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Executive Summary  

This Technical Memorandum (TM) addresses the nature, extent, and mobility of free-phase 
petroleum hydrocarbons in soil at the former Defense Reutilization and Marketing Office 
(DRMO) Site and vicinity within the former Mare Island Naval Shipyard (MINS), Vallejo, 
California. This TM was prepared by CH2M HILL for the U.S. Department of the Navy 
(Navy). 

This TM is the updated version of the Draft Technical Memorandum, Total Petroleum 
Hydrocarbons at the Defense Reutilization and Marketing Office (DRMO) Site and Vicinity, Former 
Mare Island Naval Shipyard (MINS),Vallejo, California, which was issued by the Navy in April 
2007. A Follow-on Investigation, which consisted of two field investigations and a 
geophysical survey, has been completed since the Draft TM was published, and the 
activities and findings of these investigations have been incorporated into this Final TM. 

The Draft TM reviewed the activities and findings of nine historical investigations that 
included petroleum-related components and were conducted from 1995 through early 2007. 
Findings relevant to petroleum contamination at the DRMO Site and in the vicinity were 
reviewed; gaps in information and data needed to establish the nature, extent, and mobility 
of free-phase petroleum hydrocarbons in soil were identified; and the Follow-on 
Investigation was conducted in 2007 and 2008. In late 2007, a field investigation was 
performed primarily to provide information about the occurrence of free-phase petroleum 
hydrocarbons in subsurface soil along Azuar Drive, Dump Road, and the western portion of 
the Eastern Early Transfer Parcel (EETP) owned by Lennar Mare Island (LMI). The purpose 
of this field investigation was to establish whether a contiguous layer of free-phase 
petroleum hydrocarbons extends across the roads and into the EETP. Free-phase petroleum 
hydrocarbons were found on both sides of the EETP boundary along sections of Azuar 
Drive. A separate area of free-phase petroleum hydrocarbons was also found on both sides 
of Dump Road. 

A geophysical survey was conducted early in 2008 to gather information about the 
hypothesis that scrap metal debris forms preferential migration pathways. A map 
developed during the survey shows the gross accumulations and lateral extents of metallic 
debris in subsurface soil along and adjacent to Azuar Drive and Dump Road. The survey 
indicated that scrap metal layers observed in subsurface soil along the roads are not laterally 
contiguous. This finding was later confirmed by additional direct observations of subsurface 
soil in 2008. 

The final phase of the Follow-on Investigation was conducted later in 2008 to meet 
objectives for five field data collection categories: forensic chemistry analysis, the vertical 
extent of free-phase petroleum hydrocarbons, the lateral extent of these hydrocarbons, 
confirmation of the 2008 geophysical survey results, and potential migration pathways.  

The findings of this investigation were used to define the vertical and lateral extent of free-
phase petroleum hydrocarbons for this TM. The conceptual site model (CSM) of the DRMO 
Site and the vicinity was updated based on this information. As discussed below, free-phase 
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EXECUTIVE SUMMARY 

petroleum hydrocarbons have been observed in bulk metal debris and coarse-grained 
geologic material, as well as within fractures and root structures of fine-grained geologic 
material. It should be noted that the future designation of removal areas may differ from the 
vertical and lateral extent of free-phase petroleum hydrocarbons presented in this TM when 
factors such as fine-grained soil fractures, vegetative structures, and incidental occurrences 
are included in removal action evaluations. 

The physical characteristics of the free-phase petroleum hydrocarbons found beneath the 
DRMO Site and vicinity have been generally consistent. The material is visually apparent as 
a black, viscous liquid. It is typically observed in the spaces surrounding buried metal 
debris and coarse-grained geologic material, and is also found within fractures and root 
structures of fine-grained geologic material. The chemical signature is that of a heavy fuel 
oil (HFO) such as Bunker C fuel oil. The dynamic viscosity, or internal resistance to flow, of 
HFO is approximately 5 orders of magnitude greater than that of water. High viscosity, lack 
of driving pressure, and the fine-grained nature of silts and clays at depths where HFO has 
been observed indicate low mobility in soil. This supports the predominant occurrence of 
HFO in layers of subsurface scrap metal debris, where pore spaces are significantly more 
extensive than in fine-grained soil. 

Historical and other documents proposed the perforated piping (also referred to as the oil 
discharge line) formerly connected to the Oil Sump Box (OSB) to be the probable source of 
HFO contamination at the DRMO Site and in the vicinity on both Navy and LMI property. 
The OSB was located within the Azuar Drive HFO. Evaluation of visual observations, 
geophysical data, and forensic chemistry data indicates that the previous OSB source 
hypothesis is incorrect. The former OSB was not the source of HFO found along Dump 
Road according to the information obtained during the Follow-on Investigation. The Dump 
Road HFO and the Azuar Drive HFO are physically separate and chemically distinct. 
Preferential migration pathways between the Azuar Drive and Dump Road HFO are not 
present. No remaining indications of a source of the HFO along Dump Road were found. 
This could mean that HFO found in this area was the result of intermittent and separate 
spills and releases. 

Findings indicate that the former OSB was a source of HFO contamination on the Navy side 
of Azuar Drive. The OSB was not found to be the origin of HFO at two locations on the LMI 
side of Azuar Drive southeast of the OSB. Findings were inconclusive as to the OSB being 
the origin of HFO found at a third point to the southeast. The CSM of the DRMO Site and 
the vicinity was revised to illustrate site conditions and the distribution of HFO in soil based 
on the findings and conclusions presented in this TM.  

HFO in soil was not found to be mobilizing through exposure pathways to known human 
or ecological receptors. The results of an historical human health risk assessment conducted 
for the DRMO Site showed that although occurrences of motor-oil-range total petroleum 
hydrocarbons (TPH-motor oil) and TPH-diesel are extensive in soil at the site and in the 
vicinity at concentrations above comparison criteria, they are not associated with significant 
potential risk because TPH-motor oil and TPH-diesel do not contribute significantly to the 
total estimated cancer risk or hazard index for the site. The findings of an historical 
ecological risk assessment were that the DRMO Site is paved, covered with gravel, and 
contains buildings, and therefore does not provide habitat for ecological receptors. As this 
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EXECUTIVE SUMMARY 

area is designated for future commercial use per the Mare Island Final Reuse Plan, the 
DRMO Site will not provide such habitat in the future.  

The information presented in this TM will be used to develop a Petroleum Corrective Action 
Program for a removal action. The Navy will continue to work cooperatively and 
concurrently with LMI as the corrective action process moves forward. Current plans call 
for a petroleum removal action on the Navy DRMO Site later in 2009. 
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1.0 Introduction 

This Technical Memorandum (TM) addresses the nature, extent, and mobility of free-phase 
petroleum hydrocarbons in soil at the former Defense Reutilization and Marketing Office 
(DRMO) Site and the vicinity within the former Mare Island Naval Shipyard (MINS), 
Vallejo, California. This TM was prepared by CH2M HILL for the U.S. Department of the 
Navy (Navy). 

This TM is the updated version of the Draft Technical Memorandum, Total Petroleum 
Hydrocarbons at the Defense Reutilization and Marketing Office (DRMO) Site and Vicinity, Former 
Mare Island Naval Shipyard (MINS),Vallejo, California, which was issued by the Navy in April 
2007. A Follow-on Investigation, which consisted of two field investigations and a 
geophysical survey, has been completed since the Draft TM was published, and the 
activities and findings of these investigations have been incorporated into this Final TM. 

This section provides an introduction to the TM by presenting the purpose for its 
development, reviewing the DRMO Site’s background and characteristics, summarizing 
historical investigations and cleanup actions, and describing how the TM is organized. 
These topics are discussed in the subsections listed below:  

• Section 1.1, Purpose 
• Section 1.2, DRMO Site Background 
• Section 1.3, Site Development History 
• Section 1.4, Site Characteristics 
• Section 1.5, Overview of Historical Investigations and Cleanup Actions 
• Section 1.6, Organization of this Technical Memorandum  

1.1 Purpose 
Portions of subsurface soil in areas beneath the DRMO Site and in the vicinity are 
contaminated by free-phase petroleum hydrocarbons. The purpose of this TM is to describe 
the nature, extent, and mobility of those free-phase petroleum hydrocarbons. 

The Navy is currently conducting a Remedial Investigation/Feasibility Study (RI/FS) to 
address contaminants regulated under the Comprehensive Environmental Response, 
Compensation, and Liability Act (CERCLA). The Navy is addressing petroleum 
contamination in soil separately from CERCLA investigations and cleanup actions at the 
DRMO Site. These petroleum-related cleanup actions are regulated by the State of California 
Environmental Protection Agency (Cal/EPA), acting through the Department of Toxic 
Substances Control (DTSC), and the California Regional Water Quality Control Board 
(RWQCB), San Francisco Bay Region. 
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1.0 INTRODUCTION 

1.2 DRMO Site Background  
The DRMO Site is located in the north-central portion of Mare Island and is a trapezoid of 
approximately 8 acres located in the southwest corner of the intersection of Azuar Drive 
(formerly Cedar Avenue) and Dump Road (see Figure 1). An asphalt-paved area is to the 
south of the site, and an unpaved grassland area with a dirt access road to a former truck 
maintenance area is to the west; these areas are currently Navy property.  

A 4.6-acre area within the DRMO Site was formerly used as a scrapyard and is referred to as 
the Fenced Scrapyard Area (FSA; see Figure 1). The remainder of the DRMO Site consists of 
land along the northern, western, and southern boundaries of the FSA. Historical uses of the 
DRMO Site included storage of transformers, batteries, metal scrap, and pesticides for 
maintenance purposes; paper bailing; and handling of petroleum and waste oils. Sixteen 
scrap storage bins were formerly located in the southern portion of the scrapyard, and a 
demilitarization storage area was located north of the bins. The scrapyard, which began 
operation in the early 1940s, also handled surplus material and scrap from MINS and other 
military facilities until mid-1995, when the remaining inventory was removed and the 
scrapyard was closed.  

No underground storage tanks or petroleum distributions systems were located within the 
DRMO Site. Underground utilities of various types have been and are present in the area as 
discussed in Section 1.4. 

A variety of investigations and cleanup actions have been conducted at the DRMO Site and 
in the vicinity since 1981. As described in the later sections of this TM, ten of the 
investigations (nine historical investigations and the Follow-on Investigation in 2007 and 
2008) have included activities and findings related to petroleum contamination. 

1.3 Site Development History  
The area occupied by the DRMO Site and the vicinity was originally submerged land 
offshore of the original shoreline of Mare Island. Filling of these areas began in the early 
1900s with the construction of dikes; the areas between the dikes were later filled with 
dredge spoils from San Pablo Bay in order to raise the land surface to an elevation above the 
tidal range of the Bay. Historical fill and disposal areas used to enlarge the original island to 
its current peninsula configuration are designated under the Navy’s Installation Restoration 
Program (IRP) as Installation Restoration Site IR01 (IR01; see Figure 2). This area occupies 
approximately 100 acres. The Navy used historical aerial photographs to categorize portions 
within IR01 according to the locations and time periods of historical fill activities. The 
DRMO Site is located within the “IR01 Undeveloped Area”, as shown in Figure 2. The 
original Mare Island boundary, prior to filling, and the historical fill sequence within the 
overall IR01 Undeveloped Area are also shown in Figure 2. A detailed fill history of the 
DRMO Site and the vicinity, based on historical maps and aerial photographs of fill 
operations, is presented in Appendix A.  

Based on this research, dredge spoils and possibly other fill were placed at the DRMO Site 
and in the area south of the site between 1925 and 1930. The area was identified as a non-
waste fill area.  
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1.4 Site Characteristics 

1.4.1 Topography and Surface Water 
The ground surface at the DRMO Site is generally flat, with elevations ranging from 
approximately 12 to 14 feet above Mean Sea Level (MSL). No permanent surface water 
features are present within the DRMO Site, but the site is prone to flooding during periods 
of heavy precipitation. Surface water runoff from the DRMO Site discharges to storm sewers 
located near the northern corner of the site, which in turn discharge to a stormwater main.  

1.4.2 Geology 
Three principal geologic units have been identified at the site (see Figure 3). From top to 
bottom stratigraphically, these units are artificial fill material, unconsolidated natural 
deposits (Younger Bay Mud), and bedrock (the Cretaceous Panoche Formation). Based on 
boring logs and test pits advanced in the area during historical investigations, the artificial 
fill material consists of two layers: 

1. Sand, gravel, silty clay, and debris from the ground surface to approximately 2 to 5 feet 
below ground surface (bgs), although debris is also found at deeper locations. Debris is 
primarily either metal or brick, but asphalt, concrete, timber, sawdust, wire, pipe, cable, 
and glass have also been found. This uppermost fill was placed between 1940 and the 
later construction of the DRMO Site (Appendix A, Figures A-5 and A-6). Aerial 
photographs dating from the late 1940s and early 1950s, also provided in Appendix A, 
show that the DRMO Site and vicinity had been fully developed by the 1950s. 

2. Fine-grained silts and clays, which are most likely dredged material that was placed 
between 1911 and 1920. This fill material is approximately 4 to 7 feet thick and is found 
from approximately 2 to 10 feet bgs. 

Beneath the fill material is a thick sequence of naturally deposited, unconsolidated silty clay 
with interbedded sandy layers (commonly referred to as Younger Bay Mud) and extends to 
at least 28 feet bgs. The bedrock below these deposits consists of steeply dipping brown, 
orange, and tan arkosic sandstone, siltstone, and micaceous shale. 

1.4.3 Hydrogeology 
A single, shallow, unconfined water-bearing zone has been identified beneath the DRMO 
Site, extending from the water table at 2 to 6 feet bgs to a depth of at least 28 feet bgs. The 
water-bearing zone extends through the fill layer and into the underlying Younger Bay 
Mud. Groundwater flow is to the northwest and annual fluctuations of up to 3 feet have 
been observed. Groundwater does not appear to be influenced by tidal fluctuations. 

Two distinct water-bearing zones have been identified beneath the former Crane Test Area 
(CTA) north of the DRMO Site, which is shown in Figure 4. One zone lies within a shallow 
soil debris layer, and a deeper zone lies within the Younger Bay Mud. The two zones are 
separated by a layer of silty clay ranging from 6 to 8 feet thick. Groundwater flow in the two 
zones is to the northwest. 
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1.5 Overview of Historical Investigations and Cleanup Actions  
Environmental conditions at the former MINS have been formally studied since at least 
1981. Nine historical investigations conducted between 1995 and early 2007 were reviewed 
to identify activities and findings relevant to the occurrence of petroleum contamination at 
the DRMO Site and in the vicinity (see Sections 2.0 and 3.0). Gaps in information and data 
needed to establish the nature, extent, and mobility of free-phase petroleum hydrocarbons 
in soil were then identified, and a Follow-on Investigation was conducted in 2007 and 2008 
(see Sections 4.0 and 5.0). 

During the historical investigations, free-phase petroleum hydrocarbons, as well as elevated 
concentrations of total petroleum hydrocarbons (TPH) as diesel, motor oil, and gasoline 
were detected in soil and groundwater to depths of 20 feet bgs within and adjacent to the 
DRMO Site. The specific locations included the following areas shown in Figure 4 and 
discussed later in this TM: 

• The vicinity of railroad tracks that were formerly located in the Railroad Track Corridor 
in the northern portion of the FSA 

• The Oil Sump Box (OSB), a subsurface concrete vault formerly located on the west side 
of Azuar Drive approximately 50 feet north of Building 661 (the OSB, shown in historical 
drawings provided as Figures B-1 and B-2 in Appendix B, was removed in 2006 along 
with associated piping and contaminated soil as described in Sections 2.8 and 3.8) 

• Utility vault UV-1 located near the northwest corner of Building 661 

As described in Sections 2.7 and 3.7, the FSA portion of the DRMO Site underwent a 
CERCLA Non-Time-Critical Removal Action (NTCRA) from August 2005 to February 2007. 
The NTCRA included the removal of Munitions and Explosives of Concern (MEC) and soil 
contaminated with Chemicals of Potential Concern (COPCs) not associated with petroleum 
contamination. The sampling grids established within the FSA during the NTCRA are 
shown in Figures 4 and 5. Details of the NTCRA activities and findings are provided in the 
Removal Action Plan, Non-Time-Critical Removal Action for the Fenced Scrapyard Area of the 
Defense Reutilization and Marketing Office Site, Former Mare Island Naval Shipyard, Vallejo, 
California (CH2M HILL, 2005a), and the Interim Closure Report, Non-Time-Critical Removal 
Action for the Fenced Scrapyard Area of the Defense Reutilization and Marketing Office Site, Former 
Mare Island Naval Shipyard, Vallejo, California (CH2M HILL, 2006).  

Buildings 661 and 679 still remain in the FSA. Other site features including structures, 
pavement, scrap storage bins, railroad tracks, and utilities have been removed. Some buried 
pipelines and stormwater lines have been removed, capped, or re-routed as described 
below. 

Current and former buried pipelines within the DRMO Site and the surrounding area are 
shown in Figure 5. A summary of the re-routing and abandonment of buried pipelines and 
stormwater lines during the NTCRA is provided below: 

• The sanitary sewer line from former Building 691 was removed to the eastern fenceline 
of the FSA (Grid FS-38 shown in Figure 5). A grout plug was placed in the remaining 
section of pipe where it exited the FSA. 
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• Most of the saltwater pipelines remain in place following the NTCRA and are shown in 
Figure 5. 

• Stormwater lines exiting the western portion of the FSA (Grids FS-53 and FS-27 shown 
in Figure 5) were plugged with grout at the catch basins, outside the FSA fenceline. Also, 
the stormwater line exiting the FSA along the eastern fenceline was plugged with grout 
(Grid FS-38).  

• Two catch basins located adjacent to the northeastern boundary of the FSA (Grid FS-3) 
were raised in elevation. These are in-line with the main stormwater line that runs along 
Azuar Drive and were left operational. 

• A secondary stormwater line, which runs out of one of the above catch basins (Grid 
FS-3), was plugged. This line runs northwesterly and exits the FSA (Grid FS-1). 

• In the northern corner of the FSA, a section of an active 6-inch ductile iron water line 
was re-routed outside the northern limits of the FSA fenceline (Grids FS-2 and FS-3). 
Approximately 80 feet of new 6-inch ductile iron pipe was installed on the outside of the 
FSA fenceline (east of Grids FS-3 and FS-8). The new section of water line was re-
connected to the existing line within Azuar Drive. The section of pipe within the FSA 
was removed during NTCRA soil excavation. 

1.6 Organization of this Technical Memorandum 
This TM is presented in two volumes. The remainder of Volume I is organized as follows: 

• Section 2.0 describes the objectives of and activities completed for nine historical 
investigations conducted at the DRMO Site and in the vicinity between 1995 and early 
2007. 

• Section 3.0 presents the petroleum-related findings of the historical investigations 
described in Section 2.0.  

• Section 4.0 describes the objectives of and activities completed for the Follow-on 
Investigation conducted in 2007 and 2008. 

• Section 5.0 presents the findings of the Follow-on Investigation. 

• Section 6.0 presents conclusions regarding the nature, extent, and mobility of free-phase 
petroleum hydrocarbons at the DRMO Site and in the vicinity.  

• Section 7.0 lists the references cited in the sections above. 

Supporting figures and tables are provided following Section 7.0.  

In Volume II, the following appendices provide supplemental information and data: 

• Appendix A contains historical maps and aerial photographs that provide information 
about the fill history of Mare Island in IR01, including the DRMO Site.  

• Appendix B contains historical Navy documentation regarding the OSB and the possible 
extent of free product at the DRMO Site and in the vicinity. 
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• Appendix C contains supporting documentation from an investigation using the Site 
Characterization and Analysis Penetrometer System (SCAPS) that was conducted in 
1999 and 2000 at Installation Restoration Site 02 (IR02), an area with former waste oil 
disposal sumps that is located southwest of the DRMO Site.  

• Appendix D contains supporting documentation from an OSB Investigation that was 
conducted in 2005 and 2006 at the DRMO Site and in the vicinity.  

• Appendix E contains supporting documentation from a groundwater investigation that 
was conducted in 2006 and 2007 at the former CTA in Investigation Area B.1, north of 
the DRMO Site.  

• Appendix F contains supporting documentation from the field investigation conducted 
in late 2007 as part of the Follow-on Investigation, and from investigation and removal 
action activities performed by Weston Solutions, Inc. in 2007. 

• Appendix G contains supporting documentation from the geophysical survey that was 
performed early in 2008 as part of the Follow-on Investigation. 

• Appendix H contains supporting documentation from the field investigation conducted 
later in 2008 as part of the Follow-on Investigation. 

• Appendix I contains the data validation reports for the analytical data that were 
collected during the Follow-on Investigation. 

• Appendix J contains a report describing the activities and results of a forensic chemistry 
evaluation that was performed in 2008 as part of the Follow-on Investigation. 

• Appendix K contains stakeholder comments on a Draft Final version of this TM that was 
submitted for stakeholder review in March 2009, and the Navy’s responses to those 
comments. Where applicable, changes resulting from those comments and responses 
have been incorporated into this Final TM.
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2.0 Summary of Historical Investigations  

Between 1995 and early 2007, the nine investigations were conducted at the DRMO Site and 
in the vicinity that included petroleum-related components. This section summarizes the 
objectives and activities of those historical investigations, which included: 

• A basewide Preliminary Assessment/Site Inspection (PA/SI) performed in 1995 at the 
former MINS and which included the DRMO Site (Section 2.1) 

• A Site Characterization and Analysis Penetrometer System (SCAPS) investigation 
conducted in 1999 and 2000 at IR02, an area that contains former waste oil disposal 
sumps (Section 2.2) 

• An RI conducted in 1999 and 2000 at Investigation Area H2 (IA H2), which includes the 
DRMO Site and vicinity (Section 2.3) 

• The Navy’s follow-up to the RI of IA H2 in 2001 (Section 2.4) 

• An RI conducted from 2002 through 2004 at Investigation Area B (IA B), located to the 
east and north of the DRMO Site (Section 2.5) 

• An investigation conducted in 2004 at the Railroad Track Corridor formerly located 
within the DRMO Site (Section 2.6) 

• The NTCRA conducted between August 2005 and February 2007 at the FSA within the 
DRMO Site (Section 2.7) 

• An OSB Investigation conducted in 2005 and 2006 along Azuar Drive and Dump Road 
(Section 2.8) 

• A groundwater investigation conducted in 2006 and 2007 at the former Crane Test Area 
north of the DRMO Site, which occupies most of subarea IA B.1 located within IA B 
(Section 2.9) 

Section 3.0 summarizes the petroleum-related findings from the investigations listed above.  

2.1 Preliminary Assessment/Site Inspection (1995) 
The PA/SI addressed 95 Solid Waste Management Units (SWMUs) and 34 other sites at the 
former MINS. This investigation, which was conducted by PRC Environmental 
Management (PRC), provided information requested by DTSC and the U.S. Environmental 
Protection Agency (EPA). The DRMO Site was one of the sites included in the investigation. 
The site was designated SWMU 129 and referred to variously as DRMO Storage Facilities, 
the DRMO Storage Area, and the DRMO Scrapyard. When the PA/SI was conducted, the 
DRMO facilities were still in operation.  

The objectives of the PA/SI were to assess whether the sites being addressed were 
potentially contaminated and required further investigation, and to make recommendations 
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for future action. A visual inspection of the DRMO Site was conducted. No environmental 
samples were collected.  

The PA/SI findings related to potential petroleum contamination at the DRMO Site are 
summarized in Section 3.1 of this TM. The report entitled Mare Island Naval Shipyard, Vallejo, 
California, Preliminary Assessment/Site Inspection Final Summary Report, Nonradiological Sites 
(PA/SI Report; PRC Environmental Management [PRC], 1995) provides complete details of 
the PA/SI activities and findings. 

2.2 Site Characterization and Analysis Penetrometer System 
Investigation at IR02, Former Waste Oil Disposal Sumps Area 
(1999-2000) 
In June 1999, the Navy Public Works Center San Diego (Navy PWCSD) used the SCAPS to 
conduct an assessment of petroleum hydrocarbons in and around four former waste oil 
disposal sumps within IR02, located approximately 1,600 feet west of the DRMO Site (see 
the inset in Figure 4). The objectives of this investigation were “to thoroughly assess and 
delineate the extent and distribution of residual and free-phase petroleum hydrocarbon 
contamination in the vicinity of the former waste oil sumps and to estimate the mass of the 
hydrocarbon contamination.” The methodology and findings of the investigation are 
described in the Site Characterization Summary Report, Mare Island Naval Shipyard, Installation 
Restoration Site 02, Former Waste Oil Disposal Sumps (Navy PWCSD, 2000, referred to as the 
SCAPS Report in this TM). 

According to the SCAPS Report, records indicated that “almost all solid wastes generated at 
Mare Island (including hazardous wastes and petroleum oils) were disposed of on Mare 
Island in various unlined pits and on low-lying terrain in the dredge disposal areas. In 
addition, waste oil [from operations at MINS] was discharged to the four unlined oil sumps 
(Sumps 1, 2, 3, and 4) shown on the inset in Figure 4. These sumps reportedly received 
approximately 4.5 million gallons of waste oil and solvents before disposal there ended in 
the late 1960s.” The Navy had previously completed a draft RI and human health risk 
assessment under CERCLA for Operable Unit 3 (OU 3) at Mare Island, which contains 
Sumps 1 through 4 within IR02. Many of the samples collected for these efforts were 
obtained from within and near the sumps. “As a result,” the SCAPS Report states, “the 
nature and extent of contamination has been partially characterized in the vicinity of the 
sumps. This contamination includes a significant volume of light nonaqueous phase liquid 
(free product) which consists of viscous, heavy and weathered hydrocarbons and which, 
when exposed, are visible in the soil void spaces.” Although other contaminants had been 
detected in soil and groundwater in and around the former sumps, the SCAPS Investigation 
only addressed “residual and free-phase petroleum hydrocarbon contamination.” 

One hundred seventy-three SCAPS laser-induced fluorescence (LIF) pushes were completed 
within IR02 during the investigation. Due to the presence of debris, the LIF probe met 
shallow refusal (less than 5 feet bgs) at many locations within the sumps, especially in the 
western half of Sump 3; there was significantly less evidence of subsurface debris outside 
the sump boundaries, where the site consisted primarily of flat, bare ground with sparse 
vegetation and scattered surface debris. LIF pushes were completed only where shallow 
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refusal was not encountered. A GeoVis (video microscope) tool was used at three locations, 
each within 1 lateral foot of LIF pushes, to supplement and confirm LIF and cone 
penetrometer test (CPT) soil classification data for these locations and the entire site. The 
SCAPS Report also noted that based on the CPT data, the soils at the site “consisted 
predominately [sic] of soft, unconsolidated silts and clays with occasional sandy to gravelly 
lenses…. Permeabilities of the contaminated soils are thus expected to be relatively low.” 

Small (3/4-inch-diameter) microwells were installed within 1 lateral foot of four LIF push 
locations, with each well screened from 3 to 13 feet bgs. “A small diameter interface probe 
was used to check free product and groundwater levels in each well. However, reliable 
readings could not be obtained…even though a highly viscous oil was found on the probe 
upon removal from all four of the wells.” 

Seventeen soil samples were collected “to supplement, evaluate and confirm LIF 
data…based on the assumption that the contaminant concentrations would have a ‘bulls-
eye’ pattern centered on the sumps.” The samples were analyzed for purgeable and 
extractable TPH using EPA Method 8015 (Department of Health Services [DHS]-modified). 
The TPH results were reported as gasoline, JP-5, diesel, and diesel-range organics (DRO, to 
designate hydrocarbons “heavier” than the diesel carbon range of C9 to C24).  

For the purposes of this TM, the findings of the SCAPS Investigation were reviewed to 
evaluate whether IR02 may be contributing to the observed free product along Dump Road 
or Azuar Drive. The findings are summarized in Section 3.2 of this TM, and supporting 
figures are provided in Appendix C. The SCAPS Report (Navy PWCSD, 2000) contains 
complete details of the investigation findings and results. 

2.3 Investigation Area H2 Remedial Investigation (1999-2000) 
The Navy conducted this RI to characterize conditions at IA H2, which in 1999-2000 
included portions of Mare Island generally west of Azuar Drive from the IR01 storage yard 
and the former Crane Test Area (see Figure 4) along Dump Road southward to about 5th 
Street. This area included the DRMO Site, which was referred to in the RI as the DRMO 
Scrapyard Area. The overall objectives of the RI were to determine whether releases from 
potential sources within these areas had occurred, identify the nature and extent of 
contamination associated with any releases, and conduct baseline human health and 
ecological risk assessments in order to determine whether an FS was necessary at any of the 
specific sites within IA H2.1  

The investigative approach to the DRMO Site and vicinity during the RI included the 
collection and analysis of environmental samples as well as the incorporation of analytical 
results from previous investigations and sampling efforts. Overall, the RI evaluated 
analytical results obtained from samples collected as described below: 

                                                      
1 Since the RI was conducted for IA H2, the configuration of the area has changed significantly because various portions of 
it have been transferred by the Navy to the City of Vallejo. Therefore, the boundaries of IA H2 are not shown on a figure in 
this TM. 
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• The IR16-Subsite 715 area (see Figure 4) during the RI for IA H2: two surface soil 
samples, samples from five direct-push borings, and five asphalt samples 

• The remainder of the DRMO Site, during the RI for IA H2: 

− Four discrete asphalt chip samples, samples from 53 direct-push borings, five 
vacuum excavations, 70 surface soil samples, and 39 grab groundwater samples 

− Four residue samples (one from utility vault UV-1 and three from catch basins) 

− Three petroleum product samples (one from UV-1 and two from direct-push 
borings) 

− One standing water sample from UV-1 

− Samples from three groundwater monitoring wells within the DRMO Site and two 
adjacent wells 

• The IR01 Developed Area: samples from 22 soil borings, two surface soil samples, one 
vacuum excavation, and 14 grab groundwater samples collected during a previous 
investigation 

• IR02 (the former waste oil disposal sumps area): samples from four direct-push borings 
installed during a previous investigation 

The RI findings related to petroleum and TPH contamination at the DRMO Site and in the 
vicinity are summarized in Section 3.3 of this TM. The report entitled Internal Draft, 
Investigation Area H2 Remedial Investigation, Mare Island, Vallejo, California (Tetra Tech EM Inc. 
[TtEMI], 2000) provides complete details of the RI activities and findings. 

2.4 Follow-up to the Investigation Area H2 Remedial 
Investigation (2001) 
Following preparation of the RI Report discussed in Section 2.3, the Navy issued an 
addendum to that report. The purpose of the addendum was to describe “the nature and 
extent of the area of residual petroleum hydrocarbon nonaqueous-phase liquid (free 
product)” in subsurface soil at the DRMO Site and in the IR16-B4/Building 455 Area to the 
east of Azuar Drive (see Figure 4), and underlying portions of both Investigation Areas H2 
and B. “[D]istinctive and easily identifiable” free product had been observed in soil borings 
advanced in these areas during the RI. 

The addendum did not present new data but provides additional discussion of the physical 
nature of the free product, the vertical and lateral extent of the product, and possible sources 
of the product at the DRMO Site. 

The addendum findings are summarized in Section 3.4 of this TM. The addendum itself, 
Addendum to the Internal Draft Investigation Area H2 Remedial Investigation Dated December 1, 
2000, Mare Island, Vallejo, California (TtEMI, 2001), provides complete details. 
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2.5 Investigation Area B Remedial Investigation (2002-2004) 
IA B is located in the western portion of the Eastern Early Transfer Parcel (EETP) and 
occupies approximately 90 acres. It is bounded to the north by G Street; to the east by 
Railroad Avenue; to the south by Connolly Street; and to the west by Azuar Drive, non-tidal 
wetlands, and former industrial areas. Based on the fill history and remedies considered for 
various portions of IA B, the area has been subdivided into two subareas. One subarea is IA 
B.1 (7 acres), most of which is occupied by the former CTA as discussed in Section 3.5. The 
other is IA B.2 (83 acres), most of which is located east of Azuar Drive. Figure 4 shows both 
IA B.1 (including the former CTA) and a portion of IA B.2 to the east of Azuar Drive. IA B.2 
is not discussed further in this TM as it is not a part of the DRMO Site and the vicinity. 

Building on field investigations performed by the Navy prior to 2002, the overall goal of the 
RI (conducted under a Consent Agreement between Lennar Mare Island [LMI], the City of 
Vallejo, and DTSC) was to collect additional information at four areas of environmental 
concern within IA B to address remaining data gaps and conclude the site characterization 
phase for IA B. The specific objectives of the RI were to characterize the nature and extent of 
soil and groundwater contamination in those areas, and to quantify potential risks posed to 
human health and the environment. One of the areas, IRP Site IR01 (historical fill areas), 
contains the DRMO Site and is discussed in Section 2.5.1. A second area, known as the IR16-
B4/Building 455 Area, is located adjacent to the DRMO Site, east of Azuar Drive, and is 
discussed in Section 2.5.2. Additional RI work was conducted at the former CTA/IA B.1 
north of the DRMO Site, as discussed in Section 2.5.3. 

From June to October 2002, CH2M HILL conducted a field investigation at IA B in 
accordance with the Draft Sampling and Analysis Plan for Investigation Area B, Lennar Mare 
Island, Vallejo, California (CH2M HILL, 2002) and subsequent agency comments. The Final 
Investigation Area B Remedial Investigation Report, Former Mare Island Naval Shipyard, Vallejo, 
California (RI Report for IA B; CH2M HILL, 2004c) describes the physical characteristics of 
IA B and provides complete details of the methodology and findings of the RI. The findings 
are summarized in Section 3.5 of this TM. 

2.5.1 IR01 Historical Fill Areas 
The RI Report presents a detailed analysis of historical fill activities at IA B because the area 
also contains portions of IR01. IR01 occupies approximately 100 acres and, as noted in 
Section 1.3, comprises the historical fill and disposal areas in the west-central portion of 
Mare Island that enlarged the island to its current peninsula configuration. Using historical 
aerial photographs, the Navy has categorized portions of IR01 according to the locations 
and time periods of historical fill activities, which may have contributed to contamination in 
IA B.  

One of the portions of IR01 includes the DRMO Site and the former CTA. Another portion 
includes the IR16-B4/Building 455 Area. The findings of the RI Report for IA B with specific 
reference to the historical fill areas at the DRMO Site and in the vicinity are presented in 
Section 3.5.  
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2.5.2 IR16-B4/Building 455 Area 
The IR16-B4/Building 455 Area occupies approximately 8 acres adjacent to the DRMO Site, 
east of Azuar Drive (see Figure 4). The area was used as a scrap metal salvage yard from 
approximately the early 1920s through the early 1990s. Observations of debris (wood chips, 
brick fragments, asphalt fragments, glass, and metallic materials) made in boring logs and 
during removal actions in the IR16-B4/Building 455 Area are consistent with the historical 
use of the area as a salvage yard. Portions of the area were also historically used for 
submarine and forklift lead-acid battery storage and disposal, mixing and storage of 
pesticides, and management of mercury waste. Figure 4.4-1 in the RI Report for IA B 
presents a conceptual site model (CSM) of the area’s historical uses and physical conditions. 
Because of its proximity to the DRMO Site, the geological and hydrogeological conditions at 
the IR16-B4/Building 455 Area are very similar to those described in Section 1.4 of this TM. 

Removal actions were conducted in the area to address contamination by lead in 1993 and 
2003, and by lead and pesticides in 1998-1999. During the RI for IA B the remaining vertical 
and lateral extent of chemicals in the area was evaluated, including free-phase petroleum 
hydrocarbons present in soil and groundwater. The evaluation also addressed the 
possibility that the DRMO Site was one of the historical sources of this contamination. The 
RI findings are summarized in Section 3.5.2.  

2.5.3 Former Crane Test Area/IA B.1 
Additional RI work was conducted specifically at the portion of IA B referred to as IA B.1, 
most of which consists of the former CTA north of the DRMO Site and Dump Road (see 
Figure 4). This work included an evaluation of the fill material placed within the former 
CTA between 1925 and 1942. In addition, a groundwater investigation was conducted at the 
former CTA in late 2006 and early 2007. Both the RI activities and those conducted during 
the 2006-2007 groundwater investigation are summarized in Section 2.9.  

2.6 Railroad Track Corridor Investigation (2004) 
A number of railroad lines formerly ran along what was referred to as the “Railroad Track 
Corridor” between the northwestern portion of the DRMO Site and Dump Road, 
immediately outside the FSA boundary (Figure 4). Sampling and analysis to characterize 
conditions in the Railroad Track Corridor were historically very limited. Therefore, when a 
removal action to address MEC and COPCs was being planned for the FSA in 2003 (see 
Section 2.7), the Navy determined that further characterization of the Railroad Track 
Corridor was necessary for the removal action planning process for shallow soil in the FSA 
(CH2M HILL, 2004a).  

Soil sampling and analysis were conducted in January and February 2004 with the objective 
of evaluating the extent of removal action activities required, if any, within the Railroad 
Track Corridor. A total of 35 soil samples and 11 quality assurance/quality control 
(QA/QC) samples were collected from various depths at 12 locations in the Corridor. The 
samples were analyzed for a variety of constituents including TPH-diesel, TPH-gasoline, 
metals, and volatile and semivolatile organic compounds (VOCs and SVOCs).  

2-6 DRMO_SITE_FINAL_TPH_TM_MAIN_TEXT.DOC 



2.0 SUMMARY OF HISTORICAL INVESTIGATIONS 

The investigation findings related to petroleum contamination in the former Railroad Track 
Corridor are summarized in Section 3.6 of this TM. The Railroad Track Corridor Investigation 
Report, Defense Reutilization and Marketing Office Site, Former Mare Island Naval Shipyard, 
Vallejo, California (CH2M HILL, 2004b) contains complete details of the investigation 
activities and findings. 

2.7 Non-Time-Critical Removal Action at the Fenced 
Scrapyard Area within the DRMO Site (2005-2007)  
From August 2005 to February 2007, a NTCRA was completed by the Navy at the FSA 
within the DRMO Site. The removal of MEC and soil contaminated with COPCs above 
Target Cleanup Goals (TCGs) specified by CERCLA was conducted to reduce the risks 
posed by the FSA to human health and the environment. The COPCs targeted during the 
removal action included lead, polynuclear aromatic hydrocarbons (PAHs), pesticides, and 
polychlorinated biphenyls (PCBs).  

As noted in Section 1.2, the FSA is a 4.6-acre former scrapyard area located within the 8-acre 
DRMO Site (see Figure 1). The remainder of the DRMO Site was not addressed during the 
NTCRA. As discussed in Section 1.1, the Navy is addressing petroleum contamination in 
soil separately from other investigations and cleanup actions at the DRMO Site; therefore, 
neither petroleum nor TPH was addressed during the NTCRA. During the implementation 
of the removal action, however, the Navy decided that additional petroleum- and TPH-
related investigation within the FSA should be performed for informational purposes, as a 
TCG for TPH has not yet been identified for the DRMO Site. Two kinds of investigation 
were conducted: 

• Sampling and analysis for TPH, specifically TPH-diesel as requested by DTSC. As the 
excavation of contaminated soil progressed within the FSA, confirmation samples were 
collected and analyzed to verify that the TCGs for the COPCs at the FSA were being 
achieved. The samples were collected from the bottoms of one hundred (100) 50-by-50-
foot grids as well as from grid-related sidewalls along the FSA boundary. Most of the 
samples were collected from 1.5 feet bgs, with a few samples collected from 3 to 5 feet 
bgs. At approximately 50 percent of the NTCRA sampling locations, a total of 71 
confirmation soil samples (of which three were field duplicates) were collected and 
analyzed for TPH-diesel.  

• Qualitative petroleum observations. These included observations of site conditions 
throughout the duration of the fieldwork, from pre-excavation demolition activities to 
post-excavation soil sampling, in order to record the possible presence of petroleum-
related contamination. 

The findings from these specific activities are presented in Section 3.7 of this TM. Details of 
the overall NTCRA activities and findings are provided in the Removal Action Plan, Non-
Time-Critical Removal Action for the Fenced Scrapyard Area of the Defense Reutilization and 
Marketing Office Site, Former Mare Island Naval Shipyard, Vallejo, California (CH2M HILL, 
2005a), and the Interim Closure Report, Non-Time-Critical Removal Action for the Fenced 
Scrapyard Area of the Defense Reutilization and Marketing Office Site, Former Mare Island Naval 
Shipyard, Vallejo, California (CH2M HILL, 2006). 
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2.8 Oil Sump Box Investigation (2005-2006) 
This section describes the purpose of the Navy’s OSB Investigation and the activities 
performed, which included the installation of soil borings and investigative trenches and the 
removal of the OSB and associated piping. This work was conducted in late 2005 and early 
2006; a Work Plan was prepared (CH2M HILL, 2005b), but the findings of the OSB 
Investigation have not been formally documented elsewhere. As shown in Figure 4, the OSB 
was located immediately outside the FSA to the north of Building 661 and adjacent to Azuar 
Drive. 

2.8.1 Purpose 
The purpose of the OSB Investigation was to obtain field information to (1) confirm the 
existence of the OSB, and (2) aid in understanding the nature and extent of free product 
potentially originating from the OSB and migrating from the DRMO Site. A CSM had been 
developed to identify the specific data gaps listed in Section 2.2 of the Work Plan 
(CH2M HILL, 2005b) and formed the basis of the technical approach for the investigation 
described in Section 2.3 of the Work Plan. The CSM was based on a review of existing 
information, including soil boring information and analytical results from soil samples 
collected by the Navy and CH2M HILL during previous investigations. The key elements of 
the CSM were used to focus the future investigation work. 

The OSB Investigation focused primarily on the OSB itself, a subsurface concrete vault 
located approximately 50 feet north of Building 661 (Figure 4). According to an undated 
historical Navy drawing (see Figure B-1 in Appendix B; when this drawing was developed, 
Azuar Drive was called Cedar Avenue), a 6-inch perforated pipe was thought to extend 
from the bottom (or near the bottom) of the OSB and was interpreted as a mechanism to 
allow the discharge of materials from inside the OSB to the subsurface. No formal design 
drawings showing the construction of the OSB have been located to date. Visual 
observations by Navy and CH2M HILL personnel during project planning reported a thick, 
viscous, black product that appeared to be floating on the water surface within the OSB. A 
similar material was also reported by the Navy to have been present in a utility vault 
(possibly UV-1) on the north side of Building 661. In addition, the CSM developed in 
anticipation of the investigation suggested an accumulation of free product along the 
surface of water table (see Figure B-2 in Appendix B). This CSM was based on areas of 
observed petroleum contamination that had been reported along portions of Azuar Drive 
and the south side of Dump Road, as determined during previous investigations (see 
Figure B-3). 

2.8.2 Data Gaps 
Based on the CSM and other available information, the data gaps identified in the Work 
Plan and addressed in the OSB Investigation included: 

• The existence of the OSB and possible connection to UV-1 

• The lateral and vertical extent of free product originating from the OSB and UV-1 

• The lateral and vertical extent of free product on the northern side of the DRMO Site 
along Dump Road, as well as along Azuar Drive 
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• The chemical character (e.g., the petroleum hydrocarbon fraction[s]) of the free product 

• Potential impacts, if any, of petroleum contamination on groundwater in the area of the 
OSB and UV-1, and along Dump Road 

2.8.3 Investigation Activities 
The following sections summarize the activities performed during the OSB Investigation. 

2.8.3.1 Soil Borings along Azuar Drive 
Direct-push soil borings were installed at seven locations along Azuar Drive as shown in 
Figure 6: OSBGB01 through OSBGB03, and OSBGB09 through OSBGB12. The original 
objective of the soil borings planned for the project was to investigate the extent of potential 
free product at locations along Azuar Drive and Dump Road. However, based on 
observations during the initial phase of boring installation and based on the fact that the 
OSB was located and confirmed to exist, it was determined that borings were of limited 
value in achieving the investigation objectives. Therefore, only seven of the 12 planned 
borings identified in the Work Plan (CH2M HILL, 2005b) were installed. In addition, as 
discussed in Section 2.8.3.3, it was decided to install trenches rather than soil borings along 
Dump Road. 

The primary purpose of installing the borings along Azuar Drive was to allow subsurface 
soil to be visually inspected for the possible presence of free product and/or fuel-saturated 
soil. The borings extended to a depth of 9 to 16 feet bgs to elevations below the water table. 
The borings were advanced using a hand auger from the ground surface to 5 feet bgs. From 
5 feet bgs to the total depth of each boring, continuous cores were collected using a direct-
push drill rig. Logs for all seven borings are provided in Appendix D1. 

Samples were collected from all the borings for visual examination. Laboratory analyses 
were performed on four soil samples, collected at depths ranging from 7 to 12 feet bgs from 
borings OSBGB01 and OSBGB09 through OSBGB11, and on three samples of free product 
that were collected from depths ranging from 3 to 7 feet bgs for fuel fingerprint analyses 
(OSBGB09-S07P, OSB-FP-ETN15-S6, and OSB-FP-ETN47-S3). Table D2-1 in Appendix D2 
lists the analyses that were performed on these soil and free product samples. Analyses 
were not performed on samples from borings OSBGB02, OSBGB03, and OSBGB12 because it 
was decided, following sample collection, that additional analytical data were not necessary 
to meet the investigation objectives.  

2.8.3.2 Exploratory Trench and Removal Activities along Azuar Drive 
Three exploratory trenches were originally planned around the OSB to examine the 
subsurface structure of the OSB and confirm the presence of perforated pipes extending 
north and south along Azuar Drive. Confirming the presence of a pipeline extending 
between the OSB and UV-1 near Building 661 was also desired. After the installation of one 
80-foot-long trench in the field, the project scope of work (SOW) was modified to remove 
the OSB and perforated pipe. Following the excavation and removal activities, the area was 
backfilled with crushed rock to above the groundwater level and then with pit run soil to 
establish the final grade. 
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2.8.3.3 Exploratory Trenches along Dump Road 
The original SOW for Dump Road included the installation of five soil borings and 
collection of 15 soil samples (three from each boring) for chemical analysis. The purpose of 
this sampling and analysis was to determine the chemical characteristics of petroleum 
hydrocarbons in soil at representative locations along Dump Road. Based on information 
collected along Azuar Drive, the five soil borings were replaced with five exploratory 
trenches (OSBTR13 through OSBTR17, shown in Figure 6). Trenches were considered to be 
of greater value in understanding the vertical distribution of free-phase hydrocarbons and 
the amount and type of metal debris in the shallow subsurface because more detailed 
observations could be made. The trenches were approximately 9 feet long and 2 feet wide 
and extended to depths of between 7 and 9 feet bgs. Logs for the trenches are provided in 
Appendix D1. 

Samples of free product for fuel fingerprint analyses were collected from all the trenches 
except OSBTR13, where free product was not found. The samples were collected at depths 
ranging from 6 to 7.5 feet bgs. Table 1 lists the analyses performed on the free product 
samples obtained from the trenches along Dump Road. 

2.9 Groundwater Investigation at the Former Crane Test Area 
(2006-2007) 
In late 2006 and early 2007, LMI conducted a groundwater investigation at the former CTA, 
which is located adjacent to Dump Road to the north of the DRMO Site. The former CTA 
occupies the majority of IA B.1 (see Figure 4) which, as discussed in Section 2.5, is one of the 
two subareas of IA B where field investigations were performed as part of the RI for IA B 
(CH2M HILL, 2004c). The former CTA is currently being addressed as part of a Feasibility 
Study/Remedial Action Plan (FS/RAP), currently entitled Draft Report, Investigation Area B.1 
Feasibility Study/Remedial Action Plan, Lennar Mare Island, Vallejo, California (FS/RAP Report; 
CH2M HILL, 2008b).  

The objective of the 2006-2007 groundwater investigation was to understand the 
hydrogeology and the nature and extent of groundwater contamination related to the two 
groundwater-bearing zones described above. In November 2006, five pairs of monitoring 
wells were installed in the former CTA at the locations shown in Figure 4. At each location, 
one well was constructed in the debris layer (the shallow zone), and the other in the 
Younger Bay Mud layer (the deep zone).  

A backhoe was used to excavate a trench at each location to clear debris that would obstruct 
drilling and to map the vertical extent of the debris layer. One shallow well was completed 
within each trench. Then a drill rig was used to collect core samples from the bottom of the 
trench to bedrock. Based on observations from the core samples, one deep well was drilled 
using a hollow-stem-auger drill rig within the vicinity of the trench. Water levels in the 
monitoring wells were measured to calculate groundwater elevations, and a total of nine 
groundwater samples were collected from these wells and analyzed for TPH-diesel and 
TPH-motor oil as well as pH, alkalinity, cations (calcium, magnesium, strontium, sodium, 
and potassium), and anions (nitrogen as NO3, nitrogen as NO2, sulfate, chloride, 
fluoride, and bromide).  
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According to the FS/RAP Report, the resulting groundwater data were evaluated along 
with soil and groundwater data presented in the RI Report for IAB (CH2M HILL, 2004c) and 
other historical investigations of the former CTA. The evaluation included a total of 42 soil 
samples collected from 22 different locations at depths ranging from 0.5 to 11.5 feet bgs, and 
analyzed for TPH-gasoline, TPH-diesel, TPH-motor oil, and total recoverable petroleum 
hydrocarbons (TRPH). The evaluation also included one grab groundwater sample collected 
in 1999 from boring IR01GB107, on the southwestern boundary of the former CTA as shown 
in Figure 4, and analyzed for TPH-gasoline, TPH-diesel, and TPH-motor oil.  

The findings from the 2006-2007 groundwater investigation at the former CTA, including 
findings in that area from the RI for IA B and other historical investigations, are 
summarized in Section 3.9. Boring and trench logs recorded during the 2006-2007 
investigation are provided in Appendix E. 
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3.0 Findings of Historical Investigations 

This section presents the petroleum-related findings from each of the historical 
investigations described in Section 2.0. 

3.1 Preliminary Assessment/Site Inspection (1995) 
The PA/SI Report (PRC, 1995) presents the findings from the visual inspection of SWMU 
129, the DRMO Site (referred to variously in the report as DRMO Storage Facilities, the 
DRMO Storage Area, and the DRMO Scrapyard). As noted in Section 2.1, the DRMO 
facilities were still in operation at the time of the inspection. The following findings are 
reported with regard to petroleum: 

• “Some oil” was stored at the scrapyard. 

• During the inspection, utility vault UV-1 (referred to in the PA/SI Report as a “utility 
access box” and located adjacent to Building 661 as shown in Figure 4 of this TM) 
contained standing water with “black, thick oil floating on top of the water.” The oil 
“was determined to be the result of floating product on the water table that may have 
saturated nearby soils.”  

• Although no evidence for these findings is cited, the report states that “[u]tility lines 
between IR02 [the former waste oil disposal sumps area located approximately 1,600 feet 
west of the DRMO Site; see Figure 4 and Sections 2.2 and 3.2 in this TM] and the DRMO 
Scrapyard area are the primary conduits of contamination between the two areas. 
Although there is uncertainty about the source of the contamination observed at the 
DRMO Scrapyard area, the two primary sources are the transportation shops (Buildings 
637 and 639, located approximately 650 feet southeast of Building 661[in the EETP]) and 
the oil sumps (IR02).”  

Based on the “evidence of release of metals and hydrocarbon contamination” and the 
identification of “petroleum, metals, and PCBs” as contaminants of concern, the PA/SI 
Report recommends the following actions: 

• Review of a utility map of the area in the vicinity of IR02 to evaluate whether IR02 (i.e., 
the waste oil disposal sumps) may be the source of the oil observed in the utility access 
box (i.e., UV-1); 

• Additional CERCLA investigation of the DRMO Site for “contamination attributable” to 
the SWMU, and “to locate the source of free product detected during the PA”; and 

• Collection of soil samples and analysis for a variety of constituents including VOCs and 
TRPH. 
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3.2 Site Characterization and Analysis Penetrometer System 
Investigation at IR02, Former Waste Oil Disposal Sumps Area 
(1999-2000)  
Sections 3.2.1 through 3.2.4 summarize the findings of the SCAPS Investigation of IR02 as 
documented in the SCAPS Report (Navy PWCSD, 2000). The findings are summarized in 
detail because this information has helped address hypotheses in other documents that the 
former waste oil disposal sumps may have been a significant source of free-phase petroleum 
hydrocarbons migrating as far east as the DRMO Site and the IR16-B4/Building 455 Area 
(e.g., see Section 3.5.2). Section 3.2.5 includes the conclusions that are presented in the 
SCAPS Report. 

3.2.1 Results from LIF Push Locations 
Of the 173 LIF push locations, 139 had elevated fluorescence intensities indicating impacts 
from petroleum, oil, or lubricants (POL). “Clipped” fluorescence responses indicating very 
high POL impacts were observed in 32 pushes.  

The SCAPS Report notes: “Two distinct peak wavelengths with corresponding spectra were 
observed in the LIF data”, indicative of a “heavy, oil-like product” and diesel fuel. 
“Inspection of the push logs…indicates no readily discernible spatial pattern in the 
occurrence of these two characteristic wavelengths. This suggests that the contamination is a 
complex and essentially random mixture of oil and diesel fuel, with oil forming the bulk of 
the plume.” 

The report continues, “fluorescence intensity indicates the relative concentration of 
petroleum in soil. To assess the distribution of contamination we must therefore look at the 
three-dimensional distribution of LIF intensity. This was accomplished by performing a 
three-dimensional interpolation of the LIF data set. This interpolation was then used to 
generate a set of four, three-dimensional iso-surfaces of equivalent LIF intensity. Four iso-
surfaces representing values of 50, 100, 150, and 200 thousand counts were specified…. The 
iso-surfaces were generated using the Department of Defense Groundwater Modeling 
System (GMS) to perform a three-dimensional interpolation of the entire LIF data set,” and 
thereby to provide “a generalized depiction that allows for rapid visualization of the 
approximate distribution of contamination.” 

Figures C-1 and C-2 in Appendix C of this TM are Figures 3 and 4 in the SCAPS Report, and 
are preceded by the legend that is included in that report as Figure 2. Figure C-1 shows the 
LIF data and analytical results obtained from soil samples collected during the SCAPS 
Investigation, including the iso-surfaces described above. The contours shown in Figure C-1 
indicate the iso-surface outlines. Figure C-1 “also shows a stippled area representing the 
lateral extent of contamination. This area was drawn by a simple visual inspection of the 
maximum LIF intensity for each push. The shape of this area generally mimics the shape of 
the iso-surface contours. Some significant discrepancies between the stippled area and the 
contours occur where there are few, or no pushes with low LIF intensities bounding pushes 
with high intensities, such as near the northern tip of sump 3. The lack of low intensity data 
points causes the iso-surfaces to be extended outward towards the edge of the interpolation 
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grid. This is an artifact of the interpolation process. The stippled area is considered a more 
accurate estimate of the true extent of petroleum contamination.” 

Figure C-2 “shows the results of laboratory analyses of soil samples collected for previous 
investigations. An examination of these results shows that there are very few samples 
collected outside the stippled area having petroleum concentrations greater than 200 mg/kg 
[milligrams per kilogram]. These data suggest that the stippled area shown in Figures 3 and 
4 [i.e., Figures C-1 and C-2 in Appendix C of this TM] represents a reasonably accurate 
approximation of the lateral extent of petroleum contamination greater than a few hundred 
mg/kg. The pattern of the contours should be expected to show the highest concentrations 
centered on the source of contamination, the sumps, with observed concentrations 
decreasing as the distance away from the sumps increases with some elongation of the 
plume in the downgradient (i.e., northeast) direction…. [T]he intensities within the sump 
boundaries, while generally high, are for the most part somewhat lower than the intensities 
observed just outside the sump boundaries…. The vertical distribution of petroleum 
contamination, as indicated by significant fluorescence intervals,…shows the majority of the 
contamination is generally found at elevations ranging from approximately 1.5 to 8.5 feet 
above MSL. POL fluorescence is observed both above and below this interval, but these 
occurrences are relatively rare and appear to be localized. Furthermore, the intensities 
outside this vertical interval tend to be relatively low. It should also be noted that, based on 
the water levels measured on May 26, 1999, a majority of the contamination was found 
below the water table.” 

3.2.2 Debris Observations 
The SCAPS Report notes that “evidence of buried debris (i.e., shallow refusals) occurred 
mostly within the sumps, and the pushes within the sumps tend to have a lower LIF 
response than might be expected.” The results from the GeoVis pushes indicated that the 
buried debris accounted for the unexpectedly low fluorescence intensities found in selected 
LIF pushes. “Pushes located outside the sump boundaries, however, encountered shallow 
refusal relatively infrequently, and exhibited LIF responses more consistent with 
expectations. Pushes close to the sump boundaries, particularly along the downgradient 
side of the sumps, typically have maximum intensities above 200,000 counts, and have 
relatively thick intervals of very high fluorescence intensities (150,000 counts or more). 
Fluorescence intensities then fall off with increasing distance from the sumps (refer to 
Figure 3 [i.e., Figure C-1 in this TM]). Based on this evidence, it is our opinion that:  

1. Relativity large void spaces occur primarily in the presence of buried debris.  

2. Buried debris occurs mostly within the sumps and is probably due to incorporation of 
debris in the material used to backfill the sumps upon closure.  

3. Some of the LIF intensity data collected within the sump boundaries may underestimate 
actual hydrocarbon concentrations.  

4. LIF intensity data collected outside the sumps, for the most part at least, accurately 
depicts relative petroleum concentrations.”  
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3.2.3 Sampling and Analysis for TPH 
As described in Section 2.2, 17 soil samples were collected and analyzed for purgeable and 
extractable TPH using EPA Method 8015 (DHS-modified). The SCAPS Report presents the 
following results: “No gasoline or JP-5 was detected in any of the samples. No petroleum 
contamination of any kind was detected in three of the samples…. The remaining fourteen 
samples were found to contain varying proportions of diesel fuel and/or heavier oil-like 
hydrocarbons…. [T]he carbon range of the oily product is approximately C11 to C30. This 
overlaps most of the C9 to C24 carbon range of diesel fuel. These overlapping carbon ranges 
make it impossible to accurately quantify the two products separately. In the initial 
laboratory report the reported carbon range for DRO (i.e., oily product) varied from sample 
to sample.” 

3.2.4 Estimation of the Total Mass of Petroleum Contamination 
Also as described in the SCAPS Report, estimates of the total mass of petroleum 
contamination were calculated using the following three-step process: 

1. “The first step was to determine the volumes of a set of three-dimensional solids 
representing soil masses with similar petroleum concentrations based on the normalized 
LIF data.” 

2. “The second step is to assign a specific, average concentration to each solid.” 

3. “The final step entails multiplying the volume of each solid by it’s [sic] assigned 
concentration and appropriate conversion factors to give a mass of contamination for 
each solid. These individual masses are then summed to give the total mass of 
contamination in the plume.” 

Using this process, “[t]wo estimates of the contaminant mass were calculated. The first 
estimate used the procedures described above, and yielded a total of approximately 168,000 
cubic yards of soil contaminated with approximately 960,000 gallons of petroleum. This is 
considered a reasonably conservative estimate based on the data presented in this report. 
The second estimate was done as a “worst-case” scenario. This was done in a fashion nearly 
identical to the first estimate, except that the area within the sump boundaries was assumed 
to have a layer of free product 6 feet thick. This corresponded to measurements of free 
product in monitoring well 02W01, which has the largest free product layer measured in 
any of the monitoring wells at the site. This 6 feet thick layer was further assumed to have a 
porosity of 40% with an average petroleum saturation of 50% of porosity.  

The area occupied by the sumps roughly coincides with the area occupied by the  
150,000 count solid, so the contaminant mass calculated for the assumed free product layer 
was substituted for the combined mass of the 150,000 and 200,000 count solids from the first 
estimate. Additionally, the soil volumes of the non-detect solid and the 50,000 and 100,000 
count solids from the first estimate were increased by 10 percent. The average contaminant 
concentrations of these three solids were also assumed to be greater than those used in the 
first estimate. This worst case estimate yields a total of approximately 209,000 cubic yards of 
soil contaminated with approximately 2.7 millions gallons of petroleum.”  
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3.2.5 Conclusions 
The following petroleum-related conclusions are presented in the SCAPS Report: 

• Petroleum contamination at the site is a mixture of oil and lesser amounts of diesel fuel.  

• Most of the petroleum contamination is found between 1.5 and 8.5 feet above MSL.  

• Approximately 168,000 to 209,000 cubic yards of soil are contaminated with 
approximately 960,000 to 2,700,000 gallons of petroleum.  

• The contaminant plume extends over an area of approximately 490,000 square feet.  

• A large part of the contamination lies within the “smear zone” defined by the typical 
seasonal fluctuations of the water table.  

• The contaminated soils consist predominantly of very soft silts and clays.  

• The petroleum contamination is highly viscous.  

• Continuing migration of the plume is greatly limited by the fine-grained soil, the high 
viscosity of the plume, and the presence of groundwater in the contaminated zone. 

The report further concludes: “Based on the data presented in this report, including data 
from previous investigations, it is our opinion that petroleum contamination at the site has 
been adequately characterized.” 

For the purposes of this TM, as noted in Section 2.2, the findings of the SCAPS Investigation 
were reviewed to evaluate whether IR02 may be contributing to the observed free product 
along Dump Road or Azuar Drive. These findings indicate that the mapped eastern lateral 
extent of free product at IR02 is approximately 500 to 700 feet west of the western side of the 
DRMO Site. (Figure 4 shows the locations of IR02 and the DRMO Site.) Continuing 
migration of the plume of petroleum contamination at IR02 is greatly limited by the high 
viscosity of the plume, the fine-grained soil in the area, and the presence of groundwater in 
the contaminated zone. It is therefore highly unlikely that IR02 is contributing to the 
observed free product along Dump Road or Azuar Drive.  

3.3 Investigation Area H2 Remedial Investigation (1999-2000) 
The RI Report documenting this investigation (TtEMI, 2000) describes conditions at the 
DRMO Site; summarizes the history of the site and investigations prior to 1999; presents the 
RI findings (including the results of sampling and analysis of environmental media); and 
provides conclusions and recommendations based on those findings. The focus of the 
discussion in this section is TPH, often referred to in the RI Report as “petroleum 
indicators”. This section summarizes the findings of the RI related to the nature and 
distribution of TPH, particularly free-phase hydrocarbons in the subsurface at the DRMO 
Site and in the immediate vicinity. 

Section 3.3.1 discusses the RI findings with respect to potential TPH sources, release 
mechanisms, and migratory pathways. The TPH-specific findings and conclusions 
presented in the RI Report are summarized in Sections 3.3.2 and 3.3.3, respectively. 
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3.3.1 Potential TPH Sources, Release Mechanisms, and Migration Pathways 
As noted in Section 2.3, the RI incorporated the results obtained from several previous 
investigations conducted at the DRMO Site and in the vicinity, and included the 
development of a CSM based on those results. Using the CSM, the RI Report identifies 
potential sources of contamination at the DRMO Site based on historical activities and 
operations. The sources reported as possible candidates for the TPH observed at the DRMO 
Site and in the vicinity are as follows:  

• Activities formerly associated with the scrap bin storage and disposal operations 

• Historical transformer and demilitarization storage activities in and adjacent to the 
northern portion of the DRMO Site 

• Electrical transformer and substation operations in the former Building 715 and the 
vicinity (the IR16-Subsite 715 area located within the FSA; see Figure 4) 

• Activities in Building 661 (formerly used primarily for glass and paper recycling and 
containing a large bundling press; see Figure 1), and potential contaminant migration 
along the utility lines between the building and adjoining areas 

• Utility vaults UV-1 (Figure 4) and UV-2 near Building 661 (although not discussed in 
detail, the RI Report states that activities in Building 661 may have contributed to the 
oily contamination observed in UV-1 during the PA/SI, discussed in Section 3.1) 

• An oil discharge pipeline located at 6 feet bgs and running parallel to Azuar Drive to 
approximately 50 feet north of Building 661 (see Figure 5) 

• The storm sewer line and possible storm drain outfall(s) or drain field(s) southwest of 
the former scrap storage bins in the southern portion of the DRMO Site 

• Storm drain lines, vaults, and outlets 

• Railroad tracks (see Figure 4) 

The RI Report states that potential release mechanisms for all contaminants included 
handling and disposal practices used during scrapyard operations, spills and leaks from 
hazardous materials stored at various locations at the DRMO Site, and leaks or releases from 
the sanitary and storm sewer drain systems. Based on these potential sources, the  
RI Report also identifies several potential contaminant migration pathways. The pathways 
possibly related to the migration of TPH in the subsurface at and immediately surrounding 
the DRMO Site are identified as: 

• Infiltrations of spills and leaks 

• Transport through groundwater 

• Transport through storm, sanitary, and industrial sewers 

• Transport through subsurface soil to groundwater 

• Oil dumped into the oil discharge pipeline running parallel to Azuar Drive and near 
Building 661, and released to subsurface soil (This pipeline, shown in Figure 5, is 
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discussed with reference to the DRMO Site and the IR16-B4/Building 455 Area in 
Section 3.5.2.) 

3.3.2 TPH in Environmental Media 
Using the analytical results obtained during the RI and previous investigations, the RI 
Report also presents the findings for “petroleum indicators” (TPH-motor oil, TPH-diesel, 
and TPH-gasoline) in soil and groundwater. The report states that, in general, “petroleum 
indicators and free product were detected in soil and groundwater throughout Investigation 
Area H2” (including the DRMO Site). 

In soil, TPH-motor oil, TPH-diesel, and TPH-gasoline were all detected at and near the 
DRMO Site at concentrations exceeding Mare Island-specific soil comparison criteria of 
400 mg/kg for TPH-diesel and TPH-motor oil and 150 mg/kg for TPH-gasoline, with TPH-
gasoline exceeding the criterion in only one sample. The RI Report findings for the various 
TPH fractions in soil are summarized below. 

3.3.2.1 TPH-Motor Oil in Soil 
TPH-motor oil concentrations exceeded the comparison criterion of 400 mg/kg in 129 of 312 
soil samples with the highest concentration, 90,000 mg/kg, detected in a sample collected 
from 8.0 to 8.5 feet bgs in a boring located in the northwestern corner of Building 661 (near 
the location of UV-1 shown in Figure 4), approximately 75 feet west of the centerline of 
Azuar Drive. Elevated concentrations of TPH-motor oil in shallow soil (less than 2 feet bgs) 
were detected across the entire DRMO Site. Elevated concentrations of TPH-motor oil in 
deeper soil (greater than 2 feet bgs) were generally detected along the eastern and western 
borders of the DRMO Site. The RI Report states that the most likely source of elevated TPH-
motor oil in shallow soil is the waste oil historically stored at the DRMO Site, released via 
surface spills. 

The report also notes that the highest concentrations of TPH-motor oil in soil are considered 
to be associated with this free product present along Azuar Drive. Based on boring logs, the 
free product appears to extend along Azuar Drive from the south side of the former 
demilitarization storage area, south under Building 661 to the location of former Building 
275, and 150 feet west of Azuar Drive into the DRMO Site. The free product was also 
mapped as far as 200 feet east of Azuar Drive. The depth of the free product ranges between 
5 and 19 feet bgs. The report states that the most likely source of the free product is the oil 
discharge line running parallel to Azuar Drive and located approximately 50 feet north of 
Building 661. However, the RI results show that free-phase hydrocarbons are located on 
both sides of Azuar Drive and Dump Road. 

It should also be noted that in a “residue” sample from UV-1, the concentration of  
TPH-motor oil (13,000 mg/kg) exceeded the soil comparison criterion of 400 mg/kg. 
According to the RI Report, this exceedance is likely associated with the oily contamination 
in the utility vault. 

3.3.2.2 TPH-Diesel in Soil 
TPH-diesel concentrations exceeded the comparison criterion of 400 mg/kg in 33 of 311 
samples with the highest concentration, 47,000 mg/kg, detected in a sample collected from 
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8 to 8.5 feet bgs in a boring within Building 661 (again in the vicinity of UV-1). Elevated 
concentrations of TPH-diesel in shallow soil were generally detected in the scrap storage 
bins area (located along the southern boundary of the FSA). Elevated concentrations of 
TPH-diesel in deeper soil were generally detected within Building 661 and in the area west 
of the fence that encloses the DRMO Site. The RI Report states that the most likely source of 
elevated TPH-diesel in shallow soil is the waste oil historically stored at the DRMO Site, 
released via surface spills; the most likely source in deeper soil is the free product present 
along Azuar Drive. 

3.3.2.3 TPH-Gasoline in Soil 
A TPH-gasoline concentration exceeded the comparison criterion of 150 mg/kg in only one 
of 158 samples, which was collected from 1 to 1.5 feet bgs in a boring located in the 
southeast corner of the DRMO Site, about 40 feet west of the centerline of Azuar Drive. The 
report states that the most likely source of this occurrence of elevated TPH-gasoline in 
shallow soil is a release via surface spill(s) at the DRMO Site. 

3.3.2.4 Summary of TPH in Soil 
The RI Report summarizes the TPH-related analytical results obtained from soil samples as 
follows:  

• Elevated concentrations of TPH-motor oil and TPH-diesel were detected throughout the 
DRMO Site and at all depths. 

• TPH in shallow soil is likely associated with the waste oil historically stored at the 
DRMO Site, released via surface spills. 

• TPH in deeper soil is likely associated with the free product detected along Azuar Drive. 

3.3.2.5 TPH in Groundwater 
In groundwater, the RI Report states that “TPH-motor oil/diesel” was detected at the 
DRMO Site at concentrations exceeding the groundwater comparison criterion of 
1.4 milligrams per liter (mg/L) in 18 of 70 samples. The highest concentration, 2,390 mg/L, 
was detected in a sample from a location approximately 80 feet north of Building 661 and 
40 feet west of the centerline of Azuar Drive.  

It should also be noted that “TPH-diesel/motor oil” was detected at a concentration of  
51 mg/L in a standing water sample collected from utility vault UV-1, exceeding the 
groundwater comparison criterion of 1.4 mg/L. 

3.3.3 RI Report Conclusions and Recommendations 
The following sections discuss the RI Report’s conclusions related to human and ecological 
risks and contaminant fate and transport, as well as the report’s overall recommendations 
for subsequent site activities. 

3.3.3.1 Risk Assessment for Soil and Groundwater 
According to the RI Report, the results of the human health risk assessment for the DRMO 
Site showed that although occurrences of TPH-motor oil and TPH-diesel are extensive in 
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soil at the site and in the vicinity at concentrations above comparison criteria, they are not 
associated with significant potential risk because TPH-motor oil and TPH-diesel do not 
contribute significantly to the total estimated cancer risk or hazard index (HI) for the site. 
The findings of the ecological risk assessment were that the DRMO Site is paved, covered 
with gravel, or contains buildings, and therefore does not provide habitat for ecological 
receptors. Based on the expectation that the site will be reused for commercial purposes, the 
RI Report concludes that the DRMO Site will not likely provide such habitat in the near 
future.  

With regard to groundwater, the report states that “potential human health cancer risks are 
below the risk management range and the HI for potential non-cancer adverse health effects 
do not exceed 1” (the CERCLA criterion for determining significant potential risk). The 
report further concludes that “[n]o chemicals detected in groundwater contribute to the total 
human health or ecological risk.” 

3.3.3.2 Contaminant Fate and Transport 
In its fate and transport analysis, the report states that although TPH concentrations 
exceeded soil and groundwater comparison criteria, “the fate of TPH contaminants detected 
in soil in the DRMO Scrapyard Area is largely controlled by adsorption reactions with soil 
mineral surfaces or soil organic matter, volatilization and diffusion to the atmosphere or 
groundwater, and microbial degradation. The concentrations of TPH in soil will likely 
diminish over time because of natural attenuation processes such as volatilization, biological 
degradation, and dispersion.” 

3.3.3.3 RI Report Recommendations 
The RI Report’s Decision Summary for the DRMO Site concludes that “soil and 
groundwater contamination is adequately characterized”, and that “additional sampling is 
not required” for decisionmaking purposes. 

Therefore, while the RI Report recommends that an FS be conducted at the DRMO Site, this 
would only be for the purpose of evaluating alternatives for remediating potentially 
unacceptable risks associated with lead and PCBs—not for remediating TPH contamination, 
which the report concludes is unnecessary.  

3.4 Follow-up to the Investigation Area H2 Remedial 
Investigation (2001) 
The following is a summary of the observations and conclusions related to the presence of 
free product at the DRMO Site as presented in the addendum to the RI Report for IA H2 
(TtEMI, 2001). 

As noted in Section 2.4, free product was observed in soil borings advanced during the RI at 
the DRMO Site (west of Azuar Drive) and in the IR16-B4/Building 455 Area east of Azuar 
Drive (see Figure 4). The addendum presents a discussion of the lateral and vertical extent 
of the free product based on the borings on both sides of Azuar Drive. 
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The lateral extent of the area where RI soil borings encountered free product (Figure B-3 in 
Appendix B of this TM, which is Figure 1 in the addendum) indicates two areas of free 
product at depth within the DRMO Site and east of Azuar Drive. According to the 
addendum, the free-product areas are bounded by borings where free product was not 
encountered. Soil from several borings at the west end of the DRMO Site was also stained 
with free product (Figure B-3). Based on the boring logs provided in Appendix A of the 
addendum, free product is typically encountered in soil in a zone from 5 to 15 feet bgs. The 
depth of the free product along Azuar Drive (as deep as 17 feet bgs) is greater than in the 
northwest portion of the DRMO Site, where the maximum depth is 7.5 feet bgs. The vertical 
distribution of free product is illustrated in geologic cross-sections (Figures 1-10 through  
1-12 in the addendum), and the depth to groundwater ranges from 2 to 12 feet bgs. 

The free product is described as being “black and tar-like, having a strong odor. It was 
observed as immiscible fluid droplets partially saturating the pore space in soils above and 
below the water table, not as a distinct layer of immiscible fluid floating on the water table.” 
The addendum concludes that the free product “is a dense, black, viscous oily liquid and is 
believed to be relatively immobile on account of its high viscosity contributing to a very low 
permeability. This low mobility is evidenced by the trapping of the free product several feet 
below the groundwater table. The free product consists of weathered petroleum hydro-
carbons not contaminated with significant concentrations of PCBs or other chemicals. The 
free product was detected at the site in subsurface soils and is more likely the result of 
discharge of oil from the sump or potentially from the discharge of oily waste into the 
dredge spoil ponds before the area was filled. The free product appears to be relatively 
immobile because of its high fluid viscosity and because it us [sic] surrounded by low-
permeability, clayey soils. The current lateral extent of free product may be the result of 
migration from the oil discharge line, although this seems unlikely considering the current 
highly viscous nature of the free product. The current extent of the free product may 
alternatively be the result (at least in part) of disposal of waste oil in the vicinity of the 
DRMO Scrapyard and the IRI6-B4 and Building 455 Area prior to the placement of dredge 
spoils and artificial fill.” 

3.5 Investigation Area B Remedial Investigation (2002-2004) 
As discussed in Section 2.5, the areas of potential environmental concern addressed during 
the RI for IA B included IR01 (historical fill areas), the IR16-B4/Building 455 Area, and the 
former CTA/IA B.1 in the EETP. The findings from these areas (see Figure 4) are presented 
in full in the RI Report for IA B (CH2M HILL, 2004c) and summarized in Sections 3.5.1 
through 3.5.3. 

3.5.1 IR01 Historical Fill Areas 
As discussed in Section 2.5.1, the RI Report describes historical fill activities at IA B in detail 
because the area also contains portions of IR01. The report states that in general, “the nature 
and extent of contamination in soil and groundwater in IR01 have been adequately 
characterized for the purposes of evaluating potential risks to human health and the 
environment.” The report also states that petroleum hydrocarbons are “not associated with 
IR01 fill material based on infrequent detection.” The RI evaluated the results of more than 
400 historical analyses for TPH (as diesel, motor oil, gasoline, or TRPH) that had been 
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performed on more than 120 soil samples collected from approximately 50 locations in IR01. 
Approximately 5 percent of these samples contained detectable levels of TPH that exceeded 
250 mg/kg, but 95 percent of the samples did not. The RI Report states: “Based on this 
information, TPH is not a parameter associated with IR01 fill.”  

With reference to historical fill areas at the DRMO Site and in the vicinity, the RI Report for 
IA B presents the following findings: 

• The DRMO Site lies within the IR01 Undeveloped Area, also known as the IR01 Fill Area 
(Undeveloped Portion), which consists of fill and disposal areas to the west of Azuar 
Drive that generally have not contained buildings and structures (although the DRMO 
Site is an exception). As stated in Section 1.3 and indicated in Figure 2, filling of the 
DRMO Site and the area south of the site with dredge spoils was conducted from 1925 to 
1930. Appendix A contains historical maps and aerial photographs of fill operations at 
the DRMO Site and in the vicinity. The area was identified as a non-waste fill area, and 
although the RI Report notes that free-phase hydrocarbons have been detected at the 
DRMO Site and in the IR16-B4/Building 455 Area (as discussed in Section 3.5.2), the 
report’s overall conclusion that petroleum hydrocarbons are not associated with the 
IR01 fill material applies to the DRMO Site. 

• The EETP east of Azuar Drive is part of the IR01 Developed Area, also known as the 
IR01 Fill Area (Developed Portion), which contains fill areas that have accommodated 
the construction of buildings and structures. Figure 2 indicates the portion of this area 
adjacent to the DRMO Site, which was filled between 1910 and 1920 and contains the 
IR16-B4/Building 455 Area discussed in Section 3.5.2. The RI Report’s overall conclusion 
that petroleum hydrocarbons are not associated with the IR01 fill material applies to this 
area. 

• The former CTA (Figure 4) in the EETP, most of which occupies Investigation Area B.1 
as noted previously, was filled between 1925 and 1942 and is part of the IR01 
Undeveloped Area. The RI Report’s overall conclusion that petroleum hydrocarbons are 
not associated with the IR01 fill material applies to the former CTA, which is discussed 
further in Sections 3.5.3 and 3.9. 

3.5.2 IR16-B4/Building 455 Area 
As discussed in Section 2.5.2, following removal actions to address contamination by lead 
and pesticides in this area (located in the EETP as shown in Figure 4), the RI for IA B 
evaluated the remaining vertical and lateral extent of chemicals in the area, including free-
phase petroleum hydrocarbons present in soil and groundwater. Based on this evaluation, 
the RI Report (CH2M HILL, 2004c) concludes that soil and groundwater contamination in 
the IR16-B4/Building 455 Area have been adequately characterized and mitigated. Closure 
without further activity is recommended. 

