 341 1451 317 2585 0 147 46 1720 3 130 63 1238 387 0 0 0 85 

204 C5-benzothiophenes 85 71 91 242 550 0 0 5 27 0 178 0 318 0 3 0 211 0 2 2 263 5 0 0 0 4 

184 C0-dibenzothiophene 2618 3117 1778 10798 17034 2065 7402 9656 8731 12268 11947 11886 12793 46 8756 2499 11729 931 2772 531 6142 12168 19  0 373 

198 C1-dibenzothiophenes 2515 2479 1405 4589 18113 701 4796 6377 7880 5961 7171 7073 13273 7 1652 1135 8223 493 1438 567 5980 7428 9  0 576 

212 C2-dibenzothiophenes 1510 1752 931 2037 10772 186 1766 3032 4059 2428 3252 2743 7321 0 974 1064 3898 173 1295 795 4028 3454 0  0 1034 

226 C3-dibenzothiophenes 806 696 612 926 4221 60 719 1004 1442 920 1120 901 2999 23 578 669 1410 53 607 531 1681 968 0 0 0 690 

240 C4-dibenzothiophenes 183 192 217 240 1065 0 166 225 338 200 309 281 679 0 115 138 326 0 115 162 414 165 0 0 0 148 

234 C0-naphthobenzothiophene 1534 2317 1920 9677 4818 754 3269 3717 4857 4329 3307 4702 3571 0 5712 8431 3157 184 4441 1887 4664 3817 0 48 0 1524 

248 C1-naphthobenzothiophenes 673 611 591 1294 3014 113 1101 1351 2067 1382 1347 1678 2072 0 887 1547 972 13 870 602 1553 1407 0 2 0 804 

262 C2-naphthobenzothiophenes 315 420 329 422 1378 0 400 563 787 337 549 321 508 0 344 573 587 0 321 473 727 488 0 0 0 445 

276 C3-naphthobenzothiophenes 307 461 434 1002 960 48 747 810 1179 658 576 1050 545 0 943 1143 569 9 611 496 804 865 0 8 0 366 

290 C4-naphthobenzothiophenes 2 74 89 13 186 0 43 79 172 34 27 102 42 0 10 17 29 0 5 90 130 63 0 0 0 24 

253 Monoaromatic steranes 645 1012 1324 7685          0 6343        0  0  

239 Monoaromatic steranes              0         0  0  

231 Triaromatic steranes 1141 2169 2539 1207 3664        1934 0 1386    414 1085 1331 1172 0   567 

245 Triaromatic steranes 434 845 1079 463         1192 0 525   0 273 572 701 529 0   327 

TIC Pristane 7002 4211 8986 12275           3280    3633 ND 2417 ND ND ND ND ND 

TIC Phytane 3926 2041 5688 7318           1685    2742 ND ND ND ND ND ND ND 

TIC Retene 8239 CO 15450 CO CO  CO        16410    CO CO CO CO ND ND ND CO 

TIC C30 hopane 1150 est 2110 2197 ND ND              ND ND ND ND ND ND ND ND 

Notes 
est Estimated Value 
CO Co-elutes with another compound. 

NAPL Non-aqueous phase liquid  
ND Not Detected 
TIC Total Ion Chromatograph 
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Figure 2.1

Sediment and Upland Well Sampling Locations

NOTES
·  Basemap layers from The City of Seattle.
·  RETEC bathymetry was measured on
   April 4, 2005.
·  Sample location data from Floyd|Snider
   2005.

CONFIDENTIAL AND PRIVILEGED:  PREPARED IN PREPARATION FOR LITIGATION



!

!

!

!

#

#

#

#

!

!

!

!

!

!

!

!!

!

!!

!

!

!

!

!

!

!

!

!

!

!

#

#

##

#

#

#

#

#

#

#
#

#

#

#

#
!

!

!

!

!

!

!

!!

!

!

!

!

!
!

!

!

!

!
!
!
!

!

!

"
"

"

"

"

"

""

"

"

"

"

"

"

"

"
"

"

"

¥
¥

W

W

W

W
W

W

N. Northlake Way

De
nsm

ore
 Av

e N
.

N. Northlake Place

Gas Works
Park

B

A

A'

B'

C

C'

GWS-SG05

DW-4
DW-5

GWS-EC07

GWS-SG16

GWS-SG15

GWS-SG14

GWS-SG13

GWS-SG12
GWS-SG11

GWS-SG10

GWS-SG09

GWS-SG08

GWS-SG06

GWS-SG05

GWS-SG04

GWS-SG03

GWS-SG02

GWS-SG01

GWS-EC22

GWS-EC21

GWS-EC20

GWS-EC19

GWS-EC18

GWS-EC17

GWS-EC16

GWS-EC15

GWS-EC14

GWS-EC13

GWS-EC12

GWS-EC11

GWS-EC10

GWS-EC09

GWS-EC08

GWS-EC05

GWS-EC04

GWS-EC03

GWS-EC02

GWS-EC01

GWS-EC11DUP

GWS-EC09DUP

GWS-SG07

GWS-EC06

Western Study Area

Eastern Study Area

5-4
5-3

5-2

5-1

4-4

4-3

4-2

3-5

3-4

3-3
3-3

3-2

3-1

2-1

1-3

1-2 1-1
2-2A

4-1A
NLU16

NLU14

NLU12

CR-20

CR-13

CR-11

NLU12-NR

NLU119R2

NLU117R1

NLU19-GE

CR-19

CR-21

NLU119R5

CR-01

0

5

-5

-10

-15

15

20

-20
0

-15

-15

-20

-5-10-20

-20

GWS-GC06

GWS-GC05

GWS-GC04

GWS-GC03

GWS-GC02

GWS-GC01

¹
0 150 300

Feet

DATE:            8/1/2006 2:43:52 PM
MXD NAME:  F:\projects\COS-LCES\GIS\Paul Boehm Briefing Package\Fig 4.1 - Loc Geo Cross Sections.mxd

Legend
2004 NAPL Investigation
" Core

2005 RI/FS Sample Location
! Core
# Grab
## Forsenic Analysis Conducted
W Geotech Boring
Historical Sample Location
! Core
¥ Upland Monitoring Well

RETEC 2005 Bathymetry (5 ft)
Cross Section Line
Shoreline
Uplands CD Boundary
AOI Boundary
Study Area Boundary

Chemical Forensics Sampling Report
Seattle Law Department

Gas Works Park
Figure 4.1

Locations of Geologic Cross Sections

NOTES
·  Basemap layers from The City of Seattle.
·  RETEC bathymetry was measured on
   April 4, 2005.
·  Sample location data from Floyd|Snider
   2005.
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