The RI Report proposes the hypothesis that free phase petroleum hydrocarbons present at 
IR16-B4/Building 455 to be from a source within the DRMO Scrapyard. Other potential 
sources identified in the RI Report include utility lines running along Azuar Drive (via 
backfill for the utility lines), surface spills within the area, and the historical waste oil 
disposal sumps in IR02 that are shown in Figure 4 and discussed in Sections 2.2 and 3.2 of 
this TM. 
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The RI also found that the lateral extent of free-phase hydrocarbons in the IR16-B4/Building 
455 Area was larger than previously established, although not contiguous. The free-phase 
hydrocarbons in this area were described as relatively immobile regions of isolated non-
aqueous phase liquid globules dispersed within inter-granular pore spaces that act to 
reduce the overall permeability of soils with respect to water. 

3.5.3 Former Crane Test Area/IA B.1 
As noted in Section 2.5.3, additional RI work was conducted at the portion of IA B referred 
to as IA B.1, most of which consists of the former CTA located north of the DRMO Site and 
Dump Road (see Figure 4). As noted in Section 3.5.1, this work included an evaluation of the 
fill material placed within the former CTA between 1925 and 1942; the former CTA is part of 
the IR01 Undeveloped Area, and the RI Report’s overall conclusion that petroleum 
hydrocarbons are not associated with the IR01 fill material applies to the former CTA. In 
addition, a groundwater investigation was conducted at the former CTA in late 2006 and 
early 2007. The findings of both the RI activities and those conducted during the 2006-2007 
groundwater investigation are summarized in Section 3.9.  

3.6 Railroad Track Corridor Investigation (2004) 
During the sampling activities at the former Railroad Track Corridor, described in Section 
2.6 and documented in the investigation report (CH2M HILL, 2004b), gravel railroad ballast 
material was found to be predominant in the first 1 to 2 feet of each boring. Sandy clay and 
clayey sand mixed with minor gravel were encountered from 2 to 4 feet bgs throughout the 
Railroad Track Corridor. The soil from 4 to 6 feet bgs generally consisted of clayey gravel or 
sand. Groundwater was encountered at seven of the 12 sampling locations at depths 
ranging from 1.5 to 6 feet bgs, and was shallowest at the western edge of the Corridor. (The 
location of the former Railroad Track Corridor is shown in Figure 4 of this TM.) 

Periodic readings recorded using a photoionization detector indicated that no organic 
vapors were detected at most of the sampling locations, except in areas where there was 
evidence of petroleum contamination. A petroleum odor, sheen, and staining were noted in 
soil samples collected from 2 and 3 feet bgs at the approximate mid-point of the Railroad 
Track Corridor, and one adjoining sample had a slight petroleum odor. At these locations, 
total TPH concentrations ranged from 1,400 to 2,600 mg/kg.  

TPH-motor oil was detected in all the samples, at concentrations ranging from 7 to 2,600 
mg/kg, and the investigation report attributes this to railroad operations. TPH-diesel was 
also detected in nine of the samples at concentrations ranging from 4.7 to 920 mg/kg. 
Nearly half of the TPH-diesel detections were found in samples collected from 4 to 6 feet 
bgs. There was only one detection of TPH-gasoline, at the extremely low concentration of 
0.37 mg/kg. The highest total TPH concentration was 3,420 mg/kg, at 5 feet bgs 
immediately west of the former Building 675. “Free-phase petroleum product” with a 
diesel/oily odor was observed at the groundwater interface at this location.  

Based on the findings of the investigation, the Railroad Track Corridor was included in the 
overall removal action for the FSA portion of the DRMO Site, described in Sections 2.7 and 
3.7. Prior to the removal action, the railroad tracks were decommissioned and removed from 
the area. 
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3.7 Non-Time-Critical Removal Action at the Fenced 
Scrapyard Area within the DRMO Site (2005-2007) 
As described in Section 2.7, the Navy decided that activities related to petroleum and TPH 
should be conducted for informational purposes during the implementation of the NTCRA. 
These activities included the collection and analysis of confirmation soil samples for TPH-
diesel, and the recording of visual observations noting the presence and nature of 
petroleum-related contamination in the excavated areas within the FSA.  

Seventy-one confirmation soil samples from grid bottom and boundary sidewall locations 
were analyzed for TPH-diesel. Most of the samples were collected from 1.5 feet bgs, with a 
few samples collected from 3 to 5 feet bgs. Thirteen of these samples had detections of TPH-
diesel between 100 and 500 mg/kg; one sample had a detection between 500 and 1,000 
mg/kg; three samples had detections above 1,000 mg/kg; and the remaining samples had 
TPH-diesel concentrations lower than 100 mg/kg. The average concentration of TPH-diesel 
calculated from the samples (with nondetects calculated at 50 percent of the reporting limit) 
was 180 mg/kg. The grids that yielded sample results greater than 100 mg/kg were FS-2/3, 
FS-10/11, FS-15, FS-17/18, FS-25/26, FS-38, FS-40, FS-52, FS-60, FS-66, FS-68/81, FS-74, 
FS-98, and FS-100. (All the NTCRA grids are shown in Figure 4.) 

The three highest concentrations of TPH-diesel were detected in bottom and sidewall 
samples from grids FS-17 and FS-18 (1,000 and 6,000 mg/kg, respectively) and in the sample 
from grid FS-98 (1,600 mg/kg). Grids FS-17 and FS-18 were located on the western 
boundary of the FSA near the Railroad Track Corridor. The sample from grid FS-98, located 
on the southern boundary of the FSA, had no indications of stained ground surface or 
malodorous conditions. Other elevated concentrations of TPH-diesel were grouped in the 
area near Azuar Drive where strong TPH odors were observed and oil seeps were observed 
on the ground surface. These samples were from grids FS-38 (290 mg/kg), FS-52 
(130 mg/kg), and FS-66 (290 mg/kg). Some locations of visual TPH observations (see below) 
correlated with locations with olfactory impacts. PAHs were not detected at concentrations 
above the cleanup goals at grids where there were elevated TPH-diesel concentrations. 

There are no known or potential sources for the TPH-diesel found at the locations identified 
above, and the occurrences are perhaps related to surface spills that occurred prior to the 
closure of the DRMO facilities.  

During demolition activities, the product observed at numerous locations was a thick, 
viscous, black, opaque liquid with a vitreous luster. The product was nearly solid at air 
temperatures below 60º F and became less viscous with rising temperatures. It was 
commonly observed as small surface accumulations on freshly cut soil. It was first observed 
in and below railroad ballast in the freshly-cut soil surface beginning in the eastern portion 
of the FSA (grid FS-51) and trending southwesterly to the south-central portion of the FSA 
(grid FS-74) along the double railroad spur that formerly paralleled the southern boundary 
of the FSA. 

A prominent product occurrence manifested itself near the northeastern boundary of the 
FSA (grid FS-24) when a large “void” developed in the ground surface after being tracked 
over by heavy equipment. The void dimensions were approximately 4 feet by 7 feet and 
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more than 3 feet deep. A 4-inch-thick accumulation of viscous product formed on the 
surface of water in the void. As the water level subsided in the void, the product coated the 
sidewalls of the void and solidified over time.  

Upon the completion of NTCRA soil excavation activities, scattered occurrences of 
petroleum-related contamination were observed across the FSA in the form of seeps to the 
ground surface that formed small mounds of oil globules or rings of viscous product on the 
surface. Soil types appeared not to control the occurrence of these seeps. The density of the 
seeps increased over the winter and through the spring concomitant with rising ground-
water levels. A majority of the grids north of grid line FS-53 through FS-66 had one or more 
seeps at the surface; the most significant surface seeps were found near the eastern 
boundary of the FSA in the vicinity of the former OSB and utility vault UV-1 (grids FS-51, 
FS-52, and FS-64 through FS-66). 

The qualitative observations of free-product occurrences during the NTCRA suggest that 
the product is related more to the heavier TPH-range organics found during the OSB 
Investigation, described in Sections 2.8 and 3.8, than to site-wide TPH-diesel spills or leaks 
at the DRMO Site. The occurrences of petroleum-related contamination in the form of a 
viscous product on the ground surface from oil seeps, which were concentrated along the 
eastern boundary of the FSA as described above, correspond to the location of the OSB and 
its associated horizontal appurtenances near the FSA boundary, and to the occurrence of 
large accumulations of free product in the subsurface void spaces formed by large amounts 
of metallic debris beginning at about 4 feet bgs. The surface seeps found at the DRMO Site 
were similar in appearance and location to the petroleum “reservoir” found in the 
subsurface during the OSB Investigation. The free product may be laterally widespread in 
the subsurface or found in distinct interstices. 

3.8 Oil Sump Box Investigation (2005-2006) 
The OSB Investigation confirmed the existence of the OSB and associated piping and 
identified the presence of free-phase petroleum hydrocarbons along the portions of Azuar 
Drive and Dump Road that were investigated. As discussed in Section 2.8, based on site 
conditions encountered during field activities, the project SOW was modified to eliminate 
some borings and replace others with trenches. Figure 6 shows the locations of the borings 
and trenches installed during the investigation, and boring and trench logs are provided in 
Appendix D1. The following sections discuss the findings of the OSB Investigation in the 
two areas investigated.  

3.8.1 Findings along Azuar Drive 
As described in Section 2.8.3, the OSB Investigation along Azuar Drive included the 
installation of seven soil borings and an 80-foot-long trench. Tables D2-2 through D2-10 in 
Appendix D2 present the analytical results from the soil and free product samples collected. 
Appendix D2 also contains fingerprint chromatograms of the free product samples. 
Appendix D3 contains photographs showing site conditions at the time the OSB and 
associated piping were removed. The findings of the activities conducted along Azuar Drive 
during the OSB Investigation are presented below. Figure 7 shows a cross section of the OSB 
and the adjacent areas, oriented parallel to Azuar Drive, based on the investigation findings. 
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3.8.1.1 Oil Sump Box Excavation and Removal 
Prior to removal of the OSB, visual inspection of its interior showed that there were several 
feet of standing water and what appeared to be four openings in the north and south walls. 
Two of the openings appeared to be rectangular, located at approximately 3 to 4 feet bgs, 
and about 12 inches wide and 6 inches high. The edges of these upper openings appeared to 
have been chipped with a chisel, and rebar was visible near the left and right edges of the 
openings. The lower openings appeared to be 6-inch-diameter holes through the wall; 
however, water was entering only through the southern lower opening at a rate of about 
1 to 3 gallons per minute (gpm). No water was entering through the upper openings in 
either wall. The OSB was pumped out prior to its removal. 

Inspection of the OSB, after it was removed, showed that the deeper openings were once 
connected to a perforated, galvanized metal pipe approximately 6 inches in diameter. The 
pipe was located at approximately 8 feet bgs. At the time of excavation, the pipe on the 
southern side was still connected to the OSB, but on the northern side, the pipe had been 
previously disconnected and the opening plugged with concrete. The upper openings of the 
OSB were not connected to a pipeline and were found to be covered with a steel grate with 
openings of about 1/2 inch. The metal grate and the rest of the OSB were installed in coarse 
gravel backfill. Water observed flowing through the southern opening was entering through 
the perforated pipe. Water was not entering through the northern opening because the pipe 
had been disconnected and the opening plugged with concrete. Water was not flowing 
through the upper openings because they were slightly above the water table. These 
observations and the frequent measurements of the depth to groundwater in this area of 
Mare Island suggest that the perforated pipe was constructed below the average depth of 
groundwater at that location. Based on visual observations and the commonly observed 
depth to groundwater, it is clear that the depth of the original discharge line was below the 
water table in this area of Mare Island. 

3.8.1.2 Perforated Pipe Features 
As shown in photographs in Appendix D3, the perforated pipe was constructed in coarse 
gravel backfill (with a grain size of approximately 2 to 3 inches in diameter) extending from 
about 2 feet bgs, immediately below surface concrete and road base material, to a depth of 
about 12 feet bgs with a thick layer (up to 5 feet) of metal debris, but also including some 
wood debris between approximately 4 and 12 feet bgs. The metal debris was mixed with 
fine-grained soil, but contained large “void” spaces that were filled with free product. The 
top and bottom surfaces of the debris layer were irregular, resulting in the variability of the 
depths to the top and bottom of the layer. Metal debris consisted of a wide range of metal 
objects including wire cable (about 1/2 inch thick), sheet metal, crushed metal file cabinets, 
ship bulkheads, and a variety of metal bolts and other items. The metal debris layer 
extended across the top of the perforated pipe leading from the OSB, which indicates that 
the metal debris was probably part of the backfill material placed at the time the OSB and 
pipeline were constructed. Alternatively, the metal debris could have been part of a later 
backfilling event, but this seems unlikely considering that the OSB was probably 
constructed following the start of DRMO operations. It is not clear why the fill above the 
pipe contained significant metal debris, nor is the lateral extent of the debris known. 
Appendix D3 contains photographs of the metal debris in the OSB trench installed along 
Azuar Drive.  
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3.8.1.3 Fill and Groundwater 
Fine-grained backfill was found to extend about 1/2 to 1 foot on all sides of the OSB. Water 
was not immediately encountered during excavation, but entered the excavation overnight. 
The water in the excavation was present at about 4 feet bgs, roughly corresponding to the 
bottom of the shallow opening in the northern wall of the OSB. Free product was 
encountered within about 3 feet of ground surface and was initially found directly 
associated with the metal debris layer. Photographs in Appendix D3 show that during the 
initial phase of excavation, the fill material was relatively dry and the first visual occurrence 
of free product was as coatings on pieces of metal debris. As the excavation deepened, the 
occurrence of free product increased and then abruptly ended when the bottom of the 
debris layer was encountered. The metal debris layer was visible in the sidewalls of the 
trench and extended laterally away from the trench for an unknown distance. At shallow 
depths, the sidewalls of the trench were generally free of product. As depths increased, oil 
was observed to exist primarily in the metal debris or as occasional thin layers in voids or 
cracks in the soil above or within the depth interval of the metal debris layer. In general, free 
product was not found in significant quantities in the fine-grained soil above or below the 
metal debris. 

The metal debris observed in the trench excavation was not noted in the soil borings 
installed along Azuar Drive. This is likely the result of the small diameter of the direct-push 
sampling equipment. Alternatively, it is possible that the metal debris observed in the 
trench was not present or was less significant at the boring locations. However, the 
observations of the distribution of free product in the trench and its presence in the borings 
strongly suggest that the debris layer is present at the locations of the borings, but was not 
recognized because of the limitations of the drilling method. 

3.8.1.4 Analytical Results from Samples Collected 
Four soil and three free product samples were submitted for analysis, as discussed in 
Section 2.8.3.1 and listed in Table D2-1 in Appendix D2. Tables D2-2 through D2-10 in 
Appendix D2 present the analytical results; Appendix D2 also contains fingerprint 
chromatograms for two of the free product samples (OSB-FP-ETN15-S6 and OSB-FP-ETN47-
S3) and for an investigation-derived waste (IDW) sample, OSB-IDW-SE-001. The results of 
the sample analyses showed that the free product contained “heavy-end” hydrocarbons in 
the motor oil range. The laboratory reported that the samples did not indicate the presence 
of diesel or any other specific fuel type. The hydrocarbon range for these product samples 
was approximately C12 to at least C40. According to the laboratory report, based on the 
surrogates used in the analyses, the hydrocarbon pattern for these four samples were similar 
and most closely resembled a No. 6 (Bunker C) fuel oil, which is a typical fuel type found at 
many subsurface locations at Mare Island because of its historical use on ships. 

The PAHs chrysene, naphthalene, phenanthrene, and pyrene were the most commonly 
detected constituents in the samples collected. Except for sample OSB-IDW-SE-001, in which 
the PCB Aroclor-1260 was detected at a concentration of 0.15 mg/kg, pesticides and PCBs 
were not detected in any of the samples. In addition, neither chlorinated VOCs nor benzene, 
toluene, ethylbenzene, and xylenes (BTEX) were detected in any samples. 
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3.8.2 Findings along Dump Road 
As discussed in Section 2.8.3, the five trenches OSBTR13 through OSBTR17 were installed 
along the south side of Dump Road. The locations of the trenches are shown in Figure 6, and 
trench logs are provided in Appendix D1. Tables D2-3 through D2-10 in Appendix D2 
present the analytical results from the free product and soil samples that were collected 
from the trenches, and Appendix D3 contains photographs of the trenches. The results of the 
activities conducted along Dump Road during the OSB Investigation are presented below. 

As described in Section 2.8.3.3 and shown in the trench logs in Appendix D1, the trenches 
were approximately 9 feet long and 2 feet wide and extended to depths of between 7 and 
9 feet bgs. The most common lithologies encountered in the trenches were silt and clay. 
Gravel was commonly encountered in the upper 1 foot of each trench and is considered to 
be associated with rail ballast. A few thin layers of silty sand or sand were observed in 
trench OSBTR15. The depth to water in the five trenches varied only slightly, from 4 to 5 feet 
bgs.  

Free product was encountered within approximately 4 feet of the ground surface and was 
generally found directly associated with the metal debris layer, although oil was also found 
in small soil partings, laminations, or in voids associated with buried plant stems (possibly 
former mud flat deposits buried by dredge spoils).  

A layer of metal debris was observed in trenches OSBTR13 through OSBTR16. The debris 
layer, which was up to 2 feet thick in trench OSBTR16, consisted of a wide range of metal 
objects including wire cable (about 1/2 inch thick), sheet metal, angle iron, metal shavings, 
and a variety of metal bolts and other items mixed with fine-grained soil. Similar to the 
observations along Azuar Drive, the metal debris layer contained large void spaces that 
were filled with free product in four of the five trenches. Free product was not observed in 
trench OSBTR13. The observations that the metal debris was visible in all four walls of the 
four trenches in which it was encountered suggests the metal debris was part of the backfill 
material placed at the time this area was developed, and predated the construction of the 
railroad tracks that were formerly located in the area. 

Appendix D3 contains photographs of the metal debris in trenches installed along Dump 
Road. As shown in the photographs and described in the trench logs in Appendix D1, the 
occurrence of free product was largely related to the presence of the debris layer. At shallow 
depths (less than about 4 feet bgs), the sidewalls of the trenches were generally free of 
product. Outside the metal debris, free product was limited to small cracks or root 
structures in the fine-grained soil encountered in the trenches. The metal debris layer was 
visible in the sidewalls of the four trenches, as noted above, and extended laterally away 
from these trenches for an unknown distance.  

All the samples collected from the trenches contained visible free-phase hydrocarbons. The 
results of the analyses of the free product and soil samples showed that the free-phase 
hydrocarbons are “heavy-end” hydrocarbons in the motor oil range, as previously identified 
along Azuar Drive. The laboratory reported that the samples did not indicate the presence 
of diesel or any other specific fuel type. The hydrocarbon range was approximately C12 to  
at least C40. According to the laboratory report, based on the surrogates used in the 
analyses, the hydrocarbon pattern for the samples were similar and most closely resembled 
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a No. 6 (Bunker C) fuel oil. As noted previously, based on historical investigations at Mare 
Island, this is considered a typical fuel type at many subsurface locations at Mare Island. 

3.8.3 Summary of Investigation Findings 
The OSB was located in the field and removed. Free-phase hydrocarbons were observed in 
soil borings and trenches installed along Azuar Drive and Dump Road. The laboratory 
reports show that samples did not indicate the presence of diesel or any other specific fuel 
type. The hydrocarbon range for these product samples was approximately C12 to at least 
C40, similar to No. 6 (Bunker C) fuel oil.  

Based on visual observations, free product is largely confined to the metal debris layer 
commonly encountered in trenches installed along Azuar Drive and Dump Road, as well as 
at other locations along Dump Road. The free product encountered in the trenches 
associated with the OSB was largely limited to the metal debris layer, with significantly 
smaller amounts observed in cracks of the fine-grained soil above or below the metal debris 
layer.  

3.9 Groundwater Investigation at the Former Crane Test Area 
(2006-2007) 
The findings of the groundwater investigation at the former CTA are summarized in 
Sections 3.9.1 (hydrogeology) and 3.9.2 (nature and extent of contamination).  

3.9.1 Hydrogeology 
Groundwater elevations identified at the former CTA were based on the five well pairs 
installed in November 2006 during the groundwater investigation (Figure 4). At each 
location, as described in Section 2.9, one well was constructed in the debris layer (the 
shallow zone) and the other in the Younger Bay Mud (the deep zone).  

Two of the five shallow wells installed in the debris layer were dry. The average 
groundwater elevation in the remaining three wells was approximately 6 feet above MSL, 
while in the five deep wells the average elevation was approximately 4.4 feet above MSL. 
According to the FS/RAP Report, the inorganic geochemistry results from samples collected 
in the shallow and deep wells indicate that “in general, groundwater cation and anion 
concentrations are typically much higher in the deep zone compared to the shallow zone.… 
Total dissolved solids concentrations are significantly greater in the deeper wells…. These 
inorganic data strongly support that the hydrogeologic conceptual site model for the CTA 
consists of two distinct groundwater-bearing units that do not appear to be hydraulically 
connected, although the units may be hydraulically connected in some localized areas of the 
CTA.” 

3.9.2 Nature and Extent of Contamination 
As described in Sections 2.5.1 and 3.5, the RI Report for IA B (CH2M HILL, 2004c) presents a 
detailed analysis of historical fill operations in the former CTA, which is located in the IR01 
Undeveloped Area. The major source of fill at the former Crane Test Area in 1925-1942 was 
dredge material from the Mare Island Strait. Although metallic, ceramic, and glass debris 
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have been observed in the shallow subsurface at the former CTA, the report attributes this 
debris not to the fill material but instead to the CTA’s historical uses as a vehicle storage 
area, classification yard, and lumber salvage area from the mid-1940s through the 1980s, and 
as a crane testing area in the 1980s. The area is identified as a “non-waste fill area” in the 
report, which also concludes that petroleum hydrocarbons are not associated with the IR01 
fill material because of infrequent detection. This conclusion applies to the former CTA. 

The FS/RAP Report (CH2M HILL, 2008b) evaluates the data obtained from groundwater 
samples during the 2006-2007 groundwater investigation at the former CTA, along with (a) 
data from soil and groundwater samples that had been obtained during historical 
investigations in the area, and (b) data obtained from quarterly monitoring of the wells in 
the area in 2007 and 2008.  

In soil, TPH-diesel was detected in 18 of 42 samples, seven of which had concentrations 
exceeding the Tier 1 Environmental Screening Level (ESL) for TPH-diesel in soil of 
150 mg/kg (RWQCB, San Francisco Bay Region, 2007). Four of these seven samples were 
collected from the southwestern portion of the former CTA between 0.5 and 9.5 feet bgs, and 
had concentrations ranging from 1,100 to 2,469 mg/kg. The other three samples, from the 
northern and southern portions of the site, contained much lower TPH-diesel concentrations 
(210 to 350 mg/kg). TPH-motor oil was detected in 22 of 42 samples at concentrations 
ranging up to 1,000 mg/kg, but none of these exceeded the Tier 1 ESL for TPH-motor oil in 
soil of 2,500 mg/kg. 

Similarly, free product was observed and the highest concentrations of TPH-diesel and 
TPH-motor oil in groundwater were detected in the southwestern portion of the former 
CTA. Specifically: 

• In soil boring IR01GB107, installed in November 1999 on the southwestern boundary of 
the CTA (Figure 4), free product was observed during drilling and one grab 
groundwater sample was collected and analyzed for TPH-gasoline, TPH-diesel, and 
TPH-motor oil. TPH-diesel and TPH-motor oil were detected at concentrations of 
2,800 micrograms per liter (μg/L) and 1,700 μg/L, respectively, while TPH-gasoline was 
not detected above laboratory reporting limits. The TPH concentrations detected in the 
sample were greater than the Tier 1 ESL for TPH-diesel and TPH-motor oil in 
groundwater of 640 μg/L (RWQCB, 2007). Concentrations of the constituents known to 
make up fuels and oils (PAHs) were not detected in the sample. 

• During the installation and purging of monitoring wells as part of the 2006-2007 
groundwater investigation at the former CTA, free product was observed at one 
location, where the well pair CTAMW0104 and CTAMW0105 was installed (Figure 5). 
These observations supported earlier records of free product and petroleum staining 
and odors in soil borings installed immediately west of the EETP boundary.  

TPH-motor oil was not detected above laboratory reporting limits in any of the 
groundwater samples collected during the 2006-2007 investigation, but in the shallow 
monitoring well CTAMW0104, TPH-diesel was detected above the reporting limit at a 
concentration of 736 μg/L, which exceeded the Tier 1 ESL of 640 μg/L. TPH-diesel was 
not detected in the co-located deeper well CTAMW0105, and this was the only one of 
nine groundwater samples in which a TPH component exceeded the ESL during the 
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2006-2007 investigation. However, well CTAMW0104 is located approximately 55 feet 
southeast of boring IR01GB0107, discussed above and shown in Figure 5, where elevated 
concentrations of TPH-diesel and TPH-motor oil were detected in 1999. It is also of note 
that well CTAMW0104 had the most frequent occurrences of PAHs detected in any of 
the groundwater samples collected during the 2006-2007 investigation. 

The RI Report attributes the TPH-diesel and TPH-motor oil detected in the sample from 
boring IR01GB0107 to the following potential source areas located offsite from the former 
CTA: the DRMO Site, the IR02 former waste oil discharge sumps area to the southwest of 
the CTA (see Figure 4 and Sections 2.2 and 3.2), or a sanitary sewer pipeline located near the 
southern edge of the CTA, along which a manhole was observed to contain free product in 
2006. 
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4.0 Follow-on Investigation Activities 

This section describes the Follow-on Investigation conducted in 2007 and 2008. The Follow-
on Investigation included a field investigation in late 2007, a geophysical survey in early 
2008, and another field investigation in late 2008. Review of the historical investigations 
described in Sections 2.0 and 3.0 identified the additional information and data needed to 
determine the nature and extent of free-phase petroleum hydrocarbons at the DRMO Site 
and in the vicinity, establish the extent of metal debris layers, and determine whether the 
contamination is a single layer of petroleum product.  

The 2007 Field Investigation (Section 4.1) was conducted to determine whether the free-
phase petroleum hydrocarbons at the DRMO Site and in the vicinity are present in layers 
across Azuar Drive and Dump Road, and whether the petroleum product extends across the 
roadways and into the eastern portion of the EETP. The 2008 Geophysical Survey (Section 
4.2) was performed to provide information to evaluate the hypothesis that scrap metal 
debris forms preferential migration pathways. The 2008 Field Investigation (Section 4.3) was 
conducted to gather data about the lateral and vertical extent of contamination, the lateral 
extent of scrap metal layers, the presence of free-phase petroleum hydrocarbons in utility 
corridor backfill, and the chemical nature of the petroleum product at numerous locations at 
the DRMO Site and in the vicinity. 

The findings of the Follow-on Investigation are presented in Section 5.0.  

4.1 2007 Field Investigation 
This section describes the objectives of and work completed for the 2007 Field Investigation. 
Full documentation of the methodology and activities for this field investigation is provided 
in the Final Work Plan, Follow-on Total Petroleum Hydrocarbons Investigation, Fenced Scrapyard 
Area and Vicinity, Defense Reutilization and Marketing Office Site, Former Mare Island Naval 
Shipyard, Vallejo, California, and Revision No. 1 (CH2M HILL, 2007b and 2007c, respectively). 
The findings of the 2007 Field Investigation are presented in Section 5.1 of this TM. 
Investigation soil boring and trench locations are shown on Figure 6. 

4.1.1 Objectives 
The objectives established for the 2007 Field Investigation are listed below.  

• Assess the interrelationship between the various potential origins and locations of  
free-phase petroleum hydrocarbons at the DRMO Site and in the vicinity. 

• Determine whether free-phase petroleum hydrocarbons are present in the soil along the 
abandoned sanitary sewer line north of Dump Road and west of the former CTA, and 
whether this pipeline and its backfill could represent a preferential pathway of 
migration. 
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• Remove a small pipeline and associated features known as the Wooden Sump Box from 
within the FSA. 

• Gather additional information about the composition of petroleum product present at 
the DRMO Site and in the vicinity. 

4.1.2 Work Completed 
The 2007 Field Investigation included work in four investigation areas: Azuar Drive, Dump 
Road, the area along the sanitary sewer line, and the FSA. Work in these areas consisted of 
the activities listed below and described in detail in Sections 4.1.2.1 through 4.1.2.4: 

• Excavation and visual inspection of two trenches running parallel to Azuar Drive 
(extensions of the 80-foot-long trench excavated during the OSB Investigation as 
described in Sections 2.8 and 3.8)  

• Excavation and visual inspection of three trenches across Azuar Drive 

• Excavation and visual inspection of three trenches across Dump Road 

• Excavation and visual inspection of three trenches along the abandoned sanitary sewer 
line 

• Excavation and visual inspection of additional trenches as needed based on observations 
from those listed above 

• Excavation, investigation, and removal of petroleum-contaminated soil and debris (an 
estimated 30 lineal feet of piping) within the FSA that was identified by Weston 
Solutions, Inc. during work within Grids FS-38, FS-25, and FS-24 conducted following 
the NTCRA at the FSA. These grids are shown on Figures 4 and 5 in this TM. 

• Waste profiling and disposal (asphalt, trench spoils, free product, and contaminated 
waters) 

• Trench backfilling and road and site restoration 

• Laboratory data QA review under Sampling and Analysis Plan (SAP) Addendum No. 2, 
which was provided as Appendix D in the Final Work Plan and Revision No. 1 
(CH2M HILL, 2007b, 2007c) ) 

The work completed during the 2007 Field Investigation was executed in accordance with 
the above-referenced Final Work Plan and Revision No. 1. Additional work items included 
further trenching based on observations in planned trenches along Azuar Drive, additional 
trenching along the sanitary sewer line, and the disposal of surface water unrelated to the 
investigation.  

Similar methods were used to excavate each trench. Trench locations were typically 
prepared by using a concrete saw to create a clean surface cut. Paving was removed using a 
pneumatic jackhammer and a backhoe. Trenches were then excavated using a backhoe and a 
trailered vacuum excavator, which was used near utilities where observations of the 
condition of utilities were of interest. Photographs were taken and visual observations 
recorded on trench log forms during the course of excavation.  
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Trench logs and photographs documenting the 2007 Field Investigation are included in 
Appendices F1 and F2, respectively. Trench backfill varied based on the physical locations 
of the trenches. Trenches in roadways were backfilled with lightweight concrete to help 
prevent future differential settlement. Trenches outside the roadways, but not within the 
FSA, were backfilled using drain rock and angular backfill. Within the FSA, excavated soil 
was placed back into the excavation. The surface of completed trenches located within 
roadways was paved with asphalt patch material. The other trenches were finished with 
similar surrounding material (i.e., soil or gravel).  

Soil and free product samples were collected, analyzed, and reviewed in accordance with 
analytical data QC procedures established for the project in the SAP Addendum No. 2 
provided as Appendix D in the Final Work Plan and Revision No. 1 (CH2M HILL, 2007b, 
2007c). The results of the analytical data QA reviews performed on the samples are 
provided in Section 5.4. IDW was accumulated, secured, characterized, and disposed of in 
compliance with applicable regulatory requirements. 

The subsections below provide details of the work conducted in each of the four 
investigation areas. 

4.1.2.1 Azuar Drive Investigation Area 
From November 15 through December 3, 2007, two trenches paralleling Azuar Drive were 
extended north (AD-1) and south (AD-2) from the existing 80-foot-long trench that was 
installed during the OSB Investigation. Both of the new trenches, shown in Figure 6, were 
excavated in multiple sections and are located east of the FSA along Azuar Drive and west 
of the EETP boundary.  

The starting points for these trenches were the northern and southern ends of the existing 
long trench, where varying amounts and types of metal debris and free product had been 
encountered during the OSB Investigation. The new trench locations were designed to 
specifically investigate the lateral extent of the metal debris containing product, starting at 
the ends of the long trench and moving northward and southward along the west side of 
Azuar Drive, within Navy property. 

Logs for these two new trenches are presented in Appendix F1. Details of the trench 
installation are provided below. 

• Trench AD-1 was excavated in three segments (stations 0 to 42.5 to a depth of 4 feet bgs, 
0 to 15 subsequently to a depth of 8 feet bgs, and 40 to 55 to a depth of 6 feet bgs) 
covering a total length of 55 feet.  

• Trench AD-2 was excavated in four segments (stations 0 to 22.5, 50 to 70, 97.5 to 117.5, 
and 140 to 162.5) covering a total length of 162.5 feet to a depth that varied from 9 to 
14.5 feet bgs. 

From November 26 through December 4, 2007, three trenches (AD-3, AD-4, and AD-5) were 
installed roughly perpendicular to trenches AD-1 and AD-2 (see Figure 6). These three 
trenches were extended eastward where varying amounts and types of metal debris and 
free product were encountered during the OSB Investigation. The trench locations were 
designed to specifically investigate the lateral extent of the metal debris containing product 
starting at trenches AD-1 and AD-2 and moving eastward toward the western boundary of 
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the EETP along Azuar Drive. During trenching, free product was observed in the vicinity of 
the road centerline; therefore, the Navy’s Access Agreement with LMI allowed the trenches 
to be extended across the EETP boundary to the eastern side of Azuar Drive.  

Trenches AD-3, AD-4, and AD-5 were extended eastward where varying amounts and types 
of metal debris were encountered during the OSB Investigation. The trench locations were 
designed to specifically enable investigation of the lateral extent of the metal debris 
containing product starting at the long trenches (AD-1 and AD-2) and moving eastward 
toward the western boundary of the EETP along Azuar Drive. Again, when free product 
was observed in the vicinity of the road centerline, the Navy’s Access Agreement with LMI 
allowed the trenches to be extended across the EETP boundary. 

On December 10, 2007, based on observations in trenches AD-3, AD-4 and AD-5, four 
additional trenches (AD-6 through AD-9) were excavated on the eastern side of Azuar Drive 
(Figure 6). Logs for these trenches are also presented in Appendix F1. Trenches AD-6 
(station 0 to 12) and AD-7 (station 0 to 11) were installed in the fenced area between Azuar 
Drive and Building 455. Trench AD-8 (station 0 to 8) was installed on the shoulder of Azuar 
Drive along the fenceline, east of trench AD-4. Trench AD-9 (station 0 to 8) was installed 
along the railroad tracks near trench AD-5.  

During the Azuar Drive Investigation, one free product sample (FTPH-FP-AD-4) was 
collected from trench AD-4 from a depth of 5.5 feet bgs. The purpose of collecting this 
sample was to characterize the product found in the trench. As shown in Table 1, this 
sample was analyzed for TPH-diesel, TPH-motor oil, TPH-gasoline, VOCs, PAHs, 
chlorinated pesticides, and PCBs.  

Three soil samples were collected for laboratory analysis. One of these samples (FTPH-TS-
AD2-S13.5) was collected from below the observed free-product-saturated interval in trench 
AD-2 (station 97.5 to 117.5) at a depth of 13.5 feet bgs. The other two soil samples were 
collected from the bottom of trenches AD-6 (FTPH-TS-AD6-S6.5) and AD-7 (FTPH-TS-AD7-
S7) at depths of 6.5 and 7.0 feet bgs, respectively. The purpose of collecting these samples 
was to gather information about the type(s) of free-phase petroleum hydrocarbons present. 
As shown in Table 1, these soil samples were analyzed for TPH-diesel, TPH-motor oil, TPH-
gasoline, VOCs, PAHs, metals, and cyanide. 

Logs for trenches AD-3, AD-4, and AD-4 are presented in Appendix F1. Details of the trench 
installation are provided below: 

• Trench AD-3 (stations –12.0 to 0, 0 to 25, and 30 to 45) was installed in three segments in 
a southwest-to-northwest direction across Azuar Drive.  

• Trench AD-4 (station 0 to 20) started at trench AD-2 and extended eastward across the 
EETP boundary to the eastern edge of Azuar Drive.  

• Trench AD-5 (station 0 to 22) started at trench AD-2 and extended eastward across the 
EETP boundary to the eastern edge of Azuar Drive.  

4.1.2.2 Dump Road Investigation Area 
Work in the Dump Road Investigation Area included the installation of three trenches  
(DR-1, DR-2, and DR-3) roughly perpendicular to Dump Road adjacent to the FSA (see 
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Figure 6). The trench locations were designed to specifically enable investigation of the 
lateral extent of the metal debris containing product, starting on the southern side of Dump 
Road and moving northward toward the boundary with the EETP along Dump Road.  

Free product was observed in the vicinity of the road centerline during trenching, and the 
trenches were extended across the EETP boundary to the northern side of Dump Road 
under the Navy’s Access Agreement with LMI. Trench logs for these locations are presented 
in Appendix F1.  

Trenches DR-1, DR-2, and DR-3 were extended eastward along Dump Road where varying 
amounts and types of metal debris were encountered during the OSB Investigation (in 
trenches OSBTR16, OSBTR14, and OSBTR13 shown in Figure 6). Each trench was 
approximately 30 feet in length, and the maximum depth of the trenches ranged from 5 to 
7.5 feet bgs.  

One free product sample (FTPH-FP-DR1-6.5) was collected from trench DR-1. As shown in 
Table 1, this sample was analyzed for TPH-diesel, TPH-motor oil, TPH-gasoline, VOCs, 
PAHs, chlorinated pesticides, and PCBs. 

4.1.2.3 Sanitary Sewer Line Investigation Area 
The three trenches installed in the Sanitary Sewer Line Investigation Area west of the former 
CTA (trenches SSL-1, -2, and -3, shown in Figure 6) were designed to: (a) assess whether 
free-phase petroleum hydrocarbons were present in the fill immediately outside the 
pipeline’s outer diameter or specifically in the pipeline backfill, (b) examine the pipe to see if 
it was rusted or broken, and (c) evaluate whether observed conditions indicated the 
likelihood of free-phase hydrocarbons entering or exiting the pipeline. Logs for these 
trenches are presented in Appendix F1.  

Trenches SSL-1, SSL-2, and SSL-3 were 19, 21, and 17 feet long, respectively. Each of these 
trenches was oriented in a north-south direction and centered on the co-located sanitary 
sewer line and two IR14 Industrial Wastewater Pipelines.  

On December 11 and 12, 2007, based on observations of free-phase petroleum hydrocarbons 
in trenches SSL-1 through SSL-3, additional trench SSL-4 with five segments (stations 0 to 
20, 68 to 80, 99 to 110, 150 to 158, and 205 to 217.5) was installed on the eastern side of the 
EETP boundary and north of the alignment for trenches SSL-1 through SSL-3. Trench logs 
for these locations are presented in Appendix F1.  

For trench SSL-4, stations 0 to 20 and 68 to 80 were excavated in the fenced area west of the 
former CTA. Stations 99 to 110, 150 to 158, and 205 to 217.5 were excavated within the 
former CTA. No samples were collected from these trenches in accordance with the Final 
Work Plan and Revision No. 1 (CH2M HILL, 2007b, 2007c).  

4.1.2.4 FSA Investigation Area 
During NTCRA work at the FSA, a clay/wooden pipeline containing a heavy oil product 
was discovered running through Grid FS-38 shown in Figure 4. The pipeline appears to 
have entered from Azuar Drive through Grid FS-38 and then terminated in the Wooden 
Sump Box located in Grid FS-25, also shown in Figure 4. The pipeline was reported to 
contain thick viscous oil, and was removed during the NTCRA.  
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On November 15 and 19, 2007, the Wooden Sump Box was removed and the surrounding 
area was excavated to remove visible free product. The approximate excavation dimensions 
were 22 feet by 17 feet by 7.5 feet bgs. After excavation, free product remained present in the 
four sidewalls. The area was backfilled with fine-grained soil from material stockpiled in the 
FSA.  

On December 6,, 2007, three trenches were excavated within the FSA (FSA-1 through FSA-3, 
shown in Figure 6). Trench logs are presented in Appendix F1. Details of the trench 
installation are provided below: 

• Trench FSA-1 was excavated in three segments (stations 0 to 10, 32.5 to 43.5, and 69.5 to 
80) along the east side of the FSA west of Azuar Drive to depths ranging from 9 to 
9.5 feet.  

• Trench FSA-2 (station 0 to 12.5) was excavated within the south-central portion of the 
FSA to a depth of 9 feet.  

• Trench FSA-3 (station 0 to 10) was excavated on the north side of the FSA south of 
Dump Road to a depth of 7.5 feet. 

One free product sample (FTPH-FP-FSA-1-3) was collected from the Wooden Sump Box 
excavation at a depth of 3 feet bgs. The purpose of collecting this sample was to characterize 
the free product found in this area. As shown in Table 1, this sample was analyzed for TPH-
diesel, TPH-motor oil, TPH-gasoline, VOCs, PAHs, chlorinated pesticides, and PCBs.  

4.2 2008 Geophysical Survey 

This section describes the objectives of and work completed for the 2008 Geophysical 
Survey. Full documentation of the methodology and activities for this survey is provided in 
the Field Operating Procedure: Surface Geophysical Survey, Follow-on Total Petroleum 
Hydrocarbons Investigation, Fence Scrapyard Area and Vicinity, Defense Reutilization and 
Marketing Office Site, Former Mare Island Naval Shipyard, Vallejo, California (CH2M HILL, 
2008a). The findings of the survey are presented in Section 5.2 of this TM. 

4.2.1 Objectives 
The purpose of the 2008 Geophysical Survey was to develop a map to show the lateral 
extent of large accumulations of metallic debris in the subsurface along and perpendicular 
to Azuar Drive and Dump Road. Accumulations of metallic debris were observed during 
exploratory trenching during the 2007 Field Investigation. Conventional geophysical 
methods were selected to obtain further information about the extent of metallic debris so 
that the possible role of this material as a preferential migration pathway for free-phase 
petroleum hydrocarbon migration could be evaluated.  

The geophysical study area was established as an L-shaped semi-continuous area extending 
to both sides of and 1,450 feet along Azuar Drive and 1,030 feet along Dump Road. This 
parcel included the intersection of the roads and selected adjacent areas as shown on Plate 1 
in Appendix G. Along Dump Road the survey area extended approximately 150 feet from 
the road to the north and approximately 150 feet to the south, except for areas retaining 
surface water not compatible with this type of survey. On the west side of Azuar Drive the 
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survey area extended to approximately 130 feet from the centerline of the road. The 
boundary on the eastern side of Azuar Drive is irregular and discontinuous due to limited 
access and surface obstacles such as fences and buildings. 

4.2.2 Work Completed 
Two principal methods were employed for mapping subsurface conditions. These included 
a magnetometer survey using a magnetic gradiometer, and an electromagnetic terrain 
conductivity survey using a frequency domain electro-magnetometer. A third tool,  
ground-penetrating radar (GPR), was used to help identify or confirm the presence of 
specific subsurface anomalies, but was not required to meet the survey objectives. QC 
methods specified for the work included specific equipment warm-up periods, establishing 
positioning system accuracy over known points, personnel response tests, vibration tests, 
static background and static spike operations, magnetometer azimuth tests, magnetometer 
octant tests, and repeat data tests. Documentation requirements were also established to 
ensure that adequate supporting information was procured during the survey and provided 
for QA review. 

The survey was performed between March 13 and March 24, 2008. A survey grid was 
established to provide horizontal position control for data acquisition. The grid extended 
1,450 feet parallel to Azuar Drive and 1,030 feet parallel to Dump Road, and was established 
using a fiberglass measuring tape and marking paint. The grid was based on a rectangular 
coordinate system with the origin located in the southwest corner of the survey area. In 
order to keep all grid values positive, the grid origin was placed approximately 1,270 feet 
south and 850 feet west of the center of the intersection of Azuar Drive and Dump Road.  

Data were acquired through a series of traverses offset on 10-foot centers, with 
measurements taken along intersecting grid lines at approximately 5-foot intervals. Along 
Azuar Drive and adjacent areas the traverses were parallel to the northing grid lines, and 
along Dump Road and adjacent areas the traverses were parallel to the easting grid lines. 
Due to the large grid size and many fences, the data were acquired in smaller blocks and 
concatenated for gridding, contouring, analysis, and interpretation.  

The data were evaluated, edited, and contoured as vertical magnetic gradient (VMG) and 
electromagnetic (EM) maps for review and interpretation. The VMG map was then assessed 
for magnetic variations not explained by known magnetic sources. Unexplained variations 
in the magnetic field were interpreted as potential areas for further exploration. The EM 
contour map was generated based on variations in measured values and the potential 
causes for these variations. A third map, an Anomaly Map, was produced that showed 
magnetic anomalies not explained by mapped metallic features. The findings of the survey 
are discussed in Section 5.2 and Appendix G.  

4.3 2008 Field Investigation 
This section describes the objectives of and work completed for the 2008 Field Investigation. 
Full documentation of the methodology and activities for this field investigation is provided 
in the Final Work Plan Revision No. 2: Follow-on Total Petroleum Hydrocarbons Investigation, 
Fenced Scrapyard Area and Vicinity, Defense Reutilization and Marketing Office Site, Former Mare 
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Island Naval Shipyard, Vallejo, California (CH2M HILL, 2008c). The findings of the 2008 Field 
Investigation are presented in Section 5.3 and Appendices H through J of this TM. 

4.3.1 Objectives 
The objectives for the final phase of the Follow-on Investigation were to gather information 
needed to determine the lateral and vertical extent of free-phase petroleum hydrocarbons, 
the nature of scrap metal layers, the presence of free-phase hydrocarbons in utility corridor 
backfill, and the chemical nature of the petroleum product throughout the DRMO Site and 
the vicinity. These objectives were developed after examination and discussion of the results 
of the 2007 Field Investigation and the 2008 Geophysical Survey.  

Investigation locations were designated following review of information of record through 
September 2008. This information included formally reported observations, informal 
reference observations, and analytical results documented in Figures 1A and 1B in Final 
Work Plan Revision No. 2 (CH2M HILL, 2008c). Informal reference observations included 
photographic observations of test pits excavated by Weston Solutions along Dump Road. 

The 2008 Field Investigation included work in locations throughout the DRMO Site and in 
the vicinity that was intended to meet objectives for five specific data collection categories 
(DCCs): 

1. Forensic chemistry analysis, to determine the types and possible sources of free product 
found at the DRMO Site and in the vicinity 

2. Vertical extent of free-phase petroleum hydrocarbons 

3. Lateral extent of free-phase petroleum hydrocarbons 

4. Confirmation of results from the 2008 Geophysical Survey (also referred to as 
“confirmation of non-impact areas”) 

5. Potential migration pathways  

4.3.2 Work Completed 
Work conducted to address the investigation objectives for the above DCCs consisted of the 
activities listed below and described in detail in Sections 4.3.2.1 through 4.3.2.5: 

• Installation and visual inspection of 55 direct-push soil borings for extent observations, 
confirmation of geophysical survey results, and collection of samples of free product for 
forensic chemistry analysis 

• Analysis of the free product samples for use in the forensic chemistry evaluation was 
performed using the following laboratory analyses and methods: 

− Gas Chromatography/Mass Spectometry (GC/MS) Full Scan using American 
Society of Testing and Materials (ASTM) D5739-06, Standard Practice for Oil Spill 
Source Identification by Gas Chromatography and Positive Ion Electron Impact Low 
Resolution Mass Spectrometry 

− Extended PAHs using U.S. EPA Method 8270 SIM [Selected Ion Monitoring] 
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− Bulk stable isotopes of carbon and hydrogen using Isotope Ration Mass 
Spectrometry (IRMS) 

• Definition of the usability of PAH data generated by the forensic chemistry evaluation 
for in any future risk assessment calculations that the Navy might decide to perform in 
the future  

• Evaluation of the free product analytical results by an experienced practitioner in 
forensic chemistry and environmental geology under methods established by industry 
standard organizations or in the literature  

• Installation and visual inspection of 19 vacuum borings to inspect utility corridor 
backfill and scrap metal layer pathways and to confirm the absence of free product at 
direct-push boring locations where no free product was observed  

• Excavation of nine trenches to the determine the extent of free product as well as 
possible migration pathways through buried debris and utility corridor backfill 

• Waste disposal (asphalt/concrete, soil cuttings, and decontamination water) 

• Borehole abandonment and road and site restoration 

Detailed sampling procedures are provided in SAP Addendum No. 3, which is Appendix E 
in Final Work Plan Revision No. 2 (CH2M HILL, 2008c).  

The locations of direct-push borings, vacuum borings, and trenches were selected, observed, 
and sampled to supplement information from the trenching activities conducted during the 
2007 Field Investigation and from the 2008 Geophysical Survey. The boring locations and 
methods were designed to aid in understanding the lateral and vertical extent of free-phase 
petroleum hydrocarbons above and below the metal debris.  

The work was executed in accordance with Final Work Plan Revision No. 2 (CH2M HILL, 
2008c), and the objectives for the five DCCs listed in Section 4.3.2 were achieved. Figures 6 
and 8 together show all the sampling and observation locations during the 2008 Field 
Investigation; Figure 8 is specific to the samples collected for the forensic chemistry 
evaluation. The subsections below describe the work activities conducted to meet the 
objectives for each of the five DCCs. 

Many of the sampling location identifiers shown on Figure 6 include one or more of the five 
DCCs. In these cases, the DCC numbers (1 through 5) are incorporated into the sampling 
location identifier as a numerical suffix following the alphabetical location code (AAA, UU, 
etc.) At location “AAA3,4”, for example, data were collected to determine the lateral extent 
of contamination (DCC 3) and to confirm the result obtained during the 2008 Geophysical 
Survey at this location (DCC 4). This example also illustrates that many such sampling 
locations fulfilled multiple DCCs, and therefore have multiple numerical suffixes. 
Exceptions to this nomenclature for sampling locations shown in Figure 6 are (a) the 
trenches and borings installed during the OSB Investigation, which are shown in green, and 
(b) the trenches excavated during the 2007 and 2008 Field Investigations, which are shown 
in magenta and orange respectively. 
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4.3.2.1 Forensic Chemistry Analysis 
The 20 locations shown in Figure 8 were selected to provide free product samples for 
forensic chemistry analysis using direct-push soil boring equipment. These locations are 
also shown on Figure 6 and are indicated by a DCC suffix of 2. Free product samples were 
also collected directly from utility manholes. Utility vault samples were collected by 
removing the vault covers and taking free product samples with hand bailers. Samples were 
typically collected from elevations 3 to 5 feet below those of the vault covers, and were 
processed using the laboratory methods listed in Section 4.3.2. Additional details regarding 
these samples are presented in Table 2. Utility vault samples are designated with a “UT” 
prefix in this table, as in “FTPH-FP-UT-BB”.  

Sample location WWW was a geotechnical boring being installed by ENGEO for LMI 
during the investigation. When ENGEO encountered free-phase hydrocarbons, CH2M HILL 
requested a sample of the free product. The sample was collected with a disposable bailer. 
The depth of the boring and the presence or absence of free product were not recorded. 

As indicated in Table 2, sample volumes at seven locations were insufficient for PAH 
analyses because of limited availability of free product. The highly viscous nature and 
reduced immediate presence of the material limited the amount of product that could be 
recovered at depth at these seven points. Sufficient sample volume was also unavailable at 
utility vault location N1 located in the southwesterly portion of the EETP along Dump 
Road. The planned location of this sample is shown on Figure 6. 

A California Professional Geologist and Certified Engineering Geologist experienced in 
applied forensic chemistry evaluated the analytical data in accordance with established 
review methods. As indicated in Section 4.3.2, the analytical methods included GC/MS Full 
Scan using ASTM D5739–06, extended PAHs using U.S. EPA Method 8270 SIM, and stable 
isotope evaluation of carbon and hydrogen using IRMS. 

Detailed descriptions of the evaluation methodologies, findings, and conclusions are 
provided in Appendix J. The findings of the evaluation are summarized in Section 5.3. 

4.3.2.2  Vertical Extent of Free-Phase Petroleum Hydrocarbons 
Thirty locations (shown on Figure 6 with a DCC of 2) were selected to provide information 
regarding the vertical extent of free-phase petroleum hydrocarbons. Free-phase 
hydrocarbons were already known to be present in these locations, but their vertical extent 
had not yet been observed. Continuous soil cores were collected with direct-push soil boring 
equipment, and soil cores were visually examined to determine the vertical extent of free-
phase hydrocarbons in the subsurface.  

4.3.2.3 Lateral Extent of Free-Phase Petroleum Hydrocarbons 
Thirty-two locations (shown on Figure 6 with a DCC of 3) were selected to provide 
additional information regarding the lateral extent of free-phase petroleum hydrocarbons. 
The locations identified to provide this information were adjacent to areas where free 
product had been observed during previous trenching, or where historical soil sample 
concentrations of TPH suggested the presence of free-phase petroleum hydrocarbons. Soil 
cores at these locations were visually examined for the presence of free product.  
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At locations where free product was not observed, a step-out soil boring location was 
identified, and a confirmatory trench was excavated to allow for more rigorous examination 
of the subsurface and verification that the location did not contain free product. A total of 
nine trenches designated as A, DDD-1, DDD-2, EE, GGG, H, JJJ, RRR, and UU were 
excavated to confirm the lateral extent of free-phase petroleum hydrocarbons. 

One soil sample (FTPH-FP-TR-DDD2-S2.5) was collected from trench DDD-2 at 2.5 feet bgs 
for forensic chemistry analysis and conventional laboratory analysis. This sample was 
collected because free product was encountered at this location, which had been excavated 
to confirm the absence of contamination suggested by nearby direct-push samples. As 
indicated in Table 2, this soil sample was analyzed for TPH-diesel, TPH-gasoline, VOCs, 
and SVOCs. 

4.3.2.4 Confirmation of Results from the 2008 Geophysical Survey 
Six locations (shown on Figure 6 with a DCC of 4) were selected to confirm the absence of 
bulk metallic debris suggested by the results of the 2008 Geophysical Survey. Continuous 
soil cores were collected using direct-push borings to test the hypothesis regarding the co-
location of metal debris/free product, confirm the results of the geophysical survey, and 
verify whether free product was present. Visual observations of the soil cores were made 
and the soil cores were geologically logged.  

4.3.2.5 Potential Migration Pathways 
Nineteen locations (shown on Figure 6 with a DCC of 5) were investigated using vacuum 
borings to allow for visual inspection of utility corridor backfill thought to be a potential 
migration pathway for free-phase petroleum hydrocarbons. Specifically, vacuum boring 
locations were selected to meet the objectives listed below:  

• Assess whether free-phase petroleum hydrocarbons are present in the fill around the 
pipeline or specifically in the pipeline backfill. 

• Examine the pipe to determine whether it is intact. 

• Evaluate whether conditions observed could present an avenue for free-phase 
hydrocarbons to enter or exit the pipeline.  

A trailer-mounted portable vacuum excavator was used for advancing the vacuum 
boreholes. These were excavated to be as small as possible, yet sufficiently to expose the 
areas of interest. 
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5.0 Follow-on Investigation Findings 

This section describes the findings of the Follow-on Investigation described in Section 4.0. 
The findings presented here are supported by photographs, field notes, and trench logs 
documenting subsurface conditions, as well as geophysical data, analytical results, and 
forensic chemistry interpretations as detailed in Appendices F through J.  

Findings of each phase of the Follow-on Investigation are presented in Sections 5.1 
through 5.3. Section 6.0 presents conclusions drawn from all the investigations documented 
in this TM. 

5.1 2007 Field Investigation 
The objectives of and work completed for the 2007 Field Investigation are described in 
Section 4.1. As stated there, the work was executed in accordance with the Final Work Plan 
and Revision No. 1 (CH2M HILL, 2007b, 2007c). Additional work items included further 
trenching based on observations in planned trenches along Azuar Drive, additional 
trenching along the sanitary sewer line, and the disposal of surface water unrelated to the 
investigation. The information obtained during the 2007 Field Investigation is presented in 
the sections below and grouped by the investigation areas designated for this effort: Azuar 
Drive, Dump Road, the sanitary sewer line area north of Dump Road and west of the former 
CTA, and the FSA. 

5.1.1 Azuar Drive Investigation Area 
Nine trenches, AD-1 through AD-9, were excavated along Azuar Drive on both sides of the 
EETP boundary. A total of 15 segments were excavated because trenches AD-1 and AD-2 
were completed in multiple segments. The locations of the trenches are shown on Figure 6. 
Appendix F1 includes the trench logs, and Appendix F2 contains photographs taken during 
the investigation. Detailed information about the occurrence of free product and metal 
debris is provided in Table 4. The findings in these trenches are described below.  

• Ten of the 15 trench segments (AD-1 station 0 to 42.5, AD-1 station 0 to 15, AD-2 station 
0 to 22.5, AD-2 station 50 to 70, AD-2 station 97.5 to 117.5, AD-3 station 0 to 25, AD-3 
station –12.5 to 0, AD-4, AD-5, and AD-6) contained both free product and bulk metal 
debris. Trench segment AD-1 station 0 to 42.5 was advanced on November 20, 2007 to a 
depth of 4 feet bgs. On November 21, 2007, trench segment AD-1 station 0 to 15 was 
further excavated to a depth of 8 feet bgs. As a result, trench AD-1 segments overlap 
from station 0 to 15. Free product was encountered at depths ranging from 3.5 feet bgs 
(AD-1 station 0 to 42.5) to 13.5 feet bgs (AD-2 station 97.5 to 117.5). Bulk metal debris 
was encountered at depths ranging from 3.0 feet bgs (AD-3) to 9.5 feet bgs (AD-4). 
Isolated occurrences of metal debris were observed in three trenches (AD-1 station 40 to 
55, AD-2 station 97.5 to 117.5, and AD-6). Free product encountered in the trenches 
consisted of black, viscous, oily liquid with low to negligible odor.  
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• One trench segment (AD-2 station 140 to 162.5) did not contain metal debris but did 
contain free product from 5 to 13 feet bgs. The free product was present in fractures and 
root structures within clay soil.  

• The remaining three trench segments (AD-3 station 30 to 45, AD-7, and AD-9) did not 
contain free product or bulk metal debris.  

• Sheen was observed on water that accumulated in two trenches (AD-6 and AD-8).  

LMI excavated eight trenches on the EETP side of Azuar Drive during a separate 
investigation conducted in February and March 2008. These trenches were designated T-1 
through T-5 and T-7 through T-9, and are shown in Figure 6. Appendix F1 contains trench 
logs provided from LMI for use in this TM. Detailed information about the occurrence of 
free product and metal debris is provided in Table 4, and the findings from these LMI 
trenches are described below.  

• Three trenches (T-2, T-5, and T-7) contained both free product and bulk metal debris. 

• Two trenches (T-3 and T-4) contained free product but not bulk metal debris.  

• The remaining three trenches (T-1, T-8, and T-9) did not contain free product or bulk 
metal debris.  

• Free product was encountered at depths from 3 feet bgs (in trench T-7) to 12.5 feet bgs 
(in trench T-4).  

• Bulk metal debris was encountered at depths from 5 feet bgs (in trench T-2) to 12 feet 
bgs (in trench T-5).  

One free product sample from trench AD-4 (FTPH-FP-AD-4) and three soil samples from 
trenches AD-2 (FTPH-TS-AD2-S13.5), AD-5 (FTPH-TS-AD6-S6.5), and AD-7 (FTPH-TS-AD7-
S7) were collected and analyzed at an environmental laboratory. The analytical results for 
these samples are presented in Table 7.  

5.1.2 Dump Road Investigation Area 
Three trenches, DR-1 through DR-3, were excavated in perpendicular alignments across 
Dump Road (Figure 6). These trenches crossed the EETP boundary. At approximately 
30 feet east of trench DR-1, the EETP boundary turns north across the western edge of the 
former CTA. Trench DR-1 did not cross the EETP boundary. Appendix F1 includes the 
trench logs and Appendix F2 contains photographs taken during the investigation. Detailed 
information about the occurrence of free product and metal debris is provided in Table 4. 
The findings from these trenches are described below.  

• All three trenches contained both free product and bulk metal debris.  

• Free product was encountered at depths from 1 foot bgs (in trench DR-3) to 7.5 feet bgs 
(in trench DR-1). The deepest vertical extent of free product was not reached. 

• Bulk metal debris was encountered at depths from 1 foot bgs (in trenches DR-1 and 
DR-3) to 7.5 feet bgs (in trench DR-1). The deepest vertical extent of metal debris was not 
reached. 
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One free product sample (FTPH-FP-DR1-6.5) was collected from trench DR-1. The analytical 
results for this sample are presented in Table 7.  

5.1.3 Sanitary Sewer Line Investigation Area 
Four trenches, SSL-1 through SSL-4, were excavated along the north side of Dump Road 
near the western edge of the CTA (see Figure 6). Appendix F1 includes the trench logs and 
Appendix F2 contains photographs taken during the investigation. Detailed information 
about the occurrence of free product and metal debris is provided in Table 4. The findings 
from the eight trench segments from these four trench excavations are described below.  

• Six (SSL-2, SSL-3, SSL-4 station 0 to 20, SSL-4 station 68 to 80, SSL-4 station 99 to 110, and 
SSL-4 station 150 to 158) contained both free product and bulk metal debris.  

• One (SSL-1) contained free product but did not contain metal debris.  

• One (SSL-4 station 205 to 217.5) contained bulk metal debris but did not contain free 
product.  

• Free product was observed at depths from 3 feet bgs (SSL-2 and SSL-3) to at least 9 feet 
bgs (SSL-1 and SSL-4 station 99 to 110). The vertical extent of free product was not 
determined at locations SSL-1, SSL-2, SSL-3, SSL-4 station 0 to 20, and SSL-4 station 99 to 
110.  

• Bulk metal debris was encountered at depths from 3 feet bgs (SSL-2, SSL-3, and SSL-4 
station 0 to 20) to 8.5 feet bgs (SSL-4 station 150 to 158). The deepest vertical extent of 
metal debris (8.5 ft bgs) was encountered at SSL-4 station 150 to 158. The deepest vertical 
extent of metal debris was not observed in trench SSL-2 at the final depth of 8.5 feet bgs. 
The metal debris in trench SSL-2 at 8.5 feet bgs did contain free product, although the 
deepest extent also was not observed. 

No soil or free product samples were collected during the excavation of these four trenches.  

5.1.4 FSA Investigation Area 
The work within the FSA included excavation and removal of the Wooden Sump Box and 
excavation of three trenches, FSA-1 through FSA-3 (see Figure 6). Appendix F1 includes the 
trench logs and Appendix F2 contains photographs taken during the investigation 
photographs. Detailed information regarding the occurrence of free product and metal 
debris is provided in Table 4. 

Findings during the removal of the Wooden Sump Box are described below.  

• Free product was encountered from 1 foot to 7 feet bgs.  

• No metal debris was found.  

• Free product was present in all four sidewalls of the 22-foot-by-17 foot, 7.5-foot-deep 
excavation.  

• Free product was encountered at 7 feet bgs and extended to depths beyond the vertical 
limit of the excavation.  
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The Wooden Sump Box was connected to a 4-inch-diameter clay pipe that was later 
removed from the northeastern portion of the FSA. The pipe contained free product, led to a 
catch basin in Azuar Drive, and was capped where it was exposed during the excavation of 
trench AD-1. Excavation of the area revealed woody debris that appeared to have been a 
small wood structure before it was excavated. The appearance of the excavation sidewalls 
was consistent with observations during the OSB Investigation. No visible indications were 
identified of a significant source of free-phase petroleum hydrocarbons related to this 
structure.  

Trenches FSA-1 through FSA-3 were excavated in a total of five segments. The findings from 
these segments are described below.  

• Two trench segments (FSA-1 stations 0 to 10 and 69.5 to 80) contained both free product 
and bulk metal debris. Station 0 to 10 contained free product at 4.5 to 9 feet bgs (the 
deepest extent was not encountered) and a trace of metal debris at 4.5 feet bgs. Station 
69.5 to 80 contained free product at 2 to 9 feet bgs (the deepest extent was not 
encountered) and a trace of metal debris at 4.5 feet bgs.  

• Two trench segments (FSA-1 station 32.5 to 43.5 and FSA-3) contained free product but 
did not contain metal debris.  

• One trench segment (FSA-2) contained neither free product nor bulk metal debris.  

• Free product was encountered at depths from 2 feet bgs (FSA-1 station 69.5 to 80) to 
9.5 feet bgs (FSA-1 station 32.5 to 43.5).  

• The maximum vertical extent of free product was encountered at 5 feet bgs in trench 
FSA-3. The vertical extent of free product in trench FSA-1 was not determined.  

• Traces of bulk metal debris were encountered in trench segments FSA-1 station 0 to 10 
and FSA-1 station 69.5 to 80 at a depth of 4.5 feet bgs.  

No free product or soil samples were collected from trenches FSA-1, FSA-2, or FSA-3 for 
laboratory analysis. During excavation of the Wooden Sump Box, one free product sample 
(FTPH-FP-FSA-1-3) was collected for laboratory analysis. The analytical results for this 
sample are presented in Table 7.  

Visible free product unrelated to CH2M HILL’s removal and investigation work for the 
Wooden Sump Box was observed at a nearby portion of the FSA. Sheen, globules, and 
strings of free product were observed in standing surface water to the east of the Wooden 
Sump Box area. The location of this surface water was in portions of Grids FS-25 and FS-38 
shown in Figure 4. CH2M HILL was directed by Navy staff to remove the contaminated 
material, as equipment and labor to address the issue was immediately available. Gross 
accumulations of free oil and sheen were removed to the extent possible with absorbent 
pads and booms. Standing water was then pumped into a mobile tank for storage, 
characterization, and offsite disposal. Approximately 12,000 gallons of water were disposed 
of. Photographs taken during this activity are included in Appendix F2.  

At the Navy’s direction, other parties completed backfilling in this area during a separate 
mobilization as part of corrective measures to prevent recurrence.  
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5.2 2008 Geophysical Survey 
The 2008 Geophysical Survey was conducted as described in Section 4.2. The objective of 
this survey was to provide information to further determine the lateral extent of metal 
debris at the DRMO Site and in the vicinity. The lateral extent of subsurface metallic debris 
is relevant to this TM because contiguous layers may act as a preferential pathway for the 
migration of free-phase petroleum hydrocarbons. 

Three geophysical methods were used in conducting the survey. The effective measurement 
depth of EM terrain conductivity methods is typically 2.5 to 200 feet bgs. The effective 
measurement depth of magnetometer surveys also depends on the mass of the subsurface 
bodies and their depth. GPR measurements are effective at less than 30 feet bgs in most 
soils.  

The full results of the 2008 Geophysical Survey are provided as a report and a series of maps 
presented in Geophysical Investigation at the Former Mare Island Naval Shipyard, Mare Island, 
Vallejo, California (Norcal Geophysical Consultants, 2008). This report is provided in 
Appendix G and is referred to as the Geophysical Report in the remainder of this TM. 
Detailed descriptions of the methodology and other information are included in 
Appendix G. 

The Geophysical Report provided summary findings of Interpreted Buried Debris Zones. 
These areas are described below and are shown on Figures 9 and 13. 

• An area along the south side of Dump Road beginning about 480 feet from Azuar Drive 
and continuing for about 350 feet. This area is 40 to 80 feet wide and extends beyond the 
survey area to the southwest.  

• An area on the north side of Dump Road beginning about 680 feet from Azuar Drive 
and continuing for about 150 feet. This area is set off from Dump Road by about 40 feet, 
is about 40 feet wide, and may extend beyond the survey area to the northwest.  

• An area about 80 feet in irregular dimensions located at the intersection of Dump Road 
and Azuar Drive.  

• An area along the central portion of Azuar Drive beginning just north of Building 661 
and continuing to the north for approximately 250 feet. This area is about 40 feet wide. 

During the NTCRA for the FSA, another geophysical survey was performed in January 2006 
in accordance with the Removal Action Plan for the NTCRA (CH2M HILL, 2005a). This 
survey was performed to document as-completed site conditions following the NTCRA 
work completed in 2005, and was conducted using a Geonics EMG MK2 EM metal detector 
after the removal and screening of surface soil throughout the FSA. A combined overlay of 
the results of this survey and the EM map produced by the 2008 Geophysical Survey was 
developed for comparison and evaluation purposes. This overlay map is provided in this 
TM as Figure 9.  

The general findings of the 2005 Geophysical Survey were that the majority of the FSA has 
some degree of magnetic signature. Figure 9 shows few correlations with the 2008 
Geophysical Survey in overlaid and adjacent survey areas, but does appear to indicate a lack 
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of contiguous bodies of subsurface metallic debris in the FSA. Aside from numerous 
scattered anomalies, the dominant features of the 2005 survey coincide with the courses of 
underground electrical utilities, the industrial wastewater pipeline, sewer service lines, 
existing freshwater pipelines, and saltwater pipelines shown on Figure 4. An eight-band 
criss-cross square structure near the north extent of the FSA appears to coincide with the 
expected location of a foundation slab for a former structure.  

5.3 2008 Field Investigation 
The objectives of and work completed for the 2008 Field Investigation are described in 
Section 4.3. The work was completed as planned. The information obtained during the field 
investigation is grouped in the sections below according to the five DCCs established for the 
2008 Field Investigation, which are listed in Section 4.3.2. 

5.3.1 Forensic Chemistry Analysis 
Nineteen free product samples were collected for forensic chemistry analysis (DCC 1) from 
direct-push borings. One soil sample was also collected for forensic chemistry analysis. The 
sampling locations are shown in Figure 8, and Table 3 includes details of the samples and 
associated analyses. Samples were grouped by location as described below.  

• Five samples were collected from the DRMO Site along the south side of Dump Road 
(samples FTPH-FP-SB-G, -K, -L, -O, and -R). 

• Three samples were collected from the north side of Dump Road across from the DRMO 
Site (samples FTPH-FP-SB-D, -C, and -WWW). Sampling location FTPH-SB-WWW is 
located in the EETP.  

• Three samples were collected from the DRMO Site side of Azuar Drive (samples FTPH-
FP-SB-GG, -MM, and -NN). Sample FTPH-SB-MM was collected from near the location 
of the former OSB.  

• Four samples were collected from the EETP side of Azuar Drive (samples FTPH-FP-SB-
PP, -SB-RR, -SB-VV, and -TR-DDD2). Sample FTPH-FP-SB-PP was collected 
approximately 175 feet southwest of the location of the former OSB, and was the nearest 
EETP sample.  

• Sample FTPH-TR-DDD2 was collected from a location to the extreme southeast of all 
chemical forensic samples.  

• Five free product samples were collected directly from within utility vault access covers 
(samples FTPH-FP-UT-Y1, -W1, -BB1, -QT1, and -QE1). Sample FTPH-FP-UT-BB1 was 
collected from a sanitary sewer manhole vault. Sample FTPH-FP-UT-W was collected 
from an electrical access vault, and samples FTPH-FP-SB-Y1 FTPH-FP-UT-QE were 
collected from electrical service vaults. Sample FTPH-FP-UT-QT was collected from a 
telephone service vault. 

• Although forensic chemistry sampling was proposed at locations FTPH-FP-SB-J, N, OO, 
and ZZ, sufficient free product was not present in soil to collect samples when these 
locations were drilled. 
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Analytical results were produced by the project laboratory and were transmitted to the 
project chemist and a certified professional geologist experienced in applied forensic 
chemistry, who then conducted evaluations under several established methods of review. 
The forensic chemistry evaluation results are presented in the Forensic Chemistry Evaluation 
of Bunker Fuel at DRMO Area, Former Mare Island Naval Shipyard, Vallejo, California (Zemo & 
Associates, 2008). This report is provided as Appendix J and is referred to as “the report” 
later in this subsection, and as the Forensic Chemistry Evaluation in the remainder of this 
TM.  

The report documents a series of findings of fuel type, weathering, petroleum source 
similarity or dissimilarity based on a series of comparisons of the relative abundance of 
selected organic molecules, and petroleum source similarity or dissimilarity based on the 
relative abundance of isotopes of hydrogen and carbon. Based on the underlying principles 
of the petroleum source evaluation methods and the literature, there are two important 
distinctions to make about findings from this type of evaluation. As stated in the report, 
“…similarities between samples indicates that they may be the same product, but it is not 
conclusive unless all of the forensic parameters “match”; if samples are different for any one 
parameter, then it is probable that they are not the same product…. In other words, a 
“match” may not be a unique solution, but a “no match” is conclusive.” A summary of the 
conclusive findings of dissimilarity is provided in Table 5.  

The findings documented in the report are presented as text findings of direct comparisons 
and examinations of GC/MS peaks and peak patterns, and numerically as a table of 
Biomarker Ratios, PAH Source Ratios, and Isotope ratios. These ratios are presented as a 
series of seven plots that visually show groups of similar samples. One bar chart of carbon 
isotope values grouped by sample area is also provided. Biomarker Ratios are generated by 
computing the relative measured peak heights of paired categories of groups of 
hydrocarbons that are resistant to weathering. PAH Source Ratios are produced by 
computing the ratios of quantitative analytical data for selected pairs of PAH compounds. 
Carbon and hydrogen Isotope Ratios are the quantitative results of analysis reported by the 
laboratory as of difference in the ratio of the element to its heavier isotope compared to a 
laboratory standard in units of per mil.  

Nine principal conclusions presented in the report are summarized below. 

1. The product type present at all locations except for one is a heavy fuel oil such as No. 6 
(Bunker C) fuel oil.  

2. The product at one location (FTPH-FP-TR-DDD2) appears to be a lighter fuel oil. Sample 
FTPH-FP-TR-DDD2 was collected from what was expected to be a “clean” lateral extent 
confirmation trench. 

3. The chemical signatures of product found in the Dump Road area are different from 
those found in the Azuar Drive area, based on isoprenoid biomarker crossplot results.  

4. Within the Dump Road and Azuar Drive areas, there is variability in the chemical 
signatures of product found on the DRMO Site sides of the roads and in the chemical 
signatures of product found on the non-DRMO-Site sides.  
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5. The forensic chemistry parameters of the product on the non-DRMO-Site side of the 
road in each area fall within the range of variability exhibited on the respective DRMO 
Site side, except in samples FTPH-FP-SB-D and FTPH-FP-SB-WWW (from the Dump 
Road area), and FTPH-FP-SB-PP, FTPH-FP-TR-DDD2, and possibly FTPH-FP-SB-RR 
(from the Azuar Drive area).  

6. The chemical signatures of product in samples FTPH-FP-SB-D, FTPH-FP-SB-WWW 
(from the Dump Road area), and FTPH-FP-SB-PP (from the Azuar Drive area) are not 
related to the chemical signatures of product found on the DRMO Site sides of both 
areas.  

7. The chemical signatures of product in sample FTPH-FP-SB-RR from the EETP suggest 
that it may be different from the product on the DRMO Site side of Azuar Drive, but this 
is inconclusive because the apparent difference is relatively small.  

8. The product in sample FTPH-FP-TR-DDD2 is unrelated to the product found in samples 
from all other areas. 

9. Product found in sample FTPH-FP-SB-C from the Dump Road area and sample FTPH-
FP-SB-VV from the Azuar Drive area is not distinguishable from the product found on 
the Navy side based on the forensic chemistry results of this study. 

5.3.2 Vertical Extent of Free-Phase Petroleum Hydrocarbons 
Thirty direct-push borings were advanced to provide additional information regarding the 
vertical extent of free-phase petroleum hydrocarbons (DCC 2). The vertical extent DCC was 
assessed entirely from visual observations of the continuous soil cores collected from these 
borings. No samples for laboratory analysis were collected for this DCC. The locations for 
the vertical extent borings are shown on Figure 6, and observations of free product and 
metal debris in the vertical extent borings are listed in Table 4. The maximum observed 
depth of the vertical extent of free-phase petroleum hydrocarbons ranged from 10 feet bgs at 
location R to 13.9 feet bgs at location E. The boring logs for these locations are presented in 
Appendix H1. 

Of the 30 direct-push boring locations, the vertical extent of free-phase petroleum 
hydrocarbons was reached at 14 (see Table 9). Free product was not found at the other 16 
locations.  

5.3.3 Lateral Extent of Free-Phase Petroleum Hydrocarbons 
Thirty-one direct-push borings were advanced to provide additional information regarding 
the lateral extent of free-phase petroleum hydrocarbons (DCC 3). The locations of the lateral 
extent borings are shown on Figures 6 and 12. Observations from borings that were used to 
determine the confirmed lateral extent of free-phase petroleum hydrocarbons are listed in 
Table 10. Figure 12 shows the approximate lateral extent of free-phase petroleum 
hydrocarbons based on visual observations of all modes of occurrence.. The future 
designation of removal areas may be different when occurrences in fine-grained soil 
fractures, vegetative structures, and incidental occurrences are evaluated. 

Of the 31 locations, free product was present at 12 (see Table 10). Free product was not 
found at the other 19 locations. A series of trenches were then excavated to confirm the 
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absence of free product in nine areas in the general vicinity of these 19 locations. No samples 
for laboratory analysis were collected from the lateral extent borings. 

Following the installation of the lateral extent borings, the lateral extent was confirmed by 
the installation of nine trenches, designated as trenches A, DDD-1, DDD-2, EE, GGG, H, JJJ, 
RRR and UU. Free product was observed in trenches DDD-1 and DDD-2 (see Table 10). No 
free product was observed in the other seven trenches (see Table 10). 

One soil sample (FTPH-FP-TR-DDD2-S2.5) was collected from trench DDD-2 for forensic 
chemistry analysis and conventional laboratory analysis. This sample was collected because 
free product was encountered at this location, which was excavated to confirm the absence 
of contamination established by nearby direct-push samples. The forensic chemistry results 
for this sample are discussed in Section 5.3.1. The conventional analytical results are 
presented in Table 8 and discussed below.  

5.3.4 Confirmation of 2008 Geophysical Survey Results 
This DCC (DCC 4) was assessed entirely from visual observations of the continuous soil 
cores collected from five direct-push borings. These borings, at locations AAA4, VVV4, 
SSS4, U4, and NNN4, were advanced to confirm the absence of bulk metal debris as 
suggested by the results of the 2008 Geophysical Survey. The locations of these borings are 
shown on Figure 6, and observations are reported in Table 4. Logs for these borings are 
presented in Appendix H1. No samples for laboratory analysis were collected for this DCC. 

A boring at one planned location (HHH4) was not completed because this location had 
previously been excavated by Weston Solutions to a depth of 8 to 10 feet bgs, and it was no 
longer necessary to confirm geophysical anomalies at this location.  

In the five completed borings, the absence of bulk metal debris suggested by the 2008 
Geophysical Survey was confirmed. 

5.3.5 Potential Migration Pathways 
Seventeen locations (shown on Figure 6) were investigated using a trailer-mounted portable 
vacuum excavator to allow for visual inspection of utilities and the utility corridor backfill 
thought to be potential migration pathways for free-phase petroleum hydrocarbons 
(DCC 5). Three planned locations (HH5, WW5, and XX5) were not investigated because the 
target utility was not located by utility clearance equipment prior to the field investigation. 
The visually inspected portion of each utility at the 17 locations appeared to be in good 
condition (see Table 11).  

Of the 17 locations, free product was encountered at four (P5, KK5, SS5 West, and UUU5) 
during visual inspection of the utility corridor backfill. In vacuum boring P5, thick, viscous, 
free product was observed from 7 to 7.5 feet bgs in gravelly backfill below the electrical and 
communication duct banks. The free product appeared to be seeping out of the electrical 
duct back to the north. In vacuum boring KK5, free product was encountered below a layer 
of metal debris at 4 feet bgs. The utility at this location was surrounded by a lean clay 
backfill. In vacuum boring SS5 West, only a sheen was encountered during the visual 
inspection. In vacuum boring UUU5, next to the saltwater pipeline, only a trace of free 
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product was encountered at a depth of 6 feet bgs, approximately two feet below the 
saltwater pipeline. 

5.4 Chemical Data Quality Assurance Review Findings 
Environmental samples were collected and analyzed in compliance with approved SAPs 
that addressed regulatory, Navy, and CH2M HILL analytical data QA program 
requirements. As noted in Section 4.0, the SAPs referenced below for the 2007 and 2008 Field 
Investigations were included as appendices to the associated project work plans.  

The 2007 Field Investigation was addressed by SAP Addendum No. 2, which was provided 
as Appendix D in the Final Work Plan and Revision No. 1 (CH2M HILL, 2007b, 2007c). The 
addendum supplemented the SAP included in the Removal Action Plan for the NTCRA at 
the DRMO Site FSA (CH2M HILL, 2005a). 

The 2008 Field Investigation was addressed by SAP Addendum No. 3, which was provided 
as Appendix D in the Final Work Plan Revision No. 2 (CH2M HILL, 2008c). This addendum 
further supplemented the SAP Addendum No. 2 referenced above. The two SAPs are 
collectively referred to as “the SAP” in the remainder of this section. 

The objective of the data collection and analysis was to generate data of known quality 
appropriate to project needs in terms of end decisions. This objective was accomplished by 
completing the following data QA activities:  

• Identification of data quality objectives (DQOs), project data needs, and decision rules. 
The DQOs were included in the SAP.  

• Definition of the organization, functional activities, procedures, and policies 
implemented to obtain project-specific data of known and appropriate quality. 

• Development of a sampling plan to describe the sample collection and handling 
procedures required to obtain samples that would meet the DQOs. 

• Laboratory analytical and QA/QC method review, documentation, and procedures 
were addressed in the SAP. A summary of these provisions is provided in Section 5.4.1. 

• Field and laboratory QC checks for compliance to SAP specifications. These were 
conducted through internal and external audits. 

• Data quality and usability review. These were conducted outside the laboratory as 
documented in the data validation reports presented in Appendix I. A summary of the 
methodology used in these reviews is provided in Section 5.4.2. 

• Qualification of the individual data points. This was completed by applying data 
validation report flags to the data in the project database. 

• An overall data quality assessment. This was conducted within the context of project 
objectives as described in Section 5.4.3. 

• Delivery of electronic data to the Navy as part of project closeout activities. Naval 
Installation Restoration Information Solution (NIRIS) data base protocols define formats 
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for electronic data deliverables (EDDs). EDD protocols address parameters such as 
sample IDs, sampling and analysis information, dates, chemical concentrations, and 
units.  

The sections below provide descriptions of the analytical methodology, data validation 
methodology and findings, and overall data quality assessment. Sample- and analyte-
specific data validation reports are presented in Appendix I. 

5.4.1 Analytical Methodology 
Analytes, associated methods, and laboratory QC are discussed in the SAP. This 
information has been summarized in Table 6. 

For each analytical parameter and method, the standard U.S. EPA analytical method or the 
associated EPA Contract Laboratory Program (CLP) Statements of Work (SOWs) were 
followed. The SAP identifies the following method-specific QC requirements: 

• Method-specific QC procedures 

• Level of effort (frequency of QC checks) for each QC procedure 

• Quantitative acceptance limits for QC data 

• Corrective action requirements for the laboratories for QC data that are outside the 
acceptance limits 

• Documentation 

These requirements, as detailed for each analytical method in the SAP and the CLP SOWs, 
were followed as the project analytical requirements by the assigned laboratory. 

The detection limit requirements per project needs and regulatory criteria as they apply are 
identified in the SAP. The analytical laboratories established method detection limits 
(MDLs) in accordance with Title 40, Part 136, Appendix B, of the Code of Federal Regulations 
(CFR) before the start of the work to ensure that laboratory-specific limits complied with the 
specifications listed in the SAP. 

5.4.2 Data Validation and Findings 
All data, numerically 100 percent, have been evaluated independent of the laboratory by 
project chemists. Sample data have been reviewed for the QC specifications identified in the 
SAP and the U.S. EPA CLP SOW for each specific parameter, and are flagged in accordance 
with the SAP and U.S. EPA functional validation guidelines as referenced in the data 
validation reports in Appendix I. 

The sample- and parameter-specific data validation reports presented in Appendix I are 
based on review of the individual laboratory sample delivery groups (SDG). The SDG-based 
reports are ordered by analytical groups. The cover of each report identifies individual 
samples included in the SDG. 

Each report has subsections that correspond to the internal QC check requirements for that 
specific method as identified in the SAP. If laboratory data are found to deviate from the 
specifications, the subsection provides quantitative details for the QC data deviation and the 

DRMO_SITE_FINAL_TPH_TM_MAIN_TEXT.DOC 5-11 



5.0 FOLLOW-ON INVESTIGATION FINDINGS 

associated affected samples and provides flags according to defined conventions. Field 
blank, matrix spike, and duplicate sample results have been listed in laboratory result data 
sheets. 

The individual SDG reports provide a summary table at the end of each section where flags 
are applied and the report is followed by flagged data sheets. The reports list all flags and 
their appropriate classifications as well as the reason for the flags. U.S. EPA data validation 
functional guidelines and SAP criteria were used to determine flagging conventions. 

Sample- and analyte-specific data validation findings and associated qualifying flags per 
laboratory internal QC data are provided at the end of each data validation report. Data 
validation flags have been entered in the individual report data tables. In addition, the field 
QC data (field blanks, field duplicates, matrix spike/matrix spike duplicates) are provided 
to users for site-wide application, as the distribution of the field QC data correlates to site in-
formation at-large rather than the individual samples in the associated SDG.  

The data have met and exceeded project quality goals. Documentation for the data 
evaluation and validation findings includes the following: 

• Laboratory hardcopy packages, assembled by SDG, which include all QC data. These 
packages are stored at CH2M HILL offices as well as at the laboratories. 

• An electronic database, which includes all sample concentration data with validation 
flags and a subset of laboratory QC data. These data are provided to the Navy for long-
term and Navy-wide access to environmental data. 

• Chain-of-custody (COC) forms and tracking records. 

• Laboratory bench records and sample custody logs maintained by the laboratory. 

5.4.3 Data Quality Assessment  
DQOs are prescribed in the SAP in terms of precision, accuracy, representativeness, 
comparability, and completeness (PARCC) parameters and the project objectives for these 
parameters. The following is a description of the assessment for each parameter. Associated 
data for the PARCC parameters are shown in the laboratory data package. 

Accuracy measurement data include laboratory control sample and matrix spike recovery 
data for both organic and inorganic analytical parameters, as well as surrogate recovery 
data for organic parameters. The accuracy data have been provided to the project team (data 
users) for consideration during decisionmaking because these data need to be applied to the 
whole site. Over 90 percent of data are within criteria, thus meeting project goals. 

Precision measurement data include laboratory and field duplicate data expressed as rela-
tive percent deviation (RPD). The data validation reports were also used to detail any 
duplicates outside control limits, if there were any such samples. The duplicate data have 
been provided to the project team (data users) for consideration during decisionmaking 
because these data need to be applied to the whole site. Over 90 percent of the data are 
within these criteria, thus meeting project goals. 

Representativeness is a measure of how closely the measured results reflect the actual con-
centration or distribution of the chemical compounds in the sampled media. 
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Representativeness is assessed in both qualitative and quantitative terms. The project 
documentation discusses the qualitative aspects of representativeness in terms of design of 
the field sampling plan, sampling techniques, sample handling protocols, and associated 
documentation. Quantitative measures of representativeness include field and laboratory 
blank measurements to identify whether contamination was introduced through field or 
laboratory operations. Field duplicate measurements are used to establish variability. 

Laboratory and trip blank measurements have been detailed on a sample- and parameter-
specific basis in the data validation reports. All qualifications as a result of laboratory and 
trip blank effects have been incorporated into the project sample/analyte specific data. Field 
blank results are summarized in the project database and provided to data users on a site-
wide basis. 

Field duplicate results and associated RPD data are also presented in the database and taken 
into account in project decisionmaking. 

Comparability expresses the confidence with which one data set can be compared to 
another. Comparability of data has been established through use of following: 

• Standard U.S. EPA analytical methods and QC procedures established in the SAP 

• Consistent reporting units for a specified procedure 

• MDLs for all analytical parameters that were established in accordance with 40 CFR Part 
136, Appendix B, before the start of the analyses to meet the project requirements 

Based on these comparability standards, the data meet the project objectives. 

Completeness is evaluated in this assessment as a measure of the amount of valid data ob-
tained from the analytical measurements. Field activity completeness is assessed within the 
context of the overall sampling design. Data completeness was found to be above 90 percent 
at large, and meets project objectives.  

5.4.4 Usability of Data for Future Risk Assessment Calculations 
Laboratory data generated by this investigation is intended for use in comparison of free-
phase petroleum hydrocarbon properties for the Forensic Chemistry Evaluation. A 
supplementary task included in SAP Addendum No. 3, for the 2008 Field Investigation, was 
to define the usability of PAH data use in any future risk assessment calculations that the 
Navy might decide to conduct in the future. These PAH data were generated for use in the 
Forensic Chemistry Evaluation. 

These data were reviewed by the project chemist after validation. The evaluation included 
review of the data validation findings, as well as PARCC and detection limits. The PAH 
data were processed through the full QA/QC cycle described in Section 5.4.1 and have been 
assessed for usability in future risk assessments as described below.  

The PAH data were obtained on free product samples rather than soil, water, or air samples; 
therefore, use by risk assessors would not be in the context of regulated soil, water, or air 
media but in a more limited context. The data use is expected to be in qualitative terms. 
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The analyses were for an extended list of PAH parameters that includes the specific PAH 
analytes used for risk assessments. This list is provided in Table E-3 of SAP Addendum 
No.3. Detection levels are dictated by the nature of the product matrix and can not be 
controlled as for water, soil, or air.  

The data meet the QC criteria for calibrations and internal standards. The quantitation and 
identification of the individual analytes are therefore expected to be reliable.  
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6.0 Conclusions 

The 2008 Follow-on Investigation completed the study of the nature, extent, and mobility of 
free-phase petroleum hydrocarbons at the DRMO Site and in the vicinity. Needed 
information and data were identified by review of the historical documents discussed in 
Sections 2.0 and 3.0, and were obtained during the Follow-on Investigation. The activities 
and findings of the Follow-on Investigation are described in Sections 4.0 and 5.0, 
respectively.  

Conclusions about the nature, extent, and mobility of free-phase petroleum hydrocarbons 
are presented in the following sections: 

• Section 6.1, Nature of Free-Phase Petroleum Hydrocarbons 
• Section 6.2, Extent of Free-Phase Petroleum Hydrocarbons 
• Section 6.3, Conceptual Site Model 
• Section 6.4, Summary 

6.1 Nature of Free-Phase Petroleum Hydrocarbons 
The physical characteristics of the free-phase petroleum hydrocarbons found beneath the 
DRMO Site and vicinity have been generally consistent. The material is visually apparent as 
a black, viscous liquid. It is typically observed in surrounding pieces of buried metal debris 
and coarse-grained geologic material, and is also found within fractures and root structures 
of fine-grained geologic material. In general, heavy fuel oil (HFO) has been observed in 
fractures and root structures of fine-grained material located below bulk metal debris along 
Azuar Drive and Dump Road. 

The first occurrence of free-phase hydrocarbons at depth generally coincides with the 
average elevation of the water table in the shallow subsurface. Information obtained during 
the 2007 and 2008 Field Investigations consistently indicates that the chemical signature of 
the free-phase hydrocarbons is similar to that of an HFO such as No. 6 (Bunker C) fuel oil. 
The dynamic viscosity of HFO is approximately 5 orders of magnitude greater than that of 
water. High viscosity, lack of driving pressure, and the fine-grained nature of silts and clays 
at depths where HFO is found indicate that HFO found at the DRMO Site and in the vicinity 
present low potential for mobility in soil. This supports the predominant occurrence of HFO 
in layers of subsurface scrap metal debris, where pore spaces are significantly more 
extensive than in fine-grained soil. 

One exception to this finding of fuel types arose during the 2008 Field Investigation. The 
chemical signature for petroleum found in a soil sample collected at location DDD (see 
Figures 6, 8, and 12) was found to be similar to lighter petroleum products such as fuel oil 
No. 4 or No. 5, or a lighter Bunker fuel oil. This sampling location was originally chosen to 
confirm clean soil. The sample collected at this location contained significantly more diesel-
range material than the other samples. The location where the lighter fuel type was found is 
in the EETP across Azuar Drive from the DRMO Site (approximately 500 feet beyond the 
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southeastern boundary), and is offset approximately 30 feet from Azuar Drive. It is apparent 
that free-phase petroleum hydrocarbons at this location are not related to contamination at 
or attributed to the DRMO Site. References to free-product petroleum hydrocarbons below 
and later in this section do not include the fuel oil identified at location DDD.  

The Forensic Chemistry Evaluation discussed in Section 5.3 found that the occurrence and 
relative distributions of selected organic compounds and stable isotopes in free product 
samples obtained throughout the area varies significantly, indicating the presence of 
multiple petroleum product sources. The Forensic Chemistry Evaluation also identified 
HFO to be the petroleum product present, and that HFO samples from soil along and 
beneath Azuar Drive appear to contain an HFO different from than that found along and 
beneath Dump Road. 

6.2 Extent of Free-Phase Petroleum Hydrocarbons 
Free-phase HFO is found in subsurface soil at the site in two principal areas beneath Dump 
Road and Azuar Drive and adjacent properties. The approximate extent of free-phase HFO 
in these two areas, as determined by visual examination of trench excavations and direct-
push soil cores, is shown on Figure 12.  

The presence of free-phase HFO is strongly correlated with the presence of metal debris, 
particularly in a defined body of metal debris that underlies Azuar Drive, Dump Road, and 
portions of the DRMO Site at depths between 5 and 8 feet bgs. Although buried debris can 
also be found at shallower depths, these shallow debris layers do not commonly contain 
HFO. The HFO-saturated metal debris layer terminates abruptly along the eastern side of 
Azuar Drive where utility corridors and railroad tracks are currently located, as indicated 
by the logs for trenches AD-8 and AD-9 in Appendix H1. The abrupt termination at the 
utility corridor suggests that metal debris and, possibly free-phase HFO, may have been 
present, but were removed during the construction of utilities or railroads. Farther east, 
smaller amounts of metal debris were found in EETP trenches T-2 (small amounts at 5 to 6 
feet bgs), T-5 (one twisted thin metal strip at 12 feet bgs), and T-7 (trace metal debris from 
5 to 8 feet bgs with three larger pieces).  

The HFO at Dump Road includes two areas: a northern area beneath and along Dump Road 
and the adjacent former CTA, and a southern area extending within the DRMO Site. The 
two areas are separated by a parcel that was excavated and backfilled by the Navy between 
2005 and 2007 to address other contaminants associated with the DRMO Site. This 
excavation included the removal of co-located petroleum-contaminated soil, as shown on 
Figure 2-5, “2007 Excavation Map”, provided by Weston Solutions, Inc. and included in 
Appendix F4 to this TM. The western extent of this shape is formed by an excavation 
referred to as the “Weston V-Trench” and by the westernmost of a series of test pits that 
were excavated by Weston at the locations shown in the “Dump Road Test Pit Locations” 
figure provided in Appendix F4, and which are documented by photographs also included 
in that appendix.   

Free-phase hydrocarbons within the Dump Road HFO were encountered at depths ranging 
from 1 foot bgs (in trench DR-3) to 13.9 feet bgs (in boring E). The thickness of free product 
varied from 0.2 feet (in boring R) to 3.9 feet (in boring L). Within the Dump Road HFO, bulk 
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metal debris was encountered at depths ranging from 1 foot bgs (in trenches DR-1 and DR-
3) to 10 feet bgs (in boring O). Trace metal debris was encountered at a maximum depth of 
12.7 feet bgs (in boring E). The maximum thickness of the bulk metal debris was 6.5 feet (in 
trench DR-1). 

The Azuar Drive HFO extends approximately 990 feet along the eastern boundary of the 
DRMO Site and roughly parallels Azuar Drive. The width of the HFO was 375 feet at its 
widest just northwest of the former OSB location, and approximately 50 feet at the 
southeastern end. 

Free-phase hydrocarbons within the Azuar Drive HFO were encountered at depths ranging 
from 3.5 feet bgs (in trench AD-1 station 0 to 42.5) to 15 feet bgs (in boring QQ). The 
thickness of the free-phase hydrocarbons varied from 2.5 feet (in boring EEE) to 8 feet (in 
AD-2 stations 50 to 70, 97.5 to 117.5, and 140-162.5). Within the Azuar Drive HFO, bulk 
metal debris was encountered at depths ranging from 0.5 feet bgs (at location Z) to 12 feet 
bgs (in trench T-5). The maximum thickness of the observed bulk metal debris was 8 feet (in 
the OSB excavation).  

Metal debris at some locations was encountered at a shallower depth than the groundwater 
table and free-phase hydrocarbons. In coarse-grained geologic material and debris, HFO 
surrounded the grains of the materials and pieces of debris. In fine-grained geologic 
material, free-phase hydrocarbons were found along fractures, as well as in roots and plant 
structures. Some clays had “blocky” fractures, and the HFO was also observed along these 
fractures.  

6.3 Conceptual Site Model 
A CSM is provided as Figure 11 and depicts a series of items that are relevant to the 
distribution and movement of HFO at the DRMO Site and in the vicinity. These items 
include site history, physical setting, known and potential sources of contamination, and 
potential migration pathways. The overall physical setting discussed in Section 1.4 is 
unchanged and not discussed further in this section. Given the lack of exposure pathway 
migration and receptor exposure indications, as well as the relatively insoluble and viscous 
nature of the product, potential exposure pathways and receptors are not included in the 
CSM. Conclusions relevant to the CSM are discussed in the sections below.  

6.3.1 History 
The DRMO Site is located in the north-central portion of Mare Island and is a trapezoid of 
approximately 8 acres located in the southwest corner of the intersection of Azuar Drive and 
Dump Road. The boundaries of the FSA echo the site boundaries. The FSA is 4.6 acres in 
size and is currently an earthen field covered to varying degrees with grasses and small 
shrubs. The rest of the DRMO Site consists of approximately 3.5 acres of land around the 
perimeter of the FSA. 

The DRMO Site and the vicinity were formerly submerged land offshore of the original 
outline of Mare Island. Filling of these areas began in the early 1900s with the construction 
of dikes, and later filled with dredge spoils. Dredge spoils and possibly other fill were 
placed at the DRMO Site between 1925 and 1930.  
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The current ground surface is generally flat with elevations ranging from approximately 
12 to 14 feet above MSL. Some areas are prone to flooding during periods of heavy 
precipitation. Surface water runoff discharges to storm sewers in the northern corner of the 
site. Remaining structures include Buildings 661 and 679. Figure 11 shows historical 
buildings and utilities. Various railroad tracks, buildings, and other surface features have 
been removed from the site.  

Underground utilities of various types are present, although only storm sewer pipelines are 
shown in the CSM. A series of buried pipelines within the DRMO Site and in the vicinity 
were installed and removed over time.  

Use of the FSA as a scrapyard began in the 1940s. The vicinity was fully developed by the 
late 1940s and early 1950s. Transformers, batteries, metal scrap, pesticides, and other 
materials were stored and managed. Petroleum was managed at the site and paper bailing 
was also was known to occur. Surplus material and scrap from MINS and other military 
facilities was stored and managed at the FSA until mid-1995.  

A series of removal actions have been conducted, including the 2005-2007 CERCLA NTCRA 
for the removal of MEC and soil contaminated by lead, PAHs, and pesticides/PCBs. This 
work involved the removal of buildings, railroad tracks, pavement, other surface features, 
some utilities, and approximately 18,000 cubic yards of surface soil. A contiguous layer 
approximately 18 inches thick was removed and screened for MEC. Excavation depths 
reached 48 inches in some 100-foot-square grids, and continued to 6 feet deep in several 
localized areas. Approximately 15,800 cubic yards of soil were also removed during a 
concurrent NTCRA between 2005 and 2007. Removal was principally conducted in the 
western corner of the DRMO Site and addressed lead-, PCB-, PAH-, and pesticide-
contaminated soil, although some co-located petroleum-contaminated soil was also 
removed. Two smaller removal actions involving the former OSB and Wooden Sump Box 
are discussed in Section 6.3.2.  

6.3.2 Sources 
Historical documents proposed that the perforated piping connected to the OSB (also 
referred to as the oil discharge line) was the probable source of HFO contamination at the 
DRMO Site and in the vicinity on both Navy and LMI properties. This premise was based 
on information available at various stages of previous investigations. The Follow-on 
Investigation provided a significant body of additional information with which to test this 
hypothesis.  

Evaluation of visual observations, geophysical data, and forensic chemistry data indicates 
that the existing OSB source hypothesis is incorrect. Findings indicate that the former OSB 
was a source of HFO contamination on the Navy side of Azuar Drive. Findings also show 
that the OSB was not a source of the HFO found along Dump Road. The OSB was found not 
to be the origin of HFO found at one location (PP) on the LMI side of Azuar Drive, about 
240 feet southwest of the OSB. Findings were inconclusive as to the former OSB being the 
origin of HFO found at a point (RR) about 70 feet more distant to the southwest. HFO 
product types found at a still more distant location (VV) to the southwest were similar to 
those found near the OSB; however, observations of record do not show a clear preferential 
pathway to this point.  
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Lines of evaluation leading to the above conclusions are discussed in the paragraphs below 
with updated source hypotheses. Lateral extent findings, forensic chemistry findings, and 
evaluations of possible preferential migration pathways in the form of layers of scrap metal 
debris are relevant to the discussion of HFO migration. The lateral extent of HFO is shown 
on Figure 12. It should be noted that the future designation of removal areas may be 
different when factors such as fine-grained soil fractures, vegetative structures, and 
incidental occurrences are considered.  

Figure 13 shows summary forensic chemistry findings, geophysical survey information, and 
investigation trench locations. Forensic chemistry findings speak to the similarity or 
dissimilarity of HFO products found at individual points. Geophysical survey information 
is used to determine possible locations of contiguous layers of scrap metal debris. 
Observations in trenches are used to determine the confirmed presence or absence of scrap 
metal debris. Table 12 lists observations of scrap metal relevant to the evaluation of 
preferential migration pathways along specific directions to points of interest. These 
directions are from the former OSB to the FSA, and from the former OSB to sampling 
locations PP, RR, and VV along the LMI side of Azuar Drive. 

The former OSB was not the source of HFO found along Dump Road according to the 
information obtained during the Follow-on Investigation. The two areas are separate, as 
established in Section 6.2. Preferential migration pathways between the Azuar Drive and 
Dump Road HFO are not present, as discussed below and in Section 6.3.5. Finally, the 
forensic chemistry conclusions presented in Section 6.2 show that the HFO product found in 
each area is unrelated. Given that HFO along Dump Road and Azuar Drive is physically 
separate, unconnected, and chemically distinct, it follows that sources for contamination in 
these areas must be separate. 

Although the Dump Road HFO coincides to some extent with the footprint of the former 
railroad tracks along the south side of Dump Road, this configuration is likely an artifact of 
previous remedial actions in the northwestern part of the DRMO Site which removed HFO 
contaminants along with other COPCs. Without source and pathway information to 
evaluate, the forensic chemistry findings discussed in Section 5.3.1 do not lead to a 
conclusive source hypothesis. The forensic chemistry findings show that multiple groups of 
HFO source products are present and some are more weathered than others. These findings 
are consistent with intermittent and discrete releases of various products. There is no 
evidence to suggest that HFO from a Navy source has migrated to the LMI locations on the 
north side of Dump Road or vice-versa. Given this, the most probable remaining hypotheses 
for the source of contamination in the Dump Road area are intermittent and isolated 
disposal and releases, or backfill with undocumented contaminated materials such as mixed 
HFO and scrap metal that were placed within localized areas. Observations of HFO in 
subsurface vegetative structures along Dump Road support the hypothesis that HFO may 
have been land-disposed of in vegetated areas and then covered with soil. In trench FSA-3, 
for example, HFO was observed only in reed-type vegetative material at a depth of 4.5 to 
5 feet bgs. 

The former OSB appears to be the source of contamination in the FSA. Preferential 
migration pathways in the form of scrap metal debris are present in locations near the 
former OSB at depths coincident with HFO. The presence of scrap metal decreases in more 
distant westerly trenches. Scrap metal and HFO were not found at a still more distant trench 
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outside the western lateral extent of the Azuar Drive HFO. Follow-on Investigation findings 
leading to the conclusion that the former OSB was the principal source for HFO 
contamination in the FSA are listed below. 

• Trench AD-1 sections showed coincident scrap metal and HFO at intervals within the 
depths of 3.5 to 7 feet bgs. Trench AD-1 is located immediately northwest of the former 
OSB. 

• Trench FSA-1 sections showed decreased amounts of scrap metal at 4.5 feet bgs 
coincident with HFO observed at depths of 2 to 9 feet bgs. Trench FSA-1 is located 
approximately 100 feet northwest of the former OSB. 

• Trench FSA-2 showed neither HFO nor scrap metal. Trench FSA-2 is located to the west 
of trench FSA 1, outside the lateral extent of HFO. 

Forensic chemistry and preferential migration pathway findings indicate that the OSB 
formerly located on Navy property was not the source of contamination at forensic 
chemistry sample location PP. Location PP is approximately 240 feet southeast of the former 
OSB and is offset about 90 feet northeast of Azuar Drive. The findings leading to this 
conclusion are listed below.  

• The product at location PP is not related to the product found on the DRMO Site side of 
Azuar Drive. Stable Isotope Ratio crossplots show the dissimilarity of this sample 
compared to the DRMO Site Azuar Drive samples.  

• Scrap metal was not found at trench T-4 excavated near this point by LMI. Scrap metal 
was found to be commonly associated with both the presence and the migration of HFO 
along both Azuar Drive and Dump Road. 

• Scrap metal was found coincident with HFO at trench AD-5 crossing Azuar Drive, but it 
was not found in trenches AD-9 and T-3. These trenches are located between the former 
OSB and sample location PP. Trenches T-8, T-9, and UU are located to the east of sample 
location PP, are outside the lateral extent of HFO, and did not contain scrap metal. There 
does not appear to be a contiguous or dispersed preferential migration pathway linking 
the former OSB to soil at sample location PP. 

Forensic chemistry and preferential migration pathway findings are inconclusive that the 
OSB formerly located on Navy property was the source of contamination at forensic 
chemistry sample location RR. Location RR is approximately 310 feet southeast of the 
former OSB and is offset about 70 feet northeast of Azuar Drive. No confirmed contiguous 
migration pathway was apparent leading from the former OSB to this point. Isolated pieces 
of scrap metal were observed near the sample location and were coincident with HFO. The 
findings related to the origin of HFO at this location are listed below.  

• The chemical signatures of product at location RR suggest it may be different from the 
product on the Navy side of Azuar Drive, but this finding is inconclusive as the 
magnitude of the apparent difference is relatively low.  

• The occurrence of scrap metal decreases to the southeast of the former OSB to forensic 
chemistry sample location RR along the 160 feet of stationing in trench AD-2 sections. 
Scrap metal was found coincident with HFO at trench AD-5 crossing Azuar Drive. 
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Trench AD-5 is perpendicular to trench AD-2, and one end is located near the midpoint 
of the trench AD-2 sections. Neither HFO nor scrap metal were observed at trench 
OSBG03, which is located immediately across Azuar Drive from forensic chemistry 
sample location RR.  

• Scrap metal (one piece of thin twisted metal at the base of the excavation) was found at 
trench T-5 excavated near this point by LMI. Scrap metal was found to be commonly 
associated with both the presence and the presumed migration of HFO along both 
Azuar Drive and Dump Road, and was partially coincident with HFO. The appearance 
of a single piece of scrap metal is not consistent with the contiguous layers and intervals 
observed to be coincident with HFO in the Dump Road and Azuar Drive areas.  

Findings indicate contrasting conclusions as to the origin of HFO at forensic chemistry 
sample location VV, but the lack of a migration pathway supports the hypothesis that the 
OSB was not the source of HFO at location VV. This point is located about 410 feet southeast 
of the OSB and is offset about 55 feet from Azuar Drive. Forensic chemistry findings 
indicate that the HFO product types at location VV are similar to those found on the Navy 
side of Azuar Drive nearer the former OSB. No confirmed indications of a contiguous scrap 
metal or other preferential pathway along the Navy side of Azuar Drive were found. These 
findings are consistent with the hypothesis that the same type of HFO product was released 
at the two locations separately because the petroleum product is similar, but no preferential 
migration pathway was found. The findings leading to this conclusion are listed below.  

• The chemical signatures of product at sample location VV suggest that it is from 
petroleum products similar to those found on the Navy side of Azuar Drive.  

• Scrap metal pathway evaluations from the former OSB in the direction of sample 
location VV are noted in the discussions of sample locations VV and RR above. No 
indications of a preferential migration pathway beyond location RR and location VV 
were found. 

• Scrap metal (trace amounts with isolated pieces) was found at trench T-7 excavated near 
this point by LMI. Scrap metal was found to be commonly associated with both the 
presence and the presumed migration of HFO along both Azuar Drive and Dump Road, 
and was partially coincident with HFO.  

Information from the Follow-on Investigation discussed in this TM changes the source 
hypothesis for HFO contamination at the DRMO Site and in the vicinity. This updated 
hypothesis consists of the items listed below. 

• HFO was placed in the OSB-contaminated subsurface soil in the FSA, but there is no link 
between the HFO from the former OSB to contaminated subsurface soil in areas along 
Dump Road and to the southeast along the LMI side of Azuar Drive. Given this, the 
most probable remaining hypothesis for the source of contamination in the Dump Road 
area is intermittent and isolated disposal and releases, or undocumented HFO-
contaminated backfill that was placed within the EETP itself. 

• Disposal, backfill, and releases involving HFO and many types of debris have occurred 
at various locations throughout the DRMO Site and vicinity over time. The presumption 
that the former OSB or other contamination on the Navy side of Azuar Drive and Dump 
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Road was the source of contamination in the EETP was contradicted by forensic 
chemistry findings and preferential migration pathway observations.  

• The hypothesis that HFO from localized disposal, releases, or backfill with contaminated 
materials in the IR16-B4/Building 455 Area east of Azuar Drive and in other EETP areas 
is not contradicted by the findings and conclusions of the Follow-on Investigation. 
Releases may have been related to the railroad tracks formerly located in the area; to 
possible above-ground tanks shown on Cedar Avenue/Azuar Drive in Figure A-4A in 
Appendix A; to activities in the Building 489 area shown in historical aerial photographs 
(Figures A-4B and A-4C); or to incidental disposal in the area as Mare Island was 
expanded from the 1852 limits shown in Figures A-5, A-6, and A-11 to its current 
configuration. Given this, the most probable remaining hypothesis for the source of 
contamination on the LMI side of Azuar Drive is disposal, releases, or undocumented 
HFO-contaminated backfill that was placed within the EETP itself.  

6.3.3 Affected Media 
For the most part, only subsurface soil is contaminated with free-phase hydrocarbons and 
petroleum-related chemicals. A floating layer of HFO is found on top of groundwater in 
some areas. 

6.3.4 Potential Migration Pathways 
Two possible HFO migration pathways were identified for study during the Follow-on 
Investigation. These were contiguous layers of scrap metal debris in subsurface soil, and 
utility corridor backfill. Two additional potential HFO migration pathways were initially 
considered: migration through fractures in clayey/silty soil, and migration through 
vegetative structures (i.e., roots and mats). However, neither of these additional pathways 
was considered significant, and the pathways were removed from further consideration 
because of the limited occurrence of HFO in these features in the absence of an overlying 
HFO-saturated debris or fill layer; the lack of lateral continuity between fractured or 
vegetation horizons; and the relatively small volume of potentially mobile HFO observed in 
these features. 

Void spaces in bulk metal debris appear to have acted as preferential pathways for 
migration of free-phase petroleum hydrocarbons. The dynamic viscosity, or internal 
resistance to flow, of HFO is approximately 5 orders of magnitude greater than that of 
water. High viscosity, lack of driving pressure, and the fine-grained nature of silts and clays 
at depths where HFO has been found indicate low mobility in soil. This supports the 
predominant occurrence of HFO in layers of subsurface scrap metal debris, where pore 
spaces are more abundant. 

The highly viscous nature of the HFO currently present in these layers suggests that limited 
migration through soil would have been a result of the factors listed below: 

• Lower viscosity of HFO before cooling to ambient ground temperatures 

• Lower viscosity of HFO before loss or degradation of lighter-fraction hydrocarbons that 
would have made the released product more mobile 

• Hydraulic pressure (e.g., hydraulic head) applied to the material as it was discharged.  
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HFO is unlikely to migrate laterally or vertically given its viscosity, its current state, the lack 
of a continuing source, and the absence of contiguous metal layers beyond those already 
delineated. 

Probable findings of the extent of contiguous, significant layers of scrap metal debris were 
generated for both Dump Road and Azuar Drive and are shown on Figure 13. The Dump 
Road scrap metal layer was identified during the 2008 Geophysical Survey as Anomalies 1 
and 2. The Azuar Drive anomaly is shown in purple as Anomaly 14. A third body has been 
identified at the northwest corner of Azuar Drive and Dump Road as Anomaly 10. 
Information obtained from borings advanced during the 2008 Field Investigation, described 
in Section 5.3.3 and 5.3.4, shows that this body is not contiguous with the Dump Road and 
Azuar Drive scrap metal zones. These same findings show the Dump Road and Azuar Drive 
contiguous scrap metal layers to be separate. 

A candidate metal debris preferential migration pathway across Azuar Drive toward 
forensic chemistry sample locations PP, RR, and VV conflicts with visual observations in the 
area where it is located. A subsurface interpreted vertical magnetic gradient anomaly 
(Anomaly L on Plate 4 in Appendix G, and shown on Figure 13) does cross Azuar Drive at 
Building 679. Subsurface explorations around and within the boundaries of the anomaly 
(trench AD-2 station 140 to 162.5, and trench AD-9) found only woody debris rather than 
metal. The probable source of this anomaly was identified as “railroad tracks, utilities, and 
possible buried debris.” The presence of wood debris in this trench is inconclusive in 
evaluating its role as a preferential migration pathway. 

Utility corridor backfill does not appear to be a conduit for HFO migration based on direct 
visual observation. The majority of the utility corridor backfill is fine-grained material. 
Although small amounts of free product were observed in localized areas along utility 
backfill as described in Section 5.3.5, the areas were not laterally contiguous and were 
typically above the intervals in which the HFO occurred. Based on these observations, the 
utility corridor backfill did not act as a significant migration pathway for free-phase 
petroleum hydrocarbons and is not expected to act as a pathway for future migration of 
HFO.  

HFO has been observed in utility vaults along the northern portion of Azuar Drive and 
within the former CTA. With the exception of sample BB, these appear to be the result of 
localized seeps into vaults from surrounding soil, and are not the result of migration along 
preferential pathways. Sample BB was collected from a sanitary sewer manhole. No 
evidence was found of significant mobility of HFO through utilities themselves other than 
the sanitary sewer. 

Finally, based on the historical information and current conditions at the site observed 
during the Follow-on Investigation, it is highly unlikely that the HFO found at the DRMO 
Site and in the vicinity is moving through known migration pathways to exposure 
pathways leading to human and ecological receptors. 

6.4 Summary 
The nature, extent, and mobility of free-phase petroleum hydrocarbons at the DRMO Site 
and in the vicinity have been determined in this TM. Findings indicate that the former OSB 
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was a source of HFO contamination on the Navy side of Azuar Drive. The former OSB was 
not found to be the origin of HFO at two locations on the LMI side of Azuar Drive southeast 
of the OSB. Findings were inconclusive as to the former OSB being the origin of HFO found 
at third point to the southeast. HFO was not found to be mobilizing through exposure 
pathways to known human or ecological receptors. HFO is unlikely to migrate laterally or 
vertically given its viscosity, its current state, the lack of a continuing source, and the 
absence of contiguous metal layers beyond those already delineated. 

The results of an historical human health risk assessment conducted for the DRMO Site 
showed that TPH-motor oil and TPH-diesel do not contribute significantly to the total 
estimated cancer risk or hazard index for the site. The findings of an historical ecological 
risk assessment were that the DRMO Site is paved, covered with gravel, and contains 
buildings, and therefore does not provide habitat for ecological receptors. As this area is 
designated for future commercial use per the Mare Island Final Reuse Plan, the DRMO Site 
will not provide such habitat in the future.  

As part of the preparation of this Final TM, a Draft Final version of the document was 
submitted to stakeholders for review in March 2009. The stakeholders’ review comments 
and the Navy’s responses to those comments are included in this Final TM as Appendix K. 
Where applicable, changes resulting from the comments and responses have been 
incorporated into this Final TM. 

The information presented in this TM will be used to develop a Petroleum Corrective Action 
Program for a removal action. The Navy will continue to work cooperatively and 
concurrently with LMI as the corrective action process moves forward. Current plans call 
for a petroleum removal action on the Navy DRMO Site later in 2009. 
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NOTE:
a = FREE PRODUCT SAMPLE COLLECTED FROM MANHOLE

Data Collection Categories Number of Locations Number of Forensic Samples
1 Forensic Analysis 22 19
2 Vertical Extent 30 0
3 Lateral Extent 32 1
4 Confirm Non-Impact Areas 5 0
5 Potential Pathways 17 0



FIGURE 7
SECTION AT FORMER OIL SUMP BOX
PARALLEL TO AZUAR DRIVE
TPH TECHNICAL MEMORANDUM
DRMO SITE AND VICINITY
MARE ISLAND, CALIFORNIA

ES012009001RDD_11 (2/3/09)

METAL DEBRIS AND
FREE PRODUCT



R

R

R

R

R

R

R

R

R

R
R

R

R

R

R

R

R

R

R

R

!"

")

")

")

")

")

")

")
")

")

")

")

")

")

")

")

)

)

)

)

))

)

)

)
)

)

)

)

)

)

)

)

)

)

)

*

*

*

*

D

C

G

K

QEQT

L

O
WWW

R

BB

Y

W

GG

MM

NN

RR

VV

PP

DDD2

FENCED SCRAPYARD AREA

DRMO SITE

A ST

ACCESS RD

WALNUT 

AVE

ACCESS RD

AZUAR DR

DUMP RD

69
1

275 637

679

661

523

559

489

409

455 669

535

837

475835

675

803

965

961

81
1

831

531

535
535

535

IA H2

IA H2

IA B

IA B

H1

N

OO

ZZ

J

LEGEND
* INSUFFICIENT SAMPLE VOLUME AVAILABLE
) UTILITY VAULT FORENSIC SAMPLE

")
FORENSIC TRENCH SAMPLE - DIFFERENT PRODUCT 
CHEMISTRY FROM ALL OTHER SAMPLES

") NAVY-SIDE DUMP ROAD PRODUCT CHEMISTRY
") NAVY-SIDE AZUAR DRIVE PRODUCT CHEMISTRY

")
INCONCLUSIVE NAVY-SIDE AZUAR DRIVE 
PRODUCT CHEMISTRY

") NOT NAVY-SIDE DUMP ROAD PRODUCT CHEMISTRY

")
NOT NAVY-SIDE AZUAR DRIVE 
PRODUCT CHEMISTRY

!" FORMER OIL SUMP BOX
P SEWER CLEANOUT
R SEWER MANHOLE

FORMER PERFORATED PIPE
UNDERGROUND ELECTRICAL UTILITY
INDUSTRIAL WASTEWATER PIPELINE (IR14)
BACKBONE SEWER PIPELINE
SEWER SERVICE LINE
GAS PIPELINE
OTHER WATER PIPELINE
ABANDONED DREDGE PIPELINE
EXISTING DREDGE PIPELINE
EXISTING FRESHWATER PIPELINE
ABANDONED OR DEAD FRESHWATER PIPELINE
SALTWATER PIPELINE
STORMWATER BACKBONE
STORMWATER SERVICE LINE
INVESTIGATION AREA
EASTERN EARLY TRANSFER PARCEL BOUNDARY
FENCED SCRAPYARD AREA (FSA)
DEFENSE REUTILIZATION 
AND MARKETING OFFICE (DRMO) SITE

  \\LOKI\PROJECTS\RDDGIS\MARE_ISLAND\MXDS\NAVY\TPH_TECHMEMO\FINAL_TECHMEMO\FIG8_2008_FORENSICSAMPLE-TRENCH_LOC.MXD  TMCBROOM 2/5/2009 08:20:21

³0 160
Feet

MARE ISLAND VICINITY MAP

VALLEJO

DRMO
SITE

C3

D1

D1

B

C2

C1

A3

C3D2  

 

H2
MARE ISLAND STRAITSAN PABLO BAY

FIGURE 82008 CHEMICAL FORENSIC 
SAMPLE LOCATIONS
AND SUMMARY FINDINGS
TPH TECHNICAL MEMORANDUMDRMO SITE AND VICINITYMARE ISLAND, CALIFORNIA
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FREE-PHASE PETROLEUM HYDROCARBONS

PREVIOUSLY INVESTIGATED AND REMOVED

DRMO SITE

FENCED SCRAPYARD AREA
D1,2,3

C1,2

B3

A3

H3

M3

E2,3
F2,3

G1

K1

J1,2

I3 N1

S3

QE1a QT1a
P5

L1,2

O1
WWW1 R1,2

T2

BB1a

Y1a
X5

V5

W1a

AA5

CC5

DD3

EE2,3

GG1
II5

FF5

JJ2

KK5

MM1,2

NN1,2,3

QQ2,3

SS5 West
SS5 East

TT2,3

ZZ1,2
ZZ5

YY3

UU3

RR1
VV1,2

PP1,2

OO1

LL5

DDD2,3
EEE2,3

EEE5

FFF3

CCC2,3

BBB2,3

AAA3,4

RRR2,3

VVV4

UUU5

TTT2,3
SSS4

NNN4

PPP5
KKK5

JJJ2,3

III2,3

GGG2,3

U4

LLL2,3

QQQ2,3

OOO2,3

MMM2,3

Z5

WALNUT AVE

ACCESS RD

ACCESS RD

AZUAR DR

DUMP RD
831

535

53
5

535

53
1

679

961

965 275

637

523

661

69
1

835

475

837

535

669

455

409

489

559

WESTON V-TRENCH

TRENCH DDD-2

TRENCH T-2

TRENCH T-4

TRENCH T-5

TRENCH T-7

TRENCH T-1

TRENCH T-9

TRENCH T-3

TRENCH T-8

TRENCH A TRENCH H

TRENCH GGG

TRENCH JJJ

TRENCH EE

TRENCH RRR

TRENCH UU

TRENCH DDD-1

TRENCH SSL-1

TRENCH SSL-2
TRENCH SSL-3

TRENCH SSL-4

TRENCH DR-1

TRENCH DR-2

TRENCH DR-3

TRENCH FSA-3

TRENCH FSA-2

TRENCH FSA-1

TRENCH AD-1
TRENCH AD-6

TRENCH AD-3

TRENCH AD-4
TRENCH AD-8 TRENCH AD-7

TRENCH AD-5
TRENCH AD-9

TRENCH AD-2

INVESTIGATION AREA H1

IR01GB077

Test Pit - 1050

Test Pit - 350

Test Pit - 250

Test Pit - 150

Test Pit - 50

WESTON 2004 DUMP ROAD TEST PIT
Test Pit - 950

Test Pit - 850

Test Pit - 750

Test Pit - 650
Test Pit - 550

Test Pit - 450

OSBGB01

OSBGB11

OSBGB12

OSBTR17

OSBTR16

OSBTR15

OSBTR14
OSBTR13

OSBGB10

OSBGB09

OSBGB03

OSBGB02

LEGEND
#0

2007 BORING LOCATION 
FREE PRODUCT DETECTED

#7
2007 BORING LOCATION 
NO FREE PRODUCT DETECTED

.
2008 BORING LOCATION
NO FREE PRODUCT DETECTED

? 2005-2006 OSB INVESTIGATION LOCATION
! PETROLEUM STAINING OR ODOR NOTED IN BORING

!
OBSERVATIONS OF SEPARATE-PHASE 
HYDROCARBONS

"
OBSERVATIONS OF SEPARATE PHASE 
HYDROCARBONS (SAMPLE DATA 
UNKNOWN/SAMPLE DEPTH UNKNOWN)

!(! 2002 WATER LINE REPAIR EXCAVATION
!" FORMER OIL SUMP BOX
!(# FORMER WOODEN SUMP BOX
P SEWER CLEANOUT
R SEWER MANHOLE

PICKLEWEED (BASED ON JUNE 2009 
INFORMATION PROVIDED BY WESTON SOLUTIONS)
UNDERGROUND ELECTRICAL UTILITY
INDUSTRIAL WASTEWATER PIPELINE (IR14)
BACKBONE SEWER PIPELINE
SEWER SERVICE LINE
GAS PIPELINE
OTHER WATER PIPELINE
ABANDONED DREDGE PIPELINE
EXISTING DREDGE PIPELINE
EXISTING FRESHWATER PIPELINE
ABANDONED OR DEAD FRESHWATER PIPELINE
SALTWATER PIPELINE
STORMWATER BACKBONE
STORMWATER SERVICE LINE
FORMER PERFORATED PIPE
2008 INVESTIGATION TRENCH 
(NO FREE PRODUCT OBSERVED)
2007 INVESTIGATION TRENCH 
(NO FREE PRODUCT OBSERVED)
2006-2007 TRENCH LOCATION 
(NO FREE PRODUCT OBSERVED)
2006-2008 FREE PRODUCT OBSERVED IN TRENCH
EASTERN EARLY TRANSFER PARCEL BOUNDARY
STRUCTURE
ROAD
NON-TIDAL WETLAND (BASED ON JUNE 2009 
INFORMATION PROVIDED BY WESTON SOLUTIONS)
FENCED SCRAPYARD AREA (FSA)
DEFENSE REUTILIZATION AND 
MARKETING OFFICE (DRMO) SITE
AZUAR DRIVE FREE-PHASE AND 
SOIL FRACTURE/VEGETATION-BOUND 
HYDROCARBONS
DUMP ROAD FREE-PHASE AND 
SOIL FRACTURE/VEGETATION-BOUND 
HYDROCARBONS
2005-2007 WESTON DRMO NON-TIME-CRITICAL 
REMOVAL ACTION BOUNDARY
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FIGURE 12APPROXIMATE LATERAL EXTENT 
OF NAVY/LMI FREE-PHASE 
PETROLEUM HYDROCARBONS
TPH TECHNICAL MEMORANDUMDRMO SITE AND VICINITYMARE ISLAND, CALIFORNIA

NOTES:
1.  a = FREE PRODUCT SAMPLE COLLECTED FROM MANHOLE.
2.  LATER DESIGNATION OF REMOVAL AREAS MAY BE DIFFERENT WHEN FACTORS SUCH AS FINE-GRAINED SOIL FRACTURES, VEGETATIVE STRUCTURES, AND INCIDENTAL OCCURRENCES ARE CONSIDERED.
3.  BASED ON FIELD OBSERVATIONS, THE FREE-PHASE HYDROCARBONS OBSERVED AT TRENCHES DDD-1 AND DDD-2 WERE A LIGHTER FUEL OIL THAN THE HEAVIER FUEL OIL OBSERVED AT THE SURROUNDING BORING AND 
    TRENCH LOCATIONS.  THE PRESENCE OF THE LIGHTER FUEL OIL WAS CONFIRMED BY FORENSIC ANALYSIS OF A SAMPLE COLLECTED AT DDD-2.  THEREFORE, TRENCH LOCATIONS DDD-1 AND DDD-2 ARE NOT INCLUDED WITHIN THE "AZUAR DRIVE 
     FREE-PHASE AND SOIL FRACTURE/VEGETATION-BOUND HYDROCARBONS" BOUNDARY.
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559
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IA B

TRENCH CTAMW0102/103

TRENCH CTAMW0108/109

TRENCH CTAMW0106/107

TRENCH CTAMW0100/101

TRENCH CTAMW0104/105

ACCESS RD

WALNUT AVE

A ST

PINTADO S

AZUAR DR DUMP RD

TRENCH T-7

TRENCH T-1

TRENCH T-9

TRENCH T-3
TRENCH T-8

TRENCH GGG
TRENCH JJJ

TRENCH EE

TRENCH RRR

TRENCH UU

TRENCH A

TRENCH H

TRENCH T-2

TRENCH T-4

TRENCH T-5

10

14

L

2 1

FORMER WOODEN SUMP BOX

TRENCH SSL-4

TRENCH SSL-4

TRENCH SSL-2

TRENCH SSL-3

TRENCH AD-2
TRENCH AD-2

TRENCH AD-3

TRENCH AD-2

TRENCH AD-9
TRENCH AD-5

TRENCH AD-2

TRENCH AD-7TRENCH AD-8
TRENCH AD-4

TRENCH AD-6

TRENCH AD-1

TRENCH FSA-1
TRENCH FSA-1

TRENCH FSA-1

TRENCH FSA-2

TRENCH AD-3

TRENCH FSA-3

TRENCH DR-3
TRENCH DR-2

TRENCH DR-1

TRENCH SSL-4

TRENCH SSL-4

TRENCH SSL-4

TRENCH SSL-1

TRENCH
CTAMW0100/101

TRENCH CTAMW0106/107

LEGEND
!" FORMER OIL SUMP BOX
") 2005-2006 OSB INVESTIGATION TRENCH
) UTILITY VAULT FORENSIC SAMPLE
") NAVY-SIDE DUMP ROAD PRODUCT CHEMISTRY
") NAVY-SIDE AZUAR DRIVE PRODUCT CHEMISTRY

")
INCONCLUSIVE NAVY-SIDE AZUAR DRIVE 
PRODUCT CHEMISTRY

") NOT NAVY-SIDE DUMP ROAD PRODUCT CHEMISTRY

")
NOT NAVY-SIDE AZUAR DRIVE 
PRODUCT CHEMISTRY
FORMER PERFORATED PIPE
INDUSTRIAL WASTEWATER PIPELINE (IR14)
BACKBONE SEWER PIPELINE
SEWER SERVICE LINE
GAS PIPELINE
OTHER WATER PIPELINE
ABANDONED DREDGE PIPELINE
EXISTING DREDGE PIPELINE
EXISTING FRESHWATER PIPELINE
ABANDONED OR DEAD FRESHWATER PIPELINE
SALTWATER PIPELINE
STORMWATER PIPELINE
INVESTIGATION AREA
EASTERN EARLY TRANSFER PARCEL BOUNDARY
FENCED SCRAPYARD AREA (FSA)
DEFENSE REUTILIZATION AND MARKETING 
OFFICE (DRMO) SITE
INVESTIGATION TRENCH WITH TRACE, 
SMALL AMOUNT, OR ISOLATED METAL DEBRIS
2008 INVESTIGATION TRENCH
2007 INVESTIGATION TRENCH
2006 CTA TRENCH LOCATION
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FIGURE 13SUMMARY CHEMICAL FORENSIC 
FINDINGS WITH SELECTED 
GEOPHYSICAL SURVEY RESULTS 
AND TRENCH LOCATIONS
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TABLE 1

Sampling and Analytical Matrix, 2007 Field Investigation

Sample ID
Sampling 

Date

Sampling 
Depth (feet 

bgs)

*TPH-Diesel 
CA DHS DRO 

(8015M)

TPH-Gasoline 
CA DHS GRO 

(8015M)

CLP Volatile 
Organics 

(8260)

**CLP 
SVOCs 
(8270)

CLP 
Semivolatiles 

(PAHs Only) 
OLM4.3

CLP 
Pesticides & 

PCBs (8081 & 
8082)

CLP Metals 
(ILM04.1)

CLP Cyanide 
(ILM04.1)

Dump Road
FTPH-FP-DR-DR1-6.5 11/8/2007 6.5 x x x x -- x -- --
DRMO Site, Fenced Scrapyard Area
FTPH-FP-FSA-1-3 11/14/2007 3 x x x x -- x -- --
Azuar Drive
FTPH-FP-AD-4 11/26/2007 5.5 x x x x -- x -- --
FTPH-TS-AD2-S13.5 12/3/2007 13.5 x x x -- x -- x x
FTPH-TS-AD6-S6.5 12/10/2007 6.5 x x x -- x -- x x
FTPH-TS-AD7-S7 12/10/2007 7 x x x -- x -- x x

Notes:

bgs = below ground surface
CA = California
CLP = Contract Laboratory Program
DHS = Department of Health Services
DRO = diesel-range organics
GRO = gasoline-range organics
PAH = polynuclear aromatic hydrocarbon
PCB = polychlorinated biphenyl
SVOC = semivolatile organic compound
TPH = total petroleum hydrocarbons

*Includes analyses for TPH-diesel and TPH-motor oil.
**PAHs were requested; however, the laboratory provided entire SVOCs.

-- = not analyzed

Page 1 of 1



TABLE 2

Sampling and Analytical Matrix, 2008 Field Investigation

Sample ID
Sampling 

Date

Sampling 
Depth (feet 

bgs)

Forensic 
(ASTM 
D5739)

PAHs 
(8270-SIM)

C&H-
Isotopes 

(IRMS)

*TPH-d 
(EPA 

8015B)

**TPH-g 
(EPA 

8015B)

VOCs 
(EPA 

8260B)

SVOCs 
(EPA 

8270C)
Sanitary Sewer Line Area West of Former Crane Test Area
FTPH-FP-SB-D 10/23/2008 5 to 16 x IASV x -- -- -- --
FTPH-FP-SB-C 11/5/2008 8 to 12 x x x -- -- -- --
Former Crane Test Area
FTPH-FP-SB-N 10/21/2008 3 to 10 IASV x IASV -- -- -- --
FTPH-FP-UT-BB 10/22/2008 NA x x x -- -- -- --
FTPH-FP-UT-Y 10/23/2008 NA x IASV x -- -- -- --
FTPH-FP-UT-W 10/23/2008 NA x IASV x -- -- -- --
FTPH-FP-UT-QE 10/24/2008 NA x IASV x -- -- -- --
FTPH-FP-UT-QT 10/24/2008 NA x IASV x -- -- -- --
Dump Road
FTPH-FP-SB-G 10/21/2008 8 to 9 x IASV x -- -- -- --
FTPH-FP-SB-K 10/22/2008 9 to 10 x IASV x -- -- -- --
FTPH-FP-SB-L 10/22/2008 9 to 13 x x x -- -- -- --
FTPH-FP-SB-WWW 10/22/2008 Unknown x x x -- -- -- --
FTPH-FP-SB-R 10/22/2008 10 x IASV x -- -- -- --
FTPH-FP-SB-O 10/23/2008 10 x x x -- -- -- --
Azuar Drive
FTPH-FP-SB-GG 10/24/2008 9 to 10 x x x -- -- -- --
FTPH-FP-SB-MM 10/24/2008 7 to 13 x IASV x -- -- -- --
FTPH-FP-SB-NN 10/24/2008 9 to 14 x x x -- -- -- --
FP-TR-DDD2 11/13/2008 2.5 x x x -- -- -- --
FTPH-FP-TR-DDD2-S2.5 11/13/2008 2.5 x x x x
East of Azuar Drive
FTPH-FP-SB-PP 10/24/2008 9 to 13 x x x -- -- -- --
FTPH-FP-SB-VV 11/5/2008 8 to 14 x x x -- -- -- --
FTPH-FP-SB-RR 11/12/2008 9 to 15 x x x -- -- -- --

Notes:

ASTM = American Society for Testing and Materials SVOC = semivolatile organic compound
bgs = below ground surface TPH = total petroleum hydrocarbons
C&H = carbon and hydrogen TPH-d = TPH-diesel
CLP = Contract Laboratory Program TPH-g = TPH-gasoline
EPA =  U.S. Environmental Protection Agency VOC = volatile organic compound
IRMS = Isotope Radio Mass Spectrometry
IASV = insufficient available sample volume * Extractable
ME = modified, extractable **Purgeable
NA = not applicable; collected from utility trench 
PAH = polynuclear aromatic hydrocarbon -- = not analyzed

Page 1 of 1



TABLE 3

Date Completed
Trench or 
Boring Location

Station from 
(feet)

Station to 
(feet)

Free Product 
Observed 

Free Product 
Interval

(feet bgs)
Metal Debris 

Observed

Metal Debris 
Interval

(feet bgs)

Maximum 
Depth

(feet bgs)
Former Crane Test Area
11/20/2006 Trench CTAMW0100-101 0 12 No NA No NA 6.5
11/22/2006 Boring CTAMW0101 NA NA No NA No NA 28.0
11/20/2006 Trench CTAMW0102-103 0 7.5 No NA Yes 3.5 to 6.0 6.0
11/22/2006 Boring CTAMW0103 NA NA No NA No NA 32.0
11/20/2006 Trench CTAMW0104-105 0 12.5 Yes 7.0 to 8.0 Yes 3.0 to 8.0 10.0
11/28/2006 Boring CTAMW0105 NA NA No NA No NA 25.0
11/20/2006 Trench CTAMW0106-107 0 8 No NA No NA 5.0
11/22/2006 Boring CTAMW0107 NA NA No NA No NA 24.0
11/20/2006 Trench CTAMW0108-109 0 8 No NA Yes 2.0 to 6.0 6.5
11/22/2006 Boring CTAMW0109 NA NA No NA No NA 40.0
Dump Road
6/19/2006 Trench OSBTR13 0 9 No NA Yes 2.0 to 5.0 7.5
6/19/2006 Trench OSBTR14 0 9 Yes 6.0 to 7.5 Yes 2.0 to 3.0 and 

6.0 to 7.5
8.5

6/19/2006 Trench OSBTR15 0 9 Yes 7.5 to 8.0 Yes 1.0 to 2.0 and 
4.75 to 5.0

7.5

6/19/2006 Trench OSBTR16 0 9 Yes 4.0 to 6.0 Yes 4.0 to 6.0 7.0
6/19/2006 Trench OSBTR17 0 9 Yes 6.5 to 9.0 Yes 1.5 to 1.75 

and 5.5 to 6.0
9.0

Azuar Drive
12/19/2005 Boring OSBGB01 NA NA Yes 10.0 to 13.0 No NA 16.0
12/19/2005 Boring OSBGB02 NA NA No NA No NA 16.0
12/20/2005 Boring OSBGB03 NA NA No NA No NA 9.0
12/20/2005 Boring OSBGB09 NA NA Yes (1) No NA 16.0
12/21/2005 Boring OSBGB10 NA NA Yes (2) No NA 16.0
12/21/2005 Boring OSBGB11 NA NA No NA No NA 16.0
12/21/2005 Boring OSBGB12 NA NA No NA Yes 5.0 to 12.0 16.0
1/20/2006 Trench OSB and Pipe 0 80 Yes 4.0 to 12.0 Yes 4.0 to 12.0 12.0
Notes:
(1) Floating product of undetermined thickness; (2) 5 to 8 and 13 to 16 feet bgs. bgs = below ground surface; NA = not applicable.

Summary of 2005-2006 Free-Phase and Soil Fracture/Vegetation-Bound Hydrocarbon and Metal Occurrences
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TABLE 4

Date Completed
Trench or 
Boring Location

Station from
(feet)

Station to 
(feet)

Free Product 
Observed 

Free Product Interval 
(feet bgs)

Metal Debris 
Observed

Metal Debris Interval
(feet bgs)

Maximum 
Depth

(feet bgs)
Sanitary Sewer Line Area West of Former Crane Test Area
11/5/2007 Trench SSL-1 0 19 Yes 4.0 to 9.0a No NA 10.0
11/6/2007 Trench SSL-2 0 21 Yes 3.0 to 8.5a Yes 3.0 to 8.5b 8.5
11/6/2007 Trench SSL-3 0 17 Yes 3.0 to 8.0a Yes 3.0 to 6.0b 8.0
12/11/2007 Trench SSL-4 0 20 Yes 3.5 to 6.75a Yes 3.0 to 6.75b 6.75
12/11/2007 Trench SSL-4 68 80 Yes 6.0 to 7.5 Yes 4.0 to 7.5 8.0
10/22/2008 Boring I3 NA NA Yes 8.6 to 15.0 No NA 20.0
10/20/2008 Boring J1,2 NA NA Yes 9.5 to 13.0 No NA 20.0
11/4/2008 Boring C1,2 NA NA Yes 8.0 to 12.3 No NA 20.0
10/22/2008 Boring D1,2,3 NA NA Yes 5.0 to 13.5 No NA 20.0
11/4/2008 Boring B3 NA NA Yes 10.0 to 15.0a No NA 15.0
11/4/2008 Boring A3 NA NA Yes 2.0 to 8.5 No NA 10.0
11/4/2008 Boring H3 NA NA No NA No NA 10.0
11/4/2008 Boring M3 NA NA No NA Yes Trace at 0 to 4.5 10.0
11/10/2008 Trench Trench A 0 10 No NA Yes Trace at 3.5 10.0
11/10/2008 Trench Trench H 0 11 No NA No NA 10.0
Former Crane Test Area
12/11/2007 Trench SSL-4 99 110 Yes 6.0 to 9.0a Yes 4.0 to 8.0 9.0
12/12/2007 Trench SSL-4 150 158 Yes 6.5 to 8.5 Yes 4.0 to 8.5 9.0
12/12/2007 Trench SSL-4 205 217.5 No NA Yes 2.0 to 3.5 and 5.5 to 7.5 8.0

10/20/2008 Boring S3 NA NA Yes Trace at 6.9 Yes 4.0 to 6.3 10.0
11/4/2008 Boring P5 NA NA Yes 7.0 to 7.5 No NA 8.0
10/20/2008 Boring N1 NA NA Yes Sheen Yes 2.7 to 9.8 10.0
Dump Road
11/7/2007 Trench DR-1 (Southern) 5 20 Yes 6.0 to 7.5a Yes 1.5 to 7.5b 7.5
11/7/2007 Trench DR-2 (Southern) 0 13 Yes 1.75 to 3.0a Yes 1.75 to 3.0b 7.5
11/8/2007 Trench DR-3 (Southern) 0 15 Yes 1.0 to 7.0a Yes 1.0 to 7.0b 7.0
11/12/2007 Trench DR-1 (Northern) 23 32 Yes 5.0a Yes 1.0 to 5.0b 5.0
11/12/2007 Trench DR-2 (Northern) 18 27.5 Yes 4.5 to 5.5a Yes 1.75 to 5.5b 5.5
11/12/2007 Trench DR-3 (Northern) 17 27 Yes 4.5 to 5.5a Yes 1 to 5.5b 5.5
10/21/2008 Boring E2,3 NA NA Yes Trace at 9.0 and 12.5 to 

13.9
Yes Trace at 12.5 to 12.7 20.0

10/21/2008 Boring F2,3 NA NA Yes 3.5 to 6.5a Yes 3.5 to 6.3 6.5
10/21/2008 Boring G1 NA NA Yes 8.0 to 9.3 Yes Trace at 3.0 to 8.0 and 

8.0 to 9.3
10.0

10/21/2008 Boring K1 NA NA Yes 9.8 to 10a Yes Trace at 2.0 to 9.0 and 
9.0 to 9.4 10.0

Summary of 2007-2008 Free-Phase and Soil Fracture/Vegetation-Bound Hydrocarbon and Metal Occurrences
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TABLE 4

Date Completed
Trench or 
Boring Location

Station from
(feet)

Station to 
(feet)

Free Product 
Observed 

Free Product Interval 
(feet bgs)

Metal Debris 
Observed

Metal Debris Interval
(feet bgs)

Maximum 
Depth

(feet bgs)

Summary of 2007-2008 Free-Phase and Soil Fracture/Vegetation-Bound Hydrocarbon and Metal Occurrences

10/21/2008 Boring L1,2 NA NA Yes 8.6 to 12.5 Yes 8.6 to 8.8 20.0
10/22/2008 Boring O1 NA NA Yes 9.5 to 10.0a Yes 9.5 to 10.0 10.0
10/22/2008 Boring R1,2 NA NA Yes 9.8 to 10.0 No NA 20.0
10/22/2008 Boring T2 NA NA No NA Yes 3.0 to 7.0 20.0
10/22/2008 Boring WWW1 NA NA Yes Unknown Unknown NA 30.0
DRMO Site, Fenced Scrapyard Area
11/15/2007 Excavation Wooden Sump Box 0 10 Yes 5.0 to 6.0a No NA 6.0
11/19/2007 Over-excavation Wooden Sump Box 0 16 Yes 1.0 to 7.0a No NA 7.5
12/6/2007 Trench FSA-1 0 10 Yes 4.5 to 9.0a Yes Trace at 4.5 9.0
12/6/2007 Trench FSA-1 32.5 43.5 Yes 4.0 to 9.5a No NA 9.5
12/6/2007 Trench FSA-1 69.5 80 Yes 2.5 to 9.0a Yes Trace at 4.5 9.0
12/6/2007 Trench FSA-2 0 12.5 No NA No NA 9.0
12/6/2007 Trench FSA-3 0 10 Yes 4.5 to 5.0 No NA 7.5
11/13/2008 Trench Trench JJJ 0 10 No NA No NA 10.0
11/13/2008 Trench Trench GGG 0 10 No NA Yes Isolated at 4.0 to 5.0 10.0
11/13/2008 Trench Trench RRR 0 10 No NA No NA 10.0
11/6/2008 Boring KKK5 NA NA No NA No NA 6.0
11/6/2008 Boring PPP5 NA NA No NA No NA 3.0
11/12/2008 Boring VVV4 NA NA Yes 7.0 to 10.0a No NA 10.0
11/12/2008 Boring SSS4 NA NA Yes 4.6 to 5.0 No NA 10.0
11/12/2008 Boring U4 NA NA No NA No NA 10.0
11/12/2008 Boring NNN4 NA NA No NA No NA 10.0
11/12/2008 Boring LLL2,3 NA NA No NA No NA 20.0
11/12/2008 Boring MMM2,3 NA NA No NA No NA 20.0
11/12/2008 Boring III2,3 NA NA No NA No NA 20.0
11/12/2008 Boring GGG2,3 NA NA No NA No NA 20.0
11/5/2008 Boring RRR2,3 NA NA No NA No NA 20.0
11/5/2008 Boring TTT2,3 NA NA No NA No NA 20.0
11/5/2008 Boring OOO2,3 NA NA No NA No NA 20.0
11/5/2008 Boring QQQ2,3 NA NA Yes Trace at 7.3 No NA 20.0
11/5/2008 Boring JJJ2,3 NA NA No NA No NA 20.0
Azuar Drive
11/15/2007 Trench AD-1 40 55 Yes 4.0 to 5.5a Yes Isolated at 4.0 and 5.5 6.0
11/20/2007 Trench AD-1 0 42.5 Yes 3.5 to 4.0a Yes 3.5 to 4.0b 4.0
11/21/2007 Trench AD-1 (Deeper) 0 15 Yes 5.0 to 8.0a Yes 5.0 to 7.0 8.0
11/28/2007 Trench AD-2 0 22.5 Yes 5.5 to 11.5a Yes 5.5 to 8.0 11.5
11/29/2007 Trench AD-2 50 70 Yes 5.0 to 13.0 Yes 5.0 to 8.0 13.5
12/3/2007 Trench AD-2 97.5 117.5 Yes 5.5 to 13.5 Yes Isolated at 5.5 14.5
12/3/2007 Trench AD-2 140 162.5 Yes 5.0 to 13.0 No NA 13.5
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TABLE 4

Date Completed
Trench or 
Boring Location

Station from
(feet)

Station to 
(feet)

Free Product 
Observed 

Free Product Interval 
(feet bgs)

Metal Debris 
Observed

Metal Debris Interval
(feet bgs)

Maximum 
Depth

(feet bgs)

Summary of 2007-2008 Free-Phase and Soil Fracture/Vegetation-Bound Hydrocarbon and Metal Occurrences

11/28/2007 Trench AD-3 0 25 Yes 5.0 to 10.5a Yes 3.0 to 8.5 10.5
12/4/2007 Trench AD-3 -12.5 0 Yes 5.5 to 9.5a Yes 5.5 to 8.0 9.5
12/4/2007 Trench AD-3 30 45 No NA No NA 10.0
11/26/2007 Trench AD-4 0 20 Yes 5.5 to 11.0a Yes 6.0 to 9.5 11.0
11/26/2007 Trench AD-5 0 22 Yes 4.5 to 9.0a Yes 4.5 to 8.0 9.5
12/10/2007 Trench AD-6 0 12 Yes, trace Trace sheen Yes Trace at 4.0 7.5
12/10/2007 Trench AD-7 0 11 No NA Yes Trace at 6.0 8.5
12/10/2007 Trench AD-8 0 8 Yes, trace Trace sheen No NA 8.0
12/10/2007 Trench AD-9 0 8.5 No NA No NA 7.0
2/29/2008 Trench T-1 0 11.5 No NA No NA 12.0
3/3/2008 Trench T-2 0 9.5 Yes 5.0 to 6.0 sheen on 

water and 10.0 to 11.5 
Yes Small amounts at 5.0 to 

6.0
12.0

3/3/2008 Trench T-3 0 11 Yes 8.0 to 11.5 No NA 12.0
3/4/2008 Trench T-4 0 11 Yes 4.0 to 5.5 and 8.0 to 

12.5a
No NA 12.5

3/7/2008 Trench T-5 0 10 Yes 7.5 to 12.0a Yes Several pieces of metal 
scrap at 11.5 to 12.0

12.0

3/7/2008 Trench T-7 0 10 Yes 3.0 to 12.0a Yes Trace at 2.5 and 5.5 to 
8.0

12.0c

3/11/2008 Trench T-8 0 11 No NA No NA 12.5c

3/12/2008 Trench T-9 0 11 No NA No NA 12.5
10/30/2008 Boring V5 NA NA No NA No NA 3.5
10/30/2008 Boring X5 NA NA No NA Yes 1.0 to 3.8 3.8
10/27/2008 Boring Z5 NA NA No NA Yes 0 to 4.25 4.25
11/4/2008 Boring CC5 NA NA No NA No NA 3.5
10/24/2008 Boring DD3 NA NA No NA No NA 10.0
10/24/2008 Boring EE2,3 NA NA No NA No NA 20.0
10/24/2008 Boring GG1 NA NA Yes 8.5 to 10.0a No NA 10.0
10/24/2008 Boring JJ2 NA NA No NA Yes Trace at 15.0 and 20.0 22.0
10/28/2008 Boring CCC2,3 NA NA No NA No NA 20.0c

10/28/2008 Boring BBB2,3 NA NA No NA No NA 20.0c

10/28/2008 Boring AAA3,4 NA NA No NA No NA 10.0
11/6/2008 Boring KK5 NA NA Yes 4.0a Yes 4.0b 4.0
10/24/2008 Boring MM1,2 NA NA Yes 7.0 to 13.0 No NA 20.0c

10/27/2008 Boring NN1,2,3 NA NA Yes 9.0 to 13.5 No NA 20.0c

10/24/2008 Boring QQ2,3 NA NA Yes 8.0 to 15.0 No NA 20.0c

10/28/2008 Boring SS5 East NA NA Yes Trace sheen No NA 4.0

Page 3 of 4



TABLE 4

Date Completed
Trench or 
Boring Location

Station from
(feet)

Station to 
(feet)

Free Product 
Observed 

Free Product Interval 
(feet bgs)

Metal Debris 
Observed

Metal Debris Interval
(feet bgs)

Maximum 
Depth

(feet bgs)

Summary of 2007-2008 Free-Phase and Soil Fracture/Vegetation-Bound Hydrocarbon and Metal Occurrences

10/28/2008 Boring SS5 West NA NA Yes Sheen at 1.5 No NA 4.25c

10/27/2008 Boring TT2,3 NA NA No NA No NA 20.0c

10/27/2008 Boring ZZ1,2 NA NA No NA No NA 20.0c

10/29/2008 Boring ZZ5 0 4 Yes, trace Sheen No NA 4.4
10/29/2008 Boring EEE5 NA NA No NA No NA 4.25c

11/13/2008 Trench Trench DDD-2 0 10 Yesd 2.3 to 2.5 No NA 10.0c

10/28/2008 Boring DDD2,3 NA NA No NA No NA 20.0c

11/12/2008 Trench Trench DDD-1 0 10 Yesd 4.25 to 5.0 No NA 9.5c

10/28/2008 Boring FFF3 NA NA No NA No NA 10.0
10/27/2008 Boring EEE2,3 NA NA Yes 11.0 to 13.5 No NA 20.0c

East of Azuar Drive
11/11/2008 Trench Trench EE 0 10 No NA Yes 1.5 to 5.0 10.0
11/11/2008 Trench Trench UU 0 10 Yes, trace Sheen No NA 10.0
11/4/2008 Boring LL5 NA NA Yes Trace sheen on water No NA 4.0
11/3/2008 Boring FF5 NA NA No NA Yes 1.25 to 1.75 4.0
11/3/2008 Boring II5 NA NA Yes Sheen at 1.0 to 4.9 Yes 1.0 to 5.0 5.0c

10/30/2008 Boring UUU5 NA NA Yes, trace 6.0 No NA 5.9
10/27/2008 Boring AA5 NA NA No NA No NA 4.5
11/4/2008 Boring VV1,2 NA NA Yes 8.0 to 13.9 No NA 20.0
10/28/2008 Boring YY3 NA NA No NA Yes Trace at 8.1 to 8.7 10.0
10/23/2008 Boring OO1 NA NA Yes 8.0 to 9.7 No NA 17.0
10/23/2008 Boring PP1,2 NA NA Yes 9.4 to 12.5 No NA 20.0
10/23/2008 Boring RR 1 NA NA Yes 9.3 to 14.5 No NA 20.0
10/23/2008 Boring UU3 NA NA Yes 9.3 to 10.0a No NA 10.0

Notes:

bgs = below ground surface
NA = not applicable
a Bottom of free product interval not reached.
b Bottom of metal debris interval not reached.
c Encountered bedrock.
d Based on field observations, the free-phase hydrocarbons observed at trenches DDD-1 and DDD-2 were a lighter fuel oil than the heavier fuel oil observed at the surrounding boring and trench
  locations. The presence of the lighter fuel oil was confirmed by forensic analysis of a sample collected at DDD-2.
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TABLE 5

Summary of Forensic Findings Chemistry Findings During the Follow-on Investigation

Sample ID Difference Finding (those noted as "possible", "typical", or "similar" omitted) Evaluation Method

FP-TR-DDD2
Product at this location appears to be a lighter fuel oil (or a different Bunker fuel formulation) with significantly more 
diesel-range material present. Total Ion Chromatogram Pattern

FP-TR-DDD2 Product at this location does not fall within variability of Azuar Drive DRMO Site samples (SB-G, GG, MM, NN) Total Ion Chromatogram Pattern
FP-TR-DDD2 Product at this location and SB-D, SB-WWW, and UT-BB is clearly dissimilar from the other samples. Carbon Isotope Ratios
FP-TR-DDD2 Product at this location and at SB-PP, also in the Azuar Drive EETP, is not related to DRMO Site product. Stable Istotope Ratio Crossplot
FTPH-FP-UT-BB Product at this location is dissimilar from other samples. Extended PAH Source Ratio Crossplot
FTPH-FP-UT-BB Product at this location and SB-D, SB-WWW, and TR-DDD2 is clearly dissimilar from the other samples. Carbon Isotope Ratios
FTPH-FP-SB-D Product at this location does not fall within variability of Dump Road DRMO Site samples (SB-G, K, L, O, R). GC/MS Ion Chromatogram Biomarker Crossplot
FTPH-FP-SB-D Product at this location and SB-WWW, TR-DDD2, and UT-BB is clearly dissimilar from the other samples. Carbon Isotope Ratios

FTPH-FP-SB-D
Product at this Dump Road North location near the Weston Trench and SB-WWW on the EETP side of Dump Road 
is clearly dissimilar from DRMO Site product. Stable Isotope Ratio Crossplot

FTPH-FP-SB-G Product at this location and SB-R is less weathered than the product at all locations. Total Ion Chromatogram Pattern

FTPH-FP-SB-G
Product at this location and at SB-L appears to be dissimilar from the rest of the Dump Road samples (SB-K, O, R, 
D, C, WWW). GC/MS Ion Chromatogram Biomarker Crossplot

FTPH-FP-SB-L
Product at this location and at SB-G appears to be dissimilar from the rest of the Dump Road samples (SB-K, O, R, 
D, C, WWW). GC/MS Ion Chromatogram Biomarker Crossplot

FTPH-FP-SB-L Product at this location is different from all other samples.
GC/MS Ion Chromatogram Biomarker Crossplot, 
Peaks 1-5 of Sterane Biomarkers

FTPH-FP-SB-PP Product at this location and TR-DDD2 also in the Azuar Drive EETP is not related to DRMO Site product. Stable Istotope Ratio Crossplot
FTPH-FP-SB-R Product at this location and SB-G is less weathered than the product at all locations. Total Ion Chromatogram Pattern
FTPH-FP-SB-WWW Product at this location and SB-D, TR-DDD2, and UT-BB is clearly dissimilar from the other samples. Carbon Isotope Ratios

FTPH-FP-SB-WWW
Product at this location and SB-D North of Dump Road near the Weston Trench is clearly dissimilar from DRMO Site 
product. Stable Istotope Ratio Crossplot

Notes:

EETP = Eastern Early Transfer Parcel
GC/MS = gas chromatography/mass spectometry
PAH = polynuclear aromatic hydrocarbon
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TABLE 6

Analytical Methods and Laboratories that Performed Analyses During the Follow-on Investigation

Analyte Analytical Method Laboratory
Pesticides/PCBs, free product samples (2007) EPA SW 8081/8082 Laucks Testing Laboratories/ PACE, Seattle, WA
Pesticides/PCBs, soil samples (2007) CLP SOW OLM04.3 Laucks Testing Laboratories/ PACE, Seattle, WA
Extended alkylated PNAs, free product samples (2008) EPA SW 8270 Modified, lab-specific Zymax, San Luis Obispo, CA
Full carbon range, free product samples (2008) EPA SW 8270 Modified, lab-specific Zymax, San Luis Obispo, CA
Carbon and hydrogen isotopes, free product samples (2008) Lab-specific Zymax, San Luis Obispo, CA
TPH-Purgeable by GC
TPH-Extractable by GC
Volatile Organics by GC/MS
Semivolatile Organics by GC/MS

EPA 8015B
EPA 8015B
EPA 8260B
EPA 8270C

Curtis & Tompkins, Ltd. / Berkeley, CA

Notes:

SW = EPA SW-846 Methods (Test Methods for Evaluating Solid Waste, Physical/.Chemical Methods, U.S. Environmental Protection Agency [EPA] SW-846,
Third Edition and Updates ).
CLP = SOW OLM04.3- EPA Contract Laboratory Program (CLP) statement of work
EPA =  U.S. Environmental Protection Agency
GC =  gas chromatography
GC/MS = gas chromatography/mass spectometry
PCB = polychlorinated biphenyl
PNA = polynuclear aromatic hydrocarbon
TPH = total petroleum hydrocarbons 
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TABLE 7 

Analytical Results from the 2007 Field Investigation

Sample ID FTPH-FP-DR-DRI-6.5 FTPH-FP-FSA-1-3 FTPH-FP-AD-4 FTPH-TS-AD2-S13.5 FTPH-TS-AD6-S6.5 FTPH-TS-AD7-S7
Sample Type Free Product Free Product Free Product Soil Soil Soil
Sampling Depth (feet bgs) 6.5 3 5.5 13.5 6.5 7
Sampling Date 11/8/2007 11/14/2007 11/26/2007 12/3/2007 12/10/2007 12/10/2007
Pesticides (µg/kg)
alpha-BHC 4.3 U 3.1 U 110 U -- -- --
beta-BHC 4.3 U 3.1 U 110 U -- -- --
delta-BHC 4.3 U 3.1 U 110 U -- -- --
gamma-BHC 4.3 U 3.1 U 110 U -- -- --
Heptachlor 4.3 U 3.1 U 110 U -- -- --
Aldrin 4.3 U 3.1 U 110 U -- -- --
Heptachlor epoxide 4.3 U 3.1 U 110 U -- -- --
Endosulfan I 4.3 U 3.1 U 110 U -- -- --
Dieldrin 9.0 U 6.4 U 230 U -- -- --
4,4' - DDE 9.0 U 6.4 U 230 U -- -- --
Endrin 9.0 U 6.4 U 230 U -- -- --
Endosulfan II 9.0 U 6.4 U 230 U -- -- --
4,4' - DDD 9.0 U 6.4 U 230 U -- -- --
Endosulfan sulfate 9.0 U 6.4 U 230 U -- -- --
4,4' -DDT 9.0 U UJ 6.4 U UJ 230 U -- -- --
Endrin ketone 9.0 U 6.4 U 230 U -- -- --
Endrin aldehyde 9.0 U 6.4 U 230 U -- -- --
alpha-Chlordane 4.3 U 3.1 U 110 U -- -- --
gamma-Chlordane 4.3 U 3.1 U 110 U -- -- --
Methoxychlor 43 U 31 U 1100 U -- -- --
Toxaphene 570 U 400 U 14,000 U -- -- --
Polychlorinated Biphenyls (PCBs) (µg/kg)
Aroclor-1016 57 U 40 U 1,400 U -- -- --
Aroclor-1221 57 U 40 U 1,400 U -- -- --
Arclor-1232 57 U 40 U 1,400 U -- -- --
Arclor-1242 57 U 40 U 1,400 U -- -- --
Aroclor-1248 57 U 40 U 1,400 U -- -- --
Aroclor-1254 57 U 40 U 1,400 U -- -- --
Aroclor 1260 57 U 40 U 1,400 U -- -- --
Aroclor 1262 57 U 40 U 1,400 U -- -- --
Aroclor 1268 57 U 40 U 1,400 U -- -- --
Metals (mg/kg)
Aluminum -- -- -- 21,900 14,800 21,800
Antimony -- -- -- 0.19 U 0.92 UJ 0.94 UJ
Arsenic -- -- -- 7.9 24.3 13.7
Barium -- -- -- 69.6 487 197
Beryllium -- -- -- 0.073 J 0.26 J 0.47 J
Cadmium -- -- -- 0.70 U 0.68 UJ 0.69 UJ
Calcium -- -- -- 4,950 5,610 19,300
Chromium -- -- -- 61.6 43.6J 56.4J
Cobalt -- -- -- 13.9 11.6 19.2
Copper -- -- -- 22.0 402 48.4
Iron -- -- -- 26,800 45,200 39,400
Lead -- -- -- 17.6 1,170 28.8
Magnesium -- -- -- 7050 5250 7680
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TABLE 7 

Analytical Results from the 2007 Field Investigation

Sample ID FTPH-FP-DR-DRI-6.5 FTPH-FP-FSA-1-3 FTPH-FP-AD-4 FTPH-TS-AD2-S13.5 FTPH-TS-AD6-S6.5 FTPH-TS-AD7-S7
Sample Type Free Product Free Product Free Product Soil Soil Soil
Sampling Depth (feet bgs) 6.5 3 5.5 13.5 6.5 7
Sampling Date 11/8/2007 11/14/2007 11/26/2007 12/3/2007 12/10/2007 12/10/2007
Manganese -- -- -- 325 997J 896J
Mercury -- -- -- 0.21 7.5 0.037 J
Nickel -- -- -- 55.6 61.5J 68.2J
Potassium -- -- -- 1,880 1,870 1,440
Selenium -- -- -- 0.80 J 1.2 U 1.3 U
Silver -- -- -- 0.061 U 0.30 UJ 0.30 UJ
Sodium -- -- -- 2,930 422 J 333 J
Thallium -- -- -- 0.35 U 0.34 UJ 0.35 UJ
Vanadium -- -- -- 55.6 52J 71.3J
Zinc -- -- -- 52.1 867 74.4
Volatiles (µg/kg)
Dichlorodifluoromethane 1,800 U UJ 1,200 U 210 U 4.2 U 3.3 U 3.5 U
Chloromethane 1,800 U 1,200 U 210 U 4.2 U 3.3 U 3.5 U
Vinyl Chloride 1,800 U 1,200 U 210 U 4.2 U 3.3 U 3.5 U
Bromomethane 1,800 U 1,200 U 210 U 4.2 U 3.3 U 3.5 U
Chloroethane 1,800 U 1,200 U 210 U 4.2 U 3.3 U 3.5 U
Trichlorofluoromethane 1,800 U 1,200 U 210 U 2.1 J 3.3 U 3.5 U
1,1-Dichloroethene 1,800 U 1,200 U 210 U 4.2 U 3.3 U 3.5 U
1,1,2-Trichloro-1,2,2-trifluoroethane 1,800 U 1,200 U 210 U 4.2 U 3.3 U 3.5 U
Acetone 5,400 JB 9000 U 2,600 J 6000 U 1,100 U 19 13 3.1 J
Carbon disulfide 1,800 U 1,200 U 210 U 4.2 U 3.3 U 3.5 U
Methyl acetate 8,900 U 1,900 J 1,100 U 14 U 11 U 12 U
Methylene chloride 1,800 U 1,200 U 210 U 17 3.3 U 6.0
Methyl tert-butyl ether 1,800 U 1,200 U 210 U 4.2 U 3.3 U 3.5 U
trans-1,2-Dichloroethene 1,800 U 1,200 U 210 U 4.2 U 3.3 U 3.5 U
1,1-Dichloroethane 1,800 U 1,200 U 210 U 4.2 U 3.3 U 3.5 U
cis-1,2-Dichloroethene 1,800 U 1,200 U 210 U 4.2 U 3.3 U 3.5 U
2-Butanone 8,900 U 6,000 U 1,100 U 4.8 J 1.8 J 12 U
Bromochloromethane 1,800 U 1,200 U 210 U 4.2 U 3.3 U 3.5 U
Chlorform 1,800 U 1,200 U 210 U 4.2 U 3.3 U 3.5 U
1,1,1-Trichloroethane 1,800 U 1,200 U 210 U 4.2 U 3.3 U 3.5 U
Cyclohexane 2,200 1,200 U 720 4.2 U 3.3 U 3.5 U
Carbon tetrachloride 1,800 U 1,200 U 210 U 4.2 U 3.3 U 3.5 U
Benzene 1,800 U 1,200 U 210 U 4.2 U 3.3 U 3.5 U
1,2-Dichloroethane 1,800 U 1,200 U 210 U 4.2 U 3.3 U 3.5 U
Trichloroethene 1,800 U 1,200 U 210 U 4.2 U 3.3 U 3.5 U
Methylcyclohexane 8,800 2,500 3,800 4.2 U 3.3 U 3.5 U
1,2-Dichloropropane 1,800 U 1,200 U 210 U 4.2 U 3.3 U 3.5 U
Bromodichloromethane 1,800 U 1,200 U 210 U 4.2 U 3.3 U 3.5 U
cis-1,3-Dichloropropene 1,800 U 1,200 U 210 U 4.2 U 3.3 U 3.5 U
4-Methyl-2-pentanone 8,900 U 6,000 U 1,100 U 14 U 11 U 12 U
Toluene 1,800 U 1,200 U 46 J 4.2 U 3.3 U 3.5 U
trans-1,3-Dichloropropene 1,800 U 1,200 U 210 U 4.2 U 3.3 U 3.5 U
1,1,2-Trichloroethane 1,800 U 1,200 U 210 U 4.2 U 3.3 U 3.5 U
Tetrachloroethene 1,800 U 1,200 U 210 U 4.2 U 3.3 U 3.5 U
2-Hexanone 8,900 U 6,000 U UJ 1,100 U 14 U 11 U 12 U
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TABLE 7 

Analytical Results from the 2007 Field Investigation

Sample ID FTPH-FP-DR-DRI-6.5 FTPH-FP-FSA-1-3 FTPH-FP-AD-4 FTPH-TS-AD2-S13.5 FTPH-TS-AD6-S6.5 FTPH-TS-AD7-S7
Sample Type Free Product Free Product Free Product Soil Soil Soil
Sampling Depth (feet bgs) 6.5 3 5.5 13.5 6.5 7
Sampling Date 11/8/2007 11/14/2007 11/26/2007 12/3/2007 12/10/2007 12/10/2007
Dibromochloromethane 1,800 U 1,200 U 210 U 4.2 U 3.3 U 3.5 U
1,2-Dibromoethane 1,800 U 1,200 U 210 U 4.2 U 3.3 U 3.5 U
Chlorobenzene 1,800 U 270 J 210 U 4.2 U 3.3 U 3.5 U
Ethylbenzene 450 J 1,200 U 240 4.2 U 3.3 U 3.5 U
1,1,1,2-Tetrachloroethane 1,800 U 1,200 U 210 U 4.2 U 3.3 U 3.5 U
m,p-Xylene 390 J 2,400 U 650 8.4 U 6.5 U 6.9 U
o-Xylene 520 J 290 J 650 4.2 U 3.3 U 3.5 U
Styrene 1,800 U 1,200 U 210 U 4.2 U 3.3 U 3.5 U
Bromoform 1,800 U 1,200 U 210 U 4.2 U 3.3 U 3.5 U
Isopropylbenzene 4,600 420 J 710 4.2 U 3.3 U 3.5 U
1,1,2,2-Tetrachloroethane 1,800 U 1,200 U 210 U 4.2 U 3.3 U 3.5 U
1,3-Dichlorobenzene 1,800 U 1,200 U 210 U 4.2 U 3.3 U 3.5 U
1,4-Dichlorobenzene 1,800 U 1,200 U 210 U 4.2 U 3.3 U 3.5 U
1,2-Dichlorobenzene 1,800 U 1,200 U 210 U 4.2 U 3.3 U 3.5 U
1,2-Dibromo-3-chloropropane 1,800 U 1,200 U 210 U 4.2 U 3.3 U 3.5 U
1,2,4-Trichlorobenzene 1,800 U 1,200 U 210 U 4.2 U 3.3 U 3.5 U
1,2,3-Trichlorobenzene 1,800 U 1,200 U 210 U 4.2 U 3.3 U 3.5 U

Polynuclear Aromatic Hydrocarbons (PAHs) (µg/kg)
(Re-analysis) 

12/20/07
(Re-analysis) 

12/20/07
Napthalene -- -- -- 9.6 U 8.6 U 8.6 U 8.6 U 8.6 U
2-Methylnapthalene -- -- -- 9.6 U 8.6 U 3.8 J 3.8 JB 7.4 J
Acenapthylene -- -- -- 9.6 U 8.6 U 8.6 U 8.6 U 8.6 U
Acenaphthene -- -- -- 9.6 U 8.6 U 8.6 U 8.6 U 8.6 U
Fluorene -- -- -- 9.6 U 8.6 U 8.6 U 8.6 U 8.6 U
Phenanthrene -- -- -- 9.6 U 5.8 J 13 7.4 J 8.6 U
Anthracene -- -- -- 9.6 U 8.6 U 8.6 U 8.6 U 8.6 U
Fluoranthene -- -- -- 4.3 J 4.2 J 13 3.8 J 8.6 U
Pyrene -- -- -- 5.4 J 7.4 J 13 4.2 J 8.6 U
Benzo(a) anthracene -- -- -- 9.6 U 3.5 J 5.1 J 8.6 U 8.6 U
Chrysene -- -- -- 9.6 U 3.8 J 10 8.6 U 8.6 U
Benzo (b) fluoranthene -- -- -- 9.6 U 3.5 J 8.0 J 8.6 U 8.6 U
Benzo (k) fluoranthene -- -- -- 9.6 U 8.6 U 8.6 U 8.6 U 8.6 U
Benzo (a) pyrene -- -- -- 5.4 J 8.6 U 8.6 U 8.6 U 8.6 U
Indeno (1,2,3-cd) pyrene -- -- -- 9.6 U 8.6 U 8.6 U 8.6 U 8.6 U
Dibenzo (a,h) anthracene -- -- -- 9.6 U 8.6 U 8.6 U 8.6 U 8.6 U
Benzo (g, h, i) perylene -- -- -- 9.6 U 8.6 U 8.6 U 8.6 U 8.6 U
Semivolatile Organics (µg/kg)
Benzaldehyde 66,000 U 66,000 U 33,000 U -- -- --
Phenol 66,000 U 66,000 U 33,000 U -- -- --
bis (2-Chloroethyl) ether 66,000 U 66,000 U 33,000 U -- -- --
2-Chlorophenol 66,000 U 66,000 U 33,000 U -- -- --
2-Methylphenol 66,000 U 66,000 U 33,000 U -- -- --
bis (2-Chloroisopropyl) ether 66,000 U 66,000 U 33,000 U -- -- --
Bis (2-chloroethoxy) methane 66,000 U 66,000 U 33,000 U -- -- --
Acetophenone 66,000 U 66,000 U 33,000 U -- -- --
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TABLE 7 

Analytical Results from the 2007 Field Investigation

Sample ID FTPH-FP-DR-DRI-6.5 FTPH-FP-FSA-1-3 FTPH-FP-AD-4 FTPH-TS-AD2-S13.5 FTPH-TS-AD6-S6.5 FTPH-TS-AD7-S7
Sample Type Free Product Free Product Free Product Soil Soil Soil
Sampling Depth (feet bgs) 6.5 3 5.5 13.5 6.5 7
Sampling Date 11/8/2007 11/14/2007 11/26/2007 12/3/2007 12/10/2007 12/10/2007
3 & 4-Methylphenol 66,000 U 66,000 U 33,000 U -- -- --
4-Methylphenol -- -- -- -- -- --
N-Nitroso-di-n-propylamine 66,000 U 66,000 U 33,000 U -- -- --
Hexachloroethane 66,000 U 66,000 U 33,000 U -- -- --
Nitrobenzene 66,000 U 66,000 U 33,000 U -- -- --
Isophorone 66,000 U 66,000 U 33,000 U -- -- --
2-Nitrophenol 66,000 U 66,000 U 33,000 U -- -- --
Benzoic acid -- -- -- -- -- --
2,4-Dimethylphenol 66,000 U 66,000 U 33,000 U -- -- --
2-4-Dichlorophenol 66,000 U 66,000 U 33,000 U -- -- --
Napthalene 66,000 U 66,000 U 9,900 J -- -- --
2,6-Dinitrotoluene 66,000 U 66,000 U 33,000 U -- -- --
4-Chloranaline 66,000 U 66,000 U 33,000 U -- -- --
Hexachlorobutadiene 66,000 U 66,000 U 33,000 U -- -- --
Caprolactam 66,000 U 66,000 U 33,000 U -- -- --
4-Chloro-3-methylphenol 66,000 U 66,000 U 33,000 U -- -- --
2-Methylnaphthalene 220,000 49,000 J 170,000 -- -- --
Hexachlorocyclopentadiene 66,000 U R 66,000 U 33000 U -- -- --
2,4,6-Trichlorophenol 66,000 U 66,000 U 33000 U -- -- --
2,4,5-Trichlorophenol 66,000 U 66,000 U 33000 U -- -- --
1,1'-Biphenyl 66,000 U 66,000 U 33,000 U -- -- --
2-Chloronaphthalene 66,000 U 66,000 U 33,000 U -- -- --
2-Nitroaniline 66,000 U 66,000 U 33,000 U -- -- --
Dimethylphthalate 66,000 U 66,000 U 33,000 U -- -- --
Acenaphthylene 66,000 U 66,000 U 33,000 U -- -- --
3-Nitroaniline 66,000 U 66,000 U 33,000 U -- -- --
Acenaphthene 57,000 J 8,900 J 22,000 J -- -- --
2,4-Dinitrophenol 130,000 U 130,000 U 67,000 U -- -- --
4-Nitrophenol 66,000 U 66,000 U 33000 U -- -- --
Dibenzofuran 66,000 U 66,000 U 33,000 U -- -- --
2,4-Dinitrotoluene 66,000 U 66,000 U 33,000 U -- -- --
Diethylphthalate 66,000 U 66,000 U 33,000 U -- -- --
Fluorene 62,000 J 16,000 J 48,000 -- -- --
4-Chlorophenyl-phenylether 66,000 U 66,000 U 33,000 U -- -- --
4-Nitroaniline 66,000 U 66,000 U 33,000 U -- -- --
4,6-Dinitro-2-methylphenol 66,000 U UJ 66,000 U 33,000 U -- -- --
4-Bromophenyl-phenyl ether 66,000 U 66,000 U 33,000 U -- -- --
N-Nitrosodiphenylamine -- -- -- -- -- --
Hexachlorobenzene 66,000 U 66,000 U 33,000 U -- -- --
Atrazine 66,000 U 66,000 U 33,000 U -- -- --
Pentachlorophenol 66,000 U 66,000 U 33,000 U -- -- --
Phenanthrene 280,000 42000 J 120,000 -- -- --
Anthracene 53,000 J 11,000 J 27,000 J -- -- --
Carbazole 66,000 U 66,000 U 33,000 U -- -- --
Di-n-butylphthalate 66,000 U 66,000 U 33,000 U -- -- --
Fluoranthene 120,000 8,100 J 33,000 U -- -- --
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TABLE 7 

Analytical Results from the 2007 Field Investigation

Sample ID FTPH-FP-DR-DRI-6.5 FTPH-FP-FSA-1-3 FTPH-FP-AD-4 FTPH-TS-AD2-S13.5 FTPH-TS-AD6-S6.5 FTPH-TS-AD7-S7
Sample Type Free Product Free Product Free Product Soil Soil Soil
Sampling Depth (feet bgs) 6.5 3 5.5 13.5 6.5 7
Sampling Date 11/8/2007 11/14/2007 11/26/2007 12/3/2007 12/10/2007 12/10/2007
Pyrene 310,000 J/UJ 41,000 J J/UJ 65,000 J/UJ -- -- --
Butylbenzylphthalate 66,000 U J/UJ 66,000 U J/UJ 33,000 U J/UJ -- -- --
3,3'-Dichlorobenzidine 66,000 U J/UJ 66,000 U J/UJ 33,000 U J/UJ -- -- --
Benzo (a) anthracene 62,000 J J/UJ 66,000 U J/UJ 18,000 J J/UJ -- -- --
Bis (2-Ethylhexyl)phthalate 66,000 U J/UJ 66,000 U J/UJ 33,000 U J/UJ -- -- --
Chrysene 79,000 J/UJ 13,000 J J/UJ 30,000 J J/UJ -- -- --
Di-n-octylphthalate 66,000 U J/UJ 66,000 U J/UJ 33,000 U J/UJ -- -- --
Benzo (b) fluoranthene 57,000 J J/UJ 66,000 U J/UJ 33,000 U J/UJ -- -- --
Benzo (k) fluoranthene 23,000 J J/UJ 66,000 U J/UJ 33,000 U -- -- --
Benzo (a) pyrene 53,000 J J/UJ 66,000 U J/UJ 33,000 U J/UJ -- -- --
Indeno (1,2,3-cd) pyrene 22,000 J J/UJ 66,000 U J/UJ 33,000 U J/UJ -- -- --
Dibenzo (a,h) anthracene 66,000 U J/UJ 66,000 U J/UJ 33,000 U J/UJ -- -- --
Benzo (g,h,I) perylene 23,000  J J/UJ 66,000 U J/UJ 5,500 J J/UJ -- -- --
TPH-Gasoline  (mg/kg)
TPH-Gasoline 8,700 720 1,800 7.9 U 6.0 U 6.5 U
TPH-Diesel (mg/kg)
TPH-Diesel 150,000 B 67,000 B 90,000 7.1 U 6.4 U 6.4 U
TPH-Oil 180,000 B 120,000 B 130000 B 29 U 26 U 26 U
Cyanide  (mg/kg)
Cyanide -- -- -- 0.14 J 2.0 U 0.16 J 2.0 U 0.30 J 2.0 U

Notes:

Review Qualifiers:

J = The associated numerical value is an estimate
R = The reported result is rejected and should not be used to any extent
UJ = The analyte was not detected at or above the MDL, and the MDL is an estimate.

bgs = below ground surface
mg/kg = milligrams per kilogram
µg/kg = micrograms per kiiogram
TPH = total petroleum hydrocarbons

-- = not analyzed

The "B" flag is applied without regard to the relative concentrations detected in the blank and sample.
B = When used in relation to organics fractions, the "B" flag indicates that the analyte of interest was detected in the method blank associated with the sample, as well as in the sample itself.
Laboratory Flag Definitions:

Data Validation Flag Definitions:

U = The analyte of interest was not detected to the limit of detection indicated.
J (for Inorganic analyses) = The reported value was obtained from a reading that was less than the Contract Required Detection Limit (CRDL) but greater than or equal to the Instrument Detection Limit (IDL).  If 
J (for organic analyses) = The analyte of interest was detected below the routine reporting limit.  This value should be regarded as an estimate.
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TABLE 8

Analytical Results from the 2008 Field Investigation

Sample ID FTPH-FP-TR-DDD2-S2.5
Sample Type Soil
Sample Depth (feet bgs) 2.5
Sample Date 11/13/2008
Semivolatile Organics by GC/MS (µg/kg)
Phenol ND
bis (2-Chloroethyl) ether ND
2-Chlorophenol ND
2-Methylphenol ND
bis (2-Chloroisopropyl) ether ND
4-Methylphenol ND
N-Nitroso-di-n-propylamine ND
Hexachloroethane ND
Nitrobenzene ND
Isophorone ND
2,4-Dimethylphenol ND
Benzoic Acid ND
2,4-Dichlorophenol ND
4-Chloranaline ND
Hexachlorobutadiene ND
2-Methylnaphthalene ND
1-Methylnapththalene 1,000
Hexachlorocyclopentadiene ND
2,4,6-Trichlorophenol ND
2,4,5-Trichlorophenol ND
2-Chloronaphthalene ND
2-Nitroaniline ND
Dimethylphthalate ND
2,4-Dinitrophenol ND UJ
4-Nitrophenol ND
Dibenzofuran ND
Diethylphthalate ND
N-Nitrosodiphenylamine 2,000 J
Hexachlorobenzene ND
Pentachlorophenol ND
Carbazole ND
Di-n-butylphthalate ND
Butylbenzylphthalate ND
3,3'-Dichlorobenzidine ND
Bis (2-Ethylhexyl)phthalate ND
Di-n-octylphthalate ND

Validation 
Flag
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TABLE 8

Analytical Results from the 2008 Field Investigation

Sample ID FTPH-FP-TR-DDD2-S2.5
Sample Type Soil
Sample Depth (feet bgs) 2.5
Sample Date 11/13/2008

Validation 
Flag

TPH-Gasoline  (mg/kg)
Gasoline C7-C12 0.88 Y
TPH-Diesel  (mg/kg)
Diesel C10-C24 4,800
Motor Oil C24-C36 1,900
Volatile Organics by GC/MS (µg/kg)
Freon 12 ND
Chloromethane ND
Vinyl Chloride ND
Bromomethane ND
Chloroethane ND
Acetone 200 J
Freon 113 ND
1,1-Dichloroethene ND
Methylene Chloride 180 J 1000 U
Carbon Disulfide ND
MTBE ND
trans-1,2-Dichloroethene ND
1,1-Dichloroethane ND
2-Butanone ND
cis-1,2-Dichloroethene ND
Chloroform ND
1,1,1-Trichloroethane ND
Carbon Tetrachloride ND
1,2-Dichloroethane ND
Benzene ND
Trichloroethene ND
1,2-Dichloropropane ND
Bromodichloromethane ND
4-methyl-2-pentanone ND
Toluene 11 J
1,1,2-Trichloroethane ND
Tetrachloroethene ND
Dibromochloromethane ND
1,2-Dibromoethane ND
Chlorobenzene ND
1,1,1,2-Tetrachloroethane ND
Ethylbenzene ND
m,p-Xylenes 14 J
o-Xylene ND
Styrene ND
Bromoform ND
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TABLE 8

Analytical Results from the 2008 Field Investigation

Sample ID FTPH-FP-TR-DDD2-S2.5
Sample Type Soil
Sample Depth (feet bgs) 2.5
Sample Date 11/13/2008

Validation 
Flag

Isopropylbenzene 32 J
1,1,2,2-Tetrachloroethane ND
1,2,3-Trichloropropane ND
Propylbenzene 25 J
Bromobenzene ND
1,3,5-Trimethylbenzene ND
2-Chlorotoluene ND
tert-Butylbenzene 12 J
1,2,4-Trimethylbenzene 19 J
sec-Butylbenzene 230 J
1,3-Dichlorobenzene ND
1,4-Dichlorobenzene ND
n-Butylbenzene 330 J
1,2-Dichlorobenzene ND
1,2-Dibromo-3-Chloropropane ND
1,2,4-Trichlorobenzene ND

Notes:

Review Qualifiers:

       standard.

        unit.

bgs = below ground surface
mg/kg = milligrams per kilogram
µg/kg = micrograms per kiiogram
GC/MS = gas chromatography/mass spectometry
TPH = total petroleum hydrocarbons

Laboratory Flag Definitions:
J = Estimated Value
ND = Not Detected

Data Validation Flag Definitions:

UJ = The analyte was not detected at or above the MDL, and the MDL is an estimate.

U = The analyte was analyzed for, but was not detected above the reported quantitative

Y = Sample exhibits chromatographic pattern which does not resemble
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TABLE 9

Locations of Vertical Extent Observations

Date 
Completed

Trench or 
Boring Location Area

Station 
from (feet)

Station 
to (feet)

Free Product 
Observed 

Free Product Interval
(feet bgs)

Metal Debris 
Observed

Metal Debris Interval 
(feet bgs)

Maximum 
Depth

(feet bgs)
10/28/2008 Boring BBB2,3 FSA NA NA No NA No NA 20.0
11/4/2008 Boring C1,2 SSL West CTA NA NA Yes 8.0 to 12.3 No NA 20.0
10/28/2008 Boring CCC2,3 FSA NA NA No NA No NA 20.0
10/22/2008 Boring D1,2,3 SSL West CTA NA NA Yes 5.0 to 13.5 No NA 20.0b

10/28/2008 Boring DDD2,3 Azuar Drive NA NA No NA No NA 20.0b

10/21/2008 Boring E2,3 Dump Road NA NA Yes Trace at 9.0 and 12.5 to 
13.9

Yes Trace at 12.5 to 12.7 20.0

10/24/2008 Boring EE2,3 Azuar Drive NA NA No NA No NA 20.0
10/27/2008 Boring EEE2,3 Azuar Drive NA NA Yes 11.0 to 13.5 No NA 20.0b

10/21/2008 Boring F2,3 Dump Road NA NA Yes 3.5 to 6.5a Yes 3.5 to 6.3 6.5
11/12/2008 Boring GGG2,3 FSA NA NA No NA No NA 20.0
11/12/2008 Boring III2,3 FSA NA NA No NA No NA 20.0
10/20/2008 Boring J1,2 SSL West CTA NA NA Yes 9.5 to 13.0 No NA 20.0

10/24/2008 Boring JJ2 Azuar Drive NA NA No NA Yes Trace at 15.0 and 
20.0 22.0

11/5/2008 Boring JJJ2,3 FSA NA NA No NA No NA 20.0
10/21/2008 Boring L1,2 Dump Road NA NA Yes 8.6 to 12.5 Yes 8.6 to 8.8 20.0
11/12/2008 Boring LLL2,3 FSA NA NA No NA No NA 20.0
10/24/2008 Boring MM1,2 Azuar Drive NA NA Yes 7.0 to 13.0 No NA 20.0b

11/12/2008 Boring MMM2,3 FSA NA NA No NA No NA 20.0
10/27/2008 Boring NN1,2,3 Azuar Drive NA NA Yes 9.0 to 13.5 No NA 20.0b

11/5/2008 Boring OOO2,3 FSA NA NA No NA No NA 20.0
10/23/2008 Boring PP1,2 Azuar EETP NA NA Yes 9.4 to 12.5 No NA 20.0b

10/24/2008 Boring QQ2,3 Azuar Drive NA NA Yes 8.0 to 15.0 No NA 20.0b

11/5/2008 Boring QQQ2,3 FSA NA NA Yes Trace at 7.3 No NA 20.0
10/22/2008 Boring R1,2 Dump Road NA NA Yes 9.8 to 10.0 No NA 20.0
11/5/2008 Boring RRR2,3 FSA NA NA No NA No NA 20.0
10/22/2008 Boring T2 Dump Road NA NA No NA Yes 3.0 to 7.0 20.0

3/3/2008 Trench T-2 Azuar Drive 0 9.5 Yes
5.0 to 6.0 sheen on water

and 10.0 to 11.5 Yes 5.0 to 6.0 12.0
11/13/2008 Trench Trench DDD-2 Azuar Drive 0 10 Yesc 2.3 to 2.5 No NA 10.0b

10/27/2008 Boring TT2,3 Azuar Drive NA NA No NA No NA 20.0b

11/5/2008 Boring TTT2,3 FSA NA NA No NA No NA 20.0
11/4/2008 Boring VV1,2 Azuar EETP NA NA Yes 8.0 to 13.9 No NA 20.0
10/27/2008 Boring ZZ1,2 Azuar Drive NA NA No NA No NA 20.0b

Notes:

bgs = below ground surface
CTA = Former Crane Test Area
 EETP = Eastern Early Transfer Parcel 
FSA = DRMO Site, Fenced Scrapyard Area  
NA - not applicable
SSL = Sanitary Sewer Line Area
a Bottom of free product interval not reached.
b Encountered bedrock.
c Based on field observations, the free-phase hydrocarbons observed at trench DDD-2 were a lighter fuel oil than the heavier fuel oil observed at the surrounding boring and trench
  locations. The presence of the lighter fuel oil was confirmed by forensic analysis of a sample collected at DDD-2.
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TABLE 10

Locations of Lateral Extent Observations

Date Completed
Trench or 

Boring Location Area
Station from 

(feet)
Station to 

(feet)
Free Product 

Observed 

Free Product 
Interval 

(feet bgs)
Metal Debris 

Observed

Metal Debris 
Interval 

(feet bgs)

Maximum 
Depth

(feet bgs)
11/4/2008 Boring A3 SSL West CTA NA NA Yes 2.0 to 8.5 No NA 10.0
10/28/2008 Boring AAA3,4 FSA NA NA No NA No NA 10.0
11/4/2008 Boring B3 SSL West CTA NA NA Yes 10.0 to 15.0a No NA 15.0
10/28/2008 Boring BBB2,3 FSA NA NA No NA No NA 20.0b

10/28/2008 Boring CCC2,3 FSA NA NA No NA No NA 20.0b

10/22/2008 Boring D1,2,3 SSL West CTA NA NA Yes 5.0 to 13.5 No NA 20.0
10/24/2008 Boring DD3 Azuar Drive NA NA No NA No NA 10.0
10/28/2008 Boring DDD2,3 Azuar Drive NA NA No NA No NA 20.0b

10/21/2008 Boring E2,3 Dump Road NA NA Yes Trace at 9.0 
and 12.5 to 

13.9

Yes Trace at 12.5 
to 12.7

20.0

10/24/2008 Boring EE2,3 Azuar Drive NA NA No NA No NA 20.0
10/27/2008 Boring EEE2,3 Azuar Drive NA NA Yes 11.0 to 13.5 No NA 20.0b

10/21/2008 Boring F2,3 Dump Road NA NA Yes 3.5 to 6.5a Yes 3.5 to 6.3 6.5
10/28/2008 Boring FFF3 Azuar Drive NA NA No NA No NA 10.0
11/12/2008 Boring GGG2,3 FSA NA NA No NA No NA 20.0
11/4/2008 Boring H3 SSL West CTA NA NA No NA No NA 10.0
10/22/2008 Boring I3 SSL West CTA NA NA Yes 8.6 to 15.0 No NA 20.0
11/12/2008 Boring III2,3 FSA NA NA No NA No NA 20.0
11/5/2008 Boring JJJ2,3 FSA NA NA No NA No NA 20.0
11/12/2008 Boring LLL2,3 FSA NA NA No NA No NA 20.0
11/4/2008 Boring M3 SSL West CTA NA NA No NA Yes Trace at 0 to 

4.5
10.0

11/12/2008 Boring MMM2,3 FSA NA NA No NA No NA 20.0
10/27/2008 Boring NN1,2,3 Azuar Drive NA NA Yes 9.0 to 13.5 No NA 20.0b

11/5/2008 Boring OOO2,3 FSA NA NA No NA No NA 20.0
10/24/2008 Boring QQ2,3 Azuar Drive NA NA Yes 8.0 to 15.0 No NA 20.0b

11/5/2008 Boring QQQ2,3 FSA NA NA Yes Trace at 7.3 No NA 20.0
11/5/2008 Boring RRR2,3 FSA NA NA No NA No NA 20.0
10/20/2008 Boring S3 CTA NA NA Yes Trace at 6.9 Yes 4.0 to 6.3 10.0
3/3/2008 Trench T-3 Azuar Drive 0 11 Yes 8.0 to 11.5 Yes Trace at 3.5 12.0
11/10/2008 Trench Trench A SSL West CTA 0 10 No NA No NA 10.0
11/12/2008 Trench Trench DDD-1 Azuar Drive 0 10 Yesc 4.25 to 5.0 No NA 9.5b
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TABLE 10

Locations of Lateral Extent Observations

Date Completed
Trench or 

Boring Location Area
Station from 

(feet)
Station to 

(feet)
Free Product 

Observed 

Free Product 
Interval 

(feet bgs)
Metal Debris 

Observed

Metal Debris 
Interval 

(feet bgs)

Maximum 
Depth

(feet bgs)
11/13/2008 Trench Trench DDD-2 Azuar Drive 0 10 Yesc 2.3 to 2.5 No NA 10.0b

11/11/2008 Trench Trench EE Azuar EETP 0 10 No NA Yes 1.5 to 5.0 10.0
11/13/2008 Trench Trench GGG FSA 0 10 No NA Yes 4.0 to 5.0 10.0
11/10/2008 Trench Trench H SSL West CTA 0 11 No NA No NA 10.0
11/13/2008 Trench Trench JJJ FSA 0 10 No NA No NA 10.0
11/11/2008 Trench Trench UU Azuar EETP 0 10 Yes, trace Sheen No NA 10.0
10/27/2008 Boring TT2,3 Azuar Drive NA NA No NA No NA 20.0b

11/5/2008 Boring TTT2,3 FSA NA NA No NA No NA 20.0
10/23/2008 Boring UU3 Azuar EETP NA NA Yes 9.3 to 10.0a No NA 10.0
10/28/2008 Boring YY3 Azuar EETP NA NA No NA Yes Trace at 8.1 to 

8.7
10.0

Notes:

bgs = below ground surface
CTA = Former Crane Test Area
EETP = Eastern Early Transfer Parcel
FSA = DRMO Site, Fenced Scrapyard Area
NA = not applicable
SSL = Sanitary Sewer Line Area
a Bottom of free product interval not reached.
b Encountered bedrock.
c Based on field observations, the free-phase hydrocarbons observed at trenches DDD-1 and DDD-2 were a lighter fuel oil than the heavier fuel oil observed at the
  surrounding boring and trench locations. The presence of the lighter fuel oil was confirmed by forensic analysis of a sample collected at DDD-2. Therefore, trench
  locations DDD-1 and DDD-2 are not included within the "Azuar Drive Free-Phase and Soil Fracture/Vegetation-Bound Hydrocarbons" boundary shown on Figure 12.
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TABLE 11

Locations of Potential Migration Pathway Observations

Date Completed
Trench or 

Boring Location Area
Station from 

(feet)
Station to 

(feet)
Free Product 

Observed 

Free Product 
Interval 

(feet bgs)
Metal Debris 

Observed

Metal Debris 
Interval 

(feet bgs)

Maximum 
Depth

(feet bgs)
10/27/2008 Boring AA5 Azuar EETP NA NA No NA No NA 4.5
11/4/2008 Boring CC5 Azuar Drive NA NA No NA No NA 3.5
10/29/2008 Boring EEE5 Azuar Drive NA NA No NA No NA 4.25c

11/3/2008 Boring FF5 Azuar EETP NA NA No NA Yes 1.25 to 1.75 4.0
11/3/2008 Boring II5 Azuar EETP NA NA Yes Sheen at 1.0 to 

4.9
Yes 1.0 to 4.9 5.0

11/6/2008 Boring KK5 Azuar Drive NA NA Yes 4.0a Yes 4.0b 4.0
11/6/2008 Boring KKK5 FSA NA NA No NA No NA 6.0
11/4/2008 Boring LL5 Azuar EETP NA NA Yes Trace sheen on 

water
No NA 4.0

11/4/2008 Boring P5 CTA NA NA Yes 7.0 to 7.5 No NA 8.0
11/6/2008 Boring PPP5 FSA NA NA No NA No NA 3.0
10/28/2008 Boring SS5 East Azuar Drive NA NA Yes Trace sheen No NA 4.0
10/28/2008 Boring SS5 West Azuar Drive NA NA Yes Sheen at 1.5 No NA 4.25
3/7/2008 Trench T-5 Azuar Drive 0 10 Yes 7.5 to 12.0 Yes 11.5 to 12.0 12.0
10/30/2008 Boring UUU5 Azuar EETP NA NA Yes, trace 5.9 No NA 5.9
10/30/2008 Boring V5 Azuar Drive NA NA No NA No NA 3.5
10/30/2008 Boring X5 Azuar Drive NA NA No NA Yes 0.5 to 3.8b 3.8
10/27/2008 Boring Z5 Azuar Drive NA NA No NA Yes 0.5 to 4.25b 4.25
10/29/2008 Boring ZZ5 Azuar Drive 0 4 Yes, trace Sheen No NA 4.4

Notes:

bgs = below ground surface
CTA = Former Crane Test Area
EETP = Eastern Early Transfer Parcel
FSA = DRMO Site, Fenced Scrapyard Area
NA = not applicable
a Bottom of free product interval not reached.
b Bottom of metal debris Interval not reached.
c Encountered bedrock.
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TABLE 12

  Grouped by Possible Direct Preferential Migration Pathway and in Order of Increasing Distance from the Former Oil Sump Box

Date 
Completed

Trench or 
Boring Location

Station from
(feet)

Station to 
(feet)

Figure 12 Azuar 
Drive Lateral 

Extent Position

Free 
Product 

Observed 
Free Product Interval 

(feet bgs)
Metal Debris 

Observed
Metal Debris Interval

(feet bgs)

Maximum 
Depth

(feet bgs)
DRMO Site, Fenced Scrapyard Area Observations from OSB and Perforated Pipe and Outwards
1/20/2006 Trench OSB and Pipe 0 80 Inside Yes 4.0 to 12.0 Yes 4.0 to 12.0 12.0

11/15/2007 Trench AD-1 40 55 Inside Yes 4.0 to 5.5a Yes Isolated at 4.0 and 5.5 6.0
11/20/2007 Trench AD-1 0 42.5 Inside Yes 3.5 to 4.0a Yes 3.5 to 4.0b 4.0
11/21/2007 Trench AD-1 (Deeper) 0 15 Inside Yes 5.0 to 8.0a Yes 5.0 to 7.0 8.0
10/24/2008 Boring MM1,2 NA NA Inside Yes 7.0 to 13.0 No NA 20.0c

11/6/2008 Boring KK5 NA NA Inside Yes 4.0a Yes 4.0b 4.0

10/24/2008 Boring JJ2 NA NA Inside No NA Yes Trace at 15.0 and 20.0 22.0
10/30/2008 Boring UUU5 NA NA Inside Yes, trace 5.9 No NA 5.9
10/24/2008 Boring GG1 NA NA Inside Yes 8.5 to 10a No NA 10.0
12/6/2007 Trench FSA-1 0 10 Inside Yes 4.5 to 9.0a Yes Trace at 4.5 9.0
12/6/2007 Trench FSA-1 32.5 43.5 Inside Yes 4.0 to 9.5a No NA 9.5
12/6/2007 Trench FSA-1 69.5 80 Inside Yes 2.5 to 9.0a Yes Trace at 4.5 9.0

11/15/2007 Excavation Wooden Sump Box 0 10 Inside Yes 5.0 to 6.0a No NA 6.0
11/19/2007 Over Excavation Wooden Sump Box 0 16 Inside Yes 1.0 to 7.0a No NA 7.5
11/5/2008 Boring TTT2,3 NA NA Inside No NA No NA 20.0
11/5/2008 Boring QQQ2,3 NA NA Inside Yes Trace at 7.3 No NA 20.0

12/21/2005 Boring OSBGB10 NA NA Inside Yes
Floating product of 

undetermined thickness No NA 16.0
11/11/2008 Trench Trench EE 0 10 Outside No NA Yes 1.5 to 5.0 10.0
10/24/2008 Boring DD3 NA NA Outside No NA No NA 10.0
12/21/2005 Boring OSBGB11 NA NA Outside No NA No NA 16.0
11/12/2008 Boring SSS4 NA NA Inside Yes 4.6 to 5.0 No NA 10.0
11/5/2008 Boring OOO2,3 NA NA Outside No NA No NA 20.0
12/6/2007 Trench FSA-2 0 12.5 Outside No NA No NA 9.0
11/12/2008 Boring LLL2,3 NA NA Outside No NA No NA 20.0
11/12/2008 Boring MMM2,3 NA NA Outside No NA No NA 20.0
11/5/2008 Boring RRR2,3 NA NA Outside No NA No NA 20.0
11/13/2008 Trench Trench RRR 0 10 Outside No NA No NA 10.0

1/20/2006 Trench OSB and Pipe 0 80 Inside Yes 4.0 to 12.0 Yes 4.0 to 12.0 12.0

Summary of Free-Phase and Soil Fracture/Vegetation-Bound Hydrocarbon and Metal Occurrences at the Fenced Scrapyard Area of the DRMO Site and Azuar Drive, 

Westerly Observations within 160 feet of OSB and Perforated Pipe

Westerly Observations within 160 to 320 feet of OSB and Perforated Pipe

Pathway Observations from OSB and Perforated Pipe to LMI Side Forensic Sampling Location PP
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TABLE 12

  Grouped by Possible Direct Preferential Migration Pathway and in Order of Increasing Distance from the Former Oil Sump Box

Date 
Completed

Trench or 
Boring Location

Station from
(feet)

Station to 
(feet)

Figure 12 Azuar 
Drive Lateral 

Extent Position

Free 
Product 

Observed 
Free Product Interval 

(feet bgs)
Metal Debris 

Observed
Metal Debris Interval

(feet bgs)

Maximum 
Depth

(feet bgs)

Summary of Free-Phase and Soil Fracture/Vegetation-Bound Hydrocarbon and Metal Occurrences at the Fenced Scrapyard Area of the DRMO Site and Azuar Drive, 

11/28/2007 Trench AD-2 0 22.5 Inside Yes 5.5 to 11.5a Yes 5.5 to 8.0 11.5
11/29/2007 Trench AD-2 50 70 Inside Yes 5.0 to 13.0 Yes 5.0 to 8.0 13.5
12/3/2007 Trench AD-2 97.5 117.5 Inside Yes 5.5 to 13.5 Yes Isolated at 5.5 14.5
12/3/2007 Trench AD-2 140 162.5 Inside Yes 5.0 to 13.0 No NA 13.5

11/26/2007 Trench AD-4 0 20 Inside Yes 5.5 to 11a Yes 6.0 to 9.5 11.0
11/26/2007 Trench AD-5 0 22 Inside Yes 4.5 to 9.0a Yes 4.5 to 8.0 9.5

12/10/2007 Trench AD-7 0 11 Inside Yes Trace at 6.0 No NA 8.5
12/10/2007 Trench AD-8 0 8 Inside Yes, trace Trace sheen No NA 8.0
12/10/2007 Trench AD-9 0 8.5 Inside No NA No NA 7.0
10/23/2008 Boring OO1 NA NA Inside Yes 8.0 to 9.7 No NA 17.0c

3/3/2008 Trench T-3 0 11 Inside Yes 8.0 to 11.5 No NA 12.0
3/4/2008 Trench T-4 0 11 Inside Yes 4.0 to 5.5 and 8.0 to 12.5 No NA 12.5
10/23/2008 Boring PP1,2 NA NA Inside Yes 9.4 to 12.5 No NA 20.0c

3/11/2008 Trench T-8 0 11 Outside No NA No NA 12.5c

1/20/2006 Trench OSB and Pipe 0 80 Inside Yes 4.0 to 12.0 Yes 4.0 to 12.0 12.0

11/28/2007 Trench AD-2 0 22.5 Inside Yes 5.5 to 11.5a Yes 5.5 to 8.0 11.5
11/29/2007 Trench AD-2 50 70 Inside Yes 5.0 to 13.0 Yes 5.0 to 8.0 13.5
12/3/2007 Trench AD-2 97.5 117.5 Inside Yes 5.5 to 13.5 Yes Isolated at 5.5 14.5
12/3/2007 Trench AD-2 140 162.5 Inside Yes 5.0 to 13.0 No NA 13.5
10/27/2008 Boring NN1,2,3 NA NA Inside Yes 9.0 to 13.5 No NA 20.0c

11/12/2008 Boring VVV4 NA NA Inside Yes 7.0 to 10.0a No NA 10.0
10/24/2008 Boring QQ2,3 NA NA Inside Yes 8.0 to 15.0 No NA 20.0c

12/20/2005 Boring OSBGB03 NA NA Inside No NA No NA 9.0

11/26/2007 Trench AD-4 0 20 Inside Yes 5.5 to 11.0a Yes 6.0 to 9.5 11.0
11/26/2007 Trench AD-5 0 22 Inside Yes 4.5 to 9.0a Yes 4.5 to 8.0 9.5

12/10/2007 Trench AD-7 0 11 Inside Yes Trace at 6.0 No NA 8.5
12/10/2007 Trench AD-8 0 8 Inside Yes, trace Trace sheen No NA 8.0
12/10/2007 Trench AD-9 0 8.5 Inside No NA No NA 7.0

Southeasterly Observations along Navy Side of Azuar Drive

Trenches Crossing Azuar Drive

Trenches and Borings along LMI Side of Azuar Drive

Southeasterly Observations along Navy Side of Azuar Drive

Trenches Crossing Azuar Drive

Trenches and Borings along LMI Side of Azuar Drive

Pathway Observations from OSB and Perforated Pipe to LMI Side Forensic Sampling Location RR
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TABLE 12

  Grouped by Possible Direct Preferential Migration Pathway and in Order of Increasing Distance from the Former Oil Sump Box

Date 
Completed

Trench or 
Boring Location

Station from
(feet)

Station to 
(feet)

Figure 12 Azuar 
Drive Lateral 

Extent Position

Free 
Product 

Observed 
Free Product Interval 

(feet bgs)
Metal Debris 

Observed
Metal Debris Interval

(feet bgs)

Maximum 
Depth

(feet bgs)

Summary of Free-Phase and Soil Fracture/Vegetation-Bound Hydrocarbon and Metal Occurrences at the Fenced Scrapyard Area of the DRMO Site and Azuar Drive, 

10/23/2008 Boring OO1 NA NA Inside Yes 8.0 to 9.7 No NA 17.0c

3/3/2008 Trench T-3 0 11 Inside Yes 8.0 to 11.5 No NA 12.0
3/4/2008 Trench T-4 0 11 Inside Yes 4.0 to 5.5 and 8.0 to 12.5 No NA 12.5
10/23/2008 Boring PP1,2 NA NA Inside Yes 9.4 to 12.5 No NA 20.0c

3/11/2008 Trench T-8 0 11 Inside No NA No NA 12.5c

3/7/2008 Trench T-5 0 10 Inside Yes 7.5 to 12.0a Yes Several pieces of metal 
scrap at 11.5 to 12.0

12.0

10/23/2008 Boring RR 1 NA NA Inside Yes 9.3 to 14.5 No NA 20.0c

11/11/2008 Trench Trench UU 0 10 Outside Yes, trace Sheen No NA 10.0
10/23/2008 Boring UU3 NA NA Inside Yes 9.3 to 10a No NA 10.0

1/20/2006 Trench OSB and Pipe 0 80 Inside Yes 4.0 to 12.0 Yes 4.0 to 12.0 12.0

11/28/2007 Trench AD-2 0 22.5 Inside Yes 5.5 to 11.5a Yes 5.5 to 8.0 11.5
11/29/2007 Trench AD-2 50 70 Inside Yes 5.0 to 13.0 Yes 5.0 to 8.0 13.5
12/3/2007 Trench AD-2 97.5 117.5 Inside Yes 5.5 to 13.5 Yes Isolated at 5.5 14.5
12/3/2007 Trench AD-2 140 162.5 Inside Yes 5.0 to 13.0 No NA 13.5
10/27/2008 Boring NN1,2,3 NA NA Inside Yes 9.0 to 13.5 No NA 20.0c

11/12/2008 Boring VVV4 NA NA Inside Yes 7.0 to 10.0a No NA 10.0
10/24/2008 Boring QQ2,3 NA NA Inside Yes 8.0 to 15.0 No NA 20.0
12/20/2005 Boring OSBGB03 NA NA Inside No NA No NA 9.0
10/28/2008 Boring SS5 East NA NA Inside Yes, trace Sheen No NA 4.0
10/28/2008 Boring SS5 West NA NA Outside Yes Sheen at 1.5 No NA 4.25
10/27/2008 Boring TT2,3 NA NA Inside No NA No NA 20.0c

12/19/2005 Boring OSBGB02 NA NA Outside No NA No NA 16.0

11/26/2007 Trench AD-4 0 20 Inside Yes 5.5 to 11.0a Yes 6.0 to 9.5 11.0
11/26/2007 Trench AD-5 0 22 Inside Yes 4.5 to 9.0a Yes 4.5 to 8.0 9.5

12/10/2007 Trench AD-7 0 11 Inside Yes Trace at 6.0 No NA 8.5
12/10/2007 Trench AD-8 0 8 Inside Yes, trace Trace sheen No NA 8.0
12/10/2007 Trench AD-9 0 8.5 Inside No NA No NA 7.0
10/23/2008 Boring OO1 NA NA Inside Yes 8.0 to 9.7 No NA 17.0c

3/3/2008 Trench T-3 0 11 Inside Yes 8.0 to 11.5 No NA 12.0

Pathway Observations from OSB and Perforated Pipe to LMI Side Forensic Sampling Location VV

Southeasterly Observations along Navy Side of Azuar Drive

Trenches Crossing Azuar Drive

Trenches and Borings along LMI Side of Azuar Drive
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TABLE 12

  Grouped by Possible Direct Preferential Migration Pathway and in Order of Increasing Distance from the Former Oil Sump Box

Date 
Completed

Trench or 
Boring Location

Station from
(feet)

Station to 
(feet)

Figure 12 Azuar 
Drive Lateral 

Extent Position

Free 
Product 

Observed 
Free Product Interval 

(feet bgs)
Metal Debris 

Observed
Metal Debris Interval

(feet bgs)

Maximum 
Depth

(feet bgs)

Summary of Free-Phase and Soil Fracture/Vegetation-Bound Hydrocarbon and Metal Occurrences at the Fenced Scrapyard Area of the DRMO Site and Azuar Drive, 

3/4/2008 Trench T-4 0 11 Inside Yes 4.0 to 5.5 and 8.0 to 12.5 No NA 12.5
10/23/2008 Boring PP1,2 NA NA Inside Yes 9.4 to 12.5 No NA 20.0c

3/11/2008 Trench T-8 0 11 Outside No NA No NA 12.5c

3/7/2008 Trench T-5 0 10 Inside Yes 7.5 to 12.0a Yes Several pieces of metal 
scrap at 11.5 to 12.0

12.0

10/23/2008 Boring RR 1 NA NA Inside Yes 9.3 to 14.5 No NA 20.0c

11/11/2008 Trench Trench UU 0 10 Outside Yes, trace Sheen No NA 10.0
10/23/2008 Boring UU3 NA NA Inside Yes 9.3 to 10.0a No NA 10.0
3/7/2008 Trench T-7 0 10 Inside Yes 3.0 to 12.0a Yes Trace at 2.5 and 5.5 to 

8.0
12.0c

11/4/2008 Boring VV1,2 NA NA Inside Yes 8.0 to 13.9 No NA 20.0
12/19/2005 Boring OSBGB01 NA NA Yes 10.0 to 13.0 No NA 16.0
11/12/2008 Trench Trench DDD-1 0 10 Yesd 4.25 to 5.0 No NA 9.5c

11/13/2008 Trench Trench DDD-2 0 10 Yesd 2.3 to 2.5 No NA 10.0c

Notes:

NA = not applicable
bgs = below ground surface
a Bottom of free product interval not reached.
b Bottom of metal debris interval not reached.
c Encountered bedrock.
d Based on field observations, the free-phase hydrocarbons observed at trenches DDD-1 and DDD-2 were a lighter fuel oil than the heavier fuel oil observed at the surrounding
  boring and trench locations. The presence of the lighter fuel oil was confirmed by forensic analysis of a sample collected at DDD-2. Therefore, trench locations DDD-1 and DDD-2
  are not included within the "Azuar Drive Free-Phase and Soil Fracture/Vegetation-Bound Hydrocarbons" boundary shown on Figure 12.
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APPENDIX A 

Historical Maps and Aerial Photographs of Fill 
Operations at the DRMO Site and in the Vicinity 
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273939.14.02_MareIsland_ES012009003SEA . FigA-4A Navy yard plan - June 30, 1935.ai . 6/16/09 . dk

FIGURE A-4A
PLAN OF U.S. NAVY YARD
JUNE 30, 1935
MARE ISLAND, CALIFORNIA



273939.14.02_MareIsland_ES012009003SEA . FigA-4B aerial photo from north - 1936.ai . 6/16/09 . dk

FIGURE A-4B
OBLIQUE AERIAL PHOTO FROM NORTH,
BUILDING 489 AREA, CIRCA 1936
(FROM WESTON SOLUTIONS, JUNE 2009)
MARE ISLAND, CALIFORNIA

Future DRMO
Site

Building 489



273939.14.02_MareIsland_ES012009003SEA . FigA-4C aerial photo from north - 1936.ai . 6/16/09 . dk

FIGURE A-4C
OBLIQUE AERIAL PHOTO FROM NORTH,
BUILDING 489 AREA, CIRCA 1936
(FROM WESTON SOLUTIONS, JUNE 2009)
MARE ISLAND, CALIFORNIA

Future
DRMO

Site

Building 489



FIGURE A-5
PLAN OF U.S. NAVY YARD
1940  
MARE ISLAND, CALIFORNIA

Approximate Scale:
1" = 170'

CEDAR AVENUE
DU

MP
 R

OA
D

DRMO
Scrapyard

Building 409
Approximate
Limit – 1852

273939.03.01_E032004002SEA / Mare Island / Fig A-5 / 8jun09 / mai-sfo/lw-sea



FIGURE A-6
PLAN OF U.S. NAVY YARD
1944  
MARE ISLAND, CALIFORNIA

DU
MP

 R
OA

D

Approximate Scale:
1" = 180'

Building 409Approximate
Limit – 1852

t

CEDAR AVENUE

273939.03.01_E032004002SEA / Mare Island / Fig A-6 / 8jun09 / mai-sfo/lw-sea

DRMO
Scrapyard
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FIGURE A-11
PLAN OF U.S. NAVY YARD
1975  
MARE ISLAND, CALIFORNIA

Approximate Scale:
1" = 125'

AZUAR DRIVE
(Formerly Cedar Avenue) DU

MP
 R

OA
D

Building 409

Approximate
Limit – 1852

DRMO
Scrapyard

273939.03.01_E032004002SEA / Mare Island / Fig A-11 / 8jun09 / mai-sfo/lw-sea
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APPENDIX B 

Historical Navy Documentation Regarding the Oil Sump 
Box and the Possible Extent of Free Product at the DRMO 

Site and in the Vicinity 



  Figure B-1



Figure B-2





APPENDIX C 

Documentation from the Site Characterization and 
Analysis Penetrometer System Investigation at IR02, 

Former Waste Oil Disposal Sumps Area 



FIGURE 3 SCAPS DATA PROFILE SHOWING PUSH SOIL SAMPLES 
DATA FROM SCAPS INVESTIGATION I.D., MAXIMUM INTENSITY AND DEPTH. ALL SOIL SAMPLE LOCATIONS 

MI Sump-113 SHOW THE PUSHIBORING ID, 

152,641 @4.1' 
AND ANALYTICAL RESULTS IN 
MGlKG 

INTENSITY AND DEPTH, AND WHERE 
APPLICABLE, DEPTH AND ANALYTICAL 

0 Non-POL fluorescence , SOlL SAMPLE FROM 
RESULTS IN mglkg FOR SOIL SAMPLE @ Potent~al POL fluorescence SCAPS INVESTIGATION. 

OF DETECTION SHOWN. MAXIMUM POL 
FLUORESCENCE SOlL SAMPLE FROM 

CONTOURS BASED ON 0 <100,000 counts CPT SOIL-TYPE PREVIOUS 
ISOSURFACES FROM 1 =50,000 counts PROFILE. COLOR INVESTIGATION. 
THREE-DIMENSIONAL 1 =100,000 counts @ 100,000-150,000 INDICATES SOIL 
INTERPOLATION OF LIF TYPE ACCORDING 

INTENSITY SCALE 

TO COLOR LEGEND 
MAXIMUM IS 

SHOWN IN FIGURE 
200,000 COUNTS 

1 =200,000 counts Cl~pped Signal CONTOURS BASED ON 
- ISOSURFACES FROM 

THREE-DIMENSIONAL 
INTERPOLATION OF LIF 
DATA. 

FIGURES 3 and 4 
APPROXIMATE EXTENT OF 

GENERALIZED SOlL TYPES 

PETROLEUM-IMPACTED SOIL =50,000 counts 
BASED ON INTERPRETATION 
OF SCAPS LIF AND SAMPLING =100,000 counts 

=150,000 counts 
FIGURE 4 NOTE MIXED SOIL 

TYPES INDICATED r =2oo,ooo counts 
DATA FROM PREVIOUS INVESTIGATIONS DATA TAKEN BY COMBINED 
FROM "Mare Island ArcV~ew Query Station" by TtEMI. HATCH PATTERNS. 

+ + + +  
+ + + 
+ + + +  

+ + + +  
+ + + + +  

QUERIED 
WHERE 

-I  AND E-2 MARE ISLAND NAVAL SHIPYARD 
UNCERTAIN INSTALLATION RESTORATION SITE 02 

16GB039 4 SOlL SAMPLE LOCATION FROM 
PREVIOUS INVESTIGATION 
SHOWING DEPTH IN FEET AND 
ANALYTICAL RESULTS IN mglkg. 
DETECTION LIMITS UNKNOWN. 

TPHmo DATA TAKEN FROM "Mare Island 
TRPH ArcView Query Station" by TtEMI. 

MONITORING WELL LOCATION 
SHOWING WELL I.D., WATER TABLE 
ELEVATION IN FEET ABOVE MSL 
(assumed). 

WATER TABLE ELEVATION IN FEET 
ABOVE MSL. CONTOUR INTERVAL IS 
0.5 FEET. CONTOURS ARE 
LABELLED. 



FIGURE C-1



FIGURE C-2



APPENDIX D 

Documentation from the Oil Sump Box Investigation 



APPENDIX D1 

Boring and Trench Logs 



PROJECT NUMBER: BORING NUMBER:

273939.11.01 OSBGB01

DRILLING START DATE: DRILLING FINISH DATE:

12/19/05 12/19/05
DEPTH SPT SAMPLE LENGTH OF SAMPLE

BELOW BLOW INTERVAL RECOVERY NAME SYMBOLIC SOIL NAME, (USCS SYMBOL), COLOR (STAINING), MOISTURE CONTENT, SYMBOLIC DRILLING RATE, DRILLING FLUID LOSS

SURFACE COUNT DEPTH OF CORE & TYPE LOG RELATIVE DENSITY, CONSISTENCY, SOIL STRUCTURE, MINERALOGY, ODOR, LOG CIRCULATION ZONES, TESTS CONDUCTED 

(FEET) 6"-6"(N) (FEET) (FEET) E.G.cuttings PRESENCE OF NON AQUEOUS PHASE LIQUID, OTHER CONTAMINANTS WATER LEVELS, WELL INSTRUMENTATION

Ashphalt and Road base   
1__  10" ashphalt core

  WELL GRADED GRAVEL (GW) dark brown 10YR 4/3, dry, loose gravel OVM = background
2_      hand augered to 5 feet

SANDY LEAN CLAY (CL) very pale brown 10YR 7/4, dry, stiff clay with appears to be weathered bedrock
3_   clasts of weathered sandstone   at 2 feet

SANDY LEAN CLAY (CL) Yellowish brown 10YR 5/6, moist clay with 
4_   fine sand  Hard material at 3-1/2 feet deflects 

  breaker bar, move hole over auger
5__   again

WEATHERED SANDSTONE (SST) Yellowish brown 10YR 5/6, moist,  
6_   hard, fine grained, weathered sandstone OVM = background

7_ 2.0

8_
 WEATHERED SANDSTONE (SST) Yellowish brown 10YR 5/6, wet,  

9_  hard, weakly cemented, medium grained, weathered sandstone

10__ 2.0   
  CLAYEY SAND WITH GRAVEL (SC) Black N2.5, wet, dense, oily, Black material at 10 feet

11_   sand, clay and gravel.  OVM = 1 ppm
  Sample OSBGB01-S12 for VOCs, 

12_   SVOCs, TPH diesel & motor oil, PCB
 and Cam 17 metals

13_   
CLAYEY SAND (SC) Yellowish brown 10YR 6/6, moist, dense, fine OVM = 0 ppm

14_ 2.0   sand with clay  
   

15__  
   

16_  
   Total Depth 16 feet  

17_   
 

18_
   

19_  Borehole grouted to surface, 
  Top soil replaced

20__  Ashphalt patched

21_

22_   
 

23_
  

24_  
   

25__  

CORE DESCRIPTION COMMENTS

first water _____ feet Rob Pexton, RG, CEG, CHG

DRILLING METHOD AND EQUIPMENT: Direct push Geoprobe coring unit mounted on 3500 Flatbed Truck
WATER LEVELS, DATE, AND TIME: LOGGER:

DRILLING CONTRACTOR: Precision Sampling, Richmond Ca.
PROJECT NAME: Mare Island Sump Investigation, Vallejo, Ca LOCATION: South Bound Lane Azuar Drive

SHEET   1    OF    1 



PROJECT NUMBER: BORING NUMBER:

273939.11.01 OSBGB02

DRILLING START DATE: DRILLING FINISH DATE:

12/19/05 12/19/2005
DEPTH SPT SAMPLE LENGTH OF SAMPLE

BELOW BLOW INTERVAL RECOVERY NAME SYMBOLIC SOIL NAME, (USCS SYMBOL), COLOR (STAINING), MOISTURE CONTENT, SYMBOLIC DRILLING RATE, DRILLING FLUID LOSS

SURFACE COUNT DEPTH OF CORE & TYPE LOG RELATIVE DENSITY, CONSISTENCY, SOIL STRUCTURE, MINERALOGY, ODOR, LOG CIRCULATION ZONES, TESTS CONDUCTED 

(FEET) 6"-6"(N) (FEET) (FEET) E.G.cuttings PRESENCE OF NON AQUEOUS PHASE LIQUID, OTHER CONTAMINANTS WATER LEVELS, WELL INSTRUMENTATION

Ashphalt and Road base   
1__  10" ashphalt core

  WELL GRADED GRAVEL WITH SAND (GW) dark brown 10YR 4/3, OVM = background
2_   dry, loose, fine to coarse, angular gravel    hand augered to 5 feet

  
3_   

SANDY LEAN CLAY (CL) Grayish Green 5G 4/2, dry, stiff clay with  green material at 3 feet
4_ >30%  fine sand and silt    

  water at app. 4 feet
5__  SANDY LEAN CLAY (CL) Grayish Green 5G 4/2 with some yellowish  

 brown 10YR 5/6, wet, firm clay  
6_   OVM = 2 ppm on fresh sample 

 GRAVELLY LEAN CLAY (CL) Greenish gray 5GY 5/4, wet, soft clay
7_ 2.0   with gravel

 piece of wood at 7 feet
8_  no black material observed

   
9_ `

10__ 2.0   
   

11_   OVM = background
   No samples taken this boring

12_   
LEAN CLAY WITH SAND (CL)  Greenish Gray 5GY 5/4, wet, soft clay  

13_   with silt and sand.  
 OVM = 0 ppm

14_ 4.0   
   

15__  
 SILTY SAND (SM) Yellowish brown 10YR 5/6, moist, dense, fine  Weathered bedrock at 15 feet

16_   sand with silt dippping app. 40 degrees
   Total Depth 16 feet  

17_   
 

18_
   

19_  Borehole grouted to surface, 
  Top soil replaced

20__  Ashphalt patched

21_

22_   
 

23_
  

24_  
   

25__  

PROJECT NAME: Mare Island Sump Investigation, Vallejo, Ca LOCATION: South Bound Lane Azuar Drive

SHEET   1    OF    1 

DRILLING METHOD AND EQUIPMENT: Direct push Geoprobe coring unit mounted on 3500 Flatbed Truck
WATER LEVELS, DATE, AND TIME: LOGGER:

DRILLING CONTRACTOR: Precision Sampling, Richmond Ca.

CORE DESCRIPTION COMMENTS

first water 4 feet Rob Pexton, RG, CEG, CHG



PROJECT NUMBER: BORING NUMBER:

273939.11.01 OSBGB03

DRILLING START DATE: DRILLING FINISH DATE:

12/20/05 12/20/05
DEPTH SPT SAMPLE LENGTH OF SAMPLE

BELOW BLOW INTERVAL RECOVERY NAME SYMBOLIC SOIL NAME, (USCS SYMBOL), COLOR (STAINING), MOISTURE CONTENT, SYMBOLIC DRILLING RATE, DRILLING FLUID LOSS

SURFACE COUNT DEPTH OF CORE & TYPE LOG RELATIVE DENSITY, CONSISTENCY, SOIL STRUCTURE, MINERALOGY, ODOR, LOG CIRCULATION ZONES, TESTS CONDUCTED 

(FEET) 6"-6"(N) (FEET) (FEET) E.G.cuttings PRESENCE OF NON AQUEOUS PHASE LIQUID, OTHER CONTAMINANTS WATER LEVELS, WELL INSTRUMENTATION

Ashphalt and Road base   
1__  

 WELL GRADED GRAVEL WITH SAND (GW) dark brown 10YR 4/3, Dec. 19, 2005
2_    dry, loose gavel with coarse sand- road base    hand augered to 5 feet

  
3_

 
4_ SANDY LEAN CLAY (CL) Grayish Green 5GY 4/2, moist, firm clay   

SANDY LEAN CLAY (CL) Grayish Green 5GY 4/2, wet, firm clay  MiniRae = background
5__   

GRAVELLY LEAN CLAY (CL) Grayish green 5G 4/2, wet, soft clay   Dec. 20, 2005 start coring
6_    with app. 40% gravel   Sample OSBGB03-S06 for VOCs, 

1.5 SVOCs, TPH- diesel & motor oil
7_   PCBS & CAM 17 metals

  Block of wood in clay  block of wood at 7 feet
8_    Minirae background level

0.3    very hard drilling, repeated 
9_ 0.5    attempts only went a few inches

   Total Depth 9 feet  
10__    

  
11_  Borehole grouted to surface, 

    Top soil replaced
12_    Ashphalt patched

 
13_   

 
14_   

    
15__  

   
16_  

  
17_   

 
18_

   
19_  

 
20__  

21_

22_   
 

23_
  

24_  
   

25__  

PROJECT NAME: Mare Island Sump Investigation, Vallejo, Ca LOCATION: South Bound Lane Azuar Drive

SHEET   1    OF    1 

DRILLING METHOD AND EQUIPMENT: Direct push Geoprobe coring unit mounted on 3500 Flatbed Truck
WATER LEVELS, DATE, AND TIME: LOGGER:

DRILLING CONTRACTOR: Precision Sampling, Richmond Ca.

CORE DESCRIPTION COMMENTS

first water _____ feet Rob Pexton, RG, CEG, CHG



PROJECT NUMBER: BORING NUMBER:

273939.11.01 OSBGB09

DRILLING START DATE: DRILLING FINISH DATE:

12/20/2005 12/20/2005
DEPTH SPT SAMPLE LENGTH OF SAMPLE

BELOW BLOW INTERVAL RECOVERY NAME SYMBOLIC SOIL NAME, (USCS SYMBOL), COLOR (STAINING), MOISTURE CONTENT, SYMBOLIC DRILLING RATE, DRILLING FLUID LOSS

SURFACE COUNT DEPTH OF CORE & TYPE LOG RELATIVE DENSITY, CONSISTENCY, SOIL STRUCTURE, MINERALOGY, ODOR, LOG CIRCULATION ZONES, TESTS CONDUCTED 

(FEET) 6"-6"(N) (FEET) (FEET) E.G.cuttings PRESENCE OF NON AQUEOUS PHASE LIQUID, OTHER CONTAMINANTS WATER LEVELS, WELL INSTRUMENTATION

Ashphalt and Road base   
1__  10" ashphalt core

  WELL GRADED GRAVEL (GW) dark brown 10YR 4/3, dry, loose gravel OVM = background
2_      hand augered to 5 feet

 CLAYEY SAND (SC) Grayish Green 5GY 4/2, moist fine  Raining, cold
3_  sand with clay  

 
4_    

  
5__   

 LEAN CLAY (CL) Grayish green 5GY 4/2 and Black , soft, wet clay   very soft from 5 to 10 feet. Black
6_   with oil.   viscous oil coming out of core barrel

 for 5 to 8 foot sample
7_ 0.5 only 5 inches of green clay recovered

5 inches  Sample OSB-GB09-S07 for VOCs, 
8_  SVOCs, TPH diesel & motor oil, PCB

  LEAN CLAY (CL) Grayish green 5GY 4/2 and Black , soft to firm, wet   and Cam 17 metals
9_ 2.0  clay with soft greenish black fill material  Filled 40 ml Vials with oil for

 "fingerprinting" analysis
10__     OVM = background

  soft, black-green material
11_ 2.0   

  
12_   

 
13_ LEAN CLAY (CL) Grayish green 5GY, soft, wet clay with black streaks  

 of oil or organic material.  
14_ 2.0   

   
15__  

   
16_  

   Total Depth 16 feet  
17_   

 
18_

   
19_  Borehole grouted to surface, 

  Top soil replaced
20__  Ashphalt patched

21_

22_   
 

23_
  

24_  
   

25__  

CORE DESCRIPTION COMMENTS

first water _____ feet Rob Pexton, RG, CEG, CHG

DRILLING METHOD AND EQUIPMENT: Direct push Geoprobe coring unit mounted on 3500 Flatbed Truck
WATER LEVELS, DATE, AND TIME: LOGGER:

DRILLING CONTRACTOR: Precision Sampling, Richmond Ca.
PROJECT NAME: Mare Island Sump Investigation, Vallejo, Ca LOCATION: South Bound Lane Azuar Drive App 280 ft S of Dump Rd. 

SHEET   1    OF    1 



PROJECT NUMBER: BORING NUMBER:

273939.11.01 OSBGB10

DRILLING START DATE: DRILLING FINISH DATE:

12/20/2005 12/21/2005
DEPTH SPT SAMPLE LENGTH OF SAMPLE

BELOW BLOW INTERVAL RECOVERY NAME SYMBOLIC SOIL NAME, (USCS SYMBOL), COLOR (STAINING), MOISTURE CONTENT, SYMBOLIC DRILLING RATE, DRILLING FLUID LOSS

SURFACE COUNT DEPTH OF CORE & TYPE LOG RELATIVE DENSITY, CONSISTENCY, SOIL STRUCTURE, MINERALOGY, ODOR, LOG CIRCULATION ZONES, TESTS CONDUCTED 

(FEET) 6"-6"(N) (FEET) (FEET) E.G.cuttings PRESENCE OF NON AQUEOUS PHASE LIQUID, OTHER CONTAMINANTS WATER LEVELS, WELL INSTRUMENTATION

Ashphalt and Road base   raining cold
1__  14" ashphalt core

  WELL GRADED SAND WITH GRAVEL (SW/GW) dark brown 10YR 4/3, OVM = 17 ppm on fresh sample, odor
2_    dry , loose coarse sand with gravel.  OVM=22 ppm on fresh sample

POORLY GRADED SAND (SP) light yellowish brown 10Y 6/3, dry,   petroleum odor
3_ fine sand with silt and gravel  Breathing zone = background

CONCRETE  water level at 2.3 feet.  many oil drops
4_    on the water in the borehole

NEED NOTES FROM BEN  
5__   hand augered to 5 feet

SILTY SAND (SM) yellowish brown 10YR 5/4, moist, fine sand    OVM = 2 ppm on fresh sample
6_   with silt  

 
7_ 2.5  LEAN CLAY (CL) Grayish green 5GY 4/2, soft, wet clay  

  with shell fragments to 2 mm.  Sample OSB GB10-S07 for VOCs, 
8_  SVOCs, TPH diesel & motor oil, PCB

  LEAN CLAY (CL) Grayish green 5GY 4/2, soft to firm, wet   and Cam 17 metals
9_ 0.3  clay with soft greenish black fill material  

3 inches very poor recovery even with 
10__      sample catcher in core barrel

   
11_   some gravel in core barrel

   probably gravel fill
12_   

 
13_ LEAN CLAY (CL) Grayish green 5GY, soft, wet clay  OVM = 2 ppm on fresh sample

  
14_ 2.0   

   
15__  

   
16_  

   Total Depth 16 feet  
17_   

 
18_

   
19_  Borehole grouted to surface, 

  Top soil replaced
20__  Ashphalt patched

21_

22_   
 

23_
  

24_  
   

25__  

CORE DESCRIPTION COMMENTS

first water 2.3 feet Rob Pexton, RG, CEG, CHG

DRILLING METHOD AND EQUIPMENT: Direct push Geoprobe coring unit mounted on 3500 Flatbed Truck
WATER LEVELS, DATE, AND TIME: LOGGER:

DRILLING CONTRACTOR: Precision Sampling, Richmond Ca.
PROJECT NAME: Mare Island Sump Investigation, Vallejo, Ca LOCATION: South Bound Lane Azuar Drive app. 200 ft S of Dump Rd.

SHEET   1    OF    1 



PROJECT NUMBER: BORING NUMBER:

273939.11.01 OSBGB11

DRILLING START DATE: DRILLING FINISH DATE:

12/20/2005 12/21/2005
DEPTH SPT SAMPLE LENGTH OF SAMPLE

BELOW BLOW INTERVAL RECOVERY NAME SYMBOLIC SOIL NAME, (USCS SYMBOL), COLOR (STAINING), MOISTURE CONTENT, SYMBOLIC DRILLING RATE, DRILLING FLUID LOSS

SURFACE COUNT DEPTH OF CORE & TYPE LOG RELATIVE DENSITY, CONSISTENCY, SOIL STRUCTURE, MINERALOGY, ODOR, LOG CIRCULATION ZONES, TESTS CONDUCTED 

(FEET) 6"-6"(N) (FEET) (FEET) E.G.cuttings PRESENCE OF NON AQUEOUS PHASE LIQUID, OTHER CONTAMINANTS WATER LEVELS, WELL INSTRUMENTATION

Ashphalt and Road base    Raining, Cold
1__   first 2-1/2 feet is ashphalt over 

   concrete
2_  CONCRETE    petroleum odor

  OVM = 17 ppm on fresh sample
3_ POORLY GRADED GRAVEL WITH SAND (GP) dark brown  

WELL GRADED GRAVEL  (GW) reddish brown  no petroleum odor
4_ SANDY LEAN CLAY WITH GRAVEL (CL) Grey      moist clay    

   OVM 15.6 ppm on fresh sample
5__    hand augered to 5 feet

 SANDY LEAN CLAY (CL) Grayish green 5GY 4/2, soft, wet clay   
6_   with silt  

  OVM = background on fresh sample
7_ 2.0  LEAN CLAY (CL) Grayish green 5GY 4/2, soft, wet clay  

  with shell fragments to 2 mm.  black organic matter in the clay.  Sample OSB GB11-S08 for VOCs, 
8_  SVOCs, TPH diesel & motor oil, PCB

  LEAN CLAY (CL) Grayish green 5GY 4/2, soft, wet   and Cam 17 metals
9_ 4.0  with shell fragments to 2 mm.  

  
10__      Solano County Grout Inspector

    Bradley on site.
11_    

  
12_   

 
13_ LEAN CLAY (CL) Grayish green 5GY, soft, wet clay  OVM = background

  some spots of black organic mater in the clay.  
14_ 4.0   

   
15__  

   
16_  

   Total Depth 16 feet  
17_   

 
18_

   
19_  Borehole grouted to surface, 

  Top soil replaced
20__  Ashphalt patched

21_

22_   
 

23_
  

24_  
   

25__  

CORE DESCRIPTION COMMENTS

first water 2.5 feet Rob Pexton, RG, CEG, CHG

DRILLING METHOD AND EQUIPMENT: Direct push Geoprobe coring unit mounted on 3500 Flatbed Truck
WATER LEVELS, DATE, AND TIME: LOGGER:

DRILLING CONTRACTOR: Precision Sampling, Richmond Ca.
PROJECT NAME: Mare Island Sump Investigation, Vallejo, Ca LOCATION: South Bound Lane Azuar Drive App 80 Ft S of Dump Rd.

SHEET   1    OF    1 



PROJECT NUMBER: BORING NUMBER:

273939.11.01 OSBGB12

DRILLING START DATE: DRILLING FINISH DATE:

12/21/2005 12/21/2005
DEPTH SPT SAMPLE LENGTH OF SAMPLE

BELOW BLOW INTERVAL RECOVERY NAME SYMBOLIC SOIL NAME, (USCS SYMBOL), COLOR (STAINING), MOISTURE CONTENT, SYMBOLIC DRILLING RATE, DRILLING FLUID LOSS

SURFACE COUNT DEPTH OF CORE & TYPE LOG RELATIVE DENSITY, CONSISTENCY, SOIL STRUCTURE, MINERALOGY, ODOR, LOG CIRCULATION ZONES, TESTS CONDUCTED 

(FEET) 6"-6"(N) (FEET) (FEET) E.G.cuttings PRESENCE OF NON AQUEOUS PHASE LIQUID, OTHER CONTAMINANTS WATER LEVELS, WELL INSTRUMENTATION

Ashphalt and Road base   
1__  Gravel 0.5 to 2.2 feet auger hole caves

POORLY GRADED GRAVEL (GP) dark brown OVM = background
2_     dry, medium to coarse gravel - road base.   

 WOOD AND SILTY SAND (SM)  moist sand with silt and OVM = 3 to 4 ppm
3_     some fine gravel.  

  FILL  AND GRAVELLY SAND WITH SILT (SW) dark reddish brown
4_   10YR???  with wood, porcelin, glass and rubbish.   

  Raining, cold
5__    hand augered to 5 feet

POORLY GRADED SAND (SP) Dark reddish brown ________, wet,   
6_    fine sand with somepieces of rusty metal up to 10 cm.   poor recovery

 dark brown and black chert and other lithic clasts.   OVM = background on fresh sample
7_ 0.3   

   
8_  

 POORLY GRADED SAND (SP) Dark reddish brown ________, wet,   
9_ 0.5   fine sand with some pieces of rusty metal as above.   OVM = background on fresh sample

  
10__     

   
11_    

  
12_   

LEAN CLAY (CL) Grayish green 5GY, soft, wet clay  
13_ 4.0   some spots of black organic mater in the clay.  OVM = background

  Sample OSB GB12-S12 for VOCs, 
14_     SVOCs, TPH diesel & motor oil, PCB

   and Cam 17 metals
15__  

   
16_ POORLY GRADED SAND (SP) Grayish green 5GY, wet, fine sand

   Total Depth 16 feet  
17_   

 
18_

   
19_  Borehole grouted to surface, 

  Top soil replaced
20__  Ashphalt patched

21_

22_   
 

23_
  

24_  
   

25__  

CORE DESCRIPTION COMMENTS

first water 2.5 feet Rob Pexton, RG, CEG, CHG

DRILLING METHOD AND EQUIPMENT: Direct push Geoprobe coring unit mounted on 3500 Flatbed Truck
WATER LEVELS, DATE, AND TIME: LOGGER:

DRILLING CONTRACTOR: Precision Sampling, Richmond Ca.
PROJECT NAME: Mare Island Sump Investigation, Vallejo, Ca LOCATION: Azuar Drive at Dump Road Railroad tracks. 

SHEET   1    OF    1 
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APPENDIX D2 

Analytical Results and Fingerprint Chromatograms 



TABLE D2-1
Sampling and Analytical Matrix, Oil Sump Box Investigation

Sample # Sampling 
Date

Sampling 
Depth (feet 

bgs)

TPH-Diesel and 
TPH-Motor Oil 

(8015-E)

VOCs 
(OLM04.3)

SVOCs 
(OLM04.3)

Pesticides 
(OLM04.3)

Total 
Metals 

(ILM04.1)

TCLP 
Metals 

(1311/601B/
7470A)

STLC 
Metals 

(CCR Title 
22)

TTLC 
Metals 

(SW 846)

Cyanide 
(ILM04.1)

OSBGB01-S12 12/19/2005 12 X X X X X X
OSBGB09-S07 12/20/2005 7 X X X X X X
OSBGB09-S07P 12/20/2005 7 X
OSBGB10-S07 12/21/2005 7 X X X X X X
OSBGB11-S08 12/21/2005 8 X X X X X X
OSB-FP-ETN15-S6 1/19/2006 6 X X X X X
OSB-FP-ETN47-S3 1/19/2006 3 X X X X X

DRMOOSB-TR14-S7 6/19/2006 7 X
DRMOOSB-TR15-S7.5 6/19/2006 7.5 X
DRMOOSB-TR16-S6 6/19/2006 6 X
DRMOOSB-TR17-S7.5 6/19/2006 7.5 X

Notes:

bgs = below ground surface
CCR = California Code of Regulations
STLC = Soluble Threshold Limit Concentration
SVOCs = semivolatile organic compounds
TCLP = Toxicity Characteristic Leaching Procedure
TPH = total petroleum hydrocarbons
TTLC = Total Threshold Limit Concentration
VOCs = volatile organic compounds

Soil Borings Along Azuar Drive

Exploratory Trenches Along Dump Road

Page 1 of 1



TABLE D2-2
Volatile Organic Compounds, OLM04.3 (mg/kg)

OSBGB01-S12 
(12/19/05)

OSBGB09-S07 
(12/20/05)

OSBGB10-S07 
(12/21/05)

OSBGB11-S08 
(12/21/05)

OSB-FP-ETN15-S6 
(1/19/06)

OSB-FP-ETN47-S3 
(1/19/06)

OSB-IDW-SE-001 
(1/19/06)

Dichlorodifluoromethane 0.015 U 1.7 U 0.015 U 0.015 U 5.0 U 5.0 U 1.5 U
Chloromethane 0.015 U 1.7 U 0.015 U 0.015 U 5.0 U 5.0 U 1.5 U
Vinyl Chloride 0.015 U 1.7 U 0.015 U 0.015 U 5.0 U 5.0 U 1.5 U
Bromomethane 0.015 U 1.7 U 0.015 U 0.015 U 5.0 U 5.0 U 1.5 U
Chloroethane 0.015 U 1.7 U 0.015 U 0.015 U 5.0 U 5.0 U 1.5 U
Trichlorofluoromethane 0.015 U 1.7 U 0.015 U 0.015 U 5.0 U 5.0 U 1.5 U
1,1-Dichloroethene 0.015 U 1.7 U 0.015 U 0.015 U 5.0 U 5.0 U 1.5 U
1,1,2-Trichloro-1,2,2-trifluoroetha 0.015 U 1.7 U 0.015 U 0.015 U 5.0 U 5.0 U 1.5 U
Acetone 0.058 B 1.7 U 0.12 B 0.069 B 5.0 U 5.0 U 1.5 U
Carbon Disulfide 0.015 U 1.7 U 0.015 U 0.015 U 5.0 U 5.0 U 1.5 U
Methyl Acetate 0.015 U 0.34 J 0.015 U 0.015 U 5.0 U 5.0 U 1.5 U
Methylene Chloride 0.006 JB 0.56 JB 0.014 JB 0.009 JB 5.0 U 5.0 U 1.5 U
trans-1,2-Dichloroethene 0.015 U 1.7 U 0.015 U 0.015 U 5.0 U 5.0 U 1.5 U
Methyl tert-Butyl Ether 0.015 U 1.7 U 0.015 U 0.015 U 5.0 U 5.0 U 1.5 U
1,1-Dichloroethane 0.015 U 1.7 U 0.015 U 0.015 U 5.0 U 5.0 U 1.5 U
cis-1,2-Dichloroethene 0.015 U 1.7 U 0.015 U 0.015 U 5.0 U 5.0 U 1.5 U
2-Butanone 0.006 J 0.18 J 0.024 0.012 J 5.0 U 5.0 U 1.5 U
Chloroform 0.015 U 1.7 U 0.015 U 0.015 U 5.0 U 5.0 U 1.5 U
1,1,1-Trichloroethane 0.015 U 1.7 U 0.015 U 0.015 U 5.0 U 5.0 U 1.5 U
Cyclohexane 0.015 U 0.25 J 0.015 U 0.015 U 5.0 U 5.0 U 1.5 U
Carbon Tetrachloride 0.015 U 1.7 U 0.015 U 0.015 U 5.0 U 5.0 U 1.5 U
Benzene 0.015 U 1.7 U 0.015 U 0.015 U 5.0 U 5.0 U 1.5 U
1,2-Dichloroethane 0.015 U 1.7 U 0.015 U 0.015 U 5.0 U 5.0 U 1.5 U
Trichloroethene 0.015 U 1.7 U 0.015 U 0.015 U 5.0 U 5.0 U 1.5 U
Methylcyclohexane 0.015 U 1.0 J 0.015 U 0.015 U 5.0 U 2.0 J 1.5 U
1,2-Dichloropropane 0.015 U 1.7 U 0.015 U 0.015 U 5.0 U 5.0 U 1.5 U
Bromodichloromethane 0.015 U 1.7 U 0.015 U 0.015 U 5.0 U 5.0 U 1.5 U
cis-1,3-Dichloropropene 0.015 U 1.7 U 0.015 U 0.015 U 5.0 U 5.0 U 1.5 U
4-Methyl-2-pentanone 0.015 U 1.7 U 0.015 U 0.015 U 5.0 U 5.0 U 1.5 U
trans-1-3-Dichloropropene 0.015 U 1.7 U 0.015 U 0.015 U 5.0 U 5.0 U 1.5 U
1,1,2-Trichloroethane 0.015 U 1.7 U 0.015 U 0.015 U 5.0 U 5.0 U 1.5 U
Tetrachloroethene 0.015 U 1.7 U 0.015 U 0.015 U 5.0 U 5.0 U 1.5 U
2-Hexanone 0.015 U 1.7 U 0.015 U 0.015 U 5.0 U 5.0 U 1.5 U
Dibromochloromethane 0.015 U 1.7 U 0.015 U 0.015 U 5.0 U 5.0 U 1.5 U
1,2-Dibromoethane 0.015 U 1.7 U 0.015 U 0.015 U 5.0 U 5.0 U 1.5 U
Chlorobenzene 0.015 U 1.7 U 0.015 U 0.015 U 5.0 U 5.0 U 1.5 U
Ethylbenzene 0.015 U 1.7 U 0.015 U 0.015 U 5.0 U 5.0 U 1.5 U
Styrene 0.015 U 1.7 U 0.015 U 0.015 U 5.0 U 5.0 U 1.5 U
Bromoform 0.015 U 1.7 U 0.015 U 0.015 U 5.0 U 5.0 U 1.5 U
Isopropylbenzene 0.015 U 0.21 J 0.015 U 0.015 U 5.0 U 5.0 U 1.5 U
1,1,2,2-Tetrachloroethane 0.015 U 1.7 U 0.015 U 0.015 U 5.0 U 5.0 U 1.5 U
1,3-Dichlorobenzene 0.015 U 1.7 U 0.015 U 0.015 U 5.0 U 5.0 U 1.5 U
1,4-Dichlorobenzene 0.015 U 1.7 U 0.015 U 0.015 U 5.0 U 5.0 U 1.5 U
1,2-Dichlorobenzene 0.015 U 1.7 U 0.015 U 0.015 U 5.0 U 5.0 U 1.5 U
1,2-Dibromo-3-chloropropane 0.015 U 1.7 U 0.015 U 0.015 U 5.0 U 5.0 U 1.5 U
1,2,4-Trichlorobenzene 0.015 U 1.7 U 0.015 U 0.015 U 5.0 U 5.0 U 1.5 U
Xylene (total) 0.015 U 1.7 U 0.015 U 0.015 U 5.0 U 5.0 U 1.5 U

Notes:

Results were originally in micrograms per kilogram (ug/kg); divided by 1,000 to get milligrams per kilogram (mg/kg).

         B When used in relation to organics fractions, the "B" flag indicates that the analyte of interest was detected in the method blank associated with the sample, 
             as well as in the sample itself.  The "B" flag is applied without regard to the relative concentrations detected in the blank and sample.

J The analyte of interest was detected below the routine reporting limit.  This value should be regarded as an estimate.
         U The analyte of interest was not detected to the limit of detection indicated.

SAMPLE # (DATE)
ANALYTE

Page 1 of 1



TABLE D2-3
Semvolatile Organic Compounds, OLM04.3 (mg/kg)

OSBGB01-S12 
(12/19/05)

OSBGB09-S07 
(12/20/05)

OSBGB10-S07 
(12/21/05)

OSBGB11-S08 
(12/21/05)

OSB-FP-ETN15-S6RE 
(1/19/06)

OSB-FP-ETN47-S3RE 
(1/19/06)

OSB-IDW-SE-001RE 
(1/19/06)

DRMOOSB-
TRENCH-IDW 

(6/20/06)
Benzaldehyde 0.29 30 U 0.06 J 0.49 J 24.0 U 23.0 U 0.44 U 6.5 U
Phenol 0.068 J 30 U 0.25 U 0.24 U 24.0 U 23.0 U 0.44 U 6.5 U
bis (2-Chloroethyl)ether 0.23 U 30 U 0.25 U 0.24 U 24.0 U 23.0 U 0.44 U 6.5 U
2-Chlorophenol 0.23 U 30 U 0.25 U 0.24 U 24.0 U 23.0 U 0.44 U 6.5 U
2-Methylphenol 0.074 J 30 U 0.25 U 0.24 U 24.0 U 23.0 U 0.44 U 6.5 U
2,2'-oxybis(1-Chloropropane) 0.23 u 30 U 0.25 U 0.24 U 24.0 U 23.0 U 0.44 U 6.5 U
4-Methylphenol 0.19 J 30 U 0.25 U 0.24 U 24.0 U 23.0 U 0.44 U 6.5 U
Acetophenone 0.23 U 30 U 0.25 U 0.24 U 24.0 U 23.0 U 0.44 U 6.5 U
N-Nitroso-di-n-propylamine 0.23 U 30 U 0.25 U 0.24 U 24.0 U 23.0 U 0.44 U 6.5 U
Hexachloroethane 0.23 U 30 U 0.25 U 0.24 U 24.0 U 23.0 U 0.44 U 6.5 U
Nitrobenzene 0.23 U 30 U 0.25 U 0.24 U 24.0 U 23.0 U 0.44 U 6.5 U
Isophorone 0.23 U 30 U 0.25 U 0.24 U 24.0 U 23.0 U 0.44 U 6.5 U
2-Nitrophenol 0.23 U 30 U 0.25 U 0.24 U 24.0 U 23.0 U 0.44 U 6.5 U
2,4-Dimethylphenol 0.079 J 30 U 0.25 U 0.24 U 24.0 U 23.0 U 0.44 U 6.5 U
bis(2-Chloroethoxy)methane 0.23 U 30 U 0.25 U 0.24 U 24.0 U 23.0 U 0.44 U 6.5 U
2,4-Dichlorophenol 0.23 U 30 U 0.25 U 0.24 U 24.0 U 23.0 U 0.44 U 6.5 U
Naphthalene 0.14 J 30 U 0.25 U 0.24 U 24.0 U 23.0 U 0.25 J 1.4 J
4-Chloroaniline 0.23 U 30 U 0.25 U 0.24 U 24.0 U 23.0 U 0.44 U 6.5 U
Hexachlorobutadiene 0.23 U 30 U 0.25 U 0.24 U 24.0 U 23.0 U 0.44 U 6.5 U
Caprolactam 0.23 U 30 U 0.25 U 0.24 U 24.0 U 23.0 U 0.44 U 6.5 U
4-Chloro-3-methylphenol 0.23 U 30 U 0.25 U 0.24 U 24.0 U 23.0 U 0.44 U 6.5 U
2-Methylnaphthalene 0.29 120 0.25 U 0.24 U 81.0 J 69.0 J 4.0 7.6
Hexachlorocyclopentadiene 0.23 U 30 U 0.25 U 0.24 U 24.0 U 23.0 U 0.44 U 6.5 U
2,4,6-Trichlorophenol 0.23 U 30 U 0.25 U 0.24 U 24.0 U 23.0 U 0.44 U 6.5 U
2,4.5-Trichlorphenol 0.23 U 30 U 0.25 U 0.24 U 24.0 U 23.0 U 0.44 U 6.5 U
1,1'-Biphenyl 0.083 J 30 U 0.25 U 0.24 U 24.0 U 23.0 U 0.44 U 6.5 U
2-Chloronapththalene 0.23 U 30 U 0.25 U 0.24 U 24.0 U 23.0 U 0.44 U 6.5 U
2-Nitroaniline 0.23 U 30 U 0.25 U 0.24 U 24.0 U 23.0 U 0.44 U 6.5 U
Dimethylphthalate 0.23 U 30 U 0.25 U 0.24 U 24.0 U 23.0 U 0.44 U 6.5 U
2,6-Dinitrotoluene 0.23 U 30 U 0.25 U 0.24 U 24.0 U 23.0 U 0.44 U 6.5 U
Acenaphthylene 0.23 U 30 U 0.25 U 0.24 U 24.0 U 23.0 U 0.44 U 6.5 U
3-Nitroanline 0.23 U 30 U 0.25 U 0.24 U 24.0 U 23.0 U 0.44 U 6.5 U
Acenaphthene 0.23 U 11 J 0.25 U 0.24 U 24.0 U 23.0 U 0.44 J 2.9 J
2,4-Dinitrophenol 0.23 U 30 U 0.25 U 0.24 U 24.0 U 23.0 U 0.44 U 6.5 U
4-Nitrophenol 0.23 U 30 U 0.25 U 0.24 U 24.0 U 23.0 U 0.44 U 6.5 U
Dibenzofuran 0.051 J 30 U 0.25 U 0.24 U 24.0 U 23.0 U 0.44 U 6.5 U
2,4-Dinitrotoluene 0.23 U 30 U 0.25 U 0.24 U 24.0 U 23.0 U 0.44 U 6.5 U
Diethylphthalate 0.23 U 30 U 0.25 U 0.24 U 24.0 U 23.0 U 0.30 J 6.5 U
Fluorene 0.069 J 23 J 0.25 U 0.24 U 24.0 U 23.0 U 0.69 3.1 J
4-Chlorophenyl-phenylether 0.23 U 30 U 0.25 U 0.24 U 24.0 U 23.0 U 0.44 U 6.5 U
4-Nitroanline 0.23 U 30 U 0.25 U 0.24 U 24.0 U 23.0 U 0.44 U 6.5 U
4,6-Dinitro-2-methylphenol 0.23 U 30 U 0.25 U 0.24 U 24.0 U 23.0 U 0.44 U 6.5 U
n-Nitrosodiphenalylamine 0.23 U 30 U 0.25 U 0.24 U 24.0 U 23.0 U 0.44 U 6.5 U
4-Bromophenyl-phenylether 0.23 U 30 U 0.25 U 0.24 U 24.0 U 23.0 U 0.44 U 6.5 U
Hexachlorobenzene 0.23 U 30 U 0.25 U 0.24 U 24.0 U 23.0 U 0.44 U 6.5 U
Atrazine 0.23 U 30 U 0.25 U 0.24 U 24.0 U 23.0 U 0.44 U 6.5 U
Pentachlorophenol 0.23 U 30 U 0.25 U 0.24 U 24.0 U 23.0 U 0.44 U 6.5 U
Phenanthrene 0.42 58 0.25 U 0.24 U 81.0 J 72.0 J 2.4 14.0
Anthracene 0.069 J 9.5 J 0.14 J 0.24 U 24.0 U 23.0 U 0.30 J 2.9 J
Carbazole 0.055 J 30 U 0.25 U 0.24 U 24.0 U 23.0 U 0.44 U 6.5 U
Di-n-butylphthalate 0.23 U 30 U 0.25 U 0.090 J 24.0 U 23.0 U 0.27 J 6.5 U
Fluoranthene 0.13 J 30 U 0.80 0.062 J 24.0 U 23.0 U 0.16 J 6.5 J
Pyrene 0.31 34 0.79 0.071 76.0 J 69.0 J 1.0 17.0
Butylbenzylphthalate 0.23 U 30 U 0.25 U 0.24 U 24.0 U 23.0 U 0.44 U 6.5 U
3,3'-Dichlorobenzidine 0.23 U 30 U 0.25 U 0.24 U 24.0 U 23.0 U 0.44 U 6.5 U
Benzo[a]anthracene 0.19 J 30 U 0.37 0.24 U 24.0 U 23.0 U 0.21 J 3.3 J
Chrysene 0.37 11 J 0.38 0.24 U 24.0 U 23.0 U 0.48 3.8 J
bis (2-Ethylhexyl)phthalate 0.21 JB 30 U 0.49 0.24 U 24.0 U 23.0 U 0.44 U 6.5 U
Di-n-octylphthalate 0.23 U 30 U 0.25 U 0.40 24.0 U 23.0 U 0.44 U 6.5 U
Benzo[b]fluoranthene 0.37 30 U 0.44 0.057 J 24.0 U 23.0 U 0.44 U 1.4 J
Benzo[k]fluoranthene 0.059 J 30 U 0.13 J 0.24 U 24.0 U 23.0 U 0.44 U 1.8 J
Benzo[a]pyrene 0.21 J 30 U 0.33 0.24 U 24.0 U 23.0 U 0.44 U 2.0 J
Indeno[1,2,3-cd]pyrene 0.11 J 30 U 0.14 J 0.24 U 24.0 U 23.0 U 0.44 U 2.3 J
Dibenz[a,h]anthracene 0.10 J 30 U 0.25 U 0.24 U 24.0 U 23.0 U 0.44 U 6.5 U
Benzo[g,h,i]perylene 0.15 J 30 U 0.15 J 0.24 U 24.0 U 23.0 U 0.44 U 6.5 U

Notes:

Results were originally in micrograms per kilogram (ug/kg); divided by 1,000 to get milligrams per kilogram (mg/kg).

         B When used in relation to organics fractions, the "B" flag indicates that the analyte of interest was detected in the method blank associated with the sample, as well as
             in the sample itself.  The "B" flag is applied without regard to the relative concentrations detected in the blank and sample.

J The analyte of interest was detected below the routine reporting limit.  This value should be regarded as an estimate.
         U The analyte of interest was not detected to the limit of detection indicated.

RE Re-extract: used re-extraction results.

SAMPLE # (DATE)

ANALYTE
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TABLE D2-4
Pesticides and PCBs, OLM04.3 (mg/kg)

OSBGB01-S12 
(12/19/05)

OSBGB09-S07 
(12/20/05)

OSBGB10-S07 
(12/21/05)

OSBGB11-S08 
(12/21/05)

OSB-FP-ETN15-S6 
(1/19/06)

OSB-FP-ETN47-S3 
(1/19/06)

OSB-IDW-SE-001 
(1/19/06)

DRMOOSB-TRENCH-IDW 
(6/20/06)

alpha-BHC 0.0012 U 0.038 U 0.0013 U 0.0012 U 2.5 U 2.5 U 0.0011 U 0.033 U
beta-BHC 0.0012 U 0.038 U 0.0013 U 0.0012 U 2.5 U 2.5 U 0.0011 U 0.033 U
delta-BHC 0.0012 U 0.038 U 0.0013 U 0.0012 U 2.5 U 2.5 U 0.0011 U 0.033 U
gamma-BHC 0.0012 U 0.038 U 0.0013 U 0.0012 U 2.5 U 2.5 U 0.0011 U 0.033 U
Heptachlor 0.0012 U 0.038 U 0.0013 U 0.0012 U 2.5 U 2.5 U 0.0011 U 0.033 U
Aldrin 0.0012 U 0.038 U 0.0013 U 0.0012 U 2.5 U 2.5 U 0.0011 U 0.033 U
Heptachlor epoxide 0.0012 U 0.038 U 0.0013 U 0.0012 U 2.5 U 2.5 U 0.0011 U 0.033 U
Endosulfan I 0.0012 U 0.038 U 0.0013 U 0.0012 U 2.5 U 2.5 U 0.0011 U 0.033 U
Dieldrin 0.0023 U 0.074 U 0.0025 U 0.0024 U 4.8 U 4.9 U 0.0022 U 0.064 U
4,4'-DDE 0.0023 U 0.074 U 0.0025 U 0.0024 U 4.8 U 4.9 U 0.0022 U 0.064 U
Endrin 0.0023 U 0.074 U 0.0025 U 0.0024 U 4.8 U 4.9 U 0.0022 U 0.064 U
Endosulfan II 0.0023 U 0.074 U 0.0025 U 0.0024 U 4.8 U 4.9 U 0.0022 U 0.064 U
4,4'-DDD 0.0023 U 0.074 U 0.0025 U 0.0024 U 4.8 U 4.9 U 0.0022 U 0.064 U
Endosulfan sulfate 0.0023 U 0.074 U 0.0025 U 0.0024 U 4.8 U 4.9 U 0.0022 U 0.064 U
4,4' - DDT 0.0023 U 0.074 U 0.0025 U 0.0024 U 4.8 U 4.9 U 0.0022 U 0.064 U
Methoxychlor 0.012 U 0.380 U 0.013 U 0.012 U 25 U 25 U 0.011 U 0.33 U
Endrin ketone 0.023 U 0.074 U 0.0025 U 0.0024 U 4.8 U 4.9 U 0.0022 U 0.064 U
Endrin aldehyde 0.023 U 0.074 U 0.0025 U 0.0024 U 4.8 U 4.9 U 0.0022 U 0.064 U
alpha-Chlordane 0.0012 U 0.038 U 0.0013 U 0.0012 U 2.5 U 2.5 U 0.0011 U 0.033 U
gamma-Chlordane 0.0012 U 0.038 U 0.0013 U 0.0012 U 2.5 U 2.5 U 0.0011 U 0.033 U
Toxaphene 0.12 U 3.8 U 0.130 U 0.120 U 250 U 250 U 0.110 U 3.3 U
Aroclor-1016 0.023 U 0.74 U 0.025 U 0.024 U 48 U 49.0 U 0.022 U 0.64 U
Aroclor-1221 0.046 U 1.5 U 0.050 U 0.049 U 98 U 99 U 0.045 U 1.3 U
Aroclor-1232 0.023 U 0.74 U 0.025 U 0.024 U 48 U 49.0 U 0.022 U 0.64 U
Aroclor-1242 0.023 U 0.74 U 0.025 U 0.024 U 48 U 49.0 U 0.022 U 0.64 U
Aroclor-1248 0.023 U 0.74 U 0.025 U 0.024 U 48 U 49.0 U 0.022 U 0.64 U
Aroclor-1254 0.023 U 0.74 U 0.025 U 0.024 U 48 U 49.0 U 0.022 U 0.64 U
Aroclor-1260 0.023 U 0.74 U 0.025 U 0.024 U 48 U 49.0 U 0.15 0.64 U

Notes:

Results were originally in micrograms per kilogram (ug/kg); divided by 1,000 to get milligrams per kilogram (mg/kg).

         U The analyte of interest was not detected to the limit of detection indicated.

SAMPLE # (DATE)
ANALYTE
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TABLE D2-5
Total Petroleum Hydrocarbons, Diesel-Range (8015M) and Motor Oil-Range (mg/kg)

Diesel-Range Organics (C10-
C23)

Motor Oil-Range 
Organics (C24-C40)

OSBGB01-S12 (12/19/05) 110 450
OSBGB09-S07 (12/20/05) 38,000 30,000
OSBGB09-S07P (12/20/05) 180,000 320,000
OSBGB10-S07 (12/21/05) 8.0 30 U
OSBGB11-S08 (12/21/05) 7.2 U 29 U
OSB-FP-ETN15-S6 (1/19/06) 130,000 320,000
OSB-FP-ETN47-S3 (1/19/06) 120,000 300,000
OSB-IDW-SE-001 (1/19/06) 2,200 4,600
DRMOOSB-TR14-S7 (6/19/06) 100,000 220,000
DRMOOSB-TR15-S7.5 (6/19/06) 2,000 4,100
DRMOOSB-TR16-S6 (6/19/06) 93,000 140,000
DRMOOSB-TR17-S7.5 (6/19/06) 18,000 25,000
DRMOOSB-TRENCH-IDW (6/20/06) 6,300 10,000

Notes:

         mg/kg = milligrams per kilogram

         U The analyte of interest was not detected to the limit of detection indicated.

ANALYTE
SAMPLE # (DATE)
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TABLE D2-6
Total Metals, ILM04.1 (mg/kg)

OSBGB01-S12RE 
(12/19/05)

OSBGB09-S07RE 
(12/20/05)

OSBGB10-S07RE 
(12/21/05)

OSBGB11-S08 
(12/21/05)

OSB-FP-ETN15-S6 
(1/19/06)

OSB-FP-ETN47-S3 
(1/19/06)

OSB-IDW-SE-001 
(1/19/06)

DRMOOSB-TRENCH-IDW 
(6/20/06)

Aluminum 13,700 24,200 43,600 46,900 356 248 25,100 17,500
Antimony 0.45 U 2.9 B 1.9 B 0.95 B 1.3 B 1.0 B 2.0 B 3.4 B
Arsenic 8.5 25.0 17.2 16.7 2.1 2.5 9.0 14.5
Barium 388 115 250 108 5.7 B 3.8 B 366 338
Beryllium 0.17 B 0.42 B 0.62 B 0.64 B 0.54 B 0.47 B 0.76 B 0.50 B
Cadmium 0.06 U 0.07 U 0.34 U 0.07 U 1.4 1.1 0.06 U 0.39 B
Calcium 9,690 2,990 4,680 3,520 393 B 263 B 14,600 5,900
Chromium 29.6 57.7 74.6 106 0.88 B 0.73 B 51.3 50.3
Copper 54.7 78.6 58.3 58.1 9.3 9.1 99.2 342
Cobalt 9.8 B 15.0 16.3 21.6 0.37 B 0.26 B 19.4 12.1
Iron 31,500 40,000 53,500 48,900 643 545 40,300 34,200
Lead 2,130 157 44.4 22.7 21.7 21.1 251 602
Magnesium 5,160 6,930 8,430 8,840 103 B 71.0 B 9,090 5,970
Manganese 520 475 636 506 13.5 8.5 673 464
Nickel 24.0 61.9 67.7 86.3 7.9 8.1 59.7 59.7
Potassium 2,750 2,950 5,420 3,410 23.5 B 14.7 B 2,180 2,020
Selenium 3.5 4.9 11.9 5.1 0.76 B 1.1 3.8 3.6
Mercury 0.096 B 0.35 0.13 B 0.29 0.18 0.053 B 0.083 B 0.10 U
Silver 0.11 U 0.12 U 0.11 U 0.12 U 0.08 U 0.08 U 0.10 U 1.2
Sodium 21.8 U 810 B 23.2 U 825 B 293 B 16.3 U 32.4 B 96.7 U
Thallium 4.0 U 0.91 U 4.3 U 0.91 U 3.0 U 3.0 U 3.8 U 0.71 U
Vanadium 51.5 84.1 118 122 12.5 10.9 76.1 62.8
Zinc 769 178 261 83.4 439 324 381 1,330

Notes:

Results were originally in micrograms per kilogram (ug/kg); divided by 1,000 to get milligrams per kilogram (mg/kg).

         B The reported value was obtained from a reading that was less than the Contract Required Detection Limit (CRDL) but greater than or equal to the Instrument Detection Limit (IDL). 
             If the analyte was analyzed for but not detected, a "U" shall be entered.
         U The analyte of interest was not detected to the limit of detection indicated.

RE Re-extract: used re-extraction results.

SAMPLE # (DATE)
ANALYTE
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TABLE D2-7
TCLP Metals, 1311/601B/7470A (ug/L)

OSB-IDW-SE-001 
(1/19/06)

DRMOOSB-TRENCH-IDW 
(6/20/06)

Arsenic 40.3 B 32.0 U
Barium 4,410 2,150
Cadmium 29.3 B 44.5 B
Chromium 7.7 B 3.0 U
Copper 48.0 U 491 B
Lead 7,830 3,260
Nickel 173 B 173 B
Selenium 57.3 B 43.5 B
Mercury 0.15 U 5.0 U
Silver 5.0 U 0.10 U

Notes:

         TCLP = Toxicity Characteristic Leaching Procedure
         ug/L = micrograms per liter

         B The reported value was obtained from a reading that was
             less than the Contract Required Detection Limit (CRDL) but 
             greater than or equal to the Instrument Detection Limit (IDL). 
             If the analyte was analyzed for but not detected, a "U"

    shall be entered.
         U The analyte of interest was not detected to the limit of 
             detection indicated.

SAMPLE # (DATE)
ANALYTE
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TABLE D2-8
STLC Metals, CCR Title 22 (ug/L)

OSB-IDW-SE-001 
(1/19/06)

DRMOOSB-TRENCH-IDW 
(6/20/06)

Arsenic 211 B 432 B
Barium 15,900 B 16,500 B
Cadmium 25.9 B 20.1 B
Chromium 862 B 892 B
Copper 86.1 B 48.0 U
Lead 13,200 34,500
Nickel 849 B 1,490 B
Selenium 65.5 B 128 B
Mercury 1.6 U 1.0 U
Silver 5.0 U 5.0 U

Notes:

         STLC = Soluble Threshold Limit Concentration
         ug/L = micrograms per liter

         B The reported value was obtained from a reading that was
             less than the Contract Required Detection Limit (CRDL) but 
             greater than or equal to the Instrument Detection Limit (IDL). 
             If the analyte was analyzed for but not detected, a "U"

    shall be entered.
         U The analyte of interest was not detected to the limit of
             detection indicated.

SAMPLE # (DATE)
ANALYTE
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TABLE D2-9
TTLC Metals (mg/kg)

SAMPLE # (DATE)
DRMOOSB-TRENCH-IDW 

(6/20/06)
Antimony 0.71 B
Arsenic 13.7
Barium 367
Beryllium 0.51
Cadmium 2.9
Chromium 61.1
Copper 333
Cobalt 13.6
Lead 1,450
Molybdenum 0.20 U
Nickel 55.9
Selenium 4.4 B
Silver 0.05 U
Thallium 1.7 U
Vanadium 80.3
Zinc 2,080

Notes:

         TTLC = Total Threshold Limit Concentration
         mg/kg = milligrams per kilogram

         B The reported value was obtained from a reading that was
             less than the Contract Required Detection Limit (CRDL) but 
             greater than or equal to the Instrument Detection Limit (IDL). 
             If the analyte was analyzed for but not detected, a "U"

    shall be entered.
         U The analyte of interest was not detected to the limit of
             detection indicated.

ANALYTE
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TABLE D2-10
Cyanide, ILM04.1 (mg/kg)

SAMPLE # (DATE) Cyanide
OSBGB01-S12RE (12/19/05) 0.34 U
OSBGB09-S07RE (12/20/05) 280
OSBGB10-S07RE (12/21/05) 1.0 B
OSBGB11-S08RE (12/21/05) 0.36 U
OSB-IDW-SE-001 (1/19/06) 0.33 U
DRMOOSB-TRENCH-IDW (6/20/06) 0.53

Notes:

         mg/kg = milligrams per kilogram

         B The reported value was obtained from a reading that was
             less than the Contract Required Detection Limit (CRDL) but 
             greater than or equal to the Instrument Detection Limit (IDL). 
             If the analyte was analyzed for but not detected, a "U"

    shall be entered.
         U The analyte of interest was not detected to the limit of
             detection indicated.

RE Re-extract: used re-extraction results.
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LAUCKS TESTING LABORATORIES 
940 S. Harney 

Seattle, WA 981 08 

PesticideIPCB Fraction: 

Sample Analvsis: 
Samples OSB-FP-ETW15-S6 and OSB-FP-ETN47-S3 were prepared by dissolving approximately 0.20 
grams of sample in 10mL of hexane. Surrogates were added and the solutions were then diluted ten- 
fold and analyzed by GC-ECD along with the other sample extracts. 

'TPH Diesel Fraction: 

California DHS 8015 modified was used to quantitate the samples f ~ r  diesel and notor oil. Diesel 
range responses were determined by summing the responses of all components, resolved and 
unresolved, between Clo and CZ3 integrated to a horizontal baseline. Motor oii range responses were 
determined by summing the responses of all components, resolved and unresolved, between C24 and 
C4r3 integrated to a horizontal baseline. Quantitation in both cases was based on a linear regression. 

The quantitation of extractable organics within the retention time as stated does not indicate the 
presence of diesel or any other specific fuel type since other extractable organic material may be 
present in the sample. Qualitative determination of the presence of diesel or a specific fuel type based 
on the characteristic hydrocarbon pattern of the appropriate fuel type is tabulated below: 

Sample iD Characteristic Diesel Pattern Characteristic Bii Pattern 
OSB-FP-ETN 1 5-56 No . Partial 
OSB-FP-ETN47-S3 No Partial 
OSB-IDW-SE-OO? No Partial 

Sam~le Analvsis: 
Sample OSB-FP-ETN15-S6 was prepared by dissolving 0.25 grams of sample in 10mL of methylene 
cf?!cride sn ?123!2005. Samp!e OSB-FP-ETb!47-S3 was prsparec! by disso!vinn 3 0.23 grams zf samp!e 
in 10mL of methylene chloride on 1/23/2006. The solutions were then diluted ten-fold and analyzed by 
GC-FID along with the other sample extracts. Surrogates were added at the instrlrment after the 
dilution. The hydrocarbon pattern for these samples most closely resembled a bunker c fuel. The 
hydrocarbon range was from approximately C12 to at least C40. Sample OSB-IDW-SE-001 
demonstrated the same hydrocarbon pattern. 

The associated reagent blank for samples OSB-FP-ETNI 5-S6 and OSB-FP-ETN47-S3 consisted of 
methylene chloride. 

Quality Control Analysis: 
MSIMSD analyses were performed on sample OSB-IDW-SE-001 for both diesel and motor oil. The 
diesel and oil recoveries were not calculable due to the dilution factor employed. 

All blank spike recoveries were within the acceptance limits. 

All other quality control parameters were met. 



Lailcks Testing Labs 
Quantitation R e p o r t  

D a t a  F i l e  
Injection Date 
Sample lnfo 
Misc. Info 
Laberatory ID 
Inst.rur(!ent ID 
Method 
Q~iantitation 
Dilution Factor 
Colm-in 

//~~PTUNE/Target/Chern/5890c.i/C1236~~.b/~l23622.d 
23-JAN-2006 21:33 
0416541-001 
CA DHS 8015Bmod - Diesel(C10-C23) 
0416541-001 Client ID : OSB-FP-ETN15-S6 
5890~; i Operater :. JNH 
CCA91426 .m Sub1 is t : TPHDX+ 
ESTD Integrator : Falcon 
10.0 Sanpie Type: SAMPLE 
RTX - 5 Column Size: 30.09rn L- 0 . O O m  ID 

UfiitFacto'c : 0.001000 
FinaiVolume : 10000 uL 
SaqieWeight: 0.2500 g 
Moistfire : n.0000 % 
InjectionVol : 2.000 UL 

Concentrat ions 
Soln Final 

Compound RT RT Window Response ug/ml mq/K9 
==IIP============I==hII==a=C=====C=====e=51=======================%======================== 

2.13 30064251 
2-Fluorobiphenyl 12.55 12.52 - 12.62 15594 2.3247 930 
Diesel 6.55 - 22.92 2583534 322.50 129000 
o-Terphenyl 19.18 19.15 - 19.25 19122 2.0910 836 
n-Octacosanc 26.96 26.92 - 27.02 16700 2.4104 964 
Motor Oil 22.92 - 36.94 4736369 809.24 324000 

36.96 148940 
Response is in area units. 
M - The peak was manually integrated. 
E - The quantitated amount exceeds the calibration range. 
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Laucks Testing L&s 
Quantitation Report 

, . - a  . . . , . . . ,  , . . ; . . .  ( _ . . , #  , , ( . . . , . . . / . _ .  &. ' - &' . , 1 
10 i2 14 16 18 20 22 24 26 2€1 

TLme (Min) -- 

Data Pile 
Injection Date 
Sample Info 
Misc. Info 
Laboratory ID 
Instrument ID 
Method 
Quantitation 
Dilution Factor 
Column 

: //~~~TUNE/~arget/Chem/5890c.i/C1236C~.b/C123624.d 
: 24-JAN-2006 05:39 
: CMI6541-002 
: CA DHS 8015Bmod - Diesel(C10-C23) 
: (3416541-002 Client ID : OSB-FP-ETN47-S3 
: 5890c. i Operator : JNH 
: CCA91426.m Sublist : TPHDX+ 
: E S m  Integrator : Falcon 
: 10.0 Sample Type: SAMPLE 
: ilTX-5 Column Size: 30.00m L- O.OSmm ID 

Ur~itFactor : 0.001000 
Finalvolume : 10000 uL 
SaqleWeight: 0.2300 g 
Moistwe : 0 .OOCO % 
InjectionVol : 2. COO ul; 

Concentrations 
S o h  Final 

Conpound RT RT Window Response ug/ml %=/Kg 
=========e===E=l=S=-=1==3======lle===1=1===~=============~==============c===--- - -=-- -  ----- --- 

2.14 30041109 
2 -Fluorobiphenyl 12.55 12.52 - 12.62 15514 2.3134 1000 
Diesel 6.55 - 22.92 2297848 284.02 123000 
o -Terphenyl 19.18 19.15 - 19.25 19051 2.0826 906 
n-Octacosane 26.96 26.92 - 27.02 17364 2.4946 1080 
Motor Oil 22.92 - 36.94 4215187 696.26 303000 

36.96 139654 
Response is in area units. 
M - The peak was manually integrated. 
E - The quantitated amount exceeds the calibration range. 
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Laucks Testing Labs 
Quantitation Report 

i . I . , . . . , . . .  , . . , . . I  ' ';or ' '212 , . . . . , ,  . . . , . , . / . I , . . . . , . , : , , . , ,  
0 2 4 G /3 10 12 1'4 16 24 $6 229 30 $2 34 36 30 

-- Time (Hlnl 

Data File : //hiEP~/Target/Chem/589Oc.i/C1236C~.b/C123646.d 
Injection Date : 24-JAN-2006 2 2 : 3 2  
Sample Info : CMI6541-003 
Misc. Info : CA DHS 801SBrr;od - Diesel (C10-C23) 
Laboratory ID : CMI6541-003 Client ID : OSB-IDW-SE-001 
Instrument ID : 5890c.i 3perator : JN3 
Met hod : CCA91425.m Sub1 ist : TPFDX+ 
Quantitation : ESTD Integrator : Falcon 
Dilution Factor : 20.0 Sample Type: SAMPLE 
Column : RTX-5 Column Size: 30.00m L- O.OOmm 

LJnitFactor : O.GOlOO0 
Finalvolume : 2000 uL 
SampleWeight : 20.00 g 
Moisture : 25 .OO % 
InjectionVol: 2.000 uL 

Concentrations 
Scln Final 

Compound RT RT WirLdow Response ug/rnL mg/ Kg 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

2.12 29952659 
2 -Fluorobiphenyl 12.56 12.52-12.62 7549 1 .I767 3.14 
Diesel 6.55 - 22.92 6195818 809.01 2160 
o-Terphenyl 19.18 19.15 - 19.25 8805 0.86790 2.31 
n-Octacosar~e 26.97 26.92 - 27.02 7968 1.3022 3.47 
Motor Oil 22.92 - 36.94 8899022 1711.7 4560 

37.19 196862 
Response is in area units. 
M - The peak was manually integrated. 
E - The quantitated amount exceeds the calibration range. 
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APPENDIX D3  

Photographs 



View of East Side of OSB (01/20/06) 

View of South Side of OSB 
(01/20/06) 



 
View of North Side of OSB 

Closeup View 
of Concrete 
Plug in North 
Wall of OSB 
(01/20/06) 



 

Removing Accumulated Free Product from Excavation (01/18/06) 

Closeup View of Free Product in Excavation (01/18/06) 



 

Example of Free Product and 
Metal Debris (01/18/06) 

Closeup View of Free Product 
and Metal Debris in Excavation 

(01/18/06) 



 

Closeup View of Metal Debris and Free Product in Sidewall of 
Excavation (01/18/06) 

Closeup View of Metal Debris and Free Product in Sidewall of 
Excavation (01/18/06) 



 

Metal Debris in Excavation (01/18/06) 

Closeup View of Metal Debris Excavation (01/18/06) 



 

Metal Debris in Excavation 
(01/18/06) 

Metal Debris Removed from 
Excavation (01/18/06) 



 

Free Product on 6-inch 
Perforated Pipe Associated 
with OSB (01/20/06) 

Closeup of Free Product on 6-inch 
Perforated Pipe Associated with 

OSB (01/20/06) 



 

North Wall of OSB Prior to 
Removal Showing Upper, 
Grated Opening (01/20/06) 

Closeup of Southern Wall of OSB 
After Removal Showing Upper, 

Grated Opening and Lower Pipe 
Connection (01/20/06) 



 

Wire and Other Debris and Free Product in Trench along Dump 
Road (06/19/06) 

Closeup of View of Metal Debris and Free Product Removed from 
Trench along Dump Road (06/19/06) 



 

Trench OSBTR13 along Dump Road (06/19/06) 

Trench OSBTR14 along Dump Road (06/19/06) 



 

Trench OSBTR15 along Dump Road (06/19/06) 

Trench OSBTR16 along Dump Road (06/19/06) 



 

Trench OSBTR16 along Dump Road (06/19/06) 

Trench OSBTR17 along Dump Road (06/19/06) 



APPENDIX E 

Boring and Trench Logs from the Groundwater 
Investigation at the Former Crane Test Area 



STANDARD
PENETRATION

TEST
RESULTS

Dry 11/20/2006 Eli Ludwig

Crane Test Area, Azuar and Dump Road, IA B1

CTAMW0100-101 (trench)

11/20/2006

264204.GW.NW

 Backhoe, 2' x 12' x 6.5' deep trench

PROJECT NUMBER BORING ID:

PROJECT: LOCATION:

DRILLING METHOD AND EQUIPMENT USED:

WATER LEVELS: START: END: LOGGER:

DEPTH BGS (ft) CORE DESCRIPTION: COMMENTS:

INTERVAL (ft)

RECOVERY

TYPE-#

SOIL NAME (USCS GROUP SYMBOL), COLOR,
MOISTURE CONTENT, RELATIVE DENSITY,
OR CONSISTENCY, SOIL STRUCTURE,
MINERALOGY.

DEPTH OF CASING, DRILLING RATE,
DRILLING FLUID LOSS,
TESTS, AND INSTRUMENTATION.

SOIL BORING LOG

6-6-6 (in)
(N)SS=Split Spoon

ST=ShelbyTube

Sheet 1 of 1

Mare Island

~12 Engineering/Remediation Resources Group DRILLING CONTRACTOR:ELEVATION: 1799775NORTHING: 6480830EASTING:

0 Asphalt (0 to 0.5'). A 2' x 12' x 6.5' deep trench was excavated to 

SAND (SW). Buff to light brown (10YR 8/4), moist, firm, log soil and debris layer and to clear location 

1 well graded, medium grained, cemented, laminated, no debris. of debris for well drilling and installation. A 

shallow well will be installed in the trench and 

2 a deeper well will be drilled within the trench.

3 Asphalt (3 to 3.25').

Debris. Bricks (6 inches), asphalt debris, sand.

4 SILTY CLAY (CL). Very dark brown (2.5Y 2.5/1), moist, soft, 

medium plasticity, peat and organic material.

5

6 SANDY SILT (ML). Greenish gray (10Y 3/1), moist, soft, medium 
plasticity.

Total depth=6.5 ft. bgs. Bottom of trench is dry.

7

8

9

10

11

12

13

14

15

16

17

18

19

20



STANDARD
PENETRATION

TEST
RESULTS

11/22/2006 M. Godwin

Crane Test Area, Azuar and Dump Road, IA B1

CTAMW0101

11/22/2006

264204.GW.NW

 Direct Push Drilling, 2 inch diameter, Rhino, Track-mounted Marl Drilling Technologies DP/HSA Duel Purpose

PROJECT NUMBER BORING ID:

PROJECT: LOCATION:

DRILLING METHOD AND EQUIPMENT USED:

WATER LEVELS: START: END: LOGGER:

DEPTH BGS (ft) CORE DESCRIPTION: COMMENTS:

INTERVAL (ft)

RECOVERY

TYPE-#

SOIL NAME (USCS GROUP SYMBOL), COLOR,
MOISTURE CONTENT, RELATIVE DENSITY,
OR CONSISTENCY, SOIL STRUCTURE,
MINERALOGY.

DEPTH OF CASING, DRILLING RATE,
DRILLING FLUID LOSS,
TESTS, AND INSTRUMENTATION.

SOIL BORING LOG

6-6-6 (in)
(N)SS=Split Spoon

ST=ShelbyTube

Sheet 1 of 2

Mare Island

~12 GREGG DRILLING AND TESTING, INC., SADRILLING CONTRACTOR:ELEVATION: 1799775NORTHING: 6480830EASTING:

0 0 to 6.5'. See CTAMW0100-1-1 trench soil log.

1

2

3

4

5

6

7

8 0% GP No recovery (8 to 12').8-12

9

10

11

12 100% GP CLAY (CL). Dark greenish gray (10G 4/1), moist, soft, 12-16

plastic, laminated grades downward to clay.

13 CLAY (CL). Black (N 2.5/1), moist, soft, plastic, 

micaceous, peaty, laminated.

14 CLAY (CL). Dark greenish gray (10G 4/1), moist, soft, 

plastic, laminated, upward fining to black clay, 

15 gradational with below.

SAND (SW). Greenish black (10Y 2.5/1), loose, x-bdd, to laminated, 
fine to medium subangular quartz sand, bioclastic with oyster.

16 0 GP No recovery (16 to 20').16-20

17

18

19

20 100% GP CLAY (CL). Dark olive gray (5Y 3/2), moist, soft, plastic, 20-24

laminate, upward fining from base, silty clay at  21.5 and 

21 23.5, becomes firm, friable fracture, laminated, 

gradational contact with below.

22

23 SAND (SW). Gray, bioclastic, wet, loose, medium grained, 

subrounded quartz sand.

24 0 GP24-28



STANDARD
PENETRATION

TEST
RESULTS

11/22/2006 M. Godwin

Crane Test Area, Azuar and Dump Road, IA B1

CTAMW0101

11/22/2006

264204.GW.NW

 Direct Push Drilling, 2 inch diameter, Rhino, Track-mounted Marl Drilling Technologies DP/HSA Duel Purpose

PROJECT NUMBER BORING ID:

PROJECT: LOCATION:

DRILLING METHOD AND EQUIPMENT USED:

WATER LEVELS: START: END: LOGGER:

DEPTH BGS (ft) CORE DESCRIPTION: COMMENTS:

INTERVAL (ft)

RECOVERY

TYPE-#

SOIL NAME (USCS GROUP SYMBOL), COLOR,
MOISTURE CONTENT, RELATIVE DENSITY,
OR CONSISTENCY, SOIL STRUCTURE,
MINERALOGY.

DEPTH OF CASING, DRILLING RATE,
DRILLING FLUID LOSS,
TESTS, AND INSTRUMENTATION.

SOIL BORING LOG

6-6-6 (in)
(N)SS=Split Spoon

ST=ShelbyTube

Sheet 2 of 2

Mare Island

~12 GREGG DRILLING AND TESTING, INC., SADRILLING CONTRACTOR:ELEVATION: 1799775NORTHING: 6480830EASTING:

25

26

27

SILT (ML). Dark greenish gray (5G 4/1), dry to slightly moist, firm, 
laminated, 50% oyster shells, friable (bedrock).

Description based on shoe.

28 Total depth=28 ft. bgs.

29



STANDARD
PENETRATION

TEST
RESULTS

~6 ft. bgs. (trench) 11/20/2006 Eli Ludwig

Crane Test Area, Azuar and Dump Road, IA B1

CTAMW0102-103 (trench)

11/20/2006

264204.GW.NW

 Backhoe, 2' x 7.5' x 6' deep trench

PROJECT NUMBER BORING ID:

PROJECT: LOCATION:

DRILLING METHOD AND EQUIPMENT USED:

WATER LEVELS: START: END: LOGGER:

DEPTH BGS (ft) CORE DESCRIPTION: COMMENTS:

INTERVAL (ft)

RECOVERY

TYPE-#

SOIL NAME (USCS GROUP SYMBOL), COLOR,
MOISTURE CONTENT, RELATIVE DENSITY,
OR CONSISTENCY, SOIL STRUCTURE,
MINERALOGY.

DEPTH OF CASING, DRILLING RATE,
DRILLING FLUID LOSS,
TESTS, AND INSTRUMENTATION.

SOIL BORING LOG

6-6-6 (in)
(N)SS=Split Spoon

ST=ShelbyTube

Sheet 1 of 1

Mare Island

~11 Engineering/Remediation Resources Group CDRILLING CONTRACTOR:ELEVATION: 1799500NORTHING: 6481027EASTING:

0 Asphalt (0 to 0.7'). A 2' x 6' x 6' trench was excavated to log soil 

GRAVEL (GW). Brown, dry, coarse road base, A/B fill 1" to and debris layer and to clear location of debris 

1 2". for well drilling and installation. A shallow 

SILTY SAND (SM). Buff to light brown (10YR 5/6), moist, well will be installed within the trench and a 

2 firm, no debris. deeper well will be drilled within the trench.

3

Debris layer. Rust orange layer, includes mainly scrap 

4 sheet metal (12" x 6" x 1/16" odd shapes and sizes) wire, 

pipe (2" x 12') and other debris.

5 Water. Very slight oily sheen. Does not appear to 

be free product.

6 Total depth=6 ft. bgs.

6 SANDY SILT (ML). Greenish gray (10Y 3/1), wet, soft, medium 

plasticity.

7

8

9

10

11

12

13

14

15

16

17

18

19

20



STANDARD
PENETRATION

TEST
RESULTS

11/22/2006 M. Godwin

Crane Test Area, Azuar and Dump Road, IA B1

CTAMW0103

11/22/2006

264204.GW.NW

 Direct Push Drilling, 2 inch diameter, Rhino, Track-mounted Marl Drilling Technologies DP/HSA Duel Purpose

PROJECT NUMBER BORING ID:

PROJECT: LOCATION:

DRILLING METHOD AND EQUIPMENT USED:

WATER LEVELS: START: END: LOGGER:

DEPTH BGS (ft) CORE DESCRIPTION: COMMENTS:

INTERVAL (ft)

RECOVERY

TYPE-#

SOIL NAME (USCS GROUP SYMBOL), COLOR,
MOISTURE CONTENT, RELATIVE DENSITY,
OR CONSISTENCY, SOIL STRUCTURE,
MINERALOGY.

DEPTH OF CASING, DRILLING RATE,
DRILLING FLUID LOSS,
TESTS, AND INSTRUMENTATION.

SOIL BORING LOG

6-6-6 (in)
(N)SS=Split Spoon

ST=ShelbyTube

Sheet 1 of 2

Mare Island

~11 GREGG DRILLING AND TESTING, INC., SADRILLING CONTRACTOR:ELEVATION: 1799500NORTHING: 6481027EASTING:

0 0 to 6'. See CTAMW0102-103 trench soil log.

1

2

3

4

5

6

7

8 0 GP No recovery (8 to 12').8-12

9

10

11

12 75% GP CLAY (CL). Dark greenish gray (10Y 3/1), moist, soft, 12-16

plastic, laminated, grades downward to clayey silt.

13

14 CLAYEY SILT/SILT (ML). Dark greenish gray (10Y 3/1), moist, 

moderate dilatency, non plastic, micaceous, laminated, grades to below.

15 SAND (SW). Greenish  black (10Y 2.5/1), wet, laminated, fine to 
medium grained subrounded quartz sand, 30% mica.

16 85% GP16-20

Slough.

17 SILTY CLAY (CL). Dark gray (5Y 4/1), moist, soft, 

laminated, slightly micaceous, plastic, fine, wet sand at 

18 base.

SAND (SW). Dark gray, wet.

19 CLAY (CL). Very dark gray (10YR 3/1), moist, soft to firm, 

plastic with peat gradational with gray silty clay at base.

20 100% GP CLAY (CL). Dark greenish gray (10Y 3/1), soft, laminated, 20-24

plastic gradation with below.

21 CLAY (CL). Very dark gray (10YR 3/1), moist, soft to firm, 

plastic, plant and wood fibers, strong H25.

22 SILT (ML). Greenish gray (5GY 5/1), slightly moist, firm, 

low dilatency, laminated with root structures, micaceous, grades to 
brown sandy silt at base.

23 SAND (SM).

SILT (ML). Grayish green (5G 5/2), dry, firm, bioclastic, friable (top of 
bedrock).



STANDARD
PENETRATION

TEST
RESULTS

11/22/2006 M. Godwin

Crane Test Area, Azuar and Dump Road, IA B1

CTAMW0103

11/22/2006

264204.GW.NW

 Direct Push Drilling, 2 inch diameter, Rhino, Track-mounted Marl Drilling Technologies DP/HSA Duel Purpose

PROJECT NUMBER BORING ID:

PROJECT: LOCATION:

DRILLING METHOD AND EQUIPMENT USED:

WATER LEVELS: START: END: LOGGER:

DEPTH BGS (ft) CORE DESCRIPTION: COMMENTS:

INTERVAL (ft)

RECOVERY

TYPE-#

SOIL NAME (USCS GROUP SYMBOL), COLOR,
MOISTURE CONTENT, RELATIVE DENSITY,
OR CONSISTENCY, SOIL STRUCTURE,
MINERALOGY.

DEPTH OF CASING, DRILLING RATE,
DRILLING FLUID LOSS,
TESTS, AND INSTRUMENTATION.

SOIL BORING LOG

6-6-6 (in)
(N)SS=Split Spoon

ST=ShelbyTube

Sheet 2 of 2

Mare Island

~11 GREGG DRILLING AND TESTING, INC., SADRILLING CONTRACTOR:ELEVATION: 1799500NORTHING: 6481027EASTING:

24 100% GP SILTY SAND (SM). Olive (5Y 5/4), firm to hard, med subangular quartz 
sand, in silty matrix, limonite mottled, weathered panoche siltstone, 
gradational with below.

24-28

25

26 SILTY SAND (SM). Olive yellow (2.5Y 6/6), mottled brownish 

yellow (10YR 6/8), dry, hard, plastic when wet, strong 

27 limonite staining at base, coarsening downward, weathered 

panoche fm sandstone/siltstone.

28 5% GP Slough.28-32

29

30

31 SILTY SAND (SM). Greenish gray (5BG 5/1), dry, hard, Description based on shoe.

friable gap graded subangular to subrounded quartz sand, silt matrix, 
massive, minor biotite.

32 Total depth=32 ft. bgs.

33



STANDARD
PENETRATION

TEST
RESULTS

~7 ft. bgs. (trench) 11/20/2006 Eli Ludwig

Crane Test Area, Azuar and Dump Road, IA B1

CTAMW0104-105 (trench)

11/20/2006

264204.GW.NW

 Backhoe, 2' x 12.5' x 10' deep trench

PROJECT NUMBER BORING ID:

PROJECT: LOCATION:

DRILLING METHOD AND EQUIPMENT USED:

WATER LEVELS: START: END: LOGGER:

DEPTH BGS (ft) CORE DESCRIPTION: COMMENTS:

INTERVAL (ft)

RECOVERY

TYPE-#

SOIL NAME (USCS GROUP SYMBOL), COLOR,
MOISTURE CONTENT, RELATIVE DENSITY,
OR CONSISTENCY, SOIL STRUCTURE,
MINERALOGY.

DEPTH OF CASING, DRILLING RATE,
DRILLING FLUID LOSS,
TESTS, AND INSTRUMENTATION.

SOIL BORING LOG

6-6-6 (in)
(N)SS=Split Spoon

ST=ShelbyTube

Sheet 1 of 1

Mare Island

~13 Engineering/Remediation Resources Group DRILLING CONTRACTOR:ELEVATION: 1799190NORTHING: 648061EASTING:

0 Asphalt (0 to 8"). A 2' x 12.5' x 10' deep trench was dug to log 

SAND (SW). Buff to light brown (10YR 8/4), moist, firm, soil and debris and to clear location of debris 

1 laminated, no debris. for well drilling and installation. A shallow 

well will be installed in the trench and a deep 

2 CLAYEY SILT WITH SAND (ML). Light gray color (Gley 2 4/10 well will be installed within the trench.

BG), moist, soft, laminated, medium plasticity, some brick material.

3 Debris layer. Very dark brown to black (2.5Y 2.5/1), mainly organic fill 
material, wood chips, ground up wood or sawdust.

4

5 Debris layer. Moist, mainly metal debris including: scrap 

sheet metal (12" x 10"-odd shapes and sizes), cable (3/4" 

6 diameter), pipe (metal), wire.

7 Water at 7 ft. bgs. Free project, black color, 

oily.

8 CLAY (CL). Olive brown (5Y 2.5/1), wet, soft, plastic, Contact difficult to measure since under water. 

sticky. It is estimated to be between 7.5 and 8.5 ft. bgs.

9

10 Total depth=10 ft. bgs.

11

12

13

14

15

16

17

18

19

20



STANDARD
PENETRATION

TEST
RESULTS

10.85 TOC 11/28/2006 M. Godwin

Crane Test Area, Azuar and Dump Road, IA B1

CTAMW0105

11/28/2006

264204.GW.NW

 Direct Push Drilling, 2 inch diameter, Rhino, Track-mounted Marl Drilling Technologies DP/HSA Duel Purpose

PROJECT NUMBER BORING ID:

PROJECT: LOCATION:

DRILLING METHOD AND EQUIPMENT USED:

WATER LEVELS: START: END: LOGGER:

DEPTH BGS (ft) CORE DESCRIPTION: COMMENTS:

INTERVAL (ft)

RECOVERY

TYPE-#

SOIL NAME (USCS GROUP SYMBOL), COLOR,
MOISTURE CONTENT, RELATIVE DENSITY,
OR CONSISTENCY, SOIL STRUCTURE,
MINERALOGY.

DEPTH OF CASING, DRILLING RATE,
DRILLING FLUID LOSS,
TESTS, AND INSTRUMENTATION.

SOIL BORING LOG

6-6-6 (in)
(N)SS=Split Spoon

ST=ShelbyTube

Sheet 1 of 2

Mare Island

~13 Precision Sampling, Inc., San Rafael, CADRILLING CONTRACTOR:ELEVATION: 1799190NORTHING: 6480601EASTING:

0 0 to 10'. See CTAMW0104-105 trench soil log.

1

2

3

4

5

6

7

8

9

10 50% GP CLAY (CL). Olive brown (5Y 2.5/1), moist, soft, sticky, 10-15

plastic.

11

12

13

14

15 65% GP SAND (SW). Greenish gray (10GY 5/1), and (5Y 6/1), moist, 15-20

firm, fine grained with silt, quartz.

16

17 SILT (ML). Greenish gray (5Y 2.5/1), moist, laminated, 

plant material.

18 CLAY (CL).18-18

19 SILT (ML). Greenish gray (5Y 2.5/1), moist, laminated, 

plant material.

20 100% GP

21 PEAT (OL).

SILTY SAND. Dark greenish gray (5Y 2.5/1), very wet, 

22 laminated, coarsens upward, sand is quartz, mica in silt, 

gradual contact.

23

24 CLAY WITH SILT (CL). Dark greenish gray (5Y 2.5/1), moist, 

plastic, mica, laminated, sharp contact with below. Contact at 2 inches 
above 25 ft. bgs.



STANDARD
PENETRATION

TEST
RESULTS

10.85 TOC 11/28/2006 M. Godwin

Crane Test Area, Azuar and Dump Road, IA B1

CTAMW0105

11/28/2006

264204.GW.NW

 Direct Push Drilling, 2 inch diameter, Rhino, Track-mounted Marl Drilling Technologies DP/HSA Duel Purpose

PROJECT NUMBER BORING ID:

PROJECT: LOCATION:

DRILLING METHOD AND EQUIPMENT USED:

WATER LEVELS: START: END: LOGGER:

DEPTH BGS (ft) CORE DESCRIPTION: COMMENTS:

INTERVAL (ft)

RECOVERY

TYPE-#

SOIL NAME (USCS GROUP SYMBOL), COLOR,
MOISTURE CONTENT, RELATIVE DENSITY,
OR CONSISTENCY, SOIL STRUCTURE,
MINERALOGY.

DEPTH OF CASING, DRILLING RATE,
DRILLING FLUID LOSS,
TESTS, AND INSTRUMENTATION.

SOIL BORING LOG

6-6-6 (in)
(N)SS=Split Spoon

ST=ShelbyTube

Sheet 2 of 2

Mare Island

~13 Precision Sampling, Inc., San Rafael, CADRILLING CONTRACTOR:ELEVATION: 1799190NORTHING: 6480601EASTING:

25 CLAY (CL). Pale olive (5Y 6/3), dry, hard, oyster shells (top of bedrock). 
Total depth=25 ft. bgs.

26



STANDARD
PENETRATION

TEST
RESULTS

Dry 11/20/2006 Eli Ludwig

Crane Test Area, Azuar and Dump Road, IA B1

CTAMW0106-107 (trench)

11/20/2006

264204.GW.NW

 Backhoe, 2' x 8' x 5' deep trench

PROJECT NUMBER BORING ID:

PROJECT: LOCATION:

DRILLING METHOD AND EQUIPMENT USED:

WATER LEVELS: START: END: LOGGER:

DEPTH BGS (ft) CORE DESCRIPTION: COMMENTS:

INTERVAL (ft)

RECOVERY

TYPE-#

SOIL NAME (USCS GROUP SYMBOL), COLOR,
MOISTURE CONTENT, RELATIVE DENSITY,
OR CONSISTENCY, SOIL STRUCTURE,
MINERALOGY.

DEPTH OF CASING, DRILLING RATE,
DRILLING FLUID LOSS,
TESTS, AND INSTRUMENTATION.

SOIL BORING LOG

6-6-6 (in)
(N)SS=Split Spoon

ST=ShelbyTube

Sheet 1 of 1

Mare Island

~9.5 Engineering/Remediation Resources Group DRILLING CONTRACTOR:ELEVATION: 1799655NORTHING: 6480647EASTING:

0 CLAYEY SILT (ML). Brown (10YR 4/3), damp, stiff. A 2' x 8' x 5' deep trench was dug to log soil 

and debris and to clear location of debris for 

1 SILTY CLAY (CL). Brown to dark brown (7.5YR 4/2), dry, well drilling and installation. A shallow well 

stiff, low plasticity, 30% silt, few debris-bricks. will be installed in the trench and a deeper well 

2 will be drilled within the trench.

3 CLAY (CL). Dark brown (10YR 3/2), dry to damp, stiff, high No debris.

plasticity.

4

5 Total depth=5 ft. bgs.

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20



STANDARD
PENETRATION

TEST
RESULTS

~9.4 ft. bgs. TOC 11/22/2006 M. Godwin

Crane Test Area, Azuar and Dump Road, IA B1

CTAMW0107

11/22/2006

264204.GW.NW

 Direct Push Drilling, 2 inch diameter, Rhino, Track-mounted Marl Drilling Technologies DP/HSA Duel Purpose

PROJECT NUMBER BORING ID:

PROJECT: LOCATION:

DRILLING METHOD AND EQUIPMENT USED:

WATER LEVELS: START: END: LOGGER:

DEPTH BGS (ft) CORE DESCRIPTION: COMMENTS:

INTERVAL (ft)

RECOVERY

TYPE-#

SOIL NAME (USCS GROUP SYMBOL), COLOR,
MOISTURE CONTENT, RELATIVE DENSITY,
OR CONSISTENCY, SOIL STRUCTURE,
MINERALOGY.

DEPTH OF CASING, DRILLING RATE,
DRILLING FLUID LOSS,
TESTS, AND INSTRUMENTATION.

SOIL BORING LOG

6-6-6 (in)
(N)SS=Split Spoon

ST=ShelbyTube

Sheet 1 of 2

Mare Island

~9.5 GREGG DRILLING AND TESTING, INC., SADRILLING CONTRACTOR:ELEVATION: 1799655NORTHING: 6480647EASTING:

0 0 to 5' . See CTAMW0106-107 trench soil log.

1

2

3

4

5

6

7

8 100% GP CLAY (CL). Grayish brown (2.5Y 5/2), mottled dark yellowish 8-12

brown (10YR 4/4), moist, soft, plastic, massive to 

9 laminated, blocky fractured abundant amount of mica on 

laminated partings, grades to below.

10

11 CLAY (CL). Olive (5Y 4/3) and black (2.5N), moist, soft, 

micaceous, plastic clay, laminated.

12 0% GP No recovery (12 to 16')12-16

13

14

15

16 75% GP CLAY (CL). Grayish black (10Y 2.5/1), wet, soft, plastic, 16-20

laminated, 10% quartz sand, rapid dilatency, grades to 

17 below.

18 SAND (SW). Greenish gray (10GY 5/1) and gray (5Y 6/1), 

moist, firm, thin bdd with rounded quartz sand, upward coarse, grades 
to below.

19 SILT (ML). Dark greenish gray (5G 4/1), dry to slightly moist, firm, 
laminated, 50% oyster shells.

20 85% GP Slough.20-24

21

22 SILT (ML). Same as above. Biogerenaceus, dark greenish 

gray, sharp contact with below (top of bedrock).

23 CLAY (CL). Pale olive (5Y 6/3), mottled brownish yellow 

(10YR 6/6), dry, hard, laminated, steeply dipping claystone bedrock.

24 Total depth=24 ft. bgs.



STANDARD
PENETRATION

TEST
RESULTS

~9.4 ft. bgs. TOC 11/22/2006 M. Godwin

Crane Test Area, Azuar and Dump Road, IA B1

CTAMW0107

11/22/2006

264204.GW.NW

 Direct Push Drilling, 2 inch diameter, Rhino, Track-mounted Marl Drilling Technologies DP/HSA Duel Purpose

PROJECT NUMBER BORING ID:

PROJECT: LOCATION:

DRILLING METHOD AND EQUIPMENT USED:

WATER LEVELS: START: END: LOGGER:

DEPTH BGS (ft) CORE DESCRIPTION: COMMENTS:

INTERVAL (ft)

RECOVERY

TYPE-#

SOIL NAME (USCS GROUP SYMBOL), COLOR,
MOISTURE CONTENT, RELATIVE DENSITY,
OR CONSISTENCY, SOIL STRUCTURE,
MINERALOGY.

DEPTH OF CASING, DRILLING RATE,
DRILLING FLUID LOSS,
TESTS, AND INSTRUMENTATION.

SOIL BORING LOG

6-6-6 (in)
(N)SS=Split Spoon

ST=ShelbyTube

Sheet 2 of 2

Mare Island

~9.5 GREGG DRILLING AND TESTING, INC., SADRILLING CONTRACTOR:ELEVATION: 1799655NORTHING: 6480647EASTING:

25



STANDARD
PENETRATION

TEST
RESULTS

~6.5 ft. bgs. (trench) 11/20/2006 Eli Ludwig

Crane Test Area, Azuar and Dump Road, IA B1

CTAMW0108-109 (trench)

11/20/2006

264204.GW.NW

 Backhoe, 2' x 8' x 6.5' deep trench

PROJECT NUMBER BORING ID:

PROJECT: LOCATION:

DRILLING METHOD AND EQUIPMENT USED:

WATER LEVELS: START: END: LOGGER:

DEPTH BGS (ft) CORE DESCRIPTION: COMMENTS:

INTERVAL (ft)

RECOVERY

TYPE-#

SOIL NAME (USCS GROUP SYMBOL), COLOR,
MOISTURE CONTENT, RELATIVE DENSITY,
OR CONSISTENCY, SOIL STRUCTURE,
MINERALOGY.

DEPTH OF CASING, DRILLING RATE,
DRILLING FLUID LOSS,
TESTS, AND INSTRUMENTATION.

SOIL BORING LOG

6-6-6 (in)
(N)SS=Split Spoon

ST=ShelbyTube

Sheet 1 of 1

Mare Island

~10' Engineering/Remediation Resources Group CDRILLING CONTRACTOR:ELEVATION: 1799465NORTHING: 6480818EASTING:

0 SILTY SAND WITH GRAVEL (SW). A 2' x 8' x 6.5' deep trench was dug to log soil 

Asphalt (0.5 to 1'). and metal debris and to clear location of debris 

1 SAND WITH GRAVEL (SW). Brown (10YR 8/4), dry, loose. for well drilling and installation. A shallow 

well will be installed in the trench and a deeper 

2 Debris layer: Rust orange color, includes scrap metal (12' well will be drilled within the trench.

x 12" odd shapes and sizes), brick, metal pipe, wire.

3

4

5

At 5.9 ft. bgs: 1" thick peat layer, black color, water is dripping from 
this layer and from the lower few inches of the debris layer.

6 CLAY (CL). Olive (Gley 1 3/10 GY), damp to wet, stiff, high plasticity, 
laminated, mica, plant debris.

Total depth=6.5 ft. bgs. Standing water in the trench at ~6.5 ft. bgs.

7

8

9

10

11

12

13

14

15

16

17

18

19

20



STANDARD
PENETRATION

TEST
RESULTS

8.15 ft. TOC 11/22/2006 M. Godwin

Crane Test Area, Azuar and Dump Road, IA B1

CTAMW0109

11/22/2006

264204.GW.NW

 Direct Push Drilling, 2 inch diameter, Rhino, Track-mounted Marl Drilling Technologies DP/HSA Duel Purpose

PROJECT NUMBER BORING ID:

PROJECT: LOCATION:

DRILLING METHOD AND EQUIPMENT USED:

WATER LEVELS: START: END: LOGGER:

DEPTH BGS (ft) CORE DESCRIPTION: COMMENTS:

INTERVAL (ft)

RECOVERY

TYPE-#

SOIL NAME (USCS GROUP SYMBOL), COLOR,
MOISTURE CONTENT, RELATIVE DENSITY,
OR CONSISTENCY, SOIL STRUCTURE,
MINERALOGY.

DEPTH OF CASING, DRILLING RATE,
DRILLING FLUID LOSS,
TESTS, AND INSTRUMENTATION.

SOIL BORING LOG

6-6-6 (in)
(N)SS=Split Spoon

ST=ShelbyTube

Sheet 1 of 2

Mare Island

~10' GREGG DRILLING AND TESTING, INC., SADRILLING CONTRACTOR:ELEVATION: 1799465NORTHING: 6480818EASTING:

0 0 to 6.5'. See CTAMW0108-109 trench soil log.

1

2

3

4

5

6

7

8 30% GP SILTY CLAY (CL). Grayish brown (5Y 3/2), moist, soft, 8-12

massive to laminated, plant material, abundant mica.

9

10

11

12 0 GP Slough. No recovery 12 to 16 ft. bgs.12-16

13 CLAY (CL). Dark brown (5Y 2.5/1), wet, soft.

14

15

16 75% GP Slough.16-20

17 CLAY (CL). Dark brown (5Y 2.5/1), wet, soft.

18 SILTY SAND (SM). Dark brown (5Y 2.5/1), wet, soft, fine grained.

PEAT (OL) layer. Brown.

19 SILTY CLAY (CL).

SAND (SP). Moist, fine to medium grained.

20 100% GP CLAY (CL) and SAND (SP). Black (N 2.5/1), moist, soft to 20-24

firm, interbedded 1 cm intervals, upward fining, clay plastic.

21 PEAT (PT). Very dark gray (10YR 3/1), moist, soft, micaceous, 
laminated with clay.

22 CLAY (CL). Dark greenish gray (5GY 4/1), soft, plastic.

PEAT (PT). Very dark gray (10YR 3/1), moist, soft, micaceous, 
laminated with clay.

23 SILT (ML). Grayish green (5G 5/1), dry, firm, bioclastic, plastic when 
wet, friable, upward coarsening (top of bedrock).

CLAY (CL). Greenish gray (10GY 5/1), firm, bioclastic, friable.



STANDARD
PENETRATION

TEST
RESULTS

8.15 ft. TOC 11/22/2006 M. Godwin

Crane Test Area, Azuar and Dump Road, IA B1

CTAMW0109

11/22/2006

264204.GW.NW

 Direct Push Drilling, 2 inch diameter, Rhino, Track-mounted Marl Drilling Technologies DP/HSA Duel Purpose

PROJECT NUMBER BORING ID:

PROJECT: LOCATION:

DRILLING METHOD AND EQUIPMENT USED:

WATER LEVELS: START: END: LOGGER:

DEPTH BGS (ft) CORE DESCRIPTION: COMMENTS:

INTERVAL (ft)

RECOVERY

TYPE-#

SOIL NAME (USCS GROUP SYMBOL), COLOR,
MOISTURE CONTENT, RELATIVE DENSITY,
OR CONSISTENCY, SOIL STRUCTURE,
MINERALOGY.

DEPTH OF CASING, DRILLING RATE,
DRILLING FLUID LOSS,
TESTS, AND INSTRUMENTATION.

SOIL BORING LOG

6-6-6 (in)
(N)SS=Split Spoon

ST=ShelbyTube

Sheet 2 of 2

Mare Island

~10' GREGG DRILLING AND TESTING, INC., SADRILLING CONTRACTOR:ELEVATION: 1799465NORTHING: 6480818EASTING:

24 50% GP Slough?24-28

25

26 SAND (SP). Dark greenish gray (5GY 4/1), wet, loose, 

bioclastic, subangular to subrounded quartz and medium sand, trace 
mica, sharp contact with below.

27 SILT (ML). Dark greenish gray (5G 4/1), moist, firm, laminated, 
micaceous, non plastic.

28 25% GP No recovery.28-32

29

30

31 SAND (SM). Dark greenish gray (5G 4/1), dry, hard, friable, 

fine angular quartz sand and lith and mica, weathered sandstone.

32 15% GP Slough.32-36

33 SILTY SAND (SM). Olive (5Y 4/3), dry, hard, friable, fine 

angular sand, weathered, panoche fm sandstone.

34

35

36 100% GP Slough.36-40

37

38 SAND (SW). Yellowish brown (10YR 5/6), dry, hard, very fine 

sand, limonite stained, caliche near top, weathered panoche 

39 fm sandstone/siltstone.

40 Total depth=40 ft. bgs.

41
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Trench Sidewall Record Trench # AD-I 
Contractor: Tum-Ke Construction Services, Inc. Date !!- z/-o7 
Pro'ect No. 273939.14 .01 Site 

Location 

GPS Coords 

Trench View 
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Trench Sidewall Record I Trench # AD-( 
Contractor: Tum-Key Construction Services, Inc. I Date 
Project No. 273939.14.01 I Site 

Location - . /" A 1\ - l 
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Trench Sidewall Record Trench # All- I 
Contractor: Turn-Key Construction Services, Inc. Date 1/- 10 - 6 7 

Project No. 273939.14.01 I Site 

Location 

GPSCoords I 
Trench View (wes+ ) 
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Trench Sidewall Record Trench # t'D- I 
Contractor: Tu rn-Ke Construction Services, Inc. Date / I -Z /)-01 

Pro"eet No. 273939.14.01 Site 

Location 

GPS Coords 

Trench View 
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Trench Sidewall Record I Trench # AI - I 
~ 

Contractor: Turn-Key Construction Services, Inc. 1 Date 11- 7 0 - 0--;' 
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Trench Sidewall Record Trench# 4])-1 

Contractor: Tum-Ke Construction Services, Inc. Date / /-Zo-" I 
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Trench Sidewall Record Trench # AD- I 
Contractor: Turn-Key Construction Services, Inc. I Date //-/5-0'" 
Project No . 273939 .1 4.01 Site 
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Trench Sidewall Record I Trench # A\)-I 
Co ntractor: Turn-Key Construction Services, Inc. I Date 11 - 15- 07 
Project No. 273939.14.01 I Site 
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Trench Sidewall Record I Trench # A"D-Z. 
Contractor: Turn-Key Construction Services, Inc. I Date //- 28-07 
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Trench Sidewall Record Trench # A])--z. 
Contractor: Turn-Ke Cons truction Services, Inc. Date 11-
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Trench Sidewall Record Trench # .AD- z. 
Contractor: Turn-Ke Construction Services, Inc. Date II- ZB-O 
Pro'eet No. 273939.14.01 Site 

Location 

GPSCoords 

Trench View 
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Trench Sidewall Record Trench # 

Contractor: Turn-Kc Construction Services, Inc. 
Pro'ect No. 273939.14.01 Site 
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Trench Sidewall Record 

Po., j of'. Lj 

I Trench # AD - Z (et. ,r 50 f" 70 ') 
Contractor: Turn-Key Construction Services, Inc. Date /I. n ')7 
Pro"ect No. 273939.14.01 I Site 
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Trench Sidewall Record I Trench # /1])-3 
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Trench Sidewall Record Trench # 
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Trench Sidewall Record I Trench # 
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Trench Sidewall Record Trench # 

Contractor: Tum-Ke Construction Services, Inc. 
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Trench Sidewall Record Trench # .55L- t( ,,-I.. '111,5-1. I") 
Contractor: Tum-Ke Construction Services, Inc. Date /Z-If-07 
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Trench Sidewall Record I Trench # 
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Trench Sidewall Record Trench# 5SL-'i (rf" /~o- /56 

Contractor: Tum-Key Construction Services, Inc. I Date 12 -/2- CJ7 
Project No. 273939.14.01 Site 
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Trench Sidewall Record I Trench # 
Contractor: Turn-Key Construction Services, Inc. 

Project No. 773939.14.01 I Site 
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Trench Sidewall Record 

Contractor: Turn-Key Construction Services, Inc. 

Trench # 5 5L - 'i (s-fa.ZoSfr, 51 • . Zf7. 0 
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Trench Sidewall Record Trench # 55L-i :skzoS" -10 sf •. 217.5) 

Contractor: Tum-Ke Construction Services, Inc. - Z-07 
Pro'ect No_ 273939.14.01 Site 
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Trench Sidewall Record Trench # FSA -/ (~~'-fo 10 

Contractor: Tu m·Ke Construction Services, Inc. Date IZ-t,-07 
Pro-eet No. 273939.14.01 
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Trench Sidewall Record I Trench # F5A +/ tt;iol 0) 
Contractor: Turn-Kev Construction Services, Inc. I Date I Z --6 - 07 

Project No. 273939.14 .01 I Site 
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Trench Sidewall Record I Trench # P'SA-I (S..J. 375';" '135) 
Contractor: Turn-Key Construction Se.rvices, Inc I Date /"2 - 6- () 7 

Proiect No. 273939.14 .01 I Site 
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Trench Sidewall Record Trench # 

Contractor: Turn-Key Construction Services, Inc. 

Pro"ect No 273939.14.01 Site 

Location 

GPSCoords 

Trench View 
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Trench Sidewall Record Trench# FSA-I (5k?15 -i-05fc.80 
Contractor: Turn-Ke Construction Services, Inc. Date 12- 6 - D 
Pro·ect No. 273939.14.01 
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Trench Sidewall Record I Trench # FS/'t-J (S/d9.§}v slr.~ V 
Contractor. Tum-Key Construction Services, Inc. I Date 12-/,-07 
Project No 273939.14..01 1 Site 
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Trench Sidewall Record I Trench # FSA -2. 

Contractor: Turn-Key Construction SerVices, Inc. Date /Z - ~ ~ J-7 

Pro"ect No. 273939.14.01 I Site 
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Trench Sidewall Record Trench # 

Contractor: Tum-Ke Const-ruction$ervices, Inc. 

Pro'eet No. 273939.14.01 Site 

Location 
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Trench Sidewall Record Trench # F .sA -3 
Contractor: Tum-Ke Construction Services, Ine. Date /Z-6-07 
Pro'ect No_ 273939.14.01 Site 
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Trench Sidewall Record I Trench # :f5A-3 
Contractor: Turn-Kev Construction Services, Inc. I Date I"Z-b- 07 
Proiect No. 273939.1401 ! Site 

Location 

GPSCoords I 
Trench View 
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Trench Sidewall Record 

Contractor: Turn-Key Construction Services, Inc. I Date /J-I'I-rl"7 E 11-IS-07 

Project No. 273939.14.01 I Site 
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Trench Sidewall Record 
Contractor: Turn-Ke Construction Services, Inc. 

Pro"eet No. 273939 .14.01 Site 
Location 

GPSCoords 
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Trench Sidewall Record 

Contractor: Tum-Key Construction Services, Inc. Date /1-1'1- 0 , E 11 - 15" -0; 
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Trench Sidewall Record 

Contractor: Tum-Key Construction Services, Inc. 

Project No. 273939.14.01 

Location FSA SUM" 1)0, 

CPS Coords 
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Trench Sidewall Record Trench # 

Contractor: Turn-Key Construction Services, Inc. 
Pro·ect No. 273939.14.01 I Site 
Location 
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Trench Sidewall Record I Trench # 
Contracto r: Turn-Key Construction Services, Inc. 

Pwject No. 273939.14.01 I Site 

Location 
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IA B.2-2 Trench Record Trench/Excavation # T~I 

Contractor : NRC Env. Services Date : 2/2"1/0'(. 

Project No. : i C 'l 2 0'1. Bo. 2-0 

Trench Start (DatefTime): 2.h'l /l~'ii. 12 . 'I Z 

Trench End (DatefTime) : Z I L'l / zeoi; II; · 00 

Location: Ll'1 '( l' Fr ,0 ,l-ti!" I>jW OF- eL£) l l'i 'l 
'N [')11 , Icrt ",vr-m'l, t;,o . .. 0 ~Ol 

Depth to Water, ft. , bgs. : 5 fT Page 1 of 3 
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APPENDIX F2 

Photographs 

 



 

NOVEMBER 5-9, 2007 

 
Trench SSL-1 – View of Sanitary Sewer Line and two IR14 pipelines 

 
Trench SSL-2 – View of metal debris and free product in excavation 

 
DR-1 – View of metal and brick debris in excavation 
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NOVEMBER 12-16, 2007 

 
Excavation of petroleum-contaminated soil from wooden sump in FSA 

 
Conditions in excavation after removal of the wooden sump structure 

 

Western sidewall of trench AD-1 with accumulation of water and free  
product in bottom of trench 
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NOVEMBER 19-21, 2007 

 

Portion of FSA from which floating product was removed and water subsequently 
pumped (roughly corresponds to grid FS-38) 

 

Conditions in trench AD-1 showing metal debris and free product 

 

Close-up of free product in fine-grained soil from southern end of trench AD-1 
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NOVEMBER 26-30, 2007 

 

Metal debris and free product in trench AD-2 (station 50 to station 70) 

 
Metal debris and free product in trench AD-4 

 

In trench AD-2 station 0 to station 22.5, clay material from below metal debris with free 
product observed in fractures and along plant material 
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DECEMBER 3-7, 2007 

 

Trench FSA-2 

 

Close-up of petroleum-impacted soil from trench FSA-2 
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Trench FSA-3 

 

Close-up of petroleum-impacted soil in trench FSA-3 

 

Close-up of unimpacted soil in trench FSA-3
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DECEMBER 10-14, 2007 

 

Metal debris above water table in trench SSL-4 station 99 to station 110 

 

Metal debris, water, and free product in trench SSL-4 station 99 to station 110 
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Close-up of fine-grained soil beneath metal debris layer in trench SSL-4 
station 99 to station 110 

 

Example of geologic materials in trench AD-9 along the eastern side of Azuar Drive 

 8 



APPENDIXF3 

Analytical Results 



Pesticides 



1 CLIENT SAMPLE NO. 
PESTICIDE ORGANICS ANALYSIS DATA SHEET 

FTPH-FP-DR-DRl-6.5 I 
Lab Name: LauCKs Testing Laboratories, Contract:~N~/~~~, ______________________ __ 

SDG No.: ~M~.I~N~S~0~3 __________________________ _ Run Sequence: ~R~O~2~3~8~4~6 __________________ ___ 

Matrix: (SOIL/WATER) .....;:;S:.;;o:.:i:.:l~ _________ _ Lab Sample ID: _M~I~N~S~0~3_-~O:.:0:.:1 _____________ ___ 

Sample wt/vo1: 0;...;,...3;;;,.0"--__ _ (g /mL) _9zill:.:,:' __ _ Lab h1e ID: _Q!(.C:::.O:::.·::..3~0.:..7;:,1;:,1.:...~d __________ _ 

% Moisture: 0.0 Decanted: (Y/N) N Da·te Collected: 11/08/2007 

Extraction: (Type) -'W::.,:.n.""S:;.T::.,.E:;.·, _________ _ Date Extracted: 11/30/2007 
~~~-------------

Concentrated 8xtract Volume: 10000.0(uL) Date Analyzed: _1_2-'/-'0-'3-'/_2_0_0_7 ___________ _ 

Injection Volume: ~0-,.:.:5 _______________ '(UL) Dilution Factor: 10.0 

GPC Cleanup: (Y iN) ...;N:.;..' ____ pH: _______ _ Sulfur Cleanup: (YIN) N 

CAS NO. COMPOUND 
CONCENTRATION UNITS: 

Q 
uq/kq 

319-84-6 alpha-EHC 4.3 U 

319-85-7 beta-BHC 4.3 U 

319-86-8 delta-EHC 4.3 U 

58-89-9 gamma-ERe 4.3 U 

76-44-8 HeDtachlor 4.3 U 

309-00-2 Aldr'in 4.3 U 

1024-57-3 Heptachlor epoxide 4.3 U - _._=---_ .. 
959-98-8 Endosulfan I 4.3 U 

60-57-1 Dieldrin 9.0 U 

72-55-9 4,4'-DDE 9.0 U 

72-20-8 Endrin 9.0 U 

33213-65-9 Endosulfan II 9.0 U 

72-54-8 4,4'-DDD 9.0 U 

1031-07-8 Endosulfan sulfate 9.0 U 

50-29-3 4,4'-DDT 9.0 D 

72-43-5 Methoxychlor 43 U 

7421-93-4 Endrin aldehyde 9.0 U 

5103-71-9 a1pha-Chlordane 4.3 U 

53494-70-5 Endrin ketone 9.0 U 

5103-74-2 qarmna-Chlordane 4.3 U 

8001-35-2 Toxaphene 570 U 

Comments: 

Page 1 of 1 808lS FORM I PEST 
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1 CLIENT SAMPLE NO. 
PESTICIDE ORGANICS ANALYSIS DATA SHEET 

FTPH-E'P-FSA-1-3 

L. ... 
Lab Name: Laucks Testing Laboratories, Contract:~N~/~A~ _________________________ _ 

SDG No.: ~M~)I~N~lS~O~'3~ ________________________ __ Run Sequence: ~R~0~2~38~4~6 ________________ __ 

Matrix: (SOIL/WATER) ~S~o_i_l ______________ __ Lab 3ample ID: _M_IN_, _3_0_3_-.;;.0-"-0,;;;.2 __________ _ 

Sample wt/vol: 0~.4~.2~ ____ _ (g ImL) _9""m"-___ _ Lab Fi.1 e 10: _Q"-C:;...0::..:3::..:0:...7c..:1:..:2'-' . ...:d:....-_______ _ 

% Moisture: ____ 0_._0_ Decanted: (Y/N) N Date Collected: 11114/2007 

Ex't r act i on : (Typ e 1 _W",A:;:S::,.'P.:.., E=-____________ _ Date Extracted: 11/30/2007 
-~~~--------------

Concentrated Extract Volume: 10000.0(uL) Date Analyzed: 12/03/2007 
-~~~-------------

Injection Volume: _0_._5 ________ {u1,) Dilution Factor: 10.0 

GPC Cleanup: (YIN) _N _______ pH: _________ _ Sulfur Cleanup: (Y/N) N 

CAS NO. COMPOUND CONCENTRATION UNITS: Q uq/kg 

319-84-6 alpha-'BHC 3.1 U 

319-85-7 beta-BRC 3.1 U 

319-86-8 delta-BHC 3.1 U 

58-B9-9 gamma-BHC I 3.1 U 

76-44-8 Heptachlor 3.1 U 

309-00-2 .41drin 3.1 U 

1024-57-3 Heptachlor epoxide 3.1 U 

959-98-8 Endosulfan I 3.1 U 

60-57-1 Dieldrin 6.4 U 
72-55-9 4,4'-DDE 6.4 U 

72-20-8 Endrin 6.4 U 

33213-65-9 Endosu.1fan II 6.4 U 

72-54-8 4,4'-000 6.4 U 

1031-07-8 Endosulfan sulfate 6.4 U 

50-29--3 4,4' -DDT 6.4 \] 

72-43-5 Methoxychlor 31 0 

7421-93-4 Endrin aldehyde 6.4 U 

5103-71-9 alpha-Chlordane 3.1. U 

53494--'0-5 Endrin ketone 6.4 U 

5103-74-2 gamma-Chlordane 3.1 U 

8001-35-2 Toxaphene 400 U 

Comments: 

Page 1 of 1 B081B FORl~ I PEST 

PEST -10 



1 CLIENT SAMPLE NO. 
PESTICIDE ORGANICS ANALYSIS DATA SHEET 

FTPH-FP-AD-4 

Lab Name: Laucks Testing Laboratories, Contract:~N~/~A~. __________________________ __ 

SDG No.: ~M~I~N~S~O~4~. ________________________ ___ Run Sequence: ,.;R;.;.0:.,;2;:..3:..;9::..8::...2"'-_______________ _ 

Hatrix: (SOI.L/WA-'l'ER) Soil Lab Sample ID: ~M~,I~.N_S::...O~4-_0~0~1 ___________ ___ 

Sample ",t/vol: 0;;,..:..;.2;:..4..:...... __ _ ( g I mL) ..c9;>..:m:.:.-__ Lab Fi.l e I D: _Q~C::;..0~6~0;;..·-,7::.1 ;;..9;;..> d,;;;,.. _____________ _ 

'6 Moisture: ___ o-..:,~o_ Decan·ted: (YIN) N Date CoLLected: 11/26/2007 

Extraction: (Type) _v_J~_S~~_.E _______________ __ Date Extracted: __ 1~2-'/-'0~5_'/-'2_'0_0_7 ________ _ 

Concentrated Extract Volume: 10000.0(uL) Date Analyzed: 12/06/2007 -----------------------
Injection Volume: _0_>_5 ________ (uL) Dilution Factor: 10.0 

GPC Cleanup: (Y/N) ...:N:.:..-___ pH :----- Sulfur Cleanup: (YIN) N 

CAS NO. COMPOUND CONCENTRATI ON UNITS: 
Q 

uq/kq 

319-84-6 alpha-BHe 1" " .1V 0 

319-85-7 beta-BHC 110 U 

319-86-8 delta-SHC 110 0 
----

58-89-9 gamma-SHC 110 U 

76-44-8 Heptachlor 110 U 
309-00-2 Aldrin no u 
1024-57-3 Heptachlor epoxide 110 U 

959-98-8 Endosulfan 1 110 U 

60-57-1 DieJ.drin 230 U 

72-55-9 4,4'-DDE 230 U 
72-20-8 Endrin 230 U 

33213-65-9 Endosulfan II 230 U -_ .. -
72-54-8 4,4'-DDD 230 U 

1031-07-8 Endosulfan sulfate 230 U 

50-29-3 4,4'-DDT 230 U 
72-43-5 I Methoxychlor 1100 U 

7421-93-4 Endrin aldehyde 230 0 

5103-71-9 alpha-Chlordane 110 0 

53494-70-5 Endrin ketone 230 U 

5103-74"'2 gamma-Chlordane 110 U 
8001-35-2 Toxaphene 14000 U 

Comments: 
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Polychlorinated Biphenyls (PCBs) 



1 CLIENT SAMPLE NO. 
AROCLOR ORGANICS ANALYSIS DATA SHEET 

FTPH-FP-DR-DRl-6.5 I 
Lab Name: Laucks Testing Laboratories, Con'tract: ~N;::.;/:..;A,"-_____________ _ 

SDG No.: ~M~I~N~S~0~3 ______________________ _ Run Sequence: ~R~0~2~3~8~47~ _________________ _ 

Matrix: (SOIL/WATER) ~S~o~i~l~ ________ __ Lab Sample ID: ~M~I~N~S~O~3_-~O~0~1 _________ _ 

Sample wt/vol: 0;;..;... 3~0;;,.... __ _ (g /rnL) _9;;!;m:.:.:..... __ _ Lab File ID: _Q~C~0~3~0~7~1~1~.~d~ ___________ __ 

% Moisture: 0.0 Decanted: (YIN) N Date Collected: 11/08/2007 

Extr action: (Type) ,..:W:.:.;A..:;S::;.'T;:,;E:::.-. __________ _ Date Extracted: ~l~1~/~3~0~/~2~0~0~7 __________ __ 

Concentrated Ex-tract Volume: 10000.0 (uL) Date Analyzed: ~]~,2~/~0~3~/~2~0~0~7 __________ ~ __ __ 

Injection Volume: _0_._5 ___________ ( uL) Dilution Factor: 10.0 

GPC Cleanup: (Y/N) _N;.;..-. _____ pH: _______ _ Sulfur Cleanup: (YIN) N 

CAS NO. COMPOUND 
CONCENTRATION UNITS: Q 

ua/ka 

12674-11-2 Aroclor-1016 57 U 

1l104-28-2 Aroclor-1221 57 U 

11141-16-5 I Aroc1or-1232 57 U 

53469-21-9 Aroclor-1242 57 tJ 

12672-29-6 Aroclor-1248 57 U 

11097-69-1 Aroclor-1254 57 U 

11096-82-5 Aroclor-1260 57 U 
37324-23-5 Aroclor-1262 57 U 

11100-14-4 Aroclor-1268 57 U 

Comments: 
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1 CLIENT SAMPLE NO. 
AROCLOR ORGANICS ANALYSIS DATA SHEET 

FTPH-):'P-FSA-1-3 

Lab Name: Laucks Testing Laboratories, Contract:~N~'/~A~ _________________________ _ 

SDG No.: ~M~I~N~S~·0~3~ _________________ __ Run Sequence: ~R~0~2~3~8~4~7~ ______________ _ 

Matrix: (SOIL/WATER) ~S~o~i~l~ __________ __ Lab Sample I D: ...;M;;;.J~. N~S~O.:...3~--,-0 .:...O_~? _______ _ 

Sample wt/vol: O~. 4.:...2;;;... __ _ (g /mL) ~5lOl.:.m~ __ Lab File I D: .... Q:;.;C;;..;0;;..;3;..;0;..;7...;1;.;;2;..; . ...:;d:...-_______ _ 

% Moisture: _____ 0_._0_ Decanted: (Y/N) N Date Collected: 11/14/2007 

Ext r a ct i on : (Type) ...;W~A;.;;S::.T;;;.:·E::.-_______ _ Date Extracted: ~1~1~/~3~0_'/...;2~0...;0_7 ________ _ 

Concentrated Extract Volume: 10000.0 (uL) Date Analyzed: _1_2_/_0_3_/_2_0_0_7 ___________ _ 

Injection Volume: __ 0_._5 _________ ~(uL) Dilution Factor: 10.0 

GPC Cleanup; (Y/N) ~N,,--___ pH : ____ _ Sulfur Cleanup: (Y/N) N 

CAS NO. COMPOOND CONCENTRATION UNITS: 
Q 

ug/kg 

12674-11-2 Aroclor-1016 40 0 

11104-28-2 Aroclor-1221 40 0 
11141--16-5 Aroclor-1232 40 I 0 
53469-21-9 Aroclor-1242 40 0 

12672-29-6 Aroclor-1248 40 U 

11097-69-1 Aroclor-1254 40 U 
11096-82-5 Aroclor-1260 40 U 
37324-23-5 Aroclor-1262 40 U 

11100-14-4 Aroclor-1268 40 0 

Comments: 

Page 1 of 1 8082A FORM I ARO 
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1 
AROCLOR ORGANICS ANALYSIS DATA SHEET 

CLIENT SAMPLE NO. 

[ F'TPH-FP-AD-4 

Lab Name: Laucks Testing Laboratories, Contract:~N~/~A~ __________________________ _ 

SDG No.: ~M~lI~N~S~0~4~ _______________________ __ Run Sequence: ~R~0~2~3~9~8~3~ _________________ _ 

Ma t rix : (S 0 I L/'iJATER) __ S_o_i_l _____________ _ Lab Sample 10: _M __ J_N~S~0_4_-~O~O_1 ______________ ___ 

Sample wt/vol: O~, 2;;;.4-'-___ _ (g /mL) _9""m"--__ Lab F i 1 e I D: -'Q:..C;;;.0~6.;..0.;..7.;...;;.1 ~9.;..' d""-_______________ _ 

% Moisture: ___ 0_,_0_ Decanted: (Y/N) N Date Collected: 11/26/2007 

Extraction: (Type) ...;w.;.."A..:;S::...T;;.,;E:;.' ___________ _ Date Extracted: 12/05/2007 
-~~~~-----------

Concentrated Extract Volume: 10000,O(UL} Date Analyzed: _1_2...;/...;0...;6...;/_2...;0_0_7 ______________ __ 

Injection Volume: __ 0_,_5 ________________ luL} oiluU.on Factor: 10.0 

GPC Cleanup: (Y/N) ..;N;c..... ___ pH : ______ _ Sulfur Cleanup: (Y/N) N 

CAS NO, COMPOUND CONCENTRATION UNITS: 
Q 

uSI/kg 
126'74-11-2 Aroclor-1016 1400 U 

11104-28-2 Aroclor-1221 1400 U 

11141-16-5 Aroc1or-1232 1400 U 

53469-21-9 Aroclor-1242 1400 U 

12672-29-6 lI,roclor-1248 1400 U 

11097-69-1 Aroclor-1254 1400 U 

11096-82-5 Aroclor-1260 1400 U I 

37324-23-5 Aroc1or-1262 1400 U 

11100-}4-4 Aroc1or-1268 1400 U 

Comxnents: 
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Metals 



ILM 
I-IN 

INORGANIC ANALYSES DATA SHEET 

Lab Name: __ ~L~a~u~c~k~s~L~a~b~o~r~a~t~o~r~ie~s __________ _ Contract: 

SDG No.: 

SAMPLE NO. 

FTPH-TS-AD2-S13.5 

MINSOS 

Matrix (soil/water): _8;:..'0.:..;3.""·1"-________ _ Lab Sample ID: MINSOS-OOi 

Level (low/med): ~L~O~W~ __________________ __ Date Received: 12/06/2007 

% Solids: ~7~0.:..;.~3~ ___ 

Concentration Units . mq/Kq 

CAS No. Analyte Concentration C Q M Run Seq. 

7429-90-5 I Aluminum 21900 P R024762 

7440-36-0 Antimony 0.19 U N P R024762 

7440-38-2 Arsenic 7.9 P R024762 

7440-39-3 Barium 69.6 P R024762 

7440-41-7 Beryllium 0.073 J P R024762 

7440-43-9 Cadmium 0.70 U N P R024762 

7440-70-2 Calcium 4950 E*N P R024762 

7440-47-3 Chromium 61.6 N P R024762 

7440-48-4 Cobalt 13.9 P R024762 

7440-50-8 Copper 22.0 I P R024762 

7439-89-6 Iron 26800 I E P R024762 

7439-92-1 Lead 17.6 P R024762 

7439-95-4 Magnesium 7050 P R024762 

7439-96-5 Manganese 325 P R024762 

7439-97-6 Mercury 0.21 I C.V I R024115 

7440-02-0 Nickel 55.6 E P R024762 

7440-09-7 Potassium 1880 P R024762 

7782-49-2 Selenium 0.80 J P R024762 

7440-22-4 Silver 0.061 U P R024762 

744(}"'23-5 Sodium 2930 P R024762 

7440-28-0 Thallium 0.35 U P R024762 

7440-62-2 Vanadium 55.6 EN P R024762 

7440-66-6 Zinc 52.1 E P R024762 

color Before: Brown Clarity Before: Texture: Fine 

Color After: Yellow Clarity After: Artifacts: No 

Comment 
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ILM 
l-IN 

INORGANIC ANALYSES DATA SHEET 

Lab Name: _..;;I;;..;,a;;..;u;;..;c;;.;k.;;.;s;...;:;L;;.;;a;;.;.;b;..;o;.;:r;..:a;..:t..;;o..;;r;.;;i..;;e;..;s _____ _ 

Lab Code: LAUCKS 

Matrix (soil/water): ~s;;.;o;;.;l.;;.;·l~ ______ -c ____ __ 

Level (low/med); ~L~O~W~ __________________ __ 

% Solids: ~7..;;8~ __ __ 

Concen~ration Units • . -

SAMPLE NO. 

FTPH-TS-AD6-S6.5 

Contract: 

SDG 1-.", • 
l-\,V •• MTNS06 

Lab Sample ID: HINS06-001 

Date Received: 12/11/2007 

mq/Ka , 

CAS No. Analyte Concentration C Q M Run Seq. 

7429-90-5 Aluminum ]4800 P R024762 

7440-36-0 Antimony 0.92 U N P R024762 

7440-38-2 Arsenic 24.3 P R024762 

7440-39-3 Barium 487 P R024762 

7440-41-7 Beryllium 0.26 J P R024762 

7440-43-9 Cadmium 0.68 U N P R024762 

7440-70-2 Calcium 5610 P R024762 

7440-47-3 Chromium 43.6 *N P R024762 

7440-48-4 C{Jbaii 11.6 P R024762 

7440-50-8 C-Oppcr 402· P R024762 

7439-89-6 Iron 45200 * P R024762 

7439-92-1 Lead 1170 P R024762 

7439-95-4 Magnesium 5250 P R024762 

7439-96-5 Manganese 997 * P R024762 

7439-97-6 Mercury 7.5 C.J' R024245 

7440-02-0 Nickel 61.5 N P R024762 

7440-09-7 Potassium 1870 P R024762 

7782-49-2 Selenium 1.2 U P R024762 

7440-22-4 Silver 0.30 U P R024762 

7440-23-5 Sodium 422 1 E P R024762 

7440-28-0 Thallium 0.34 U P R024762 

7440-62-2 Vanadium 52.0 N P R024762 

7440-66-6 Zinc 867 * P R024762 

Color Before: ~B~r~.o~w~n~ ______ _ Clarity Before: Texture: Fine 

Color After: ~Y~e~1~1~o~w~ ____ __ Clarity After: Artifacts; No 

COITh'TIent 
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IIM 
i-IN 

INORGANIC ANALYSES DATA SHEET 
SAMPTE NO. 

FTPH-TS-AD7-S7 

Lab Name: _~L~a~u~c~k~s~L~a~b~o~r~a~t~o~r~i~e~s _______ _ Contract: 

Lab Code: ~L~A~U~C~K~S ____________ ___ SDG No.: MINS06 

Matrix (soil/water): _3;;..0",,1.;;;,;' :;;;.1 ________ _ Lab Sample ID: MIN306-002 

Level (low/med): ~L~O~W~ __________ __ Date Received: 12/lJ/2007 

% Solids: ~7~8~.~1 ____ _ 

Concenrration Units . -- " , mq/Ka 

CAS No. Analyte Concentration C Q M Run Seq. 

7429-90-5 Aluminum 21800 P R024762 

7440-36-0 Antimony 0.94 U N P R024762 

7440-38-2 Arsenic 13.7 P R024762 

7440-39-3 Barium 197 P R024762 

7440-41-7 Beryllium 0.47 J P R024762 

7440-43-9 Cadmium 0.69 U N P R024762 

7440-70-2 Calcium 19300 P R024762 

7440-47-3 Chromium 56.4 *N P R024762 

7440-48-4 Cobalt 19.2 P R024762 

7440-50-8 Copper 48.4 P I R024762 

7439-89-6 Iron 39400 "' P R024762 

7439-92-1 Lead 28.8 P R024762 

7439-95-4 Magnesium 7680 P R024762 

7439-96-5 Manganese 896 * P R024762 

7439-97-6 Mercury 0.037 J c...V R024245 

7440-02-0 Nickel 68.2 N P R024762 

7440-09-7 Potassium 1440 P R024762 

7782-49-2 Selenium 1.3 U P R024762 

7440-22-4 Silver 0.30 U P R024762 

7440-23-5 Sodium 333 J E P R024762 

7440-28-0 Thallium 0.35 U P R024762 

7440-62-2 Vanadium 71.3 N P R024762 

7440-66-6 Zinc 74.4 * P R024762 

Color Before: ~B;;;.;r;;;.;o;;;.;w~n~ ______ _ Clarity Before: Texture: 

Color After: ~Y~e~l~l~o~w~ ____ __ Clarity After: Artifacts: No 

Comment 
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1 CLIENT SAMPLE NO. 
VOLATILE ORGANICS ANALYSIS DATA SHEET 

FTPH-FP-DR-DRl-6.5 

Lab Name: Contract: 

SDG No. ; _M~I_N_S_0~3 ____________________________ __ Run Sequence: R~0~2~3~5~6~1 ________________ __ 

Matrix: (SOIL/SED/WATER) S~o~~~:l~ ____________ ___ Lab Sample ID: M::.::.IN:.;.' :;..S",,-0.;c3_-~0~0~1 _________ _ 

Sample wt/vol: 1_, ;....12'-----____ _ (g/mL) ~g~m~ ______ __ Lab Fi 1 e I D : -'Y:..;1:..;1:..;1:..;9;....0;....3=-4;:..::..:. D=----. ________ _ 

Level: (LOW/MED) Date Collected: 11/08/2007 ----'-----------------
% Moisture: not dec. 0.0 Date/Time Analyzed: 11/19/2007 20:52 

GC Column: DB-624 20m ID; _0_. 1_8 __ (nun) Dilution Factor: 1.0 

Soil Extract Volume: ~l~O~O~O~O _____________ (uL) Soil Aliquot Volume: ..;:2""5 _____ (uL) 

Heated Purge; (Y/N) ~N ________________ __ 

CAS NO. COMPOUND CONCENTRATION UNITS: 
Q 

ug/kg 

75-71-8 Dichlorodifluoromethane 1800 U 

74-87-3 Chloromethane 1800 U 

75-01-4 I Vinyl chloride 1800 U 

74-83-9 Bromomethane 1800 U 

75-00-3 Chloroethane 1800 U 

75-69-4 Trichlorofluoromethane 1800 U 
, , ....... -_ ... _-....,. .... --. 

75-35-4 l,l-Dichloroethene 1800 U 

76-13-1 1,1,2-Trichloro-l,2,2-trifluoroethane 1800 U 

67-64-1 Acetone 5400 JB 

75-15-0 Carbon disulfide 1800 U 
. " 

79-20-9 Methyl acetate 8900 U 

75-09-2 Methylene chloride 1800 U 

1634-04-4 Methyl tert-butyl ether 1800 U 

156-60-5 trans-l,2-Dichloroethene 1800 U 

75-34-3 l,l-Dichloroethane 1800 U 

156-59-2 cis-l,2-Dichloroethene 1800 U 

78-93-3 2-Butanone 8900 U 

74-97-5 Bromochloromethane 1800 U 

67-66-3 Chloroform 1800 U 

71-55-6 lll,l-Trichloroethane 1800 I U 

110-82-7 Cyc10hexane 2200 

56-23-5 Carbon tetrachloride 1800 U 

71-43-2 Benzene 1800 U 

107-06-2 1,2-Dichloroethane 1800 U 

79-01-6 Trichloroethene 1800 U 

108-87-2 Methylcyclohexane 8800 

78-87-5 l l 2-Dichloropropane 1800 U 

75-27-4 Bromodichloromethane 1800 U 

10061-01- cis-l,3-Dichloropropene 1800 U 
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1 CLIENT SAMPLE NO. 
VOLATILE ORGANICS ANALYSIS DATA SHEET 

FTPH-FP-DR-DRl-6.5 

Lab Name: Contract: 

SDG No.: ;..;;.M~I~N~S~0~3~ ________________ __ Run Sequence: R~0~2~3~5~6=1 ________________ _ 

Matrix; (SOIL/SED/WATER) s~o~~~'l~ ____________ ___ Lab Sample ID; M:.:.::;IN:.:.S::::..:::.0::::.3_-.:;:.0.:;:.0,;;;,1 _______ _ 

Sample wt/vol: l~. 1"-2'---___ _ (g/mL) ~g~m~ ____ __ Lab Fi 1 e I D: _Y_1_1...;,.1--'9_0_3_4_._D ___________ _ 

Level: (LOW/MED) Date Collected: 11/08/2007 ----------------------
% Moisture: not dec. 0.0 Date/Time Analyzed: 11/1912007 20;52 

GC Column: DB-624 20m ID; _0_.1_8 __ (mm) Dilution Factor: LO 

Soil Extract Volume: ""l..:..O..:..O..:..OO-'-______ (uL) Soil Aliquot Volume: ..;;;2;..;;.5 _____ (uL) 

Heated Purge: (Y/N) ~N ____________________ _ 

CAS NO. COMPOUND CONCENTRATION UNITS: 
Q 

ug:/kg: 

108-10-1 4-Methyl-2-pentanone 8900 U 

108-88-3 Toluene 1800 U 

10061-02- trans-l,3-Dichloropropene , 1800 I U 

79-00-5 1,l,2-Trichloroethane 1800 U 

127-18-4 Tetrach1oroethene 1800 U 

591-78-6 2-Hexanone 8900 U 

124-48-1 Dibromochloromethane 1800 U 

106-93-4 1,2-Dibromoethane 1800 U 

108-90-7 Chlorobenzene 1800 U 

100-41-4 Ethylbenzene 450 J 

630-20-6 l,l,l,2-Tetrachloroethane 1800 U 

179601-23 m,p-Xylene 390 J 

95-47-6 o-Xylene 520 J 

100-42-5 Styrene 1800 U 

75-25-2 Bromoform 1800 U 

98-82-8 Isopropy1benzene 4600 

79-34-5 1,1,2,2-Tetrachloroethane 1800 U 

541-73-1 1,3-Dichlorobenzene 1800 U 

106-46-7 1,4-Dichlorobenzene 1800 U 

95-50-1 l,2-Dichlorobenzene 1800 U 

96-12-8 l,2-Dib~omo-3-chloropropane 1800 U 

120-82-1 1,2,4-Trichlorobenzene 1800 U 

87-61-6 l,2,3-Trichlorobenzene 1800 U 

Comments; 
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1 CLIENT SAMPLE NO. 
VOLATILE ORGANICS ANALYSIS DATA SHEET 

FTPH-FP-FSA-1-3 

Lab Name: Contract: 

SDG No.: ~M~JI~N~S~'O~3~ ____________________________ __ Run Sequence; :;.:R~O.=2~3.;:,6;..;4;..:0~ ________ _ 

Matrix: (SOIL/SED/WATER) S~o~l~'l~ ___________ ___ Lab Sample ID: M . ..:.::::;IN=S.:;..0.:;..3_-.:;..O.:;..O.:;:.2 ___________ _ 

Sample wt/vol: 0:..;...4;.:2=---____ _ (g/mL)~g~m~ ______ _ Lab File ID: ~Y~1~1~2~0~0~3~4~.~D~ ____________ _ 

Level: (LOW/MED) Date Collected: ~1~1~/~1~4~/~2~0~0~7 __________ __ 

% Moisture: not dec. 0.0 Date/Time Analyzed: 11/20/2007 18:58 

GC Column: DB-624 20m ID: _0_,_1_8 ___ (rom) Dilution Factor: 1.0 

Soil Extract Volume: _1..;..0"-0-'-00-'--______ ( uL) Soil Aliquot Volume: ~1:..:0c..::O ____ (UL) 

Heated Purge: (Y/N) _N~ _________________ ___ 

CAS NO. COMPOUND CONCENTRATION UNITS: 
ug/kg 

Q I 
75-7l-8 Dichlorodifluoromethane 1200 U 

74-87-3 Chloromethane 1200 U 

I 75-01-4 Vinyl chloride 1 1200 U I I 
I 

74-83-9 Bromomethane 1200 U 

75-00-3 Chloroethane 1200 U 

75-69-4 Trichlorofluoromethane I 1200 U 

75-35-4 1,1-Dichloroethene 1200 U 

76-13-1 l,l,2-Trichloro-1,2,2-trifluoroethane 1200 U 

67-64-1 Acetone 2600 J 

75-15-0 Carbon disulfide 1200 U 

79-20-9 Methyl acetate 1900 J 

75-09-2 Methylene chloride 1200 U 

1634-04-4 Methyl tert-butyl ether 1200 U 

156-60-5 trans-1,2-Dichloroethene 1200 U 

75-34-3 1,1-Dichloroethane 1200 U 

156-59-2 cis-1,2-Dichloroethene 1200 U 

I 78-93-3 2-Butanone 6000 U 

74.-97-5 Bromochloromethane 1200 U i 

67-66-3 Chloroform 1200 U I 
71-55-6 1,1,1-Trichloroethane 1200 U 

110-82-7 Cyclohexane 1200 U I 

56-23-5 Carbon tetrachloride 1200 U 

71-43-2 Benzene 1200 U 

107-06-2 1,2-Dichloroethane 1200 U 

79-01-6 I Trichloroethene 1200 U 

108-87-2 I Methylcyclohexane 2500 

78-87-5 1,2-Dichloropropane 1200 U 

i 75-27-4 Bromodichloromethane 1200 U 

10061-01- cis-1,3-Dichloropropene 1200 U 
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1 CLIENT SAMPLE NO, 
VOLATILE ORGANICS ANALYSIS DATA SHEET 

FTPH-FP-FSA-1-3 

Lab Name: ____________________________________ _ 
Contract: 

SDG No.: ~M~I~N~S~O.::..3~ ____________________________ __ Run Sequence: :,:R..;:0.:;2..;:3..,::6:..:4:..:;0:.-_____________ _ 

Matrix: (SOIL/SED/WATER) s~o~l.::..'l~ ___________ ___ Lab Sample ID: M.~.=IN=S.::..0.::..3_-.::..0.::..0=_2 ___________ _ 

Sample wt/vol: 0::...:...,4.:.2=--__ _ (g /mL) .... g""m"--___ _ Lab File ID: ..:Y:...:l:...:l:...:2:.,:0:..;0:...:3:...;4:..:,..::D:...-________ _ 

Level: (LOW/MED) Date Collected: -=1~1~/~1~4~/~2~0~0~7 _________ __ 

% Moisture; not dec, 0,0 Date/Time Analyzed: 11/20/2007 18:58 

GC Column: DB-624 20m ID: --.:..0..;... =-18~_ (mm) Dilution Factor: 1.0 

Soil Extract Volume: .=l.;:..O.:,.OO.:,.O=--______ (UL) Soil Aliquot Volume: ..;:l:.;O..;:O ____ (UL) 

Heated Purge; (Y/N) ~N ____________________ __ 

CAS NO. Cm1POUND 
CONCENTRATION UNITS: 

Q I ug/kg I 

108-10-1 4-Methyl-2~pentanone 6000 U 

108-88-3 Toluene 1200 U 

10061-02- trans-l,3-Dichloropropene 1200 U 

79-00-5 1,1,2-Trichloroethane 1200 U 

I 127-18-4 Tetrachloroethene 1200 U 

I 591-78-6 2-Hexanone 6000 U 

124-48-1 Dibromochloromethane 1200 U 

106-93-4 l,2-Dibromoethane 1200 U 

108-90-7 Chlorobenzene 270 J 

i 100-41-4 Ethylbenzene 1200 U 
I 

, 630-20-6 1,1,1,2-Tetrachloroethane 1200 U 

179601-23 m,p-Xylene 2400 U 

95-47-6 o-Xylene 290 J 

100-42-5 Styrene 1200 U 

75-25-2 Bromoform 1200 U 

98-82-8 Isopropylbenzene 420 J 

79-34-5 1,1,2,2-Tetrachloroethane 1200 U 

541-73-1 1,3-Dichlorobenzene 1200 U 

i 106-46-7 l,4-Dichlorobenzene 1200 U 

95-50-1 1,2-Dichlorobenzene 1200 U 

I 96-12-8 1,2-Dibromo-3-chloropropane 1200 U 

120-82-1 1, 2, 4-Trichlorobenzene 1200 U 

87-61-6 1,2,3-Trichlorobenzene 1200 U 

Comments: 
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1 CLIENT SAMPLE NO. 
VOLATILE ORGANICS ANALYSIS DATA SHEET 

FTPH-FP-AD-4 

Lab Name: Contract: 

SDG No.: ~M~I~N~S~0~4~ ____________________________ __ Run Sequence: ~R~0=2~3-=8-=5-=1~ ________________ _ 

Matrix: (SOIL/SED/WATER) S~o~i_l ____________ _ Lab Sample ID: _M..:=IN=S~0..;:4_-~0~0.::;1 ______ _ 

Sample wt/vol: 2.:...;.... 3~8.c..... __ _ (g/mL)_g~m~ ______ _ Lab File ID; .::B:.::1:.::1:.::2:.::9...;0...;1:.::2;..:.:.::D:........ _______ _ 

Level: (LOW/MED) Date Collected: -=1~1~/~2~6~/~2~0~0~7 _____ _ 

% Moisture: not dec. 0.0 Date/Time Analyzed: 11/29/2007 14:00 

GC Column: ZB-624 20m ID: _0_, _18 __ (rom) Dilution Factor: 1.0 

Soil Extract Volume: .::1~0~00~0~ _______ (UL) Soil Aliquot Volume: ..=1:..::°..=° ____ ( uL) 

Heated Purge: (Y/N) ~N~ __________ ~ ______ __ 

CAS NO, COMPOUND CONCENTRATION UNITS: 
Q ug/kg 

75-71-8 Dichlorodifluoromethane 210 U 

74-87-3 Chloromethane 210 U 

75-01-4 Vinyl chloride 210 U 

74-83-9 Bromomethane 210 U 

75-00-3 Chloroethane 210 ! U ! 

75-69-4 Trichlorofluoromethane 210 U 

75-35-4 1,1-Dichloroethene 210 U 

76-13-1 1,1,2-Trichloro-1,2,2-trifluoroethane 210 U I 

67-64-1 Acetone 1100 U 

75-15-0 Carbon disulfide 210 U 

79-20-9 Methyl acetate 1100 U 

75-09-2 Methylene chloride 210 U 

1634-04-4 Methyl tert-butyl ether 210 U 

156-60-5 trans-1,2-Dichloroethene 210 U 

75-34-3 1,1-Dichloroethane 210 U 

156-59-2 cis-1,2-Dichloroethene 210 U 

78-93-3 2-Butanone 1100 U 

74-97-5 Bromochloromethane 210 U 

! 67-66-3 Chloroform 210 U 

71-55-6 1,1,I-Trichloroethane 210 U 

110-82-7 cyclohexane 720 

56-23-5 Carbon tetrachloride 210 U 

71-43-2 Benzene 210 U 

107-06-2 1,2-Dichloroethane 210 U 

79-01-5 Trichloroethene 210 U 

108-87-2 Methylcyclohexane 3800 

78-87-5 1,2-Dichloropropane 210 U 

75-27-4 Bromodichloromethane 210 U 

10061-01- cis-l,3-Dichloropropene 210 U 
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1 CLIENT SAMPLE NO. 
VOLATILE ORGANICS ANALYSIS DATA SHEET 

FTPH-FP-:AD-4 

Lab Name: Contract: 

SDG No.: ~M~I~N~S~0~4~ ____________________________ __ Run Sequence: R~02~3~8~5~1 __________________ _ 

Matrix: (SOIL/SED/WATER) S~o~i~l~ ____________ _ Lab Sampl e ID: M".:.I;:;;N:..;.S:::....:c.0 4.::..--.::..0.::..0;:;;1 _________ _ 

Sample wt/vol: 2:...:...;.3::...8"--__ _ (gjmL)~g~m~ ______ _ Lab File ID: .;;;B:,;:1:,;:1:,;:2:,;:9,..;0:,;:1:;;;2:;,; . .;;;D'--________ _ 

Level: (LOW/MED) Date Collected: 11/26/2007 
--~-~-------------

% Moisture: not dec. 0.0 Date/Time Analyzed: 11/29/2007 14:00 

GC Column: ZB-624 20m ID: _0_.1_8 __ (mm) Dilution Factor: 1.0 

Soil Extract Volume: ~1.;;;O.;;;O.;;;O.;;;O~ _____________ (UL) Soil Aliquot Volume: .;;;1:;,;0:.,:0'--_____ ( uL) 

Heated Purge: (Y/N) ~N~ _________________ ___ 

CAS NO. COMPOUND CONCENTRATION UNITS: 
Q us:/ks: 

108-10-1 4-Methyl-2-pentanone 1100 U 

108-88-3 Toluene 46 J 

10061-02- trans-1,3-Dichloropropene 210 U 

79-00-5 1, 1, 2-Trichloroethane 210 U 
, 

1127-18-4 Tetrachloroethane i 210 U 

I 591-78-6 2-Hexanone ! 1100 U 

; 124-48-1 Dibromochloromethane 210 U 

106-93-4 1,2-Dibromoethane 210 U 

108-90-7 Chlorobenzene 210 U 

i 100-41-4 Ethylbenzene 240 
! 630-20-6 1,1,1,2-Tetrachloroethane 210 U 

179601-23 m,p-Xylene 650 

95-47-6 o-Xylene 650 

100-42-5 Styrene 210 U 

75-25-2 Bromoform 210 U I 

98-82-8 Isopropylbenzene 710 

79-34-5 1,1,2,2-Tetrachloroethane 210 U 

541-73-1 1,3-Dichlorobenzene 210 U 

106-46-7 1,4-Dichlorobenzene 210 U 

95-50-1 1,2-Dichlorobenzene 210 U 

96-12-8 1,2-Dibromo-3-chloropropane 210 U 

120-82-1 1,2,4-Trichlorobenzene 210 U 

87-61-6 1,2,3-Trichlorobenzene 210 U 

Comments: 
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1 CLIENT SAMPLE NO. 
VOLATILE ORGANICS ANALYSIS DATA SHEET 

FTPH-TS-AD2-S13.5 

Lab Name: Contract: 

SDG No.: ..:;jvi""II;:;;:N""·S;.....;..O'-S _______________ _ Run Sequence: R~0=2~4=2~9~6 __________ _ 

Matrix: (SOIL/sED/WATER) S~o~~~'l ______________ _ Lab Sample ID: M_I_N.....:c.,S_0..c5_-_0_0_1 _______ __ 

Sample wt/vol: 5_. o_8 ______ _ (g /mL) ~g,--m ____ _ Lab File ID: .::B:..::1:.::2:..::1:...:4:..:0:..::1:...:4:...:.:..::D:...... _________ _ 

Level: (LOw/MED) Date Collected: 12/03/2007 
--~~--------

% Moisture: not dec. 30.0 Date/Time Analyzed: 12/14/2007 13:53 

GC Column: ZB-624 20m ID: 0.18 (rnm) ---- Dilution Factor: 1.0 

Soil Extract Volume: _________ (uL) Soil Aliquot Volume: _____ (uL) 

Heated Purge: (yiN) ~Y ________________ __ 

CAS NO. COMPOUND CONCENTRATION UNITS: 
Q I 

ug/k9: 

75-71-8 Dichlorodifluoromethane 4.2 U 

74-87-3 Chloromethane 4.2 U 

75-01-4 I Vinyl chloride 4.2 <T 
v 

74-83-9 Bromomethane 4.2 U 

75-00-3 Chloroethane 4.2 U 

75-69--4 Trichlorofluoromethane 2.1 J 

J 75-35-4 l,1-Dichloroethene 4.2 U 

I 76'-13-1 1, 1, 2-Trichloro-1, 2, 2-trifluoroethane 4.2 U 

67-64-1 Acetone 19 

75-15-0 Carbon disulfide . " U I .... 4 

79-20-9 Methyl acetate 14 U 

75-09-2 Methylene chloride 17 

1634-04-4 Methyl tert-butyl ether 4.2 U ! 

156-60-5 trans-1,2-Dichloroethene 4.2 U 

75-34-3 1,1-Dichloroethane 4.2 U 

156-59-2 Cis-1,2-Dichloroethene 4.2 U 

78-93-3 2-Butanone 4.8 J 

74-97-5 Bromochloromethane 4.2 U 

67-66-3 Chloroform 4.2 U i 
71-55-6 l,l,l-Trichloroethane 4.2 U 

110-82-7 Cyclohexane 4.2 U 

I 56-23-5 Carbon tetrachloride 4.2 U 

71-43-2 Benzene 4.2 U 

107-06-2 1,2-Dichloroethane 4.2 U 

79-01-6 Trichloroethene 4.2 U 

108-87-2 Methylcyclohexane 4.2 U 

78-87-5 l,2-Dichloropropane 4.2 U 

75-27-4 Bromodichloromethane 4.2 U 

10061-01- cis-l,3-Dichloropropene 4.2 U 
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1 CLIENT SAMPLE NO. 
VOLATILE ORGANICS ANALYSIS DATA SHEET 

FTPH-TS-AD2-S13.5 

Lab Name: Contract: 

SDG No. : _M_I_N_S_O_5 ________________ _ Run Sequence: R __ 0_2~4~2~9_6 ___________ _ 

Matrix; (SOIL/SED/WATER) 8::.,.;0::...;:\.:;,;:·1"---______ _ Lab Sample ID: M:,.:I:::N:.:S::..::.O.,::5_-...:0...:0...:1=--_____ _ 

Sample wt/vo1: 5~.0~8~ ___ _ (g /mL) ..... 9c.m-=--___ _ Lab Fi 1e ID: .::B:.;;1:.;;2:.;;1:..;4:.;;0:.;;1:...:4:...: . ...:D=--_______ _ 

Level: (LOW/MED) Date Collected: 12/03/2007 
--~-~----------

% Moisture: not dec. 30.0 Date/Time Analyzed: 12/14/2007 13:53 

GC Column: ZB-624 20m ID: _0_._1_8 __ (rrun) Dilution Factor: 1.0 

Soil Extract Volume: ________________ (uL) Soil Aliquot Volume: ______ (uL) 

Heated Purge: (Y/N) ~Y __________ _ 

CAS NO. COMPOUND CONCENTRATION UNITS: 
Q 

ug/kg 

108-10-1 4-Methyl-2-pentanone 14 U 

108-88-3 Toluene 4.2 U 

10061-02- trans-1,3-Dichloropropene 4.2 U 

79-00-5 1,1,2-Trich1oroethane 4.2 U 

127-18-4 Tetrachloroethene 4.2 U 

I 591-78-6 2-Hexanone I 14 U 

124-48-1 Dibromoch1oromethane 4.2 U 

i 106-93-4 1,2-Dibromoethane 4.2 U 

t 108-90-7 Chlorobenzene 4.2 U 

1100-41-4 Ethylbenzene 4.2 U I 

630-20-6 1,1,1,2-Tetrach1oroethane 4.2 U 

179601-23 m,p-Xylene 8.4 U 

95-47-6 o-Xy1ene 4.2 U 

100-42-5 Styrene 4.2 U 

75-25-2 Bromoform 4.2 U 

98-82-8 I Isopropyl benzene . ~ U I 
'ct.L. 

79-34-5 1,1,2,2-Tetrachloroethane 4.2 U 

541-73-1 1,3-Dichlorobenzene 4.2 U 

106-46-7 1,4-Dichlorobenzene 4.2 U 

95-50-1 1,2-Dich1orobenzene 4.2 U 

96-12-8 1,2-Dibromo-3-chloropropane 4.2 U 

120-82-1 1,2,4-Trich1orobenzene 4.2 U 

87-61-6 l,2,3-Trichlorobenzene 4.2 U 

Comments: 
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1 CLIENT SAMPLE NO. 
VOLATILE ORGANICS ANALYSIS DATA SHEET 

Lab Name: 

SDG No. : _M_I_N_S __ 0~6 ______________________________ ___ 

Matrix: (SOIL/SED/vl.!~.TER) S;...O_~_i _1 _________ ___ 

Sample wt/vol: 5~. 9_1 ___ _ (g/mL) ~g~n_l ______ ___ 

Level: (LOW/MED) 

% Moisture: not dec. 22.0 

GC Column: 28-624 20m 10: _0_._1_8 __ (111m) 

Soil Extract Volume: ______________ ( uL) 

Heated Purge: (Y/N) -"'Y ______________ _ 

CAS NO. COMPOUND 

75-7l-8 Dichlorodifluoromethane 

74 .. 87-3 Chloromethane 

75-01-4 Vinyl chloride 

74-83-9 8romomethane 

75-00-3 Chloroethane 

75·69-4 Trichlorofluoromethane 

75-35-4 l,l-Dichloroethene 

76-13-1 l,l,2-Trichloro-l,2,2-trifluoroethane 

67-64-1 I Acetone 

75-15-0 Carbon disulfide 

79-20-9 Methyl acetate 

75-09-2 Methylene chloride 

1634-04-4 Methyl tert-butyl ether 

1156-60-5 trans-l,2-Dichloroethene 

75-34-3 l,l-Dichloroethane 

156-59-2 8is-"1/2-Dichloroethe11e 

FTPH-TS-AD6-S6.5 

Contract: 

Run Sequence: "'R..;.O .... 2-C;4..;;;3...;c9.;:1;........ ____________ _ 

Lab Sample 1D: r~I;~~~N;...'.~S~O~6_-~O~O~1~ _______ __ 

Lab File ID: _8_1_2;,...1--,8--,0....:3....:0_' ._D _______ _ 

Date Collected: __ 1_2~/_1_0~/_·2_0_0_7 ________ _ 

Date/Time Analyzed: 12/18/2007 21:25 

Dilution FactoI': 1.0 

Soil Aliquot Volume: ________ (uI,) 

CONCENTRATION UNITS: 
ug/kg 

3.} 

3.3 

3.3 

3.3 

3.3 

3.3 

3.3 

3.3 

13 

3.3 

11 

3.3 

3.3 

3.3 

3.3 

3.3 

Q 

u 
u 

u 
u 

u 

u 

u 

lJ 

U 

U 

LJ 

lJ 

U 

lJ 

I 

! 
; 

f-----+------------~----~~-.---,------- -,----------+----1 
78-93-·3 2-Butanone 1.8 J 

74-97-5 Bromochloromethane 3.3 U 

67-66-,3 Chloroform 3.3 U 

71-55-6 l,l,l-Trichloroethane }.3 u ! 
110-82-7 Cyclohexane 3.3 u i 
56-23-5 Carbon tetrachloride 3 .) u 
71-43-2 Benzene 3.3 u I 
107-06-2 l,2-Dichloroethane 3.3 u 
79-01-6 Tx'ichloroethene ].3 u 
108-87-2 Methylcyclohexane 3.3 u 

178 .. 87-5 l,2-Dichloropropane 3.3 u 

75-27-4 Bromodichloromethane 3.3 u 
10061-01- cis-l,3-Dichloropropene 3.3 U 
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1 CLI ENT .SAMPLE NO, 
VOLATILE ORGANICS Al'lALYSIS DATA SHEET 

FTPH--TS"AD6-S6, 5 

Lab Name: Contract: 

SDG No,: Run Sequence: R;;.;;:.0.:::2..:;4,;;:3..:;9..:;lo..-________ _ 

rAaLrix: (SOIL/SED/1fIATER) ~=-:..~o=-.=-i.;;:l _______ _ Lab Sample ID; r.-,'1,:oI::.:N,::S..::0-=G_--=0-=C-=J,-. ______ _ 

Sample \<It/vol: 5:;:..c....9::.:1=---__ _ (g/mL) ~gd.:(.::.n ____ _ Lab File ID: .;;:3-=1-=2=-1=-8::.:0::.:3::.:0=---. .:::D ___________ __ 

Level: (LO'fI/MED) Date Collected: 12/10/2007 
--~~--------------

% Moisture: not dec. 22.0 Date/Time Analyzed: 12/18/2007 21:25 

GC Col.umn; 28-624 20m ID; _0_._1_8 __ (mm) Dilution Faetol-: 1.0 

Soil Extract Volume: 
__________ (uL) 

Soil Aliquot Volume; 

Heated Purge: (Y/N) ~Y ___________ __ 

CAS NO. COMPOUND 
CONCENTRATION UNITS: 

Q I 
u9/k9 i 

108-10-1 4-Methyl-2-pentanone lJ. U 

108-88-3 Toluene 3.3 U 

110061"02- trans-1,3-Diehloropropene 3.3 U I 
I 
; 

79-00-5 1,1,2-Trichloroethane 3.3 U i 
! 127-18-4 Tetrachloroethene 3.3 U 

! 591-78-6 I 2-Hexanone I 11 U 

I 124-48-1 Dibromochloromethane 3.3 U 

I , 106-93-4 1,2-Dibromoethane 3.3 U 

! 108-90-7 Chlorobenzene 3.3 U 

100-41-4 Ethylbenzene 3.3 U ! 
630-20~6 1,1,1,2-Tetrachloroethane 3.3 U 

179601-23 T!1,p-Xylene 6,5 U 

95-47-G o-Xylene 3.3 U 1 

100-42-5 Styrene 3.3 U 

75-25-2 Bromoform 3.3 U I 
98-82-8 Isopropylbenzene 3.3 " u 

79-34-5 1,l,2,2-Tetrachloroethane 3.3 U 

i 541-73-1 1,3-Dichlorobenzene 3.3 U 
I 

! 106-46-7 
! 

1,4-Dichlorobenzene 3.3 U ! 
I 95-50-1 1,2-DichloI'ooenzene 3.3 D I 

96-12-8 1,2-Di.bromo-3-chloropropane 3.3 U 

120-82-1 1,2,4-Trichlorobenzene 3.3 U 

87-61-6 l,2,3-Trichlorooenzene 3.3 U 

Comments: 
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1 
VOLlI.TILE ORGANICS ANAi:.,YSIS DATA SHEET 

CLI ENT SAMP=L=E--"..N..;.O_. __ --., 

[ FTPH-TS-AD7-S7 

Lab Name: Contract: 

SDG No. : ~M~I~N~S~0~6~ ____________________________ _ Run Sequence: R~0~2=4=3=9=1~ ____________ _ 

Matrix: (SOIL/SED/ldATER) Soil Lab Sample ID: M~._=TN~J~S~O~6_-~O~O=2~ __________ __ 

Sample wt/vol: 5~.5~4~ ____ _ (g/mL) ~9~m~ ________ _ Lab File ID: =B=1=2=1=8~0~3~1~.D=-___________ ___ 

Level: (LOW/MED) Date Collected: __ 1_2~/_1_0~/_2_0_0_7 __________ __ 

% Moisture: not dec. 22.0 Date/Time Analyzed: 12/18/2007 21:51 

GC Column: ZB-624 20m ID: _O_._1_8_~~ (mm) Dilution Factor: 1.0 

Soil Extract Volume: ___________________ (uL) Soil Aliquot Volume: _______ (uL) 

Heated Purge: (Y/N) ~Y ______________________ _ 

I CAS NO. COMPOUND 
CONCENTRATION UNITS: 

Q 
ug/kq 

75-n-8 Dichlorodifluoromethane 3.5 U 

74-87-3 Chloromethane 3.5 
I 

U 

75-01-4 Vinyl chloride 3.5 U ! 
! 

74-83-9 Bromomethane 3.5 U 

75-00-3 Chloroethane 3.5 U 

75-69-4- Trichlorofluoromethane 3.5 I U 

75-35··4 l,l-Dichloroethene 3.5 n v 

! 76-13-1 
I 

l,l,2-Trichloro-1,2,2-trifluoroethane 3.5 U 

! 67-64-1 Acetone 3.1 J 

75-15-0 Carbon disulfide 3.5 U 

79-20-9 Methyl acetate 12 U 

75-09-2 Methylene chloride 6.0 I 
I 

1634-04-4 Methyl tert-butyl ether 3.5 U 

156-60-5 trans-l,2-Dichloroethene 3.5 U L ... 

i 75-34-3 l,l-Dichloroethane 3.5 U 

156-59-2 cis-l,2-Dichloroethene 3.5 U 

! 78-93-3 2-Butanone 12 U 

! 74-97-5 Bromochloromethane 3.5 U 

67-66 0 '3 Chloroform 3.5 U 

71-55-6 1,1,1-Trichloroethane 3.5 ! U 

110-82-7 Cyclohe:x:ane 3.5 U 

56-23-5 Carbon tetrachloride 3.5 U 

71-43-2 Benzene 3.5 U 

107-06-2 l,2-Dichloroethane 3.5 U 
I 79-01-6 Trichloroethene 3.5 U 

108-87-2 Methylcyclohexane 3.5 U 

78-87-5 1,2-Dichloropropane 3.5 U 

75-27-4 Bromodichloromethane 3.5 U 

10061-01- cis-l,3-Dichloropropene 3.5 U 
I 
i 
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1 CLIENT SAMPLE NO. 
VOLATILE ORGAl\JICS ANALYSIS DATA SHEET 

FTPH-TS-AD7-S7 

Lab Name: Cont:cact: 

SDG No.: _M_I_N_S_'0_6 ______________________________ __ Run Sequence: R~O~2~4~3~9~1~ ________________ _ 

Matrix: (SOIL/SED/WATER) Soil Lab Sample ID: ~~,~I~N~S~O~6_-~O~O~2~ _________ __ 

Sample wt/vol: 5:.......... ;....5~_~ __ _ (g/mL) ~g~ln ________ __ LaD F i I e I D : ",B_J_.2-,. 1=-8=-.0:...;:;...31,,--. D=---__________ _ 

Level: (LOW/MED) Date Collected: __ 1_2"-/_1_0;..../_2_0_0_"_1 ________ __ 

% Moisture: not dec. 22.0 Date/Time Analyzed: 12/18/2007 21:51 

GC Colt"nn: 2B-624 20m ID: __ 0_._1_8 ____ (mm) Dilution Factor: 1.0 

Soil Extract Volume: ______________ (uL) Soil Aliquot Volume: __________ (uL) 

Heated ~urge: (YIN) _Y~. _____________________ _ 

I CAS NO. COMPOlJND CONCENTRATION UNITS: 
Q ug/kg 

108-10-1 4-Methyl-2-pentanone 12 U i 
108-88-3 Toluene 3.5 U 

10061-·02- trans-l,3-Dichloropropene 3.5 U 

79-·00-5 1,1,2-Trichloroethane 3.5 U 

127-18-4 Tetrachloroethene 3,5 U I 
, 591-78-6 2-Hexanone 12 ! U 

124-48-1 Dibromochloromethane 3.5 U I 
106-93-4 1,2-Dibromoethane 3.5 U 

108-90-7 Chlorobenzene 3.5 U 

100-41-4 Ethylbenzene 3.5 U ! 
I 630-20-6 1,1,1,2-Tetrachloroethane 3.5 U 

! 

J.79601~23 m,p-Xylene 6.9 U 

95-47-6 o-Xylene 3.5 U 

100-42 5 Styrene 3.5 U 

I 
"15-25-2 Bromoform 3.5 U 

I 98-82-8 Isopropylbenzene 3.5 U 

I 79-34-5 1,1,2,2-Tetrachloroethane 3.5 U 
, 

541-73-1 1,3-Dichlorobenzene 3.5 U 

106-46-7 1,4-Dichlorobenzene 3.5 U , 
95-50-1 1,2-Dichlorobenzene 3.5 U ! 
96-·12 .. 8 1,2-Dibromo-3-chloropropane 3.5 U ! 
120-82-1 1,2,4-Trichlorobenzene 3.5 U i 

! 87-63.-6 1,2,3-Trichlorobenzene 3.5 U i 

Comments; 
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Polynuclear Aromatic Hydrocarbons 



1. CLIENT SAMPLE NO. 

SEiVlIVOLATILE ORGANICS ANALYSIS DATA SHEET l _____________ ---I 
. FTPH-TS-AD2-S13.5 

Lab NaI~\e: LalJc\(S TestJ.nq Laboratories, 

S DG No.: .;.rv:.;:IT::..:_ tc::.:·t~::.~(::.).:::..~, _______________ _ 

Ma trix: (SOTL/vJATEH! Soil 

( q /3111,) --.:02..:J.::..n __ _ 

Le'lE1: {L()T!J!i~~:t:D; 

Decant.eel: (Y/N) N 

Concent.rat.ed E:··:t.rcicf: Volume: .,..:c'-,O'-O-'--__ (uL) 

Injectiofl VOIUI(le: 2.0 ________________ (uL) 

GPC CIE~anu.p: (Y/N) ...:[.:.,1 ____ pH: _____ _ 

C]..."S NO. C.~Ot"1PCUl'lD 

91-20-.3 Naph"thalene 

9].-57-6 2-Methylnaphthalene 

208-96-8 Accnaphthylene 

83-32-9 ACCllaphthene 

85-01-8 PhS11anthrene 

129-{}O-O I Py:r:(;;:T.1e 

56-55-] Ber~ZQ(d)arjthracene 

218-01-9 C}lrysene 

205-99-2 Ber)zo(b)fluoranthene 

! 20 f--08-~~ Ben'.:~o (~z) tluoranthene 

50-32-8 Bellzo(a)pyrene 

193-39-5 Indenc)(1,2,3-cd)pyrene 

~3-70-3 [)i.benzo{a,h)antilracene 

J91-24-? Be!1zo{q,h,i)perylene 

CornrnE:~n ts : 

Page 1 of 1 8270-PNA 

Contract: 

Run Sequence: _R~0~2~4~1~0~7 ______________ ___ 

Lab Sample ID: M~I:::..N~S~0~5~-~0~0::.1~ ________ ___ 

Lab File ID: ~T~1~2~1::..:0::..:0::..:0::..:6::..:.::..:D~ _________ __ 

Date Collected: 12/03/2007 
~~~~------------

Da te Ext r ac-ted: --.:1;.:2;.:/_0:...7_/::..:' 2::...:.-0.,:.0.::2 _____ _ 

Date Analyzed: _1_2:..../;,.:..1.:.0;,..1;;;;.2.:.0.:.0_7 ______ __ 

Dilution Factor; LO 

Extraction: (Type) CONT 

CONCENTRA.TION UNITS: 
ug/kq 

9.6 

9.6 

! 9.6 

9.6 

9.6 

9.6 

9.6 

4.3 

5.4 

9,6 

9.6 

9.6 

9.6 

5.4 

9.6 

9.6 

9.6 

Q 

o 
u 
u 

u 

U 

u 
u 

J 

J 

u 

u 

u 

u 
,J 

u 
u 

u 
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, 
1. CLIENT SAMPLS NO~ 

SSMIVOLATILE ORGANICS ANP,LYSIS DATA SHEET IL ______________ -' 
. f'TPH-TS-r~"D6-S6. 5RX 

Ldb Name: Laucks Testinq Laboratories, 

~,;[)C; No.: .0;1'10;;1:.;;"'.:;;1.":;..;: 0:;..;' 6"--_____________ _ 

t1atxix: (SOILlWJHER) Soil 

Sample ';It/vol: ')...,0,,-' ...;, Q"'-__ _ (g/mL) _9""l":c." __ _ 

Level: (t,OVl/MED) 

22.0 Dl~canted: (Y/N) N 

Concentrat.ed E:-:tract Volume: _5;;..0'-0 ______ (.1.1L) 

In~)ecti()n Volume: _2_,_0 _____________ (uL) 

epe Cleanup: (YIN) _N _____ pH :-------

cot1POUND 

91-20-3 Naphthalene 

91-57-6 2-Methylnaphthalene 

20(1-96-8 p.,cenaph"thylene 

83-32-9 Acenapl"1thene 

86-73-'7 Fluorene 

BS-Ol-B Phenanthrene 

120-12-7 Anthracene 

1"1 uorani:hene 

129-00-0 Pyrene 

56-55-3 Benzo(a)anthracene 

218-01-9 Chrysene 

205-99-2 Benzo{b)fluoranthene 

207-()8-9 Benzo(klfluOlanthene 

193-39-b I~deno(l,2,3-cd)pyrene 

i ~)3-,}O-3 DibeDzo(a,h)anthracene 

t 191-24-2 Benzo(g,h,i)perylene 

Page _ of J. 

Contract: 

Run Sequence: R024485 

Lab Sample ID: M1NS06-001RX 

Lab rile I D : ...;.'1'_1_._2_2-'0-'0..;;;1...;.9 __ , __ D ______ _ 

Date Collected: 12/10/2007 

Date Extracted: 12/18/2007 

Date Analyzed: 12/20/2007 ----------------------
Dilution Factor: 1.0 

Extraction: (Type) CONT 

CONCENTRATION UNITS: 
ug/kg 

8,6 

3.8 

8.6 

8.6 

8,6 

13 

8.6 

13 

13 

S .1 

10 

8.0 

8,6 

8.6 

8,6 

8,6 

8.6 

Q 
! 

) 
! 

u 

J 

U 

I' ,) 

U J 
G 

J 

.J 

iJ 

FORl1 I SV 
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1 CLIENT SAMPLE NO. 
SEMIVOLATILE ORGANICS ANALYSIS DlWA SHEET I 

FTPH-TS-AD6-S6.5 

Lab NamE~: I,aucks Testinq Laboratories, 

SDC; No.: .::.M:.::,I:..:N:.;:S::..:O::..:6::...... ______________ _ 

Matrix: (SOIL/!-"Jl~TER) Soil 

~;ample "t/vol: 2"" .. u"-.. ' ..... Q"'-__ _ (q 1 mL) ---.:9",,10::...... __ 

Level; (LOW/IJ:ED) 

22,0 Decanted: {YIN) N 

Concentrated Ext.ract Volume: _5_0_0 ___ (uL) 

Injection Volume: _2_._0 ____________ ~(uL) 

I CF"S 

i 

NO. 

I 
91-20-3 

9J.-57-6 

I 2CHi-96'''1l 
i 

86-73···7 

8')-01-8 

120-12-7 

2OC-44-() 

L~9-0()-O 

S6-Sb-] 

205-· 99-2 

2D7-08-9 

50-32-8 

193-39-5 

53-'j'O-3 

PagE~ .L or _ 

...;.N'--____ pH : _____ _ 

CONPOUND 

Naphthalene 

2-MethyJ.naphthalene 

Acenc1phthylene 

l\cenaphthene 

Fluorene 

Phenanthrene 

Fluoranthene 

Pyrene 

Benzo(a)anthracene 

Chr"ysene 

Benzo(b)fluoranthene 

Benzo(k)fluoranthene 

Benzo(a)pyrene 

Indeno(l,2,3-cd)pyrene 

Dibenzo(a,h)anthracene 

Benzo(g,h,i)perylene 

8270-PNA 

! 

Contrac't: 

Run Sequence: R024271 

Lab Sample I D : 1..;.,1;.:,.I;;..N..;,S...;,0 .... 6_-_0_0_1 ______ _ 

Lab F'i Ie I D : _T_l.;.,.2_1_4",,0;c,2;,.;.' .;...9-'.. _D _______ _ 

Date CoLLected: _1_2_1_1_0_1_2_0_0_"_, _____ _ 

Date Extracted: __ 1_.2...;..!_L_: .... l/_/_.l_!_O_7 ______ _ 

Date Analyzed: _1_2_,,_1_1_4:..,1_2_0_0_7 ______ _ 

Di.lution Factor: 1.0 

Extraction: (Type) CONT 

CONCENTRATION UNITS: 
ug!kg 

8.6 

8.6 

8.6 

8.6 

8.6 

5.8 

8.6 

4.2 

7.4 

3.5 

3.8 

3.5 

8.6 

8.6 

8.6 

8.6 

8.6 

Q 

I 
U i 
lJ 

u 

u ! 

J 

J 

J 

i 
u 
u 

FOHl.'-1 1 SV 
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CLIENT SAMPLE NO. 
SEllIVOLATILE ORG1\NICS ANALYSIS DATA SHEET I 

FTPH-TS-AD7-S7RX 

Lab Name: LBUCKS Testinq Laboratories, 

SDG 1,10 _ ~ .c.l'-j:..:]:..::~..;.;lS;;....!O:...:..6 ______________ _ 

Matrix: (SOIL/WATER) 

S;"lmpJ() vlt/vol; 2",("-.)...;. '''-.) ___ _ (g /mL) --,qz.:W:.:..-__ 

"Le'.tel: (LOV'J/MF.~D) 

22.0 Decanted: (Y/N) N 

Con(~'eni:?:at.ec! Ext.ract Volume: _5_0_0 ___ {L1L) 

Injection Volume: __ 2_._0 ________________ (uLJ 

C:;PC: Cleanup: (Y!N) -=N_' ____ pH: _____ _ 

CAS NO. CQtf;POUND 

91-:?0-3 Naphthalene 

2-Methylnaphthalene 

208-9(i-13 Acenaphthylene 

83-32-9 ,~,conaphthene 

86-73-7 F'lnorene 

.PhenanthY.'{:~ne 

120-L2-7 i\nthracene 

206--44"'{) F'luoranthene 

129-00-0 Pyrene 

Benzo (a) anthracene 

2Hl-01-9 Chry.sene 

20S-99--2 Benzo(b)fluoranthene 

207-08-9 Benzo(klfluoranthene 

~·)O-3?-B i3snzCl(a)pyrene 

Indeno(1,2,3-cd)pyrene 

! 5'3-70-] Dibenzo(a,h)anthracene 

IL-__________________________ ~ 

Cent.ract. : 

Run Sequence: R02448~) 

I,ao S2mple TD: MINS06·-002RX 

Lab Fil e I D : ..:T-=1:.::2:.:2;;...0;;...0;;...2=-::.0.;;..' .;::.D ___________ _ 

Date CoLLect.ed: 12/10/2007 

Date Extracted: 12/18/2007 
--~~-----------

Date Analyzed: 12/20/2007 -----------------
Dilution Factor: 1.0 

Extraction: (Type) CONT 

CONCENTRATION UNITS: 
ug/kg 

7.4 

8.6 

8.6 

B.6 

8.6 

B.6 

13.6 

(1. 6 

8.6 

8.6 

8.6 

8.6 

13.6 

B.6 

13.6 

Q 

u 
J 

I 
u i 
u 

u 

u 

u 
{) 

u 

u 

191-21-2 Benzo(g,h,i)peryJene 8.6 U L.~_ .. __ ._. _______ . ____ '--_. _______________________ --' ____________ . ______ l _____ -' 

(:ornment.~:-; : 
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1 CLIENT SAMPLE NO. 

SE11IVOLATILE ORGANICS ANALYSIS Dl\TA SHEET 1L, _____ ~ _______ ___' 
'. FTPH-TS-l,D7-S"l 

Lab Name: l,~ucks Testing Laboratories, 

.SDG No~: ..;.;M;.;;iI;..;.N...;-r~;...~G;...'(,-.~ _____________ _ 

r~1at . .r::;.x ~ (SOIT.:/WI\TE.R.) Soil 

SdlTlp1e 'tit/vol: 2",-_(>L.')~' (lL} __ _ (g / 11IL) --=q2..:m:.:., ___ _ 

LE:~VE!l: (LO%'/[vlE:D) 

22.0 Oocanted: (YIN) N 

C>')ncent.rat.e:d Extract. Volume: _5_0_0 _____ (uIJ) 

Injection Volume: _/._: ._0_, _~ _______ i uL) 

GPC Cleanup: (YIN) ...::l'c...! ____ pH : ______ _ 

CAS NO. COI"lPOUND 

91-20-3 Naphthalene 

91-57··~6 2-Methylnaphthalene 

208··- 96··-8 ]\cenaphthylene 

86-'}3-7 21~orene 

1 8 S-O l-B PhenanthrE2ne 

].20--12--7 Antilracene 

206-44-0 Fluoranthene 

j' 129-00-0 Pyrene 

56-55-3 I Berlzo(a)arlthracene 

218-01-9 Chrysene 

205-99-2 Benzo(b)fluoranthene 

207-0B-c) Benzo{k)fluoranthene 

Be~-lZO (a) pyrene 

193-39-:'; Indeno(1,2,3-cd)pyrene 

Diberlzo(a,h)anthracene 

191-:24·-2 

Run Sequence: R024271 

Lab Sample 10: 1:..:."i::.I:..:N.::.S..::.O...::6_-...::0...::0c.::2=----_____ _ 

Lab File 10: ...::T...::·1:..:.2:..:1:..:":..:"O:..:2~8.::..::.D ________ __ 

Da t e Collected: _1_2..:..1_1_l...;) 1_2_0_0 __ 7 _____ _ 

Date "~xt.x-act:ed: __ L_2_.!_1_1_.!_2_-_0_0_7 ______ _ 

Date Analyzed: 12/14/2007 -----------------
Dilution Factor: 1.0 

Extraction: (Type) CONT 

CONCENTR.I'TION UNITS: 
ug/kg 

8 6 

3 8 

8 6 

8 6 

8 6 

7 4 

8 6 

3 8 

4 2 

n 6 

8 6 

8 6 

13 6 

8 6 

8 6 

8 6 

8 6 

u 

! 
IJ 

J 

,J 

u 

u I 
I 

u Benzo(g,h,i)perylene ____________________ -L ____________________ ~ ______ ~ 
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Semivolatile Organics 



1 CLIENT SAMPLE NO. 

SEMIVOLATILE ORGANICS ANALYSIS DATA SHEET IL _____________ ---' 
. FTPH-FP-DR-DRl-6.5 

Lab Name; Lauc](s Testing Laboratories, 

SDG No.: .:..t~::.:.I:..c.N:.::S::.:'O::.:3::...... _____________ _ 

M~~trix! (SOIL/WATER) soil 

Sample \!It./vol: ( . ..:..)~;,,-.ll;i..r; __ _ (g /mL) ~9,-m __ _ 

.% Moist.ure; __ ,_'}_,_o __ Decanted: (Y/N) N 

Concentrated Extract Volume: 1000 (uL) 

Injection Volume: ~2~.~0~ ________ I(uLi 

GPC Cleanup: 

I 

CAS NO. 

100-52-7 

108-95-2 

111-44-4 

95·-57·-8 

95-48-'7 

98-86--2 
, 1 ()~ .. ') l' i .-.. Q _.,"5::- -g I 

621-64-7 

67-72-1 

98-95-·3 

78-59-1 

88-75-5 

105·-67· 9 

1 111 - 91 .. ;' 

120-83-2 

91-20-·3 

606'-20-2 

106-47-8 

105-(;0-2 

59-50··7 

91··57-6 

\. ~{/N) _1'-'_' ____ pH: ______ _ 

CO~1POUND 

Benzaldehyde 

Phenol 

Bis(L:-Chloroethyl)ether 

2-Chlorophenol 

2 .. r-1eLhylphenol 

Bis (2-chloroisopropyl) ether 

! Acetophenone 

J EX 4-Met.hylphenoJ. 

N·· Nj. t. }:·oso~di -n-propylamine 

Hexachloroethane 

N:Lt:r"obenzene 

I sDphoI'one 

2-Nitrophenol 

2,4-Dimethylphenol 

Bis(2-chloroethoxy)methane 

2,4-Dichlorophenol 

Napbti':!.alene 

2,6-Dinitrotoluene 

I 4 ChloI"oaniline 

Bexachlorobutadiene 

Caprolactam 

<1-Chloro-3-rnethylphenol 

2-Methylnaphthalene 

Contract: 

Run Sequence: R023615 

Lab Sample ID:M ~~I~N~S~0~3_-_0_0~~~' _________ _ 

Lab File ID: _T_1_1_2_0_0_0_7_.D~. _________ _ 

Date Collected: 11/08/2007 
--~-~----------------

Date Extracted: 11/20/2007 
-~~--------------

Date Analyzed: 11/20/2007 
-~-~-----------

Dilution Factor: 2.0 

Extraction: (Type) WASTE 

CONCENTRATION tmITS: 
ug/kg 

66000 

66000 

66000 

66000 

6.6000 

66000 

66000 

66000 

66000 

66000 

66000 

66000 

66000 

66000 

66000 

66000 

66000 

66000 

66000 

66000 

66000 

66000 

220000 

Q 
I 

u 

u 
u 

u 

u 

u 
u 
u 
u 

u 

u 

u 
u 
u 

u 
u 

u 
u 

u 
u 
u 
u 

77-47-4 Hexachlorocyclopentadiene 66000 U 

88-06-2 2. 4 ,6-Trichlorophenol 66000 U 

i .. ::..:s - 9 ~_~_._-,-_2_,_,"_,_5 __ --_'.L_·r_·i_c_n_,1_o_.r_o_p_h_e_n_o_l ___________ -I-_6_6_0_0_0 __________ .l--__ u_---' 
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1 CLIENT SAMPLE NO, 
SEMIVOLATILE ORGANICS ANALYSIS DATA SHEET ,-

FTPH-FP-DR-DRl-6,5 

Lab Name: Lc:.luc~:f..\ Testin0 Laboratories, 

BIlG No, : .:..11:.::]:.::: N::.:'[,.:...' C.:..'.·.:..3 _________________________ _ 

Soil 

Sample. i:Jt/vol: \LO ........ ?:..c'i ___ _ (g / mL) ---'c"',m:..:...-__ _ 

Level: (LOVl /1'.'JED} 

% l~'io:i..st \.l.rF~ : 
(i.0 Lecanted: (yiN) N 

Concentrated Extra{:t Volume: 1000 (uL) 

Injection 'Jo1u.rne: __ 2_,_0_' _______________ ( uL) 

GPC Cleanup: (YIN) ..:cl,.c..' _____ pH : _____ _ 

92-52-4 ] ,l'-Biphenyl 

91-58-7 2-Ch].oronaphthalene 

88-74-4 ~-Nitroaniline 

131-11-3 DilDethy1phthalate 

208-96-8 AcerLaphttlylene 

99-09-2 3-Nitroaniline 

83-32-9 Acerlaphthene 

51-28-5 2 1 4-Dinitrophenol 

100-02-7 4.-Nit.rophenol 

132-64-·9 IJiberlzofurarl 

121-14-2 I 2/4-Dinitrotoluene 

84-66-2 Diethylphthalate 

86-'73-7 Fluorene 

7005 L. 72 -:3 -4 - Chlorophenyl-phenylethe~~ 

100--01·-6 4-Nitroaniline 

534-52-} 4,6-Dinitro-2-methylphenol 

lUl-55-3 4-·Bromophenyl-phenyl ether 

118-74-1 Hexachlorobenzene 

1912-24-9 Atrazine 

B7-86-S PeJ~tachlorophenol 

85 01-8 Phenant.hrene 

12D"·12--7 .I\ .. nch:.cacene 

86-74-8 Carbazole 

84-74-2 Di -·n· .. but"'y'lphc..halate 

206-44--() Fl uorantJ1ene 

129-00-0 

85-68-7 Butylbenzylphthalate 

91-94 --1 3,3 1 _·Dichlorobenzidine 
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I 

i 

Contract: 

Run Sequence: ~R~0~2~3~6~J,~5~ ______________ ___ 

Lab Sample ID: t:..:'1.:::I::.:N.:::S.:::O.:::3~-...:0:..:O:..:1=--_________ _ 

Lab F i]. e ID: ..:T:..;J:.;' 1::.:2::.0:::..:::.0:::.0.:..7..:.,~D~ ___________ _ 

Date Collected: ~1~1~/...:O...:8:..:/...:2~0.:..O.:..7~ __________ _ 

Dat e Ext r act ed: --=1:..:1:..:/...:2~0::..:/~2=-=-0.:..O.:..7 __________ _ 

Date Analyzed: --=1~1.:../~2.:::0.:../~2.:::0...:0...:7 _________ __ 

Dilution Factor; 2,0 

Extraction: (Type) WASTE 

CONCENTRATION u~ITS: 
ug/kg 

66000 

66000 

66000 

66000 

I 66000 

! 66000 

57000 

130000 

66000 

66000 

66000 

66000 

62000 

66000 

66000 

66000 

66000 

66000 

66000 

I 66000 

280000 

53000 

66000 

66000 

120000 

310000 

66000 

66000 

Q 

u 
u 
u 

u 

u 

u 
J 

u 

u 
u 

u 

u 

J 

u 
u 

u 

u 

u 

u 

u 

J 

u 

u 

u 
u 

FORtol I SV 
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1 CLIENT SAMPLE NO. 
SEMIVOLATILE ORGANICS ANALYSIS DATA SHEETr-

L~ _____ F_~ ____ DH __ -_F_P_-_D_R_-_D_R_1_-_6 __ .5 ____ --" 

Lab Nam~; Laucks TesciYlq Laboratories J Contract: 

SDG No. : .:.;t1;.:I:;;,N:.:;'B:.;r:.;; :"'=-' _____________________ _ Run Sequence: ~R~0~2~3~6~1~S ________________ __ 

Soil Lab Sample ID; M~I~N~S_0_3_-~O~0~1~ _________ __ 

Sample wt./vol: C"-,~?""O'"'-__ _ (g/mL) ~q",-m,--__ Lab File ID; ""T...:;1:.;1"'2.:;,.0.;...:;..0"-0..;..7.c. . .:;;D _______ _ 

Level: (LOW/MED; Date Collected: ~1:.:;1:.:;I_o_B:.:;I:.:;2:.:;0:.:;O:.:;7 ____________ _ 

% jVjoist.ure: _0_'_._0 ___ Decanted: (Y/N) N Date Extracted: 11/20/2007 
--~-----------------

COIlcentraced Extract Volume: 1000 (uL) Date Analyzed: _1_1:.:;/_2_0..:.1_2:.:;0:.:;,0:.:;-_1 ______ _ 

IJ1jectio11 Volume: _2_,_O ______________ (uL) Dilution Factor: 2,0 

GPC C1eantlp: (Y/N} ..;.N _______ PH: ______ _ Extraction: (Type) _W_A_S~~=-'E~' ___________ __ 

,--------... --------.-.-r-------.-------~-----------------------____r_-------------------__r__----------, 
CAS NG. COMPOUND 

56-55-3 Benzo(a) anthracene 

117-81-7 Bis(2-etbylhexyl)phthalate 

218-0J-9 Ch.rysene 

117-84---0 Di-n-octylphtbalate 

Benzo(b)fluoranthene 

207-08-9 Benzo(k}fluorantllene 

50-32-8 Benzo(a)pyrene 

193-39-5 Indeno(l,2,3-cd)pyrene 

53-70-3 Dibenzo(a,h)anthracene 

191-24-2 Benzofg,h,i)perylene 

Comments: 

Page 3 of 3 B270 

CONCENTRATION UNITS: 
ug/kg 

62000 

66000 

79000 

66000 

57000 

23000 

53000 

22000 

66000 

23000 

Q 

J 

U 

U 

J I 
J ! 
J 

J 

u 
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1 CLIENT SAMPLE NO. 
SEIV,IVOLATILE 

ORGANICS ANALYSIS DATA SHEET L~ _____________ -, 
.. FTPE-FP-FSA-1-3 

Lab Name: ~aucks Testing Laborat~oriesl 

SDG No. : .:..!"'c:l:.:l-,,:rs=-O,,-}=-3_~ ____________ _ 

Matrix! (SOIL/WATER) soil 

Sclmple we/vol: (.L)~' _.::.."j..!() ___ _ (g / mL) ~CJ"". m"'--__ 

(j.O Decanted: (Y/N) N 

Concentra.ted Ext:ract. VDlume: 1000 (uL) 

Injection Voll.1me: _2_._0 ________ ~(uL) 

GPC C18anup: (YIN) ..:lc..,f ____ pH: _____ _ 

CAS NO. COMPOUND 

100-52-7 Benzaldehyde 

1.08-95-2 Pherl01 

lJ.l-·tjI1'"4 Bis (2 -ChloJ:'oethyl) ether 

95 - 57- B ! 2 - CbloJ~cphenoJ. 

95··",8··7 2··HethyJ.pnenoJ. 

108 -60 -1 Hi.s (2 -chloroisopropyl) ether 

98-86-2 Acetophenone 

108-39-4/. I 3 & 1-Methylphenol 

621-64--7 ~-NitrosO-di-n-prOpYlamine 
67-72-} Hexachloroethane 

Nit.robenzene 

78-59--1 Isophorone 

188-75-5 2-Nicrophenol 

1 1 05-67-9 2,4" Dimethylphenol 

Bis (2···chloroethoxy) methane 

120-83-2 2,4-Dichlorophenol 

9J,-20-3 Naphthalene 

606·,·20 2 2/S·-Dinitrotoluene 

106-47··8 4-Chloroaniline 

87-68"3 BeXilchlcrODUCadiene 

105-60-2 Cap:t'olactam 

59-50-7 4-Chloro-3-methylpbenol 

I 9l-57·6 2-Methylnaphthalene 

77-47-4 Hexachlorocyclopentadiene 

88-06-2 2,4,6-Trichlorophenol 

95-95·4 2,4,5-Trichlorophenol _._---
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Contract: 

Run Sequence: R023615 

Lab Sample ID: M:.;.::I=-N:.:;S'-'O'-'3;....-~0.::....::0.::2 ______ _ 

Lab File ID: -'T:..:l::.:l=-2=-:.O...:.0...:.0...;8 __ . ...;D:....._~~ ____ _ 

Date Collected: 11/14/2007 

Dat.e Extracted: 11/20/2007 

Date Analyzed: 11/20/2007 
-~-~------------

Di11.lt.ion Factor: 2.0 

Extraction: (Type) WASTE 

CONCENTRATION UNITS: 
ug/kg 

66000 

66000 

66000 

66000 

66000 

66000 

66000 

66000 

66000 

66000 

66000 

66000 

66000 

66000 

66000 

66000 

66000 

66000 

66000 

66000 

66000 

66000 

49000 

66000 

66000 

66000 

~ 
I 

u 

u 

u 

u 

u 

u 

u 

u 
u 

u 
u 
u 

u 

u 
u 

u 

u 

u 

u 
u 
u 

u i 
J 

u 

u 
u 

FORM I SV 
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CLBNT SAMPLE NO. 
SSMIVOLATILE ORGANICS ru,ALYSIS DATA SHEET I 

FTPH-FP-FSA-1-3 

I,aucks Testing Laboratories, 

sec No. 

Matrix: (SCIL/vJATEP} 

Sampl.e wt/voJ: C.,L)>-4.:)JJ.O ___ _ is/mL) ~qC!..m~ __ _ 

Level: (LOW/MED) 

~o j'1oif:,t.ure; _U_-'_._O __ Df"canted: (Y/N) N 

Concentrat.ed Extract VD1ume: 1000 (uL) 

Injection Volume: __ 2_._0 ________ (UL) 

GPC Cleanup: (YIN) ..:.["-1_' ____ pH: _____ _ 

I CAS NO~-----~;;!V!POUND 

92-·52-4 1,1. ' -Biphenyl 

91-58-7 ~~ -Chloronaphthalene 

88-74-4 2 ·-N.i t:coaniline 

13J.-1J.-3 Dimethylphthalate 

Acenapht.hylene 

I 99-09--2 3 -Ni. t.rL:aniline 

83-32-S 

I 51-28-:) 2 f'~ - Dini t rophenol 

100-·02-7 4 -Ni.t.ropben.ol 

132-64.-9 Diber:zofuran 

121-142 2,4-'Dinitrotoluene 

84 ··66··2 Di.eth.ylpht.halate 

l86-73-7 F1.u02·,-ene 

I 700'0··72--3 4-CblorophenyI-phenylether 

4--Ni.troaniline 

534-52-} 4,6-Dirlitro-2-methylphenol 

4-Bromopheny1-phenyl ether 

118-74-·1 Hexackllorobenzene 

19J.2-24-·9 p.~t.1::azine 

Pen~achlorophenol 

85-0J--B Phenanthrene 

120-12-7 hnthracene 

86-74-8 

84-74-2 Di-n-butyIphthalate 

206 -<1 4. - 0 F'luo1:'antnene 

3.29-00-0 pyrene 

85-68-7 Butylbenzylpht~lalate 

91 "-94""] 3,Jl-·Dichlorobertzidine 
'--______ 1..._ 
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I 

Contract: 

Run sequence: R023615 

Lab Sample ID: MINS03-002 

Lab Fil e ID: ...:T:..;:1:..:1::..;2:...0'-0.:....:..0.:..8..:... =D _______ _ 

Date Collected: 11/14/2007 

Date Extracted: 11/2 ° /2007 

Date Analyzed: 11/20/2007 
-~--------------

Dilution Factor: 2.0 

Extraction: (Type) WASTE 

CONCENTRATION UNITS: 
ug/kg 

66000 

66000 

66000 

66000 

66000 

, 66000 

8900 

130000 

66000 

66000 

66000 

66000 

16000 

66000 

66000 

66000 

66000 

66000 

66000 

66000 

42000 

11000 

66000 

66000 

8100 

41000 

66000 

66000 

Q 

U 

U 

U 

U 

J 0 

I U 

J 

U 

U 

U 

U 

U 

J 

U 

U 

U 

U 

U 

U 

U 

J 

J 

U 

U 

J 

J 

U 

U 

I 

! 
! 
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1 CLIENT SAMPLE NO" 
SSMIVOLATILE ORGANICS ANALYSIS DATA SHEET 1 

l,ab Name: Laucks Testirlg Laboratories, 

SDG No. : :...1'1:..::1:.::.)\]:..:8:;... .. 0:...;' :::':...' _____________ _ 

Soil 

Sample. ~tJt./vo.1.; ("-)~;"-')("-) __ _ (g/mL\ ~q,-n_\ __ _ 

Level: (LOW/MED) 

_(_)_"_0 __ Decanted: (Y/N) N 

Concentrated Eztract Volume: 1000 (UL) 

In:jection Vo1ume: _2_"_O ________ {UL) 

GPC Cleanup: (Y!N) ..:;t.:....l _____ pH: _____ _ 

1117-81-7 

1 2J .. 8- 01-9 

117-84-0 

205-99-2 

207··,08-9 

50--32-8 
! 
1133-39-.5 

I 53··7(;--3 

! 191-2·12 

cor'ljpOUND 

Benzo(a) anthracene 

Bis(2-ethylhexyl)phthalate 

Chrysene 

Di-n-octylphthalate 

Berlzo(blfluoranthene 

Benzo(k)fluoranthene 

Benzo(a}pyrene 

Indeno(1,2,3-cd)pyrene 

Diber120(a, h) anthracene 

Benzo(g,h,i.)perylene 
......... ----------------

Comm€nt&~ ; 
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I FTPH-FP-FSA-1-3 
i 

Contract: 

Run Sequence: ~R~0~2~3~6~1~5 _________ __ 

Lab Sample ID:M _~I~N~S~O~3_-_0~O_2 __________ __ 

Lab pi 1 e ID: ..:;T;..:;1:;..;1:;.:2;;.O,,--O;:..O:::...:::.8.:... ::;.0 _________ _ 

Date Collected: 11/14/2007 
-~~--------------

Date Extracted: 11/20/2007 
--~~--------------

Date Analyzed: 11/20/2007 
--~~---------------

Dilution Factor: 2.0 

Extraction: (Type) WASTE 

CONCENTRATION UNITS: 
uS/kg 

66000 

66000 

13000 

66000 

I 66000 

66000 

66000 

66000 

66000 

66000 

Q 

u 
U 

J 

U 

U 

U 

U 

U 

u I 
u~ 

FORM I SV 
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1 CLIENT SAMPLE NO. 
SEMIVOLATILE ORG~~ICS ANALYSIS DATA SHEET r--I FTPH-FP-AD-4 

LaD Name: Loucks Testing Laboratories, 

SDG No. : .:..M:.;;I:..::l'.;,.:JS:c.0::..j ":...J ________________ _ 

Matrix: (SOIL/WATER) soil 

Samp1e 'lit/vol: ('1"-1_2"-"-\> ___ _ (g/mL) _g,-m __ _ 

Level: (LOW/MED) 

% Moist,u:re: ~I_J_._O ___ Decanted: (Y/N) N 

concentrated Excract Volume: 1000 (uL) 

Injecti.on \101ume; __ 2_._0 ______________ ,(uL) 

GPC' C}earll . .lp; {Y/N) _F_l ____ pH: ______ _ 

--or 
CAS NO. COMPOOND 

100··52··7 Benzaldehyde 

108-95-2 PbenoJ. 

Bis(2-Chloroethyl)ether 

.2.- Chlorophenol 

I 95-48-7 2 - t"1ethyJ.phenoJ. 

108-60-1 Bis (2-chloroisopropyl) ether 

98-86~2 !\.cetophenone 

108~39-4j 3 & 4-Methylphenol 

N--Nit:r'()so-di-n-propylamine 

67-72-1 Hexachloroethane 

98-95-3 Nit.robenzene 

Isophorone 

88-75-5 2. -Ni. t rophenol 

105-67-9 2.4-Dimethylphenol 

111-92--1 Bis(2-chloroethoxy)methane 

120-83-2 2.4-Dichlorophenol 

Naphthalene 

606-20-2 2,c-Dinitrotoluene 

106-47-8 4-Chloroaniline 

87·-68·-3 Hexachlorobutadiene 

Caprolactam 

59-50'-~7 4-Cbloro-3-methylphenol 

91-57-6 2 -- f-.llethylnaphthalene 

Hexacblorocyclopentadiene 

88-06-2 2, 4. / 6 '~Tr ichlorophenol 

2,4,5-Trichlorophenol L-________ ~ ______ ._ 95-95-4 
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Contract: 

Run Sequence: ~R~0~2~4~0~6~9 ________________ __ 

Lab Sample ID; M~I~N~S~0:..::4::..-:..::0~0:.;;1,,--__________ __ 

Lab File ID: .:;l"..:;1:..::2:..:1:;.:1:;.:0:;.:2"'3:::c:.... D=-__________ _ 

Date Collected: _1_1.:.:/_2_6.:.:/_2_0_0_7 ______ __ 

Date Extracted: __ 1_2:..::/_0_6::../::..2 __ 0_0_7 _______ _ 

Date Analyzed: _._1_2:...1_1_1..:,./_2_0_0_·7 _________ _ 

Dilution Factor: 1.0 

Extraction: (Type) WASTE 

CONCENTRATION UNITS: 
ug/kg 

I 33000 

33000 

33000 

33000 

33000 

33000 

33000 

33000 

33000 

33000 

33000 

33000 

33000 

33000 

33000 

33000 

9900 

33000 

33000 

33000 

33000 

33000 

170000 

33000 

33000 

33000 

Q 

u 
U 

11 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

J I 
u 
u 
u 

u 
u 

u 
u 

u 
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1 CLIENT SAMPLE NO. 
SEMI VOLATILE ORGANICS ANALYSIS DATA SHEET I 

FTPH-FP-AD-4 

Lab Name: Laucks Testing Laboratories. 

SDC No. : .of"'.:.;' ~::.:' N:.;.1:;:.S.:;:.O..;4 ______________ _ 

Matrix: (.SOIL/HATERJ Soil 

Sample 'vJc./-.... rol: ('L)~?-'"f)'--__ _ (g /mL) ....-..:q~m~ __ 

Level,: {LO\1!Jx1ED) 

0.0 Decanted: {YIN} N 

Concentrated Extract Volume: 1000 (uL) 

Injection Volume: -=2:....:...0::..-________ (uL) 

GPC Cleanup: (Y!N) ~}:...! _____ pH: _________ __ 

. I 
CAS NO. COrVJPOUND 

I 92-52-4 :1 , 1 ' - Biphenyl 

2-Chlcrcnaphthalene 

88-74-4 2 -Ni t}:-oaniline 

131·-11-3 Dirnetbylphthalate 

1208-96-8 l\cenaphthylene 

I 99-09-2 

83-32-9 I Acenaphthene 

51 .. ·28-5 2,4-[)initrophenol 

100-02-7 4-Nit::cophenol 

Dibenzoful:'an 

121-14-2 2,4-Dinitrotoluene 

.1 84 -66-2 Djethylph~halate 

I 86-73-7 F1Llorene 

i 7005-72-3 4-Chlorophenyl-phenylether 

\100 .. 01-6 4 -N"itroaniline 

534-52-1 4,6-Dinitro-2-methylphenol 

1.01-5S-3 4-Bromopbenyl-phenyl ether 

118-74-J Hexachlorobenzene 

1912--24--9 Atrazine 

87-86-co Pentachlorophenol 

85-01-8 Phen"anthJ~ene 

120-12-7 Anth,racene 

86-74-8 Carbazole 

84-74-2 Di-n-butylphthalate 

FIUGranthene 

129-00-0 Pyrene 

Butylbenzylphthalate 

91- 94 1 3,3'-Dichlorcbenzidine 

Page 2 of 3 8270 

I 

Contract: 

Run Sequence: _R~O~2~4~O~6~9~ ______________ ___ 

Lab Sample ID: ;..:Mc::T::;.N:.:;S:.;0;:..4;..-_0=0.;:1 ______ _ 

Lab F i 1 e I D : ::;.F..;::1;.:2;.:1;.:1;.:;0;.:2;.:3:...; . ..;;D:..-______ _ 

Date Collected: 11/26/2007 

Date Extracted: 12/06/2007 

Da t e Ana 1 yz ed: ...:;:1..:..2:.../..:..1..:..1..:../..:..2:...0_0:...7 ________ _ 

Dilution Factor: 1.0 

Extraction: (Type) WJl-.STE 

CONCENTR)','I'ION UNITS: 
ug/kg 

33000 

33000 

33000 

33000 

33000 

33000 

22000 

67000 

33000 

33000 

33000 

33000 

48000 

33000 

33000 

33000 

33000 

33000 

33000 

33000 

120000 

27000 

33000 

33000 

33000 

65000 

33000 

33000 

Q 

u 

u 
u 

u 

U 

u 

J 

u 

u 

u 
TT 
V 

u 

u 

u 
u 
u 

u 

u 

u 

J 

u 

u 

u 

u 

u 
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1 CLIENT SAMPLE NO. 
SEMIVOLATILE 

ORGANICS ANALYSIS DATA SHEETIL ________________________ ~ . FTPH~FP-AD-4 

.Lab Name: Laucks Test.ing Laboratories I 

SDG No. : .:..'''!.:..:I=.:N::.::S::.:O,:.:"::..l _______________ _ 

Matrix: (SOIL/WATER) soil 

sampJe wt /vol: [).L; ~(~}0",-__ _ (g / mL) _c"'lm-'--__ _ 

Level: (LOV1/NED) 

96 !"1oist.ure: _(;...)_. :...0 __ Decanted: (Y /N) N 

Concentrated Eztl·act Vol.ume: J.OOO (uL) 

Injection Volume: _2_._0 _____________ (uL) 

GPC Cleanup: (YIN) .;:.N:-... ___ pH: _______ _ 

CAS NO. 

! 56-55-3 Benzo(a) anthracene 

! 117-81-7 Bis{2-ethylhexyl)phthalate 

218-01-9 Chrysene 

117~84-0 Di-n-octylphthalate 

205 99';' BRnzo(blfluoranthene 

207-0('.-9 Benzo(k)fluoranthene 

! 50-32-8 B2Ezo{a)pyrene 

1193-39-5 !ndeno(1,2,3~cd}pyrene 

Contract: 

Run Sequence: ~R~0~2~4~0~6~9 _______________ __ 

Lab sample rD: rv;;.;.J.::.I:.;N:::;S.:::O.,;;4_-.:::0:..:0:.;1~ _____ _ 

LabFil e ID: .;;;.""-=1:.:2:.:1:.,:1:.;0;:.:2:.;3::...:..;. D:::..-________ __ 

Date Collected: 11/26/2007 
--~~--------------

Date Extracted: 12/06/2007 
--~~--------------

Date Analyzed: _]_.2_";.;.1_1_J.~!_2_0_0_7 ___________ __ 

Dilution Factor: 1.0 

Extraction: (Type) WASTE 

CONCENTRATION v~rTS: 
ug/kg 

18000 

33000 

30000 

33000 

33000 

33000 

I 33000 

33000 

Q 

J 

u 

u 
u 

u 

u 
U 

153-70-3 Dibenzo(a,h) anthracene 33000 U 

1191.-24 .. 2 Benzo(g,h,i)perylene 5500 J 
"--________ -"--____ •.•. __ ••.....•.•. " ........ _ •.•• _ •..... ___ . ___ • __ ••.. _ •• _ •.•..•• _._ ... __ .. _.~ .• _ .••. _ .. __ •.• "_,_._ .•••. __ .... _ •. _ •.•••. _._ .. _. ___ • __ ~ _____ •• ____ ~ __ • ______ ..J 

Comments: 
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TPH - Gasoline 



1 CLIENT SAMPLE NO. 
GASOLINE ORGANICS ANALYSIS DATA SHEET 

fTPH-FP-DR-DRI-6.5 I 
Lab Name: I,allck5 Testing Laboratories, Tnc. Contract:~N~/wA~ __________________________ __ 

SDG No.: ~M~I~N~·S~0~3~ __________________________ __ Run Sequence: .....:.R:.::O..:2:.::3~7.,;;;9.,;;;1~ _________ _ 

Matri.x: (SOIL/WATER) Soil Lab Sample 10: _.:.;M!..:':T..:;N~Sc.:::O~3~-,:;:O,:;:O.=1 ______ _ 

Sample wt/vol: ""0-,,.~1,--__ _ (g/mL)_g~m~ ______ _ Lab File TO: ~I~B~2~8~7~O~7-" . ..:d~ ______________ __ 

pH: Decanted: (Y/N) N Date Collected: ~1~1~/~O~8~/~2~0~0~7 __________ _ 

Percent Moisture: ~O~.O~O~' ____________________ _ Date Prepared: ~1~1~/~1~9-,,/~2~O~O~7 _____________ __ 

Extraction: (Type) ~P~U~R~G~,E~T~R~A-"P~ ____________ __ Date Analyzed: ~1~1~/~2~8-,,/~2~O_O_7 _________ _ 

Soil Extract Vol.ume: _ !...f 0;:......,.1.-.;,.0_0_0_. ___ (ul) Dilution Factor: 1. 00 

Soil Aliquot Volume: 20 __________ (ul) II!< K '1/") ,;,i (fer: Il ,,~ ',""··1) rr 

CAS NO. COMPOOND 
CONCENTRATION UNITS: 

Q 
mq/Kq 

TPH-Gasoline Gasoline Ranqa Orqanics 8700 

Comments: The hydrocarbon pattern does not resemble a gasoline. 

Page 1. of 1 8015Bmod-GRO fORM I GRO 
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1 CLIENT SAMPLE NO. 
GASOLINE ORGANICS ANALYSIS DATA SHEET 

Lab Name: J,allcks Test iOQ LaboratoU e5, Inc, 

SDG No. : ~M~I~N~S~O~3~ __________________________ __ 

Matrix; (SOIL/WATER) Soil 

Sample wt/vol: ":;0".:,,,.:;:1'--___ _ (g/mL)~g~m~ ____ __ 

pH: Decanted: (yiN) N 

Percent Moisture: ~O~.~O~O~ __________________ __ 

Extraction: (Type) ~P~U~R~G~E~',T~R~A~P~ ____________ __ 

Soil Extract Volume: 

Soil Aliquot Volume: 

/'0 00, 0 __________________ (u1) 

/0 c) __________________ (u1) 

CAS NO. COMPOUND 

TPH-Gasoline Gasoline Ranae Oraanics 

FTPH-FP-FSA-1-3 

Contract: __ NllL/~A __________________________ ___ 

Run Sequence: ~R~0~2~3~7~9~1~ ________________ ___ 

Lab Sample IO: __ ~M~I~N~S~O~3~-~O~O~2 ____________ ___ 

Lab File ID: ~I~B~2~8~7~0~6~.~d~ ________________ _ 

Date Collected: ..:::1..:::1~/..:::1..:::4~/~2,,:;0,,:;0~7 ______________ _ 

Date Prepared: 11/19/2007 

Date Analyzed; 11/28/2007 

Dilution Factor: 1. 00 

CONCENTRATION UNITS; 
Q 

mq/Kq 

720 

Conuneots: The hydrocarbon pattern does not resemble a gasoline. 

Page 1 of 1 8015Bmod-GRO FORM I GRO 
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1 CLIENT SAMPLE NO. 
GASOJJINE ORGANICS ANALYSIS DATA SHEET 

FTPH-FP-AD-4 

Lab Name: Laqch Tp.stjog Laboratories. Inc. Contract:~N~/Aw-__________________________ __ 

S DG No.: -"'M"'I..o.N"'S...,;O...,;4 __________________ _ Run Sequence: --'-R...:O...:2...:3...:9...:5...:1~ ________ ___ 

Matrix; (SOIL/WATER) Soil Lab 'Sample 10: _~M~I~N~S~0~4~,-...:0~0~1~ ________ _ 

Sample wt/vol: 0.10 (g/mL)_g~m~ ____ _ Lab File ID: ~IC~O~5~7~0~7-O. . ...:d _________________ __ 

pH: Decanted: (Y/N) N Date Collected: ...:1...:1~/...:2...:6_O./...:2...:0...:0~7 __________ __ 

Percen't Moi sture: ,.)0"--_____________ _ Date Prepared: 11/28/2007 

Extraction: {Type) ~P...:U...:R...:G...:E...:T...:R...:A...:P~ ________ __ Date Analyzed: 12/05/2007 

Soil Extract Volume: _10_0_00 ______ (ul) Dilution Factor: 1. 00 

Soil Aliquot Volume: _2_5 _______________ {ul) 

CAS NO. COMPOUND CONCENTRATION UNITS: 
Q mq/Kq 

TPH-Gasoline Gasoline Ranqe Orqanics 1800 

Comments: 

The hydrocarbon pattern does not resemble a gasoline. 

Page 1 of 1 
Date rrinted: 
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1 CLIENT SAMlnE NO. 
GASOLINE ORGANICS ANALYSIS DATA SHEET 

FTPH-TS-AD2-S13.S 

Lab Name: Laucks Testjng Laboratories, Tne. Contract:~N~/wA~ __________________________ _ 

SDG No,: ~M~I~N~S~O~5~ ___________________________ __ Run Sequ ence: ___ R-'-O ... 2....;4_1_7_9 ____________ _ 

Matrix: (SOIL/WATER) Soil Lab S ampl e I D: _.;:;M;.;:l:.:;.N;.:;;S:..;:O'-"S:;...-..:;O'-'O"'l'--__________ _ 

Sample wt/vol: 5.20 (g/mL)_g~m~, _______ _ Lab Fi Ie I D: _..;Kc;..C.:..l"".1::..7.;..O.:..9;;.,.;... d"'-__________ _ 

pH: Decanted: (YIN) ~N ____ _ Date Collected: ~1_2~/_0_3~/~2~O~0~7 __________ __ 

Percent Moi sture ; ~3.1..l0,,--____________ _ Date Prepared: 12111/2007 

Extraction: (Type) ~P~U~R~G~E~T~R~A~P~ _____ -------
r.1I:·X- '''l \'~~ -;:'" ..... ~~'::.'-(} ~- ~-····l ;;..J t Jlt ~ "\0 

Soil Ex-tract Volume; - - HW()-

Date Analyzed: 12/11/2007 
--~------------------

(ul) Di 1 ut ion F ae tor: --.,;1 ......... 0 .... 0"""-__________ _ 

Soil Aliquot Volume: _1_0_0 _______ (ul) 

CAS NO. COMPOUND CONCENTRATION UNITS: 
Q 

mg:/E\q 

TPH-Gasoline Gasoline Range Organics 7.9 U 

Com..raents: 

Page 1 of 1 
Date Printed: 
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1 CLIENT SAMPLE NO, 
GASOLINE ORGANICS ANALYSIS DATA SHEET 

Lab Name: !,aucks Testing J.ahor?i-orles. Tl1C. 

SDG No.: ~M~I~N~S~0~6~ ________________________ ___ 

lvlatrix: (SOIL/WATER) Soil 

Sample wt/vol: __ 6_,_0_0 ____ __ (g/mL)_g~I~r. ______ __ 

pH: Decanted: (Y/N) N 

Percent Moisture: ~2~2~ _____________________ _ 

Extraction: (Type) ~P:.,.;U::..R;.;.G::..-E::..T::..RA~P::..-______ ~~------
r'tA -r 07 

.JJ).Q{,)0- 'I I --3"'" 0 A '1 0)~u~l) Soil Extract Volume: ~ p \ 

Soil Ali.quot Volume: __ 10_0 ______________ (ul) 

CAS NO. COMPOUND 

TPE-Gasoline Gasoline Ranae OcQanics 

Comments: 

FTPH-TS-AD6-S6.5 

Contract: __ N~/QA ____________________________ _ 

Run Sequence: ~R~0~2~4~3~2~6~ ________________ ___ 

Lab Sample 1D: __ ~M~I~N~-S~O~6~-~C~)0~1~ ____________ __ 

Lab File I D: ...;K;.;,C;;:;2::..6;:.,.7.;...O;:.,.6;:.,..:.,.;d::..... ___________ _ 

Date Collected: ~1~2~/~1~0~/~2~O~0.:...7 _____________ __ 

Dat e Prepa red: _1_2..;../_1_1..;../_2_0_0_7 ____________ _ 

Date Analyzed: .=1~2~/...:2...:6.:../...:2..:.0..:.0_7 ____________ _ 

Dilution Factor: 1. 00 

CONCENTRATION UNITS: 
Q 

mq/Ka 

6.0 U 

Page 1 of 1 
Date Printed: 
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1 CLIENT SAMPLE NO. 
GASOLINE ORGANICS ANALYSIS DATA SHEET 

Lab Name: T,aucks Testing TdaboraloTi po, Inc 

SOG No.: -"-M;;:;I""N;;:;S...:;0..:;6:.-____________ _ 

Mat.rix: (SOIL/WATER) Soil 

Sample wt/vol: 5.50 (g/mL)_g4m_, _____ __ 

pH: Decanted: (Y/N) N 

Percent Moisture: ~2~2~ ________________ _ 

Extraction: (Type) ~P..:U;;:;-R..:G:;..;E:;..;T:;..;RA~P~ ______ ~------
ttfi.l\-';(.o'-) 

~ 11)00 1=' ~'\~(ul) Soil Extract Volume: 

Soil Aliquot Volume: _1_O_O _____________ (Ul) 

CAS NO. COMPOUND 

TPH-Gasoline Gasoline Range Organics 

Comments: 

FTPH-TS-AD7-S7 

Cont.;::act :~N~'L!AQ.. _______________ _ 

Run Sequence: -:;.R;.;:0~2;..;4;.;;3;.;;2:;..;6;......~ _______ _ 

Lab Sample 10: __ ~M~I~N~S~0~6~-~O~O~2~ _________ _ 

Lab File 10: _K~C~1~7~7~O~9~.~d~ ________________ _ 

Date Collected: ~1;.;;2~/...:;1;..;O;..;/..:;2;..;O:;..;0:;..;7'__ __________ _ 

Da te Prepared: .:1:.:2:.,:./:.:1:.:.1:.,:./:.:2:.:0:.:0_7 _______ _ 

Da te Analyzed: _1...;.2...;,./...;.1_7...;,./_2_0_0_7 ________ _ 

Dilution Factor: 1. 00 

CONCENTRATION UNITS: 
Q mg/Ka 

6.5 U 

Page 1 of 1 
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TPH Diesel & Motor Oil 



1 CLIENT S~~PLE NO. 
DIESEL ORGANICS ANALYSIS DATA Sm:ET 

FTPH-FP-DR-DRl-6.5 I 
Lab Name: Laucks Testing Laboratories, Contract:~N~/~A~ ____________________________ _ 

SDG No.: ~M~_I~N~1S~0~3 __________________________ __ Run Sequence: ~R~0~2~3~6~9~7 ____________________ __ 

Matrix: (SOIL/WATER) Soil Lab Sample ID: ~i":;:1;::I:.;N.:::.S.;;.0.;;.3_-~0~0;.:1:...-_________ _ 

Sample wt/vol: 0'--.1;....7 ___ _ (g /mL) _9J.;..mc--__ Lab File ID: _E::;;.,,~B:;;.2:;;._;::1.;..7:::.1:::.2.:...;:::d _________ _ 

% Moisture: ___ 0_.0_ Decanted: (Y/N) N Date Collected: 11/08/2007 

Extraction: (Type) _W-"A",' ;;;.S..:.T;;:8 ________ _ Da'te Ex tr ac ted: _1_1_/_2_0.;.1_2_0_0_7 _________ _ 

Concentrated Extract Volume: 2000.0 (uL) Date Analyzed: _1_1_1_2_1_1_2_0_0_7 _____________ __ 

Injection Volume: _1_,_0 ____________ (uL) Dilution F'actor: 20.0 

GPC Cleanup: (YIN) _N ____ pH : ______ _ Sulfur Cleanup: (YIN) N 

CAS NO. COMPOUND CONCENTRATION UNITS: 
Q mg/Kg 

TPH-Diesel Diesel Range Organics 150000 B 

TPH-oi1 Oil Range Organics 180000 B 

Comments; The hydrocarbon pattern partially resembles a diesel and partia.lly 
resembles a motor oil, 

Page 1 of 1 8015Bmod-DRO FORM 1 DRO 
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1 CLIENT SAl-1PLE NO. 
DIESEL ORGANICS ANALYSIS DATA SHEET 

FTPH--FP-FSA-l-3 

Lab Name: Laucks Testing Laboratories, Contract: .....:N.;..;/c.;:A'-'-______________ _ 

SDG No.: ~M~I~N~S~O~'3~ ______________________ __ Run Sequence: _R~0~2~3~6~9~7 _______________ __ 

Matrix: (SOIL/WATER) Soil Lab Sample ID: _M~I~N~S~0~3_-c.:0~0~2~ _________ __ 

Sample wt/vol: 0-;...:,.:,2;:;..0;:...... __ _ (g ImL) _g ... m'--__ _ Lab I'il e I D: _F:_~B_-_2_l_7....;1_7_ . ..;;d'--_________ _ 

% Mois-ture: 0.0 Decanted: (Y/N) N Date Collected: 11/14/2007 

Extraction: (Type) ~W~A~S~'~r~~n _________ ___ Date Extracted: 11/20/2007 
----~-----------------

Concentrated Extract Volume: 2000.0 (uL) Da te Ana 1 y z ed : _1_l..;../_2_2_/~2_0_0_7 ________ _ 

Injection Volume: _l_._O _________ (uL) Dilution Factor: 20.0 

GPC Cleanup: (YIN) _N ____ pH: ____ _ Sulfur Cleanup: (yiN) N 

CAS NO. COMPOUND CONCENTRATION UNITS; 
Q 

mg:/Kq 

TPH-Diesel Diesel Ranqe Orqanics 67000 B 

TPH-Oil Oil Range Organics 120000 B 

Comrnents: The hydrocarbon pattern partially resembles a diesel and partiaLLY 
resembles a motor oil. 

Page J. of 1 8015Bmod-DRO FORM I DRO 
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1. CLIENT SAMPLE NO. 
DIESEL ORGANICS ANALYSIS DATA SHEET 

E'TPH-FP-AD-4 

Lab Name: Laucks TestLng Laboratories, Contract: ........;;N....:/...;:A-"-______________ _ 

SDC No.: ...;:M~I~N~'~S~0...;:4 _______________________ ___ Run Sequence: _R~0~2~3~9~2...;:2~ ___________ __ 

Matrix: (SOIL/WATER) Soil Lab Sampl e I D: _M=I::.;N.::;S..;;;0..;;;4:....-....;0;..;0;..;1'--_______ ~ 

Sample wt/vo1: 0~.1~7~ ____ _ (g/mL) ...;gz.:.m::...-__ Lab tile 10: ....;f:....,C~0.::;3:....7.::;1::.;3..;;; . ..;;;d~ _____________ _ 

% Moisture: 0.0 Deca.nt-ed: (Y/N) N Da te Collected: 11/26/2007 

Extraction: (Type) _W~A~S~~~"~E _______________ __ Date Extracted: 12/03/2007 ----------------------
Concentrated Extract Volume: 2000.0 (uL) Date Analyzed: 12/04/2007 --------------------
Injection Volume: _1_._O _______ --C{u:L ) Dilution Factor: 20.0 

GPe Cleanup: (Y/N) _N;;.;.' _____ pH : _____ _ Sulfur Cleanup: (Y/N) N 

CAS NO. COMPOUND CONCENTRATION UNITS: 
Q mg/Kg 

TPH-Diesel Diesel Range Organics 90000 
TPH-Oil Oil Range Organics 130000 B 

Comments: The hydrocarbon pattern partially resembles a diesel and partially 
resembles a motor oil. 

Page 1 of 1 8015Bmod-DRO FORM I DRO 
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1 
DIESEL ORGANICS ANALYSIS DATA SHEET 

CLIENT SAMPLE NO. 

rTPH-TS-AD2-S~ 
Lab Name: Laucks Testing Laboratories, Contract:~N~/~A~ ___________________________ __ 

SDG No.: ~M~,I~N~S~'0~5~ ________________________ __ Run Sequence: ~R~0~2~4~2~5~7~ __________________ _ 

Ha t r ix : ( SO I L /WATER) ---'S ..... o_i_l ______________ _ Lab Samp:l. e I D; ..... M..;;..;o..I N;...S~O .;..5---'-0 ..... 0_1 ___________ _ 

Sample ~It/vol: 2::..0~. 0"--__ _ (g /mL) _9z m"'-___ _ Lab File 1D: _~~"C~'~1~1 __ 7~4~2 __ .~d ______________ __ 

% Moisture: ___ 3_0_,_0 Decanted: (Y/N) N Date Collected: 12/03/2007 

Extraction: (Type) ~P~' E~'E~X~ ________________ _ Date Extrac'ted: 12/07/2007 

Concentrated Extract Volume: 2000.0 (uLl Date Analyzed: _1_2 ..... /_1_2 ..... /_2_0_0_7 ____________ __ 

Injection Volume: _l_,_O ________ luLJ Dilution Factor: 1.0 

GPC Cleanup: (Y/N) ..... N;...T _____ pH: _____ _ Sulfur Cleanup: (Y/N) N 

CAS NO. COMPOUND CONCENTRATION UNITS: 
Q rnq/Kq 

TPH-Diesel Diesel Range Organics 7.1 U 
TPH-Oil Oil Range Organics 29 U 

Comments: 

Page 1 of 1 8015Brnod-DRO PORM I DRO 
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1 CLIENT SAMPLE NO. 
DIESEL ORGANICS ANALYSIS DATA SHEET 

FTPH-TS-AD6-S6.5 

Lab Name: Laucks Testing JJaboratories, Contract:~N~. /~A~ __________________________ __ 

SDG No.: ~M~I~N~S~O~6~ ________________________ __ Run Sequence: ...;R:.;.0;;;.;2;;..::.4;;;.2 5:::..;..7 ______________ _ 

Matrix: (SOIL/WATER) ~S~o~i:.;.l~ ____________ __ Lab Sa.mple ID: ..:;;;l'1;:;.I.::;:N.::::S.::::O.;:6_-.;:O.;:O..;:;1 __________ _ 

Sample wt/vol: 2::.,0:...:-,0:::...:... __ _ (g/mL) ~g~m:.:... __ _ Lab File ID: _E;;;.C~1~1~7~6~O~,;;;.d _________________ __ 

% Moisture: _____ 2_2_._0 Decanted: (YIN) N Date Collected: 12/10/2007 

Extraction: (Type) ...:..P;;..FE;;;.X:.:.... ___________ _ Da te Ex tr acted: --=];';:' 2:.;./..:1:..;]:.:.,/..:2:..;-0:..;0:.:.7~ __________ _ 

Concentrated Extract Volume: 2000.0 (uL) Date Analyzed: ~1~2:..:./..:1;.;:3:..:./..:2:..;0..:0:.:.7 ___________ __ 

Injection Volume: _1_,_0 _______ ( uL) Dilution Factor: 1.0 

GPC Cleanup: (Y/N) ...;N~ ___ pH : ____ _ Sulfur Cleanup: (Y/N) N 

CAS NO, COMPOUND CONCENTRATION UNITS: 
Q mg/Kg: 

TPH-Diesel Diesel Range Organics 6.4 U 

TPH-Oil Oil Ranqe Orqanics 26 U 

Comments: 

Page 1 of 1 8015Bmod-DRO FORM I ORO 
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1 CLIENT SAMPLE NO. 
DIESEL ORGANICS ANALYSIS DATA SHEET 

FTPH-TS-AD7-S7 

Lab Name: Laucks Testinq Laboratories, Contract:~N~'/~A~ __________________________ __ 

SDG No, : ~~~.I~N~S~0~6 _____________________ _ Run Sequence: ...:;.:R;;.,O;;;.2,.:4;;;.2.:::.5.:..7 ____________ _ 

Matrix: (SOIL/WATER) ~S~o~i~l~ ____________ __ Lab Sample 10: _M~I~N;;;.S;;.0;;.6_-;;.0;;.0.:::.2 _____________ _ 

Sample wt/vol; 2-;;.,;:.0.;,.. ;;.0 __ _ (g /mL) ...;9:<.:.m:.:--__ Lab File ID: ~E.:::.C~1~17~6~1.;. . .:::.d _________________ __ 

% Moisture: __ ...;2:..;2...; . ...:.0 Decanted; (YIN) N Date Collected: 12/10/2007 

Extraction: (Type) _P~F'E.:::.X~. _______________ _ Da te Ext r act ed: -::;1..:;2:.;./,.;:1:..;;1:.;./,.;:2:..;' 0:..;0:...:7~ ________ _ 

Concentrated Extract Volume: 2000,0 (uL) Da te Anal yz e d: _1_2.;,./_1_3.,;../_2_0_0_7 _______ _ 

Injection Volume: _l_,_O _______ (uL) Dilution Factor: 1.0 

GPC Cleanup: (Y/N) ,..:Nc:..-___ pH : ____ _ Sulfur Cleanup: (Y/N) N 

CAS NO. COMPOUND CONCEN'rRATION UNITS: 
Q 

mq/Ksr 

TPH-Diesel Diesel Ranqe Orqanics 6.4 U 

TPH-OiJ. Oil Range Organics 26 U 

Comments: 

Page 1 of 1 80l5Bmod-DRO FORM or DRO 
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Cyanide 



lIM 
I-IN 

INORGANIC ANALYSES DATA SHEET 
SAMPLE NO. 

FTPH-TS-AD2-S13.5 ~ 
Lab Name: __ ~L~a~u~'c~ks~L~a~b~o~r~a~t~o~r~i~e~s __________ _ Contract: 

Lab Code: ....:LA=U::..:C;.:K~S::...' ____________________ _ SDG No, : MINS05 

Matrix (soil/water): _S~o~i~l ______________ __ Lab Sample ID: MINS05-001 

Level (low/med): ~L~O~W~ __________________ __ Date Received: 12/06/2007 

% Solids: ...;7..;;0c.;,""'3:....-__ 

Concentration Units ' mg/Kg 

CAS No. Analyte Concentration C Q M Run Seq. 

57-12-5 Cyanide 0.14 J AS R024711 

Color Before: Clarity Before: Texture: 

Color After: Clarity After: Artifacts: No 

Comment 

Page 1 of 1 Form I-IN ILMOS.3 
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lIM 
1-IN 

INORGANIC ANALYSES DATA SHEET 
SAMPLE NO. 

FTPH-TS-AD6-S6. 5 

Lab Name: __ ~L~a~u~c~k~s~L~a~b~o~r~a~to~r~ie~s __________ _ Contract: 

Lab Code: .......:L:::A.:..:U.:..:·C;;.:·K.:..:·S~ ___________ _ SDG No.: MINS06 

Matrix (soil/water): ~S.:..:o.:..:~.:..:·l~ __________ __ Lab Sample ID: MINS06-001 

Level (low/med): _L~O~W~ __________ __ Date Received: 12/11/2007 

% Solids: _7~8 ____ _ 

Concentration Units . mq/Kq 

CAS No. Ana1yte Concentration C Q M Run Seq. 

57-12-5 Cyanide 0.16 J AS R024711 

Color Before: Clarity Before: Texture: 

Color After: Clarity After: Artifacts: No 

Comment 

Page 1 of 1 Form I-IN ILM05.3 
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IIM 
l-IN 

INORGANIC ANALYSES DATA. SHEET 
SAMPLE; NO. 

FTPH-TS-AD7-S7 

Lab Name: __ ~L~a~u~c~k~s~L~a~b~o~r~a~t~o~r~l~·e~s~ ________ __ Contract: 

Lab Code: ~L~A~U~C::K~S~ ______________________ __ SDG No.: MINS06 

Matrix (soil/water): _S~o~l~'l~ ____________ ___ Lab Sample ID: MINS06-002 

Level (low /med): .;::L:;:O:.;.W:...-_________ _ Date Received: 12/11/2007 

% Solids: ..:7...::8;..: . ...:1:....... __ 

Concentration Units . mg/Kg 

CAS No. Analyte Concentration C Q M Run Seq. 

57-12-5 Cyanide 0.30 J AS R024711 

Color Before: Clarity Before: Texture: 

Color After: Clarity After: Artifacts: No 

COllunent 

Page 1 of 1 Form I-IN ILM05.3 
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APPENDIX F4 

Supplemental Investigation and Removal Action Documentation 
Provided by Weston Solutions, Inc., June 2009 
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Dump Road Test Pit – 050’ West of Azuar 
Depth – 5’ bgs 

Description – Brick, metal debris, groundwater at 5’ bgs, no visible oil 
 

 
 

 
 



Page 2 of 30 

 
 

 
 



Page 3 of 30 

 
 



Page 4 of 30 

Dump Road Test Pit – 150’ West of Azuar 
Depth – 5’ bgs 

Description – Metal debris, groundwater at 5’ bgs, no visible oil 
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Dump Road Test Pit – 250’ West of Azuar 
Depth – 7.5’ bgs 

Description – Wire, debris, black-stained soil, groundwater at 7.5’ bgs, no 
visible free product 
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Dump Road Test Pit – 350’ 
Depth – 6.5’ bgs 

Description – Railroad metal debris, dark black discolored soil, no TPH-odor 
noted, groundwater at 6.5’ bgs 
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Dump Road Test Pit – 450’ West of Azuar 
Depth – 5’ bgs 

Description – Metal debris, heavy free product in debris and at groundwater  
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Dump Road Test Pit – 550’ West of Azuar 
Depth – 4.5’ bgs 

Description – Metal debris, cobbles, heavy free product in debris and at 
groundwater (at 4.5 ‘ bgs). 
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Dump Road Test Pit – 650’ West of Azuar 
Depth – 6.5’ bgs 

Description – Metal debris, heavy free product in debris and at groundwater (at 
6.5’ bgs). 
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Dump Road Test Pit – 750’ West of Azuar 
Depth – 4’ bgs 

Description – Metal, brick, wood, & misc debris, heavy free product in debris 
and at groundwater (at 4’ bgs). 

 
 

 
 



Page 21 of 30 

 
 

 
 



Page 22 of 30 

 
 



Page 23 of 30 

Dump Road Test Pit – 850’ of Azuar 
Depth – 4.5’ bgs 

Description – Metal, & wood, debris, heavy free product in debris and at 
groundwater (at 4.5’ bgs). 
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Dump Road Test Pit – 950’ West of Azuar 
Depth – 4.5’ bgs 

Description – Metal, brick, cable, & wood, debris, heavy free product in debris 
and at groundwater (at 4.5’ bgs). 
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Dump Road Test Pit – 1050’ West of Azuar 
Depth – 8’ bgs 

Description – Brown-colored soil, no debris, staining, or oil present.  No TPH 
odor noted. 
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NORCAL 

May 20,2008 

Mr. Mike Godwin 
CH2M HILL 
Mare Island Office 
690 Walnut Avenue 
Suite 230 
Vallejo, California 94592 

GEOPHYSIC A L 

CONSULTANTS, INC . 

Subject: Geophysical Investigation at the Former Mare Island Naval Shipyard, 
Mare Island, Vallejo, California 
NORCAL Project No. 08·106.46 

Dear Mr. Godwin: 

This report presents the findings of a geophysical investigation performed by NORCAL 
Geophysical Consultants, Inc. (NORCAL) at the former Mare Island Naval Shipyard 
site, located in Vallejo, California . The field survey was conducted during the period 
March 13th

, 2008 through March 24th
, 2008. NORCAL personnel participating in the 

field activities included: 

• David T. Hagin, Professional Geophysicist PGp 1033 
• Sierra Boyd, Professional Geophysicist PGp 1060 
• David Bissiri, Professional Geophysicist PGp 1009 

Logistical support and site information were provided by Mr. Stephen Quayle and Mr. 
Mike Godwin of CH2M HILL. The geophysical investigation was authorized under 
CH2M HILL work Order No. 810093 & CO#1, and was conducted in compliance with 
the CH2M HILL Health and Safety Plan, as well as NORCAL Geophysical Consultants' 
Job Safety Analysis. 

This survey is part of the Follow-on Total Petroleum Hydrocarbon (TPH) Investigation at 
the former Defense Reutilization and Marketing Office (DRMO) by CH2M HILL. 
Investigations to date indicate that areas with large accumulations of buried metallic 
debris may be providing preferential pathways for the migration of TPH contaminants. 

To aid in locating potential contaminant pathways, geophysical techniques were used to 
characterize the general subsurface conditions in regards to locations of buried metallic 
debris. 

321A BLODGETT STREET · COTATI . CA 94931 • TELEPHONE (707) 796- 7170 • FAX (707) 796 - 7175 

www .norcalgeophys ical .com 
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The survey area, site conditions, work plan and purpose of the investigation were 
discussed at a brief preparatory meeting between NORCAL, CH2M HILL, and US Navy 
representatives on March 4, 2008. Part of the discussions included the increase in 
survey area from the original 2.35 acres to 10.2 acres. Several additional areas were 
also included during the time of data acquisition at the request of CH2M HILL 
personnel. 

1.0 SITE DESCRIPTION 

Plate 1 is a detailed site map of the survey area provided by CH2M HILL. This map 
shows many site features that may be important during data evaluation and 
interpretation. These features include roadways, buildings, railroad tracks, fences, 
utilities and other items that may affect vertical magnetic gradient (VMG) and 
electromagnetic (EM) data. 

NORCAL personnel also identified many other on-site features that may influence data 
values. The locations of these features were determined in the field using a GPS 
system. The GPS system was also used to locate other points of interest and the limits 
of the geophysical survey. The locations of these features are referenced to 
benchmark BM CA174 HCN11 . Separate legends are provided on Plate 1 to 
differentiate between the CH2M HILL and NORCAL identified site features. 

The revised study area is an L shaped semi-continuous area, extending 1,450 feet 
along Azuar Drive and 1,030 feet along Dump Road, including the intersection of the 
roads and selected adjacent areas (Plate 1). Along Dump Road the grid extends 
approximately 150 feet from the road to the north and approximately 150 feet to the 
south, except for the excluded pond area. On the west side of Azuar Drive the grid 
extends to approximately 130 feet from the centerline of the road. The grid boundary 
on the eastern side of Azuar Drive is irregular and discontinuous due to limited access 
and obstacles. 

The geologic setting generally consists of 13 to 20+ feet of artificial fill over former tidal 
marsh and mud flat deposits (RFP, CH2M HILL December, 2007) . Most of the debris 
discovered to date has been within the mid to lower portions of the fill, ranging from 5 to 10 
feet below ground surface. 

It should be noted that many existing cultural features which typically create strong 
magnetic fields and high-EM response (signal noise) are located within the survey area, 
particularly along Azuar Drive. These features include railroad tracks, buildings, 
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. utilities, chain-link fences, fire hydrants, light posts, manhole covers, large steel plates 
and numerous other items. 

2.0 OBJECTIVES AND APPROACH 

According the Request for Proposal (RFP, CH2M HILL December, 2007), the purpose 
of this surface geophysical investigation is "to develop a map that shows the gross 
accumulation and lateral extent of metallic debris in the subsurface from historic site 
operations ." 

We conducted VMG and EM surveys to characterize the shallow subsurface conditions. 
These techniques are sensitive to metallic sources and are utilized to determine the 
probable locations of buried metallic debris. 

3.0 GEOPHYSICAL METHODS 

The VMG and the EM methods have been selected for this geophysical investigation 
because of their ability to detect buried metal objects. The VMG is designed to 
eliminate regional and temporal magnetic variations, and focus on localized ferrous 
sources. Both ferrous and non-ferrous metallic objects are typically highly conductive, 
and may be detected through analysis of in-phase EM data. A more detailed 
discussion of these methods, data analysis, geophysical instrumentation, and 
limitations is presented in Appendix A. 

4.0 GEOPHYSICAL SURVEYS 

4.1 Field Investigation 

Initially, a survey grid was established to provide horizontal position control for data 
acquisition. The grid extends 1,450 feet parallel to Azuar Drive (plan northing is toward 
the northwest), and 1,030 feet parallel to Dump Road (plan easting is toward the 
northeast). We established the grid in the field using a fiberglass measuring tape and 
marking paint. The grid was based on a rectangular coordinate system with the origin 
(OE, ON) located in the southwest corner of the survey area. In order to keep all grid 
values positive, the grid origin was placed approximately 1,270 feet south and 850 feet 
west of the center of the intersection of Azuar Drive and Dump Road. The limits of the 
VMG and EM surveys are depicted by green dashed lines, as shown on Plate 1. 
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Daily safety meetings were held and quality control tests were performed on the VMG 
and EM instruments prior to data acquisition each day. Results of these tests were 
provided to CH2M HILL on a daily basis along with our daily report; copies of daily 
reports and daily test results have been included for reference in Appendix B. 

Data acquisition consisted of a series of traverses spaced 10 feet apart with 
measurements taken along grid lines at approximately 5-foot intervals. Along Azuar 
Drive and adjacent areas the traverses were parallel to the northing grid lines; along 
Dump Road and adjacent areas the traverses were parallel to the easting grid lines. 
Due to the large grid size and many fences, the data were acquired in smaller blocks 
which were subsequently concatenated for gridding, contouring, analysis and 
interpretation. A general description of VMG and EM contour maps, as well as how 
they are interpreted , is included in Appendix A. 

4.2 Data Analysis 

The VMG data were carefully evaluated, edited, and contoured as VMG maps for 
review and interpretation. These contour maps were then assessed for magnetic 
variations which cannot be explained by known magnetic sources; unexplained 
variations in the magnetic field are interpreted as potential areas for further exploration . 

The EM data were reviewed for quality control, edited and contoured for interpretation. EM 
contour maps were interpreted based on variation in measured values and the potential 
causes for these variations. 

A detailed description of methodology, instrumentation, software, interpretation and 
inherent limitations are included as Appendix A. 

4.3 Results 

The results of the respective EM and VMG computer data processing as described in 
Appendix A are presented as color coded contour maps. 

The EM In-Phase Contour Map is presented as Plate 2. The colored contour scale 
shows that measured in-phase values range from -45 to +65 parts per thousand (ppt). 
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This significantly exceeds background values that typically range from about -2 to +2 
ppt and suggests the presence of metallic sources. The results are characterized by 
broad zones of elevated in-phase values that encompass a majority of the survey area. 

Along the north side of Dump Road, the zones are defined as generally linear with 
localized scattered smaller zones. South of Dump Road the zones are not as linear 
and characterized as irregularly shaped and more uniform in intensity. An irregularly 
shaped zone is also located at the northern portion of the intersection with Azuar Drive. 
Along the east side of Azuar Drive, the intensities are variable from relatively uniform 
elevated values to high values that occur as relatively irregularly shaped to linear. 
Along the west side of Azuar Drive, the values are predominately uniform with localized 
zones of higher intensity. There are also areas where the values are near background 
suggesting a general lack of metallic sources. 

The Vertical Magnetic Gradient (VMG) Contour Map is presented as Plate 3. The color
coded contour scale indicates that values range from about -4500 to +5000 nanoteslas 
per meter (nT/m). This large range indicates the presence of metallic sources. Similar 
to the In-Phase contour map, the VMG map also shows increased intensities over 
broad areas that cover a majority of the survey area. Due to the sensitivity of the VMG, 
measured parameters, and the operation of the instrumentation, the data are more 
highly variable than the EM. This is manifested on the VMG contour map as a complex 
series of closely spaced contours and contour closures that are color-coded according 
to intensity. However, the general results are similar to the EM results as described 
above. The MAG data also shows linear features, broad zones, localized variations, as 
well as zones that are free from contours suggesting the absence of metallic sources. 
These features are generally in the same locations as described above for the In-Phase 
contour map. 

As previously described in the site description and shown on Plate 1, there are 
numerous above and below ground site features that are metallic and are expected to 
have an influence on the EM and VMG results. We performed an analysis of the 
locations of observed and documented site features and the locations of defined EM 
and VMG variations to determine general information regarding the potential metallic 
sources as shown on the Site Map. During this analysis we defined areas where there 
are no observable or documented metallic sources on Plate 1, but there are definable 
variations on Plates 2 and 3. These areas are interpreted as being buried metallic 
debris areas that mayor may not also include other documented subsurface features. 
Based on the intensity of the variations and the configuration of the EM and VMG color
coded contours, an interpretation can be made regarding the general dimensions of the 
debris and a qualitative assessment of the amount of debris. 



CH2M HILL 
May 20,2008 
Page 6 of 8 

4.4 Interpretation 

VMG and EM Anomalies 

Based on our comparison of Plate 1 with the results shown on Plate 2 and 3 we have 
made a general interpretation regarding the possible sources of the various VMG and 
EM variations and the possible locations of significant amounts of buried debris. The 
results of this analysis are presented as an Anomaly Map, Plate 4. 

The Anomaly Map shows the lateral extent of various areas of increased magnetic 
intensity and elevated in-phase values that are referred to as anomalies. The magnetic 
anomalies are shown in stippled red and the in-phase are cross-hatched blue. When 
comparing both magnetic and in-phase anomaly location and lateral extent with the site 
location map, it is apparent that there is a correlation between the anomaly locations 
and the locations, boundaries or trend of many of the mapped site features. Based on 
this comparison as well as our visual observations during the data acquisition we have 
designated various anomalies with probable magnetic sources . The magnetic 
anomalies are designated by the letters A through 0 and the in-phase anomalies by the 
numbers 1 through 26 to indicate the possible magnetic sources . For reference 
separate tables are presented on the Anomaly Map, Plate 4 to show the various 
magnetic anomaly designations and probable sources. Generally the probable sources 
include mapped underground utilities, fences, buildings, railroad tracks, surface debris , 
and foundation materials. However, there are also some anomalous areas that do not 
appear to be related to any noted surface features and therefore interpreted to be due 
to undocumented buried debris. 

Generally the magnetic anomalies are more widespread than the in-phase however, 
there are a greater number of in-phase anomalies. This may be due to the VMG having 
a greater sensitivity than the EM in-phase. Additionally, many of both types of 
anomalies occur in the same general locations suggesting that they are both probably 
caused by the same source. 

Clear or Scattered Debris Areas 

Areas that are not designated as anomalous on Plate 4 are interpreted to either contain 
scattered localized debris or generally lacking debris. Areas defined as having 
scattered debris are manifested on the VMG contour map (Plate 3) as having scattered 
localized contour closures with low magnetic intensity values that generally range from -
500 to+1 000 nanoteslas/meter. Example areas are located within the intersection of 
Azure and Dump Roads , south of Dump Road, along portions of the western side of 
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Azuar Drive between buildings 679 and 831, portions of areas along the east side of 
Azuar Drive, and other localized areas to name a few. 

There are also zones on Plate 3 that have very scattered contours or a lack of contours. 
These areas are interpreted as being generally free of site features and metallic debris. 
The most notable area is located on the south side of Dump Road and east of the pond 
area, and along the northern extent of Azuar Drive and north of building 661. These 
areas may indicate where buried debris has been previously removed. Other localized 
areas occur northeast of Azuar Drive. 

Possible Fill Variations 

There are broad zones on the EM In-Phase Contour Map, Plate 2 that are uniform in 
intensity and do not have localized variations as indicated by closely spaced or closed 
contours. These areas are defined by the uniform brown and white zones along the 
south side of Dump Road and the west site of Azuar Drive, near buildings 661 and 275. 
We interpret these zones as representing changes in the fill materials that may have 
been placed at different times, and may to be related to clear and scattered debris 
zones as described above, based on location and lateral extent. 

Interpreted Buried Debris Zones and Utilities 

As previously described, there are significant magnetic and in-phase anomalies that 
only partially correspond to mapped site features and are interpreted to be due to the 
effects of buried metallic debris. The approximate locations and limits are based on the 
EM In-Phase results. These areas are described as: 

1.) West end of Dump Road, south side, approximately 350 feet east-west by 40 to 
80 feet north-south and extending beyond the western limits of the survey area; 

2.) West end of Dump Road, north side, approximately 150 by 40 feet and 
extending beyond the western survey limits - VMG data suggest this area may 
also extend offsite to the north; 

3.) Intersection of Dump Road and Azuar Drive, irregularly shaped area about 80 by 
80 feet; 

4.) Central portion of Azuar Drive, north of Building 661, approximately 250 by 50 
feet. 
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Additionally there are three linear anomalies that trend parallel to Dump Road on the 
north side. The site map indicates only one utility within this area, and therefore, we 
interpret that these may be additional pipelines within this area. These interpreted lines 
may be related to the item #2 described above. 

5.0 STANDARD OF CARE 

The scope of NORCAL's services for this project consisted of using geophysical methods 
to characterize the shallow subsurface. The accuracy of our findings is subject to specific 
site conditions and limitations inherent to the techniques used. We performed our services 
in a manner consistent with the level of skill ordinarily exercised by members of the 
profession currently employing similar methods. No warranty, with respect to the 
performance of services or products delivered under this agreement, expressed or implied, 
is made by NORCAL. 

We appreciate the opportunity to provide our services to CH2M HILL for this project. 
Should you require additional geophysical services or have questions regarding this 
survey, please do not hesitate to call. 

Sincerely, 

~~~cal ~onsultants, Inc. 

David T. Hagin ~ 
Geo . ist PGp No.1 033 

Kenneth G. Blom 
Geophysicist PGp No. 887 

KGBIDTH/tt 

Enclosures: Plates 1-4 

Appendix A - Geophysical Methodology, Instrumentation, Data Analysis, and 
Limitations 

Appendix B - Daily Field Reports, Daily Instrument Test Results 
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VERTICAL MAGNETIC GRADIENT (VMG) 

METHODOLOGY 

Vertical magnetic gradient (VMG) surveys are used to determine the presence of buried 
ferrous objects . The vertical gradient of the earth's magnetic field is measured using a 
magnetic gradiometer. This instrument consists of two total field magnetic sensors 
separated vertically by one-half meter. The magnetic field strength is measured 
simultaneously at both of these sensors. The difference in magnetic intensity between 
these measurements is proportional to the vertical gradient of the earth's magnetic field. 
VMG surveys provide better resolution of near surface objects than those that measure 
only the total intensity of the earth's magnetic field. In addition, they are less affected by 
surface objects than total field surveys. Furthermore, because the vertical gradient is 
constant with respect to time, the effect of diurnal variations is eliminated. Therefore, a 
gradiometer provides higher sensitivity and better resolution of near surface sources 
than total field magnetometers. 

DATA ACQUISITION 

We acquire VMG data using a Geometrics G-858 cesium vapor magnetometer. This 
instrument consists of a console, an aluminum staff that is held in the horizontal 
position, and two magnetic sensors that are mounted vertically with a 0.5-m separation 
at one end of the staff. The console features a built-in memory that stores the vertical 
magnetic gradient and survey grid information. The information can be down loaded to a 
computer for further processing. 

DATA ANALYSIS 

The VMG data are downloaded to a personal computer and converted into a format 
suitable for contouring using the program MagMap2000 by Geometrics , Inc. We then 
contour the VMG data using the program Surfer (Version 8.0) by Golden Software. This 
program calculates an evenly spaced array of values (grid) based on the observed field 
data. The gridded values are smoothed and then contoured to produce a VMG contour 
map. The contour intervals are typically selected based upon the specific intensities, as 
well as for clarity of presentation . The contour maps are then analyzed to identify 
magnetic variations (anomalies) that may be caused by buried ferrous metal. 

CONTOUR MAP INTERPRETATION 

The distribution and configuration of VMG contours depict the distribution and intensity 
of VMG values within the area covered by the contour map. Areas where the VMG 
contours are absent or widely spaced indicate a general absence of significant 
quantities of buried ferrous metal. Areas where the contours are closely spaced indicate 
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steep magnetic gradients (vertical) caused by nearby ferrous metal. If the source of a 
steep gradient is linear (e.g. underground utilities, railroad spurs, culvert, etc.), then the 
contours tend to parallel the object, and are closely spaced in close proximity to the 
object. If a buried object is localized (e.g. buried drum, isolated metal debris, etc.), then 
the contours tend to form circular or elliptical closures that enclose the object. The 
larger the object is and the closer it is to the VMG sensors (shallow), the more contours 
there are in a given area. Variations that cannot be attributed to known above and/or 
below ground objects (metal well casings, reinforced concrete surface drain, above 
ground 55 gallon drums, utilities, etc.) are caused by unknown buried objects and are 
considered anomalous. 

Buried landfill material is often characterized by circular to elliptical contour closures. 
These closures can vary from large circular closures that cover broad areas, to clusters 
of small closures that occur in zones. If the composition of the landfill is generally 
homogenous and nonmetallic, the contours tend to form large closures representing low 
values. If the fill material consists of both nonmetallic and metallic debris that varies 
significantly throughout the landfill, the contours tend to occur as numerous small 
closures representing both high and low values . 

LIMITATIONS 

There are inherent limitations associated with the VMG technique that may preclude the 
detection of some subsurface objects. These limitations are related to the composition 
of the object, its size and depth of burial, and its proximity to other above or below 
ground features. In general, as the distance between a subsurface object and the 
respective geophysical instrument increases, the intensity of the associated field 
decreases, thereby making detection more difficult. In addition, above and below ground 
objects, such as buildings, debris, utilities, above ground electric lines, etc., typically 
produce interference that may mask effects from nearby buried features (targets). 

Apart from the physical limitations of the instruments and the unwanted effects from 
secondary objects, the ability to detect subsurface features is also dependent upon the 
density of data acquisition points. If the distance between data acquisition points is 
significantly larger than the size of the subsurface feature the object may not be 
detected. 
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ELECTROMAGNETIC (EM) INDUCTION 

METHODOLOGY 

Electromagnetic (EM) induction surveys are used to delineate variations in the electrical 
conductivity of the shallow subsurface. These variations can be caused by variations in 
the lithology or moisture content of the strata or by the presence of buried metallic 
objects. We typically conduct EM surveys using a Geonics, Ltd. EM-31 DL conductivity 
meter. This instrument consists of an instrument console with two horizontal booms 
attached to either side. The booms are 6-ft long and contain a multi-turn coil at the end 
furthest from the console . A hand-held data logger attached to the EM-31 records the 
measured data as well as annotations regarding the locations of the measurements. 

In operation, a time varying electromagnetic signal is transmitted from one of the coils 
(transmitter). This signal induces the flow of electrical current in the earth that is referred 
to as the primary field. This field gives rise to a secondary magnetic field that is detected 
by the other (receiver) coil. The strength of the secondary field is directly proportional to 
the electrical conductivity of the volume of material sampled. The secondary signal has 
two components which are referred to as quadrature and in-phase. The quadrature 
component is measured in units of miliiSiemans per meter (mS/m). The in-phase 
component is a ratio and is presented as parts per thousand (ppt). Both components 
are sensitive to variations in the electrical conductivity of the subsurface. However, of 
the two, the in-phase component is more sensitive to buried metal. 

DATA ACQUISITION 

In operation, the EM-31 DL is carried at hip level along each survey traverse (line). EM 
data can be acquired using either the horizontal or vertical dipole with the booms 
oriented parallel to or perpendicular to the traverse . For most applications we collect EM 
data using the vertical dipole with the booms oriented parallel to the traverse. At 
specified intervals a button mounted on one of the booms is depressed to take a 
measurement. The measurement locations are typically determined by pacing with 
reference to pre-positioned survey markers. The data logger connected to the 
instrument can be programmed to record the line number and the location of each 
measurement along the line. It can also be programmed to record either the quadrature 
or in-phase component of the EM signal. We typically record both . 

DATA ANALYSIS 

At the end of the field day, the EM data and survey annotations stored recorded by the 
data logger are downloaded to a computer for processing and archival using the 
program DAT31Wby Geonics, Ltd . This program converts the measured voltages to 
units of mS/m (quadrature) and ppt (in-phase) and arranges them into a format suitable 
for contouring . The processed EM data are then contoured using the program Surfer 
(Version 8.0) by Golden Software. This program calculates an evenly spaced array of 
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values (grid) based on the observed field data. The gridded values are <::mlnnth,·(j 

then contoured to produce quadrature and/or in-phase contour maps. The contour 
intervals are typically selected based upon the specific intensities, as well as for clarity 
of presentation. The contour maps are then analyzed to identify magnetic variations 
(anomalies) that may be caused by buried ferrous metal. 

CONTOUR MAP INTERPRETATION 

The distribution and configuration of EM contours (quadrature or in-phase) depict the 
lateral distribution of subsurface conductivities within the survey area. Areas where the 
contours are widely spaced indicate areas with minimal variations in conductivity. Areas 
where the contours are closely spaced indicate lateral changes in conductivity. If the 
source of closely spaced contours is linear (e.g. underground utilities, railroad spurs, 
culvert, etc.), then the contours tend to parallel the object, and are closely spaced in 
close proximity to the object. If a buried object is localized (e.g. buried drum, isolated 
metal debris, etc.), then the contours tend to form circular or elliptical closures that 
enclose the object. The larger the object is and the closer it is to the instrument 
(shallow), the more contours there are in a given area. Variations that cannot be 
attributed to known above and/or below ground objects (metal well casings, reinforced 
concrete surface drain, above ground 55 gallon drums, utilities, etc.) are caused by 
unknown buried objects and are considered anomalous. 

Buried landfill material is often characterized by circular to elliptical contour closures. 
These closures can vary from large circular closures that cover broad areas, to clusters 
of small closures that occur in zones. If the composition of the landfill is generally 
homogenous, with few buried objects, the contours tend to be uniform and widely 
spaced. If the fill material consists of both nonmetallic and metallic debris that varies 
significantly throughout the landfill, the contours tend to occur as numerous small 
closures representing both high and low values. 

LIMITATIONS 

There are inherent limitations associated with the EM technique that may preclude the 
detection of some subsurface objects. These limitations are related to the composition 
of the object, its size and depth of burial, and its proximity to other above or below 
ground features . In general, as the distance between a subsurface object and the EM 
instrument increases, the intensity of the associated field decreases, thereby making 
detection more difficult. In addition, above and below ground objects, such as buildings, 
debris, utilities, above ground electric lines, etc., typically produce interference that may 
mask effects from nearby buried features (targets). 

Apart from the physical limitations of the instruments and the unwanted effects from 
secondary objects, the ability to detect subsurface features is also dependent upon the 
density of data acquisition points . If the distance between data acquisition points is 
significantly larger than the size of the subsurface feature the object may not be 
detected. 
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SOIL BORING LOG 

PROJECT: Follow-on TPH Investigation DRMO and Vicinity LOCATION: 
ELEVATION: DRILLING CONTRACTOR: WDe Exploration and Wells., Richmond, CA 
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PROJECT NUMBER IBORING NUMBER 

273939.14.01 CCC .. /7. 'l SHEET L. OF -z. 
CH2MHILL 

/0- "l.S-oB 
SOIL BORING LOG 

PROJECT: Follow-on TPH Investigation DRMO and Vicinity LOCATION: 

ELEVATION: DRILLING CONTRACTOR: woe Exoloration and Wells. Richmond CA I 

DRILLING METHOD AND EQUIPMENT: Direct-Push Geoprobe Model 
WATER LEVELS : START : END : LOGGER : S. Quayle 

DEPTH BELOW SURFACE (feet) STANDARD SOil DESCRIPTION COMMENTS 

INTE RVAl (feet) PENETRATION Drilling and Soil Logging Comments/Notes, 

RECOVERY (% ) TEST SOil NAME, uses GROUP SYMBOL, COLOR, Drilling Observations and Samples. 
#(TYPE RESULTS MOISTURE CONTENT, RELATIVE DENSITY, -... - 6 - 6-6in OR CONSISTENCY, SOil STRUCTURE, 

Sl·~ T_ IN) MINERALOGY, % gravel/sand/silt-clay 
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PROJECT NUMBER BORING NUMBER 

273939.14.01 D / 1,"1-,3 SHEET I OF Z. 
CH2MHILL 

SOIL BORING LOG 
\0 - Z:Z-Dg 

PROJECT: FoIlow·on TPH Investigation DRMO and Vjcinity LOCATION: 

ELEVATION : DRILLING CONTRACTOR: woe Ex Ioration and Wells .• Rjchmond. CA 
DRILLING METHOD AND EQUIPMENT: DIrect-Push Geoprobe Model 

WATER lEVELS ' START: i'iDO END : 1:55(;7 lOOGER : S. Quayle 

DEPTH aELOW SURFACE (tee!) STANDARD SOil DESCRIPTION COMMENTS 

INTE RVAl (Ieel) PENETRATION Drilling arKJ Soil Logging CornmenlsfNo!es. 

RECOVERY %} IT" SOil NAME, uses GROUP SYMBOL. COLOR, Drilling Observations and Samples. 

om" RESULTS MOISTURE CONTENT. RELATIVE DENSITY, -- !!I·!!I· O in OR CONSISTENCY, SOIL STRUCTURE. 
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PROJECT NUMBER I BORING NUMBER 

273939.14.01 1) I , "2,3 SHEET Z- OF Z 
CH2MHILL 

~ 

SOIL BORING LOG 

PROJECT: FoIlow·on TPH Investigation DRMO and VICinity LOCATION 

ELEVATION : DRILUNG CONTRACTOR· \"lOC Ex loration and Wells. Rictvnond, CA 

DRILLING METHOD AND EQUIPMENT: Dired·Push Geoprobe Model 

WATER LEVELS: START: END: LOGG ER: S. Quayle 

DEPTH BELOW SURFACE (Ieel) STANDARO SOIL DESCRIPTION COMMENTS 

INTERVAL (feel) PENETRATION Df~liog and Soil Logging Comment<"JNDles. 

RECOVERY % no" SOIL NAME. uses GROUP SYMBOL. COLOR. 0riI1-.g OOservallOns and Samples. 
~IrvPE RESULTS MOiSTURE CONTENT, RELATIVE DENSITY. -- 6-6 -6 in OR CONSISTENCY, SOIL STRI1L.IURE. 

",~ ,- INI MINERALOGY. % raveVsandlsi~-clay 
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PROJECT NUMBER 
t BORING NUi)-D /3 273939.14.01 SH EET I OF I 

CH2MHILL 

10 -2-4- 08 SOIL BORING LOG -
PROJECT: Follow-on TPH Investigation DRMO and VlCini lV LOCATION: 

ELEVATION ' DRILLING CONTRACTOR: WDC Ex loration and Wells., Richmond, CA 
DRILLING METHOD AND EQUIPMENT: Direct-Push Geoprobe Model 

WATER LEVELS' START . END. OQ3 LOGGER : S.Quayle 

DEPTH BELOW SURFACE (Ieel) STANDARD SOIL DESCRI PTION COMMENTS 

INTE RVAl(leel) PENETRATION Dr~ling arKi Soil Logging CommenlSlNoles, 

RECOVERY ,. ,m SOIL NAME. uses GROUP SYMBOL, COLOR, DOlling Dbserval,Ofls and Samples. 
. fTYPE RESULTS MOISTURE CONTENT, RELATIVE DENSITY, 

~~- 1) . 1) . 1> ,n UH CONSIS II::NCY. SOIL SI HlJl.: I UHI:. 
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PROJECT NUMBER 
BORING N£'])1) / Z,3 

273939.14.01 SHEET I OF z.. 
CH2MHILL 

. 

10 -"2.S -08 
SOIL BORING LOG 

PROJECT: Follow-on TPH Investiga tion DRMO and Vicinity LOCATION: 

ELEVATION : DRILLING CONTRACTOR: woe Exploration and Wells .. Richmond , CA 

DRILLING METHOD AND EQUIPMENT USED : 
WATER LEVELS : START: 0"130 END: 1100 LOGGER: S. Qvo..vle 
DEPTH BELOW SURFACE (Meters) STANDARD SOIL DESCRIPTION COMMENTS 

lNTE RVAL (Meters) PENETRATION Drilling and Soil logging Comments/Notes, 

RECOVERY (%) TEST SOil NAME, uses GROUP SYMBOL, COLOR, Drilling Observations and Samples_ 

#fTYPE RESULTS MOISTURE CONTENT, RELATIVE DENSITY, 

SS-SpIiI_ 15-15-15 em OR CONSISTENCY, SOil STRUCTURE, 

ST·_T .... (N) MINERALOGY, % gravel/sand/silt-clay 
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PROJECT NUMBER BORING NUMBER 

CH2MHILL 
273939.1 4.01 "Db]) / 2 , 3 SHEET Z OF 2-

10 - Z 'D -oe SOIL BORING LOG 

PROJECT: Follow-on TPH Investigation DRMO and Vicinity LOCATION : 
ELEVATION : DRILLING CONTRACTOR: woe Explora tion and Wells., Richmond. CA 
DRILLING METHOD AND EQUIPMENT USED: 
WATER LEVELS : START : END : LOGGER : 
DEPTH BelOW SURFACE (Meters) STANDARD SOIL DESCRIPTION COMMENTS 

INTERVAL (Meters) PENETRATION Drilling and Soil Logging Comments/Notes, 

RECOVERY (%) TEST SOIL NAME, uses GROUP SYMBOL, COLOR, Drilling Observations and Samples. 
#{TYPE RESULTS MOISTURE CONTENT, RELATIVE DENSITY, -... - 15-15-15 em OR CONSISTENCY, SOIL STRUCTURE, 

ST·~r_ CN> . MINERALOGY, % gravellsand/sitt-clay 
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PROJECT NUMBER 

273939.1 4.01 fBORING NUMBER 

E jZ,3 SHEET \ OF L 
CH2MHILL 

SOIL BORING LOG 
/0 -Zl-O'i3 

PROJECT: Follow-on TPH Investigation DRMO and Vicinity LOCATION: 

ELEVATION: DRILLING CONTRACTOR: WDe Exploration and Wells., Richmond, CA 
DRILLING METHOD AND EQUIPMENT; Direct-Push Geoprobe Model 

WATER LEVELS: START: 0 810 END: 1000 LOGGER: S. Quayle 
DEPTH BELOW SURFACE (feet) STANDARD SOIL DESCRIPTION 

INTERVA;oL,"(I.",.,,-t) ___ ~ PENETRAl]0N 

RECOVERY f%) TEST SOIL NAME, uses GROUP SYMBOL, COLOR, 

#fTYPE I-....:;:RE:;;S;::U~L"'T::.S~ MOISTURE CONTENT, RELATIVE DENSITY, 

ST-5/'Id>y T..,. 

6 - 6 -6 in 

(N) 

OR CONSISTENCY, SOIL STRUCTURE, 

MINERALOGY, % aravel/sandlsilt-clav 

Gr~o.vt\\')' S,I+ (ML) b ro,.;" 
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~I/ .!"coU 9"~vt\ ", . ..\"1 s",,'!' (6rkl) -
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COMMENTS 

Drilling and Soil Logging CommentsINotes, 

Drill ing Observations and Samples. 



PROJECT NUMBER 

273939.14.01 rBORING NUMBER 

E 2,3 SHEET Z OF 7. 
CH2MHILL 

SOIL BORING LOG 
ItJ-Zl-08 

PROJECT: Follow-on TPH Investigation DRMO and Vicinity LOCATION: 

ELEVATION: DRILLING CONTRACTOR: woe Exploration and Wells., Richmond, CA 
DRILLING METHOD AND EQUIPMENT: Direct-Push Geoprobe Model 
WATER LEVELS: START: END: LOGGER: S. Quayle 

DEPTH BELOW SURFACE (feet) STANDARD SOIL DESCRIPTION 
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RECOVERY (%) TEST SOIL NAME, uses GROUP SYMBOL, COLOR, 
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'J 
/, 
.5 

#fTYPE I-_R~E:;:S;:U::;L""TS::""-f MOISTURE CONTENT, RELATIVE DENSITY, 
6 -6 - 6 in 

IN) 

OR CONSISTENCY, SOIL STRUCTURE, 

MINERALOGY, % Qravellsandlsilt-clay 

SoilBor i lq.xls 

COMMENTS 

Drilling and Soil Logging Comments/Notes, 

Drilling Observations and Samples. 
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PROJECT NUMBER BORING NUMBER / ~ 
273939.14.01 E E. Z,"3 SHEET I OF L 

CH2M HILL 

/0- 2'1-08 
SOIL BORING LOG 

PROJECT: FoIlow-<ln TPH InvestigatIOn DRMO and Vicinity LOCATION' 

ELEVATION: DRILLING CONTRACTOR: WDC Ex Ioration and Wells. Richmond CA 
DRILLING METHOD AND EQUIPMENT: Direct·Push Geoprobe Model 

WATER LEVELS: START: C END' /o 3t> LOGGER. S. Quayle 
DEPTl-I BELOW SURFACE (feet) STANDARD SOtL DES~tPTtON COMMENTS 

INTE RVAl (fee!) PENETRATION ooling arxl Soil Logging Comments/Notes. 

RECOVERY % TEST SOIL NAME. USCS GROUP SYMBOl. COLOR. Drilling Observations and Samples. 

trrYPE RESULTS MOISTURE CONTENT, RElATIVE DENSITY. --- 6·6 · 6 in OR CONSISTENCY. SOIL STRUCTURE. 
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SOIL BORING LOG 
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PENETRATION 

SOIL NAME. uses GROUP SYMBOL, COLOR. 

""" I-..!!!~~--l MOISTURE CONTENT, RELATIVE DENSITY. 
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PROJECT NUMBER 
BORING NUMBE': /Z, I\: 

273939.14 .01 EEE Z,3 SHEET 
, 

OF L 
CH2MHILL 

SOIL BORING L6G "2.7 ~ 
/O ->;(-Oe, 

/ 

PROJECT: Follow-on TPH Investigation DRMO and Vicinity LOCATION : 

ELEVATION : DRILLING CONTRACTOR: WDe Exploration and Wells., Richmond , CA 

DRILLING METHOD AND EQUIPMENT USED : 
WATER LEVELS : START : /5'fS END : 1720 LOGGER : S. Qv-,,7e 
DEPTH BELOW SURFACE (Meiers) STANDARD SOil DESCRIPTION COMMENTS 

INTE RVAl (Meters) PENETRATION Drilling and Soil Logging Comments/Notes , 

RECOVERY (%) TEST SOIL NAME, uses GROUP SYMBOL, COLOR, Drilling Observations and Samples. 

#fTYPE RESULTS MOISTURE CONTENT, RELATIVE DENSITY, 

~ ... - 15-15-15 em OR CONSISTENCY, SOil STRUCTURE, 
n __ T_ 

(N) MINERALOGY, % graveUsand/silt-clay 
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PROJECT NUMBER 
BORING NUMB/ : , ," 

273939.14.01 EE£ 2,3, SHEET 2 OF L 
CH2MHILL 

~ 
/0 - -27-D8 

SOIL BORING LOG 

PROJECT: Follow-on TPH Investigation DRMO and Vicinity LOCATION: 

ELEVATION: DRILLING CONTRACTOR: woe Exploration and Wells., Richmond, CA 

DRILLING METHOD AND EQUIPMENT USED : 
WATER LEVELS : START: END: LOGGER: 

DEPTH BELOW SURFACE (Meters) STANDARD SOIL DESCRIPTION COMMENTS 

INTERVAL (Meters) PENETRATION Drilling and Soil Logging Comments/Notes, 

RECOVERY (%) TEST SOIL NAME, uses GROUP SYMBOL, COLOR, Drilling Observations and Samples . 

#fTYPE RE5UL TS MOISTURE CONTENT, RELATIVE DENSITY , 

5S· S ... S ...... 15-15-15 em OR CONSISTENCY, SOIL STRUCTURE, 

, 51·S ..... T_ CN> MINERALOGY, % gravel/sandlsill-clay 
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Tren'ch Sidewal l Reco rd Trench # E.' ~ /:; r;~J< 
Contractor: Turn-Key Construction Services, Inc. \ Date I 'J -. -L ) d 
Project No . 273939_14.01 I Site 
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Tre~ch Sidewall Record Trench # 

Contractor Turn-Ke Construction Services, Inc. Date 

Pro'ect No. 273939.14.01 
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PROJECT NUMBER BORING NUMBE.i; I OF ;z:', 273939.14.01 F' Z,3 SHEET 

CH2MHILL 
~ SOIL BORING LOG 

IO-ZI-08 

PROJECT: FoIlow-on TPH Investigation DRMO ai1d VICinity LOCATION: 

ELEVATION: DRIWNG CONTRACTOR: w oe Exploration and Wells. Richmond CA 
DRILUNG METHOD AND EQUIPMENT: Direct·Push Geoprobe Model 
WATER LEVELS : START: 100 () END: /115 LOGGER: S. Quayle 

DEPTH BELOW SURFACE (Ieel) STANDARD SOil DESCRIPTION COMMENTS 

INTERVAL (feet) PENETRATION DIiIing and SOil l ogging CommentsINotes. 

RECOVERY (%) TEST SOIL NAME. uses GROUP SYMBOL. COLOR. Drilling ObsefValions and Samples. 
_(TYPE RESULTS MOISTURE CONTENT. RELATIVE DENSITY. 
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Trench Sidewall Record Trench # F F /5 ~e/ofL 
Contractor: Tum-Key Construction Services, Inc. Date 1/-3- OB 
Project No. 273939.14.01 Site 
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Contractor: Tum-Key Construction Services, Inc. Date /1- 3- 08 
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PROJECT NUMBER IBORING N.UMBER / 

OF ~ 273939.14.01 F F F 3 SHEET I I 
CH2MHILL 

10-23- 0 8 SOIL BORING LOG 

PROJECT: Follow-on TPH Investigation DRMO and Vicinity LOCATION: 

ELEVATION : DRILLING CONTRACTOR: woe Exploration and Wells . Richmond CA ) 

DRILLING METHOD AND EQUIPMENT: Direct-Push Geoprobe Model 
WATER LEVELS: START: 01130 END: /000 LOGGER : S. Quayle 

DEPTH BELOW SURFACE (feet) STANDARD SOil DESCRIPTION COMMENTS 

INTERVAL (feet) PENETRATION Drilling and Soil Logging CommentsfNotes, 

RECOVERY (%) TEST SOIL NAME, uses GROUP SYMBOL, COLOR, Drilling Observations and Samples. 

#!TYPE RESULTS MOISTURE CONTENT, RELATIVE DENSITY, 
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CH2MHILL 

PROJECT NUMBER 

273939.1 4.01 SHEET I OF I 

I 0 -z-I-o~ 
SOIL BORING LOG 

PROJECT: Follow-on TPH Investigation DRMO and Vicinity LOCATION: 

ELEVATION: DRILLING CONTRACTOR; WDe Exploration and Wells. , Richmond, CA 
DRILLING METHOD AND EQUIPMENT: Direct-Push Geoprobe Model 

WATER LEVELS: START: \ \ 7.. '" END: 17.. "2. S- LOGGER: S. Quayle 
DEPTH BELOW SURFACE (feet) STANDARD SOIL DESCRIPTION 

lNTERVArL ("'fe:::e:Lt) ___ --l PENETRATION 

RECOVERY (%) TEST SOIL NAME, uses GROUP SYMBOL. COLOR, 
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#fTYPE RESULTS MOISTURE CONTENT, RELATIVE DENSllY, 
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SOIL BORING LOG 

I:Pc:R~O~J=E"-C.':T:,-,Fc'O,"lIo",w"-"o"--,-nT,-PH"-"ln.:.:v-=e.s"",,,,g,,at,"iO"n::,D;;:R"M",O"::"a::nd",V:.,i;:;Ci;::n:-;ity,==-:-::=c:--:-----:-"LO""cA"T,-"",O,,Nc.: --::-,..,----,--c:-c- - --- . _____ . _ __ _ __ .. 

I ,E"'L"'E-'-V"'AT"""'Oc:N':':==c-:-:-:::-===~D"R;"'L"LI"'N7G';:;C"'O"'N":T;;R~A..,C"-T'-C0~R-":-:'W.'cD:'-C"-"E"Xp~'O"'r"al"'iO"-n"a"'n"d.!.W"e'-'":~S.~. "R",ic,"hm=on",d"-.,,C",A~ _ ____ . ____________ _ 

DRILLING METHOD AND EQUIPMENT: Direct-Push Geoprobe Model 
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PROJECT NUMBER i BORING NUMBER / ~ 

273939.14.01 4 CtCr 2 3 SHEET - OF ~ 
.' C~'i2MHILL . 

SOI L BORING LOG 

PROJECT: Follow -on TPH Investigation DRMO and Vicinity LOCATION: 

ELEVATION: DRILLING CONTRACTOR: WDC EX(2loration and Wells., Richmond, CA -_._------ --_._-
DRILLI NG METHOD AND EQUIPMENT: Direct-Push Geoprobe Model 

WATER LEVELS: START: END: LOGGER : S. Quayle 

DEPTH BELOW SURFACE (feet) STANDARD SOIL DESCRIPTION COMMENTS 

INTERVAL (feet) PENETRATION Drilling and Soil Logging Comments/Note s, 

RECOVERY (%) TEST , SOIL NAME, USCS GROUP SYMBOL, COLOR, Drilling Observations and Samples. 

#fTYPE RESULTS MOISTURE CONTENT, RELATIVE DENSITY, 
ss· s ... _ 6 - 6 - 6 in OR CONSISTENCY, SOIL STRUCTURE, 
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PROJECT NUM BER I BORING N}:;BEj '3 
273939.14.01 SHEET / OF f 

CH2MHILL 

/1- '-i- D e, 
SOIL BORING LOG 

PROJECT; FOliow-ofl TPH Investigation DRMO and ViCinity LOCATION' 

ELEVATION : DRILLING CONTRACTOR: woe Ex lora tion and Wells. Richmond CA 
DRILLING METHOD AND EQUIPMENT: Direct-Push GeOerObe Model 

WATER LEVELS : START : 1</10 END: 1550 LOGGER : S . Quayle 

DEPTH BELOW SURFACE (feet) STANDARD SOIL DESCRIPTION COMMENTS 

INTE RVAl (feel) PENETRATION Drilling and So~ Logging Comments/Notes. 

RECOVERY % TEST SOIL NAME. USCS GROUP SYMBOL. COLOR. Drjling Observations and Samples. 
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CH2MHILL 

PROJECT NUMBER 

273939.14.01 SHEET I OF "Z-

10 - 7-2 - 08, SOIL BORING LOG 

PROJECT: FoIJow-on TPH Invesliqation DRMO and Vicinity LOCATION: 

ELEVATION : DRILLING CONTRACTOR: woe Ex loration and Wells. Richmond CA 
DRILLING METHOD AND EQUIPMENT: Direc::t-Push Geoprobe Model 

WATER l EVELS: START' 1£00 END' 

DEPTH BELOW SURFACE (Ioo!) 
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INTERVAL (1001) 
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STANDARD 

PENETRATION 

"", 
RESULTS 

6 - f> - b in 

'"I 

SOIL DESCRIPTION 

SOIL NAME. uses GROUP SYMBOL COLOR. 

MOISTURE CONTENT, RElATIVE DENSITY. 

OR CONSISTENCY, SOIL STRUI..'URE. 

MINERALOGY, % ra~eVsandlsi~-da>i 

D LOGGER. S. Quayle 

COMMENTS 

[killing and SOil Logging CommentsINotes. 

Drilling Obse .... atlOOs and Samples. 



PROJECT NUMBER 

273939.14.01 

BORING NUMBER / 

I / 3 SHEET l. OF 2.... 
CH2MHILL 

SOIL BORING LOG 

PROJECT: Follow-on TPH Investigation DAMO and Vicinity LOCATION-

ELEVATION : DRILLING CONTRACTOR: woe Ex loration and Wells .• Richmond CA 
DRILLING METHOD AND EQUIPMENT: Direct-push Geoprobe Model 

WATER l EVELS: START. 
OEPTl-I BELOW SURFACE (feet) STANDARD SOil DESCRIPTION 

I NTERV1~(I~"~I):ve~~;=t'~':N~"'~R~'~TI~ON=j RECOVERY % TEST SOil NAME, uses GROUP SYMBOL. COLOR. 

_!TYPE RESULTS MOISTURE CONTENT, RElATIVE DENSITY. --- 6·6·6 in OR CONSISTENCY, SOil STRUCTURE. 

(N) MINERALOGY, % raveVsandlsi ~<lay 

\b -

" : 

501180" xts 

LOGGER: S. Quayle 

COMMENTS 

Drilling and Soil Logging CommenlSlNotes. 

Ming ObseJ'o'3tlonS and Samples. 
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PROJECT NUM BER I BORING NUMBER 

273939.14.01 J77/ , 3 SHEET I OF "2.. 
CH2MHILL - SOIL BORING LOG I/-/?-og 

PROJECT_ follow"'<lr1 TPH InveShgahon DRMO aM Vicln lly LOCATION -
ELEVATION DRILLING CONTRACTOR woe El(ploraliOn aM WeYs Ridlmond CA 

DRILLING METHOD AND EQUIPMENT: Direct·Push Geo~robe Model 

WATER LEVELS START 093S" END '0 LID LOGGER S Qua~le 

DEPTH BELOW SURFACE (teel) STANDARD SO!l DESCRIPTION COMMENTS 

INTERVAL (feel) PENETRATION DnIIll'\g anti Soil Loggmg Comments/Notes. 

RECOVERY '4 TEST SOil NAME. USCS GROUP SYMBOl... COLOR. Dr.ong ObservalJOns anti Samples 
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-~-
6· 6 -6 It! OR CONSISTENCY. SOIL STRUCTURE. 

"-,- IN, MINtKALWr .,. gravellUna/s~\-day 

0 
jV('II"';I,I~rf .1rev~ "'/ M .;~f' 

p,t/ 
- - -

- Sr..-oc/( 4 w) 0 /. f'~ (!~ L/h, _ -, , S " O!' I 
7(J ./ /;"(. 'f,..,1 

- ~ , - -
C/ 
~/ r-"4' J. r>, T • - -, 

>- - I.j? , - J r r' - -

- /' ., .' .. - -

~ S/) w,U, .{r-...T Ilf \ ,. - , -
1 I, n.! 0 d ~ ... U', (7,~r~1 • - - -

".. 'JJ. "'G·~.t, , P -
ao'/ .:." ./ r .. -tw 

- -

\ 
"<s -

'i - " "", .. - -
/1. 7A' r7 ror 

- i " 
- -

• - r - -
5 J -

- y , ,) de t' ~'" - --- I IDG,... ) ,." , - -
6 - - Md - -, , 

" -, ~, - ,/ , 
- -

? l'o~~~/f , 
'" /' ,J 

- -, 
/, '" 

r. I Vo 71:.1"/ 6 '" u-
- - -

<) ",) ./',,, JoJ 'JbIf"rv,,/ 
- -

9- - -, 
"'a,2 q ,~, rut! - -,...,.1 .. ,41 ,.b .I ... r/ ~ -, 4,< b • -r h._f',rr ,.. 

..(;. .. " TP/-) "lJ.I,,,,., M 

713 jJ 6riV 

/. - I ~//)v ~ , ,$1..* -t(;M<--

'I 
1/;; -r.o;/ ow;. "j' 

• " r'~ 

" lj,~ 
~, 'Tpl" ~r'lr 

V. 
It I 7 -

11-
\ 

14 \ 
So~8o"ng ~I$ 



CH2MHILL 

PROJECT NUMBER 

273939.14.01 SHEET Z OF "-

SOIL BORING LOG 

PROJECT: Follow-on TPH hwesbga(lon DRMO arld Vicin ity LOCATION 

ELEVA liON DRILLING CONTRACTOR WDC Exploration and Wells RichmOnd CA 
DRILLING METHOD AND EQUIPMENT Direct-Push Geoprobe Model 

WATER LEVELS START END LOGGER 5 Quayle 

DEPTH BELOW SURFACE (feel) STANDARD SOIL DESCRIPTION 

PENETRATION 

TEST SOIL NAME , uses GROUP SYMBOL, COLOR 
I NTERVALr;;"~';":;)"ig;[;j=j 

IRECOVERY % 

;!TYPE 1--'='0'"'""0""''--1 
(; 6 - 6 ..... 

MOISTURE CONTENT, RELATIVE DENSITY, 

OR CONSISTENCY, SOll STfWCTURE. 
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COMMENTS 
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PROJECT NUMBER BORING N/BER 

273939.14.01 J ', ?. SH EET I OF Z 
CH2MHILL 

SOIL BORING LOG 
10-20-08 

PROJECT: FoIlow-on TPH Investigation DRMO and VICinity LOCATION· 

ELEVATION : DRILU NG CONTRACTOR: woe Exploralion and Wells. Richmood CA 
DRILLING METHOD AND EQUIPMENT: Direcl·Push Geoprobe Model 7700 
WATER LEVELS : No I"rjj'.H'''W~ ~J,J~ ... START: I~S'" END : 1300 LOGGER : S. Quayle 
DEPTH BELOW SURFACE (feel) STANDARD SOIL DESCRIPTION COMMENTS 

lNTE RVAL (Ieel) PENETRATION Drilling aM SOil logging Commen!SINOIes. 

RECOVERY %) TEST SOil NAME. uses GROUP SYMBOL. COLOR. Drilling ObservaHOI1s and Samples. 
j!TYPE RESULTS MOISTURE CONTENT. RELATIVE DENSITY. 

~~- 6 6 · 6 in OR CONSISTENCY. SOIL STRUCTURE. 
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CH2MHILL 
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SOIL BORING LOG 
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SOIL BORING LOG 
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PENETRATION 

TEST SOIL NAME, uses GROUP SYMBOL COLOR, 

MOISTURE CONTENT. RELATIVE DENSITY, 

OR CONSISTENCY, SOil STRUCTURE. 
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PROJECT NUMBER 

273939.14.01 
BORING NUT""jER I .., 

L- SHEET 7- OF L 
CH2MHILL 

SOIL BORING LOG 

PROJECT: FoIlow-on TPH Investigation DRMO and VICinity LOCATION: 
ELEVATION: DRILUNG CONTRACTOR: w oe Exploration and Wells_. Richmond. CA 
DRIWNG METHOD AND EQUIPMENT; Direct-Push Geoprobe Model 

WATER LEVELS; START: END: LOGGER: S. Quayle 
DEPTH BELOW SURFACE (Ieel) STANDARD SOIL DESCRIPTION 

INTERVAL (feet) PENETRATION 
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PROJECT NUMBER 
IBORING N-TjRJ / 2,3 

273939.14.01 SHEET I OF Z 
CH2MHILL 

11-5- 08 SOIL BORING LOG 

PROJECT: Follow-on TPH Investigation DRMO and Vicinity LOCATION 

ELEVATION : DRILLING CONTRACTOR: WDe Exeloratlon and Wells .. Richmond, CA 
DRILLI NG METHOD AND EQUIPMENT: Direct-Push Geoprobe Model 

WATER LEVELS: START : 1'""1/5" END: It{ If () LOGGER : S. Quayle 
DEPTH BELOW SURFACE (feet) STANDARD SOIL DESCRIPTION COMMENTS 

INTE RVAL (feet) PENETRATION Drilling and Soil Logging Comments/Notes, 

RECOVERY(%) TEST SOIL NAME, uses GROUP SYMBOL, COLOR, Drilling Observations and Samples. 
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PROJECT NUMBER IBORIN~~:r/ 1. I 3 273939.14.0 1 SHEET Z OF Z. 
CH2MHILL 

SOIL BORING lOG 

PROJECT: Follow-on TPH Investiga tion DRMO and Vicinity LOCATION: 

ELEVATION : DRILLING CONTRACTOR: WDC Exploration and Wells ., Richmond, CA 

DRILLING METHOD AND EQUIPMENT: Direct-Push Geoprobe Model 

WATER LEVELS: START : END : LOGGER : S . Quayle 

DEPTH BELOW SURFACE (feet) STANDARD SOIL DESCRIPTION COMMENTS 

INTE RVAL (feet) PENETRATION Drilling and Soil Logging Comments/Noles , 

RECOVERY (%) TEST SOIL NAME, USCS GROUP SYMBOL, COLOR, Drilling Observations and Sa.mples" 
#fTYPE RESULTS MOISTURE CONTENT, RELATIVE DENSITY, 
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PROJECT NUMBER I BORING NUMBER / 

273939.14.01 I< 1. SHEET I OF I 
CH2MHILL 

/o-z.f -08 SOIL BORING LOG 

PROJECT: Follow-on TPH Investigation DAMO and Vicinity LOCATION: 

ELEVATION: DRILLING CONTRACTOR: woe Exploration and Wells., Richmond, CA 
DRILLING METHOD AND EQUIPMENT: Direct-Push Geoprobe Model 
WATER LEVELS: START : 1400 END : J'f'l[2 LOGGER : S. Quayle 
DEPTH BELOW SURFACE (feet) STANDARD SOil DESCRIPTION COMMENTS 

INTE RVAL (feet) PENETRATION Drilling and Soil Logging Commenls/Notes, 

RECOVERY (%) TEST SOIL NAME. uses GROUP SYMBOL, COLOR, Drilling Observations and Samples. 
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DRILLI NG METHOD AND EQUIPMENT: Direct-Push Geoprobe Model 
WATER LEVELS: START . 1,-/ t) 0 END. II, 20 LOGGER: S. Quayle 

DEPTH BELOW SURFACE (feet) STANDARD SOIL OESCRIPTION COMMENTS 

INTERVArL ,,'1',,',,11 ______ ----1 PENETRATION 

RECOVERY (%) TEST SOIL NAME, uses GROUP SYMBOL, COLOR, 

Drilling and Soil Logging Comments/Notes, 

Drill ing ObseNations and Samples 

\ -

2--

-
~ -

-

-

~ --

- \ 
-

5 
-

-

6--
-

-
7 --

q -

\0 

.1 -

\1,.-
-

I~ -

I~ 
SOIIBoflng .xls 

#/TYPE 

sr· ........ T ... 
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6 

I--~R"'E'"S"'U"'L.:;TS'---l MOISTURE CONTENT, RELATIVE DENSITY, 
6 - 6 - 6 in OR CONSISTENCY, SOil STRUCTURE, 

(N) MINERALOGY, % gravellsand/sill-day 
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P ROJ ECT NUMBER IBORI NG NUMBER j. 
273939.14. 01 III PI /'\ 7,'3 SHEET 'Z OF ?.. 

.~ , CH2MHILL 

SOIL BORING LOG 

PROJECT: Follow-on TPH Investigation DRMO and Vicinity LOCATION: ._---- ----
ELEVATION: DRILLING CONTRACTOR: WOC Exeloration and Wells .. Richmond, CA ------_._-
DRILLING METHOD AND EQUIPMENT: Direct-Push Geoprobe Model 

WATER LEVELS : START : END : LOGGER :S Quayle 

DEPTH BELOW SURFACE (feet) STANDARD SOIL DESCRIPTION COMMENTS 

INTERVAL (feet) PENETRATION Drilling and Soil Logging Comments/Notes, 

RECOVERY (%) TEST SOIL NAME, USCS GROUP SYMBOL. COLOR, Drilling Observations and Samples 

#ITYPE RESULTS MOISTURE CONTENT, RELATIVE DENSITY, 

n -s,.lt _ 6 - 6 - 6 in OR CONSISTENCY. SOIL ~RUCTURE, 

ST_s..,,,,"T ... IN) MINERALOGY, % gravellsand/silt_day 
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CH2MHILL 

z 

'I 

II 

I 

3 

10-1---\1 

273939.14.01 SHEET OF I 

SOIL BORING LOG 
10 

PENETRATION 

ITS' SOIL NAME, uses GROUP SYMBOl, COLOR, 

MOISTURE CONTENT. RELATIVE DENSITY. 

OA CONSISTENCY, SOIL STRUCTURE. 

G .... ~u\11 S/'-T(NL) 
d .. y-h ""'0' ~./, /(JQ~e S"'b ".~.r.,,1 
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PROJECT NUMBER BORING NUMBER / 

N TV 1,2,3 SHEET I OF 2... 273939.14.01 
CH2MHILL 

SOIL BORING LOG 
10-7.7-08 

PROJECT: Follow~on TPH Investigation ORMO and Vicinity LOCATION: 

ELEVATION: DRILLING CONTRACTOR: WDC Exploration and Wells., Richmond, CA , 

DRILLING METHOD AND EQUIPMENT USED: 
WATER LEVELS : START: 1000 END : IfZO LOGGER: S. QJo..v/-<!. 
DEPTH BELOW SURFACE (Meiers) STANDARD t-___ .......;S;.;;O.;.;IL;.;D;.;;E;.;;S"'cR.;.;I'-PT;.;Io:;;N.;.... ___ -t=:-:-~C;;;O"M"M:::E;.;NT.c;S'---:-:::-__ -1 

INTERVAL (Meiers) PENETRATION Drilling and Soil logging Comments/Notes, 
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-
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RECOVERY (%) TEST SOIL NAME. USCS GROUP SYMBOL, COLOR, Drilling Observations and Samples. 

r 

:? / 
5 

#ITYPE RESULTS MOISTURE CONTENT, RELATIVE DENSITY, 

15-15-15 em OR CONSISTENCY, SOIL STRUCTURE, 

(N) MINERALOGY, % gravel/sand/silt-elay 

@ q I D.J f u,g';,,, ") Q t ~'e 
f OM 0 bs' vrrl. 'Pro, fe,.J 
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PROJECT NUMBER BORING NUMBEj 

273939.14.01 /Ii N I , 'Z. I 3 SHEET "2 OF L 
CH2MHILL 

SOIL BORING LOG 

PROJECT: Follow-on TPH Investigation DRMO and Vicinity LOCATION : 
ELEVATION : DRILLING CONTRACTOR: woe Exploration and Wells. , Richmond , CA 

DRILLING METHOD AND EQUIPMENT USED: 
WATER LEVELS : START: END: LOGGER : S . G v",..,(e-
DEPTH BELOW SURFACE (Meiers) STANDARD SOIL DESCRIPTION COMMENTS 

INTE RVAL (Meiers) PENETRATION Drilling and Soil logging Comments/Notes, 

RECOVERY (%) TEST SOIL NAME, USCS GROUP SYMBOL, COLOR, Drilling Observations and Samples . 

#fTYPE RESULTS MOISTURE CONTENT, RELATIVE DENSITY, 
ss-s ... _ 15-15-15 em OR CONSISTENCY, SOIL STRUCTURE, 

ST_SI>dOyTobo (N) MINERALOGY, % gravel/sandfsill-elay 
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CH2MHILL -.... SOIL BORING LOG 1/-/2-08 

, o,~V;o"''' ,n. 
, 

~ , 
, - -

~ 11,,-, ~ 

~E''''') , 
PENETRATION IDnalng and 

TEST SOIL NAME, uses GROUP SYMBOl.. COLOR, lo.lIIny Ob,ervalion$ and Sample. 

I'"'" MOISTURE CONTENT, RElATIVE DENSITY, 

I··~-
'" 

O~~?NSISTENCY. SOIL STRUCTURE. 
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PROJECT NUMBER 
IBORING NaBER / 1-

273939.14.01 SHEET 1 OF I 
CH2MHILL 

SOIL BORING LOG 
10-7"1...-0 8 

PROJECT: Follow-on TPH Investigation DRMO and VICinity LOCATION: 

ELEVATION : ORILUNG CONTRACTOR: woe Ex loratioo and Wells. Richmond CA 
DRllUNG METHOD AND EQUIPMENT: Direct-Push Geoprobe Mooel 

WATER lEVELS : START - 07'-1 END' 0 3 0 LOGGER . S. Quayle 
DEPTH BELOW SURFACE (teet) STANDARD SOIL DESCRIPTION COMMENTS 

INTERVAL [teet) PENETRATION Drillng and Soli Logging CommelltsINoles, 

RECOVERY ~ TEST SOIL NAME, uses GROUP SYMBOL. COLOR. Drilling ObselValioos and Samples. 

~fTYPE RESULTS MOISTURE CONTENT, RELATIVE DENSITY. 

~~- bot; - ~ '" OR CONSISTENCY. SOIL STRUCrUHt::. 

"'~ ,- " I MINERALOGY, % ra~ eVsandfs i~ -da 
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CH2MHILL 

PROJECT NUMBER 

273939.14.01 SHEET \ OF / ; 

SOIL BORING LOG 

PROJECT: Follow-on TPH Investigation DRMO and Vicinity LOCATION: 

ELEVATION: DRILLING CONTRACTOR: WDe Exploration and Wells., Richmond, CA 
DRILUNG METHOD AND EQUIPMENT: Direct-Push Geoprobe Model 

WATER LEVELS; START; Oq-z.o END; /030 LOGGER; S. Quayle 

DEPTH BElOW SURFACE (Ieel) STANDARD SOIL DESCRIPTION 

INTERVA;oL ,,(I''''CL1) _ __ --1 PENETRATION 
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RECOVERY f%\ TEST SOil NAME. uses GROUP SYMBOL, COLOR, 

I 

3.7 
~ 
5 

1\ 

#fTYPE 

sr~T_ 

I--,R:::E"S:!;U~lT.!.:S;:""-I MOISTURE CONTENT. RELATIVE DENSITY, 

6-6 - 6 in 

(N) 

OR CONSISTENCY, SOIL STRUCTURE, 

MINERALOGY, % oraveVsandisilt-clay 

COMMENTS 

Drilling and Soil Logging CommentsINotes, 

Drilling Observations and Samples. 



PROJECT NUMBER 
IBORING NUM'OO / ~ 2-273939.14.01 SHEET OF 7.... 

CH2MHILL 

11-/2-0 8 SOIL BORING LOG 

PROJECT: Follow-on TPH Investi9ation ORMO and Vicinit~ . LOCATION: 

ELEVATION : DRILLING CONTRACTOR: woe Ex~loralion and Wells., Richmond , CA 
DRILLING METHOD AND EQUIPMENT: Direct-Push Geoprobe Model I 

WATER LEVELS: START : Og~ END: o 8L.f5" LOGGER: S. Quayle 
DEPTH BELOW SURFACE (feet) STANDARD SOIL DESCRIPTION COMMENTS 

lNTE RVAL (feet) PENETRATION Drilling and Soil logging Comments/Notes, 

RECOVERY (%J TEST SOIL NAME, uses GROUP SYMBOL. COLOR, Drilling Observations and Samples . 
#/TYPE RESULTS MOISTURE CONTENT, RELATIVE DENSITY, 
ss·s .... _ 6-6 -Sin OR CONSISTENCY, SOIL STRUCTURE , 

I T·SOoolbyT_ (N) MINERALOGY, % gravel/sand/sill-clay 
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PROJECT NUMBER IBORING NUMBER / 2 
273939. 14.01 000 2,"3 SHEET ) OF L 

CH2MHILL 
//-5-08 SOIL BORING LOG 

PROJECT: Follow-on TPH Investigation ORMO and Vicinity LOCATION 

ELEVATION: DRILLING CONTRACTOR: woe Exploration and Wells. Richmond CA 
DRILLING METHOD AND EQUIPMENT: Direct-Push Geoprobe Model I'll?... /.. 
WATER LEVELS: START : II Z 5>- END: OGGER : S. Quayle 

DEPTH BELOW SURFACE (feet) STANDARD SOIL DESCRIPTION COMMENTS 

INTE RVAL (feet) PENETRATION Drilling and Soil Logging CommentslNotes, 

RECOVERY (%) TEST SOil NAME, uses GROUP SYMBOL, COLOR, Drill ing Observations and Samples. 

#fTYPE RESULTS MOISTURE CONTENT, RE LATIVE DENSITY, 
55 __ S_ 

6 - 6 - 6 in OR CONSISTENCY, SOIL STRUCTURE, 

ST_Shd>1T_ (N) MINERALOGY, % gravelfsand/silt-clay 
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PROJECT NUMBER IBORING NUMBER It. 
273939.14.01 000 2,3 SHEET L.. OF 1.-

CH2MHILL 
SOIL BORING LOG 

PROJECT; Follow-on TPH Investi9ation ORMO and Vicinity LOCATION: 

ELEVATION : DRILLING CONTRACTOR: woe Ex~loration and Wells .! Richmond, CA 
DRILLING METHOD AND EQUIPMENT: Direct-Push Geoprobe Model 
WATER LEVELS: START: END: LOGGER : S. Quay le 

DEPTH BELOW SURFACE (feet) STANDARD SOIL DESCRIPTION COMMENTS 

INTE RVAL (feel) PENETRATION Drilling and Soilloggiog Comments/Notes, 

RECOVERY (%) TEST SOIL NAME, uses GROUP SYMBOL, COLOR, Drilling Observations and Samples. 

#fTYPE RESULTS MOISTURE CONTENT, RELATIVE DENSITY, 

SS'Sp/IIS- 6-6 - Sin OR CONSISTENCY, SOIL STRUCTURE, 

Sr_SMfoyTube (N) MINERALOGY, % gravel/sand/silt-clay 
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PROJECT NUMBER 
I BORING ~MpER / , I L 

273939.14.01 SHEET -z.. OF Z. 
CH2MHILL 

SOIL BORING LOG 

PROJECT: FoIlow-<Jn TPH Investigation DRMO and Vicinity LOCATION 

ELEVATION: DRILLING CONTRACTOR: woe ExQloration and Wells. Richmond CA 

DRILLING METHOD AND EQUIPMENT: Direct-Push Geoprobe Model 

WATER LEVELS .. START: END: LOGGER : S. Quayle 

DEPTH BELOW SURFACE (feet) STANDARD SOIL DESCRIPTION COMMENTS 

INTE RVAL (feel) PENETRATION D<~bng and Soil Loggmg CommentsINotes. 
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PROJECT NUMBER I BORING NQQ /z 
273939.14.01 3 SHEET I OF L 

CH2MHILL 

10- 2 '1-08 
SOIL BORING LOG 

PROJECT: FoIlow-on TPH Investigation DRMO and Vicinity LOCATION: 

ELEVATION : DR1LUNG CONTRACTOR: woe Exploration and Wells., Ric tvnond, CA 

DRILUNG METHOD AND EQUIPMENT: Direct-Push Geoprobe Model 

WATER LEVELS : START: 15Z0 END: -'0 LOGGER . $ . Quayle 

DEPll-I BELOW SURFACE (Ieet) STANDARD SOIL DESCRIPTION COMMENTS 

INTERVAL (lee!) PENETRATION Dr~! ing and Soil Logging CommentsINotes. 
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mYPE RESULTS MOISTURE CONTENT. RELATIVE DENSITY, 

~--
5 - 5 - 51n OR CONSISTENCY. SOIL STRUCTURE. 

ST'_'_ '" MINERALOGY. '" 'avellsandlsi ~·dav 

- • t (1~,\IID"~ (It¥- - -
- 0.1 - -

• W(I\ eroded r,.vtl w 1\ - -
I. Serle! (trw cJ~11: /'u/r/,St.. -

-

" ",,"liNn (. r Y /( ~ 2-) fI'1"".s~ - -

z- ~ loose/. .f;"c. -10 COO""Jc...5~ -
-

- " 4.k:to. ec,....-.u"tI""",..-c.t l'Iof,(e - -

- ~ 1 ,p#, 
-, -

"- 3 - 5; 10\- It'lc) v . dc.r~ 3'a-',\ - -

" - ~ 3("1),)'(5"6-'1'3/,) / fl'Iott!c.\ '-VI - -

'-( - yC\bJi~ J., b ..... wt"1 ( lOY/<' ~1G) J so-r' 4- - -

- ",,-ed -p!u.st-; o<, ;+y 1 0-1· I://(S - -, , 
- / 0"/ f ,'lc S .v.d.~ 1')0 {,..ec. TP", - -

5 ,", 0 ,'PH oOOr 

b ~ \ 
- -
- -

- -

- -

-

\ 
( - -

1 - }-- - -
- /( - -

1'1- .J a' -
- C LA Y (C L) d.,( ~',,_,d - -

9 
- j"-"'/ (lOY VA)/ n,<Jf.J.J./ - -

- / u,Jf,. ,.. .•. ,,' pl.s!', J" l()O/ - -
- \ .(.r.c!:. yo! ::!('J"'If'~; ;.. -I" - -

1 -roJ rn .. ~c'i .. \~ tlllt.Xr.('r"c.f.J(~ -, /-

-
F('('t. 7P;i rf'NA4,f.. ·JtY>5 - -
h/,c1y I'.- .. c 'Pc he! ,.-;,+ 

S'.J r .. J./it'S 
- -

" -
f 

- -
-

~I 
- -

11-- @> Il' bjS :::-rcc 11'~ ,., ..('mJ ... o - -
- (I...,J v,,~~'.h 4t'''.~.' f",., - -

- Pt,.",.lf.,r -+0 !(6-«./::;t> ....... t 0« ,......,;t:. - -,> 
- - -

, 
1'\ - - -

SOolBo!i ," 



PROJECT NUMBER 
BORtNGOQR /2,3 

273939.14.01 SHEET Z- OF L. 
CH2MHILL 

SOIL BORING LOG 

PROJECT: FoIlow-.on TPH Investigation DAMO and VICinity LOCATION: 

ELEVATION: DRILLING CONTRACTOR: WOC Exploration and Wells. Rictvnond CA 

DRILLING METHOD AND EQUIPMENT: OireCI-Push Geoprobe Model 

WATER LEVELS: START: END : LOGGER : S. Quayle 
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PROJECT NUMBER IBOQQ~Bi 2, 3 273939.14.01 SHEET Z. OF 2.. 
CH2MH ILL 

11- 5 -o'iJ' SOIL BORING LOG 

PROJECT: Follow·on TPH Investigation DRMO and Vicinity LOCATION 

ELEVATION : DRILLING CONTRACTOR: woe EX.I:!loration and Wells , Richmol'ld, CA 

DRILLING METHOD AND EQUIPMENT: Direct-Push Geopfobe Model 
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CH2MHILL 
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PROJECT NUMBER 

273939 .1 4.01 
IBORI NG RR/ 1-

SHEET 1. O F l 
CH2MHILL 

//- / Z -06' 
SOIL BORING LOG 

PROJECT: Follow-Gn TPH Investigation DRMO aM Vicinity LOCATION: 
ELEVATION DRILLING CONTRACTOR: WDC Exploration and Wells Richmond CA 
DRILLING METHOD AND EQUIPMENT: Direct·Push Geoprobe Model 
WATER LEVELS' START en 50 END a 830 LOGGER : S. Quayle 
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273939.14 .01 "R 'R R 2 3 SHEET I OF 2 

C H 2 MHILL 

1/-5-08 SOIL BORING LOG 

PROJECT: Follow-on TPH Investigation DRMO and VlCinil:!' LOCATION -
ELEVATION . DRILLING CONTRACTOR: woe Ex~loralion and Wells. Richmond CA 
DRILLING METHOD AND EQUIPMENT: Direct-Push Geoprobe Model 
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APPENDIX H2 

Photographs 



 1

 

MARCH 10-14, 2008 

 
Geophysical survey using a Geonics EM-31 to measure changes in the ground 

conductivity using an electromagnetic inductive technique 



 2

OCTOBER 20-24, 2008 

 

 
Location E, 13.5’ bgs – free product observed in clay fractures 

 

Location E, 13.9’ bgs – free product absent from clay fractures 



 3

 

 
Location BB – free product being sampled from maintenance hole 

(Data collection category [DCC] 1) 

 

 

Initiating soil boring at location F (DCCs 2 and 3) 
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Logging soil core 

 

  

 
Location E, 13.5’ bgs – free product observed in clay fractures (DCCs 2 and 3) 
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Location E , 13.9’ bgs – free product absent from clay fractures (DCCs 2 and 3) 

 

 

Soil core collected from borehole at location J (DCCs 1 and 2); core section from 4 to 10 
feet bgs, showing free product just above 10 feet bgs 

 

 

 



 6

 

Azuar Drive road closure, looking south along the road; in background, Geoprobe rig 
setting up at location DD (DCC 3) 

 

 

Soil core from borehole at location J (DCCs 1 and 2); free product observed in sand and 
gravel at approximately 9.8 feet bgs 
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Soil core from borehole at location E (DCCs 2 and 3); free product observed in clayey 
sand with gravel between approximately 12.5 and 12.7 feet bgs 

 

 

Sample vials filled with free product collected at location L (DCCs 1 and 2) 
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Soil core from location T (DCC 2); well-graded sand with gravel and debris present from 
approximately 3 to 7 feet bgs 

 

 

Soil collected from core at location GG (DCC 1); free product present in blocky fractures 
of clay, 9.5 feet bgs 
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OCTOBER 27-31, 2008 

 
Location NN – At 9.5 feet bgs, free product along blocky fracture of clay (DCCs 1, 2 and 3) 

 

 

Location ZZ – At 14 feet bgs, clay with roots, no free product observed 
(DCCs 1 and 2) 
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Location SS West (vacuum boring) -- Close-up of electrical duct bank on 
left; visible sheen on water on right (DCC 5) 

 

  

 
Location ZZ (vacuum boring) – Ditch Witch equipment advancing a vacuum boring 

(DCC 5) 
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Location EEE -- Compaction of backfill material (DCC 5) 

 

 

Location V -- Brick storm drain vault and 8-inch cast-iron storm drain pipe; no free 
product observed (DCC 5) 
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NOVEMBER 3-7, 2008 

 
Location II – Material from just above pipe; sheen observed around gravel in clayey 

gravel (DCC 5) 

 

 

Location FF – No free product observed (DCC 5) 
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Location VV, at 13 feet bgs – Clayey gravel with root structures; free 
product observed around gravel (DCCs 1 and 2) 

  

 
Location C – Clay with free product along clay fractures and around gravel 

(DCCs 1 and 2) 
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Location B, at 13 feet bgs – Clay with free product in fractures and root structures  
(DCC  3) 

 

 

Location QQQ – Thin (mm scale) layer of free product in clay at 7.3 feet bgs (DCC 5) 
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NOVEMBER 10-14, 2008 

 

 
 

Location P (vacuum boring) – Free product observed seeping from 
communication duct bank in the right side of photo (DCC 5) 

 

 

Trench A – Photo shows location of trench (looking south towards Dump 
Road) (DCC 5) 
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Trench EE – Photo shows location of trench (looking southeast, Building 
489 in background on left) (DCC 5) 

  

 
Trench EE – Photo shows trench being backfilled (looking west, Azuar 

Drive in background) (DCC 5) 

 



 17

 

Trench UU – Photo shows location of trench (looking east, Building 535 in 
background) (DCC 5) 

 

 

Trench DDD-1 – Photo shows brown free product and water seeping into 
trench at 4.5 bgs (DCC 5) 
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Trench DDD-2 – Trowel pointing at layer of gravel with odor and sheen of free product 
in the north sidewall at approximately 3 feet bgs (DCC 5) 

 

 

Trenches DDD-1 and DDD-2 – Photo shows trench DDD-1 in foreground and trench 
DDD-2 in background (looking east, Building 637 in background) (DCC 5) 

 

 



APPENDIXH3 

Analytical Results 



Semivolatile Organics 



Semi volatile 

Lab #: 2U78e7 
Client: CH2M Hill Constructors Inc. 
Prolect#: STANDARD 
Fleld ID: FTPH-FP-TR 
Lab ID: 207887-001 
Matrix: Soil 
Units: ug/Kg 
Basis: dry 
Diln Fac: 10.00 

Moisture: 17% 

Ana--hYte 
Phenol 
bis(2-Chloroethyl)ether 
2-Chlorophenol 
2-Methy1phenol 
bis(2-Chloroisopropyl) ether 
4-Methylphenol 
N-Nitroso-di-n-propylamine 
Hexachloroethane 
Nitrobenzene 
Isophorone 
2,4-Dimethylphenol 
Benzoic acid 
2,4-Dichlorophenol 
4-Chloroaniline 
Hexach1orobutadiene 
2-Methylnaphthalene 
1-Methylnaphtha1ene 
Hexachlorocyclopentadiene 
2,4,6-Trich1orophenol 
2,4,5-Trich1orophenol 
2-Chloronaphthalene 
2-Nitroaniline 
Dimethylphthalate 
2,4-Dinitrophenol 
4-Nitrophenol 
Dibenzofuran 
Diethylphthalate 
N-Nitrosodiphenylamine 
Hexachlorobenzene 
Pentachlorophenol 
Carbazole 
Di-n-butylphthalate 
Butylbenzylphthalate 
3,3'-Dichlorobenzidine 
bis(2-Ethylhexyl)phthalate 
Di-n-octvlphthalate 

Surrogate 
L Fluorophenol 
Phenol-d5 
2,4,6-Tribromophenol 
Nitrobenzene-d5 
2-Fluorobiphenyl 
Terphenyl-d14 

J= Estimated value 
DO= Diluted Out 
ND= Not Detected 
RL= Reporting Limit 

MDL= Method Detection Limit 
Page 1 of 1 

DDDL-SL.~ 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

Result 

1,000 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

2,000 J 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

%REC Ll.mits 
DO 
DO 
DO 
DO 
DO 
DO 

L~ 1j~ 

25-135 
25-144 
25-135 
34-135 
32-136 

Organics by GC/MS 

Locatlon: 
Prep: 
Analvsis: 
Batch#: 
Sampled: 
Received: 
Prepared: 
Analyzed: 

Followon TPH Investlgatlon 
EPA 3550B 
EPA 8270C 

RL 
4,000 
4,000 
4,000 
4,000 
4,000 
4,000 
4,000 
4,000 
4,000 
4,000 
4,000 

20,000 
4,000 
4,000 
4,000 

800 
800 

20,000 
4,000 
4,000 
4,000 
8,000 
4,000 

20,000 
8,000 
4,000 
4,000 
4,000 
4,000 
8,000 
4,000 
4,000 
4,000 
8,000 
4,000 
4 000 

14~J~6 
11/13/08 
11/14/08 
11/25/08 
11/25/08 

MDL 
1,luu 

470 
980 

1,200 
540 

1,100 
600 
160 
590 
110 
310 

6,300 
220 
630 
160 
100 
100 
780 
210 
300 
110 
830 

93 
1,800 
1,100 

820 
110 

97 
100 

1,800 
830 
130 
110 
690 
410 
110 

DRMO slte 

11. a 

104 of 126 



TPH - Gasoline 



Gasoline by GC/FID (5035 Prep) 

Lab #: 207887 Location: Followon TPH Investigation DRMO 
Client: CH2M Hill Constructors Inc. 
Project#: STANDARD 
Field ID: FTPH-FP-TR-DDD2-S2.5 
Matrix: 
Units: 
Diln Fac: 

Type: 
Lab ID: 

Soil 
mg/Kg 
1.000 

SAMPLE 
207887-001 

Analyte 
Gasoline C7-C12 

Surrogate 
Trifluorotoluene (FID) 
Bromofluorobenzene (FID) 

Type: 
Lab ID: 

BLANK 
QC471157 

Analyte 
Gasoline C7-C12 

Surrogate 
Trifluorotoluene (FID) 
Bromofluorobenzene (FID) 

J= Estimated value 

Result 
0.88 

%REC Limits 
89 64-148 
97 64-148 

Result 
0.027 

%REC Limits 
99 64-148 
97 64-148 

Prep: 
Analysis: 
Batch#: 
Sampled: 
Received: 
Analyzed: 

Basis: 
Moisture: 

Y 

Basis: 

J 

EPA 5035 
EPA 

RL 

RL 

8015B 
145037 
11/13/08 
11/14/08 
11/18/08 

dry 
17% 

0.21 

as received 

0.20 

y= Sample exhibits chromatographic pattern which does not resemble standard 
RL= Reporting Limit 

MDL= Method Detection Limit 
Page 1 of 1 

MDL 
0.014 

MDL 
0.014 

site 

2.1 

8 of 126 



TPH - Diesel & Motor Oil 



cb curt;s & Tompkins. Ltd 

Total Extractable Hydrocarbons 

Lab # : 207887 Location: Followon TPH Investigation DRMO site 
Client: CH2M Hill Constructors Inc. Prep: EPA 3550B 
Project#: STANDARD Analysis: EPA 8015B 
Field ID: FTPH-FP-TR-DDD2-S2.5 Sampled: 11/13/08 
Matrix: 
Units: 
Batch#: 

Type: 
Lab ID: 
Basis: 

Soil 
mg/Kg 
145346 

SAMPLE 
207887-001 
dry 

Analyte 
Diesel CI0-C24 
Motor Oil C24-C36 

Hexacosane 

Type: 
Lab ID: 
Basis: 

Surrogate 

BLANK 
QC472458 
as received 

Analyte 
Diesel CI0-C24 
Motor Oil C24-C36 

Surrogate 
Hexacosane 

DO= Diluted Out 
ND= Not Detected 
RL= Reporting Limit 

MDL= Method Detection Limit 
Page 1 of 1 

Result 
4,800 
1,900 

%REC Limits 
DO 25-162 

ND 
ND 

Result 

%REC Limits 
126 25-162 

Received: 
Prepared: 

Moisture: 
Diln Fac: 
Analyzed: 

Diln Fac: 
Analyzed: 

RL 
24 

120 

RL 
1.0 
5.0 

11/14/08 
11/24/08 

17% 
20.00 
11/26/08 

1.000 
11/25/08 

MDL 
5.0 

16 

MDL 
0.21 
0.65 

14.0 

26 of 126 



Purgeable Organics by GC/MS 



cb Curt;, & Tompld'S, lid 

Purgeable Organics by GC/MS 

Lab #: 207887 Location: Followon TPH Investigation DRMO site 
Client: CH2M Hill Constructors Inc. Prep: EPA 5035 
Project#: STANDARD Analysis: EPA 8260B 
Field ID: FTPH-FP-TR-DDD2-S2.5 Basis: dry 
Lab ID: 207887-001 Sampled: 11/13/08 
Matrix: Soil Received: 11/14/08 
Units: ug/Kg 

Moisture: 17% 

Analyte Result RL MDL Diln Fac Batch# Analyzed 
Freon 12 ND 9.6 0.96 0.7987 145036 11/18/08 
Chloromethane ND 9.6 0.96 0.7987 145036 11/18/08 
Vinyl Chloride ND 1,000 10 83.33 145319 11/25/08 
Bromomethane ND 1,000 20 83.33 145319 11/25/08 
Chloroethane ND 1,000 27 83.33 145319 11/25/08 
Acetone 200 J 1,000 100 83.33 145319 11/25/08 
Freon 113 ND 500 40 83.33 145319 11/25/08 
1,1-Dichloroethene ND 500 10 83.33 145319 11/25/08 
Methylene Chloride 180 J 1,000 100 83.33 145319 11/25/08 
Carbon Disulfide ND 500 10 83.33 145319 11/25/08 
MTBE ND 500 10 83.33 145319 11/25/08 
trans-1,2-Dichloroethene ND 500 10 83.33 145319 11/25/08 
1,1-Dichloroethane ND 500 10 83.33 145319 11/25/08 
2-Butanone ND 1,000 200 83.33 145319 11/25/08 
cis-1,2-Dichloroethene ND 500 10 83.33 145319 11/25/08 
Chloroform ND 500 10 83.33 145319 11/25/08 
1, 1, 1-Trichloroethane ND 500 10 83.33 145319 11/25/08 
Carbon Tetrachloride ND 500 10 83.33 145319 11/25/08 
1,2-Dichloroethane ND 500 10 83.33 145319 11/25/08 
Benzene ND 500 10 83.33 145319 11/25/08 
Trichloroethene ND 500 10 83.33 145319 11/25/08 
1,2-Dichloropropane ND 500 10 83.33 145319 11/25/08 
Bromodichloromethane ND 500 10 83.33 145319 11/25/08 
4-Methyl-2-Pentanone ND 1,000 200 83.33 145319 11/25/08 
Toluene 11 J 500 10 83.33 145319 11/25/08 
1, 1, 2-Trichloroethane ND 500 10 83.33 145319 11/25/08 
Tetrachloroethene ND 500 10 83.33 145319 11/25/08 
Dibromochloromethane ND 500 10 83.33 145319 11/25/08 
1,2-Dibromoethane ND 500 10 83.33 145319 11/25/08 
Chlorobenzene ND 500 10 83.33 145319 11/25/08 
1,1,1,2-Tetrachloroethane ND 500 10 83.33 145319 11/25/08 
Ethylbenzene ND 500 10 83.33 145319 11/25/08 
m,p-Xylenes 14 J 500 10 83.33 145319 11/25/08 
o-Xylene ND 500 10 83.33 145319 11/25/08 

J= Estimated value 
ND= Not Detected 
RL= Reporting Limit 

MDL= Method Detection Limit 
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Purgeable Organics by 

Lab # : 207887 Location: 
Client: CH2M Hill Constructors Inc. Prep: 
Project#: STANDARD Analysis: 
Field ID: FTPH-FP-TR-DDD2-S2.5 Basis: 
Lab ID: 207887-001 
Matrix: Soil 
Units: ug/Kg 

Analyte 
Styrene 
Bromoform 
Isopropylbenzene 
1,1,2,2-Tetrachloroethane 
1,2,3-Trichloropropane 
Propylbenzene 
Bromobenzene 
1, 3, 5-Trimethylbenzene 
2-Chlorotoluene 
tert-Butylbenzene 
1,2,4-Trimethylbenzene 
sec-Butylbenzene 
1,3-Dichlorobenzene 
1,4-Dichlorobenzene 
n-Butylbenzene 
1,2-Dichlorobenzene 
1,2-Dibromo-3-Chloropropane 
1,2,4-Trichlorobenzene 

Surrogate 
Dibromofluoromethane 
1,2-Dichloroethane-d4 
Bromofluorobenzene 
Trifluorotoluene (MeOH) 

J= Estimated value 
ND= Not Detected 
RL= Reporting Limit 

MDL= Method Detection Limit 
Page 2 of 2 

Sampled: 
Received: 

Result RL 
ND 500 
ND 500 

32 J 500 
ND 500 
ND 500 

25 J 500 
ND 500 
ND 500 
ND 500 

12 J 500 
19 J 500 

230 J 500 
ND 500 
ND 500 

330 J 500 
ND 500 
ND 500 
ND 500 

%REC Limits Diln Fac 
89 65-135 83.33 
90 52-149 83.33 
97 65-135 83.33 
124 55-147 83.33 

GC/MS 

Followon TPH Investigation DRMO site 
EPA 5035 
EPA 8260B 

dry 
11/13/08 
11/14/08 

MDL Diln Fac Batch# Analyzed .. 

10 83.33 145319 11/25/08 
20 83.33 145319 11/25/08 
10 83.33 145319 11/25/08 
10 83.33 145319 11/25/08 
14 83.33 145319 11/25/08 
10 83.33 145319 11/25/08 
10 83.33 145319 11/25/08 
10 83.33 145319 11/25/08 
10 83.33 145319 11/25/08 
10 83.33 145319 11/25/08 
10 83.33 145319 11/25/08 
10 83.33 145319 11/25/08 
10 83.33 145319 11/25/08 
10 83.33 145319 11/25/08 
10 83.33 145319 11/25/08 
10 83.33 145319 11/25/08 
40 83.33 145319 11/25/08 
10 83.33 145319 11/25/08 

Batch# Analyzed 
145319 11/25/08 
145319 11/25/08 
145319 11/25/08 
145319 11/25/08 
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APPENDIX I 

Analytical Data Validation Reports for the 2007-2008 
Follow-on Investigation 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Data Validation Reports - 2007 

 

 



MINS03 

FTPH·Fp·DR1·6.5 
FTPH·Fp·FSA·1·3 



TPH Diese and& TPH Diesel & Motor Oil 



Pyroll Ellvirollmental, Inc. 
DV Report _l1)/I·DieseIlMotor Oil 
Mare Islwul2007j,DG MINS03 

Data Validation Report - TPH Diesel & Motor Oil 

Project/Site Name: Mare Island DRMO TPH Investigation 

Sample Delivery Group (SDG): MINS03 

Parameters: 

Method: 

Laboratory: 

Samples: 

Sample ID 

FTPH-FP-DR-DRl-6.5 

FTPH-FP-FSA-1-3 

TPH-Diesel & Motor Oil 

California DHS Modified USEP A Method 8015 

Laucks Testing Laboratories, Seattle, WA 

Lab Sample ID 

MINS03-001 

MINS03-002 

Page 1 of 5 

Collection Date 

11/08/07 

11/14/07 

Matrix 

Product 

Product 



Introduction 

Pyron Environmental, Illc. 
DV Report _ TPII~J)jesel/Motor Oil 
Mare Island 2007. __ .SDG MINS03 

This data review report covers the sample delivery group and associated 
samples listed on the cover sheet. The analyses were performed per California 
DHS Modified USEP A Method 8015. 

The validation followed the procedures specified in the USEPA CLP National 
Functional Guidelines for Organic Data Review (USEPA 1999) with 
modifications to accommodate project and analytical method requirements. The 
numerical quality assurance/quality control (QA/Qc) criteria applied to the 
validation were in accordance with the current performance-based control limits 
established by the laboratory (laboratory control limits). Instrument calibration, 
frequency of QC analyses, and analytical sequence requirements were evaluated 
against the analytical methodology. 

Findings identified in this validation are discussed in the section pertinent to 
each of the evaluated QC parameters. Qualified data, if any, are summarized in 
Table I and Table II at the end of this report. Data qualifiers are classified as P 
(protocol) to indicate whether the data qualification is due to a laboratory 
deviation from specified protocols, or as A (advisory) if the qualification is of a 
technical advisory nature per sample matrix or method limitation. 
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I. Holding Times 

Pyron Environmental, Inc. 
DV Report _ TPH·DiesellMotor Oil 
Mare Island 2007 _SDG MINS03 

Sample extraction was carried out within 14 days of collection and analysis 
carried out within 40 days of extraction for the soil sample. 

II. Calibration 

At least five standards at different levels were applied to establish the initial 
calibration prior to the analyses of samples. The relative standard deviation 
(%RSD) value was ~20% where the average response factor was chosen for 
analyte quantitation. The correlation coefficient (r) for least square linear 
regression or the coefficient of determination (r2) for quadratic fit is ~0.990 if 
either approach was chosen for analyte quantitation. 

Continuing calibration verification (CCV) analyses were performed daily before 
sample analysis, after every 10 samples, and at the end of the analysis sequence. 
The CCV concentrations were within ±15% of the true values for TPH-Diesel & 
Motor Oil and surrogate compounds as required by the methodology. 

III. Blanks 

A method blank was prepared and analyzed per analytical batch. TPH-Diesel 
and TPH-Motor Oil were detected in the method blank. Sample results were all 
greater than 10 times the level found in the method blank. No data were 
qualified on this basis. 

IV. Accuracy and Precision Data 

a. Laboratory Control Sample (LCS) 

One LCS was prepared and analyzed with each analytical batch. The percent 
recovery (%R) value was within the laboratory control limits. 

b. Matrix Spike/Matrix Spike Duplicates (MSIMSD) 

MS/MSD analyses were performed on sample FTPH-FP-DR-DRI-6.5. The 
%R and relative percent difference (RPD) values were inapplicable for matrix 
interference evaluation due to the high levels of diesel and motor oil in this 
sample. 
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c. Surrogate Spikes 

Pyron Environmental, Inc. 
DV Report _ TPH·/Jiese/IMotor Oil 
Mare Island 2007 ~SD(; MINS03 

Surrogate compounds, 2-f1uorobiphenyl and o-terphenyl, were added to all 
laboratory QC and field samples. The %R values for both surrogates in 
sample FTPH-FP-FSA-1-3 were greater than the upper laboratory control 
limits due to the high levels of TPH-Diesel and Motor Oil in this sample. Data 
were not qualified on this basis. 

d. Field Duplicates 

Field duplicates were not submitted with this SDC for TPH-Diesel & Motor 
Oil analyses. 

V. Compound Quantitation and Reporting Limits 

Compound quntitation algorithm was verified to be correct. All reported sample 
result and surrogate values were quantitated within the calibration range. 

VI. Overall Assessment 

TPH-Diesel & Motor Oil data are of known quality and acceptable for use. 
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Table I. TPH-Diesel Data Qualification Summary 

Pyron Environmental, Inc. 
DV Report ~ TPH-DiesellMotor Oil 
Mare Island 2007 _SDG MINS03 

SDG 1 Sample I Analvtc I Fla~ I A or P I Reason 

No data qualifiers were assigned to TPH-Diesel & Motor Oil data under this SDG. 

T bl II TPH D· a e - lese I BI k D t Q IT f an s aa ua I Ica IOn S ummarv 

Modified Final 
Reported Concentration Concentration 

Sample Analyte (mg/Kg) (mg/Kg) 

No target compounds were detected in the blanks under this SDG. 
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TPH • Gasoline 



Pyron Envirollmental, Illc. 
DV Report ~ TPH-Gasoiille 
Mare Island 2007 _SDG MINS03 

Data Validation Report - TPH Gasoline 

Project/Site Name: Mare Island DRMO TPH Investigation 

Sample Delivery Group (SDG): MINS03 

Parameters: 

Method: 

Laboratory: 

Samples: 

Sample ID 

FTPH-FP-DR-DRl-6.5 

FTPH-FP-FSA-1-3 

TPH-Gasoline 

California DHS Modified USEP A Method 8015 

Laucks Testing Laboratories, Seattle, WA 

Lab Sample ID 

MINS03-001 

MINS03-002 

Page lofS 

Collection Date 

11/08/07 

11/14/07 

Matrix 

Product 

Product 



Introduction 

Pyron Environmental, Illc. 
DV Report ._ TPlI·Gasoline 
Mare Islalld 2007 _SDG MINS03 

This data review report covers the sample delivery group and associated samples listed 
on the cover sheet. The analyses were performed per California DHS Modified 
USEP A Method 8015. 

The validation followed the procedures specified in the USEPA CLP National 
Functional Guidelines for Organic Data Review (USEPA 1999) with 
modifications to accommodate project and analytical method requirements. The 
numerical quality assurance/quality control (QA/QC) criteria applied to the 
validation were in accordance with the current performance-based control limits 
established by the laboratory (laboratory control limits). Instrument calibration, 
frequency of QC analyses, and analytical sequence requirements were evaluated 
against the analytical methodology. 

Findings identified in this validation are discussed in the section pertinent to 
each of the evaluated QC parameters. Qualified data, if any, are summarized in 
Table I and Table II at the end of this report. Data qualifiers are classified as P 
(protocol) to indicate whether the data qualification is due to a laboratory 
deviation from specified protocols, or as A (advisory) if the qualification is of a 
technical advisory nature per sample matrix or method limitation. 
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I. Holding Times 

Pyron Environmental, Illc. 
DV Report _ TPll-Gasoline 
Mare Island 2007 _SDG MINS03 

Analyses were carried out within 14 days of collection for all soil samples. 

II. Calibration 

At least five standards at different levels were applied to establish the initial 
calibration prior to the analyses of samples. The relative standard deviation 
(%RSD) value was ~20% where the average response factor was chosen for 
analyte quantitation. The correlation coefficient (r) for least square linear 
regression or the coefficient of determination (r2) for quadratic fit is ;::0.990 if 
either approach was chosen for analyte quantitation. 

Continuing calibration verification (CCV) analyses were performed daily before 
sample analysis, after every 10 samples, and at the end of the analysis sequence. 
The CCV concentrations were within ±l5% of the true values for TPH-Gasoline 
and surrogate compounds as required by the methodology. 

III. Blanks 

A method blank was prepared and analyzed per analytical batch. No target 
analytes were detected in the method blank. 

IV. Accuracy and Precision Data 

a. Laboratory Control Sample (LCS) 

One LCS was prepared and analyzed with each analytical batch. The percent 
recovery (%R) value was within the laboratory control limits. 

b. Matrix Spike/Matrix Spike Duplicates (MSIMSD) 

MS/MSD analyses were performed on sample FTPH-FP-DR-DRl-6.5. The 
%R and relative percent difference (RPD) values were within the laboratory 
control limits 

c. Surrogate Spikes 

Surrogate compounds, 4-bromofluorobenzene and trifluorotoluene, were 
added to all laboratory QC and field samples. The %R values were within the 
laboratory control limits. 
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d. Field Duplicates 

Pyron Ellvirollmental, Inc. 
DV Report ~ TplJ-Gasolille 
Mare Islwld 2007 .. SDG MINS03 

Field duplicates were not submitted with this SDG for TPH-Gasoline 
analyses. 

V. Compound Quantitation and Reporting Limits 

Compound quntitation algorithm was verified to be correct. All reported sample 
result and surrogate values were quantitated within the calibration range. 

VI. Overall Assessment 

TPH-Gasoline data are found of known quality and acceptable for use. 

Page 4of5 



Table I. TPH-Diesel Oata Qualification Summary 

Pyroll Ellvironmelltal, Inc. 
DV Report _ l'Pll·Gasolillc 
Mare Island 2007 _,W)G MINS03 

SDG I Sample I Analyte I Flag ! A or r I Reason 

No data qualifiers were assigned to TPH·Gasoline data under this SDG. 

T bl II TPH 0° a e - lese I BI k 0 an s ata Q IT ua I Icahon S ummary 
Modified Final 

Reported Concentration Concentration 
San1J'l< Analvte (mg/Kg) (mg/Kg) 

No target compounds were detected in the blanks under this SDG. 
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Volatiles 



Pyroll Ellvironmental, Inc. 
/)V Report _ VOA 
Mare Isfarul2007.jmG MINS03 

Data Validation Report - VOA 

Project/Site Name: Mare Island DRMO TPH Investigation 

Sample Delivery Group (SDG): MINS03 

Parameters: 

Method: 

Laboratory: 

Samples: 

Sample ID 

FTPH-FP-DR-DR1-6.5 

FTPH-FP-FSA-1-3 

Volatiles 

CLP SOW OLM04.3 

Laucks Testing Laboratories, Seattle, WA 

Lab Sample ID 

MINS03-001 

MINS03-002 

Collection Date 

Page 1 of 6 

11/08/07 

11/14/07 

Matrix 

Product 

Product 



Introduction 

Pyron Environmental, Inc. 
D V Report _ VOA 
Mare Is/(md 2007 _SDG MINS03 

This data review report covers the sample delivery group and associated 
samples listed on the cover sheet. The analyses were performed per USEP A CLP 
SOW OLM04.3. 

The validation followed the procedures specified in the USEPA CLP National 
Functional Guidelines for Organic Data Review (USEPA 1999) with 
modifications to accommodate project and analytical method requirements. The 
numerical quality assurance/quality control (QA/QC) criteria applied to the 
validation were in accordance with the current performance-based control limits 
established by the laboratory (laboratory control limits). Instrument calibration, 
frequency of QC analyses, and analytical sequence requirements were evaluated 
against the analytical methodology. 

Findings identified in this validation are discussed in the section pertinent to 
each of the evaluated QC parameters. Qualified data, if any, are summarized in 
Table I and Table II at the end of this report. Data qualifiers are classified as P 
(protocol) to indicate whether the data qualification is due to a laboratory 
deviation from specified protocols, or as A (advisory) if the qualification is of a 
technical advisory nature per sample matrix or method limitation. 
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Pyron Environmental, Inc. 
[) V Report .,., VOA 
Mare IslwuI2007 ... SDG MINS03 

I. Holding Times 

VOA analyses were carried out within 14 days of collection for soil samples. 
Samples in this SDC were identified by the laboratory as petroleum products. 
The holding time established for soil was applied to the evaluation of the holding 
time effects. No data were qualified on this basis. 

II. CC/MS Instrument Performance Check 

The instrument performance check, bromofluorobenzene (BFB), for volatile 
analysis was performed at the beginning of each 12-hour period. The ion 
abundance was reported correctly and met the method criteria. 

III. Initial Calibration 

Correct concentrations of standards were used for initial calibration. The 
Relative Response Factors (RRF) for all target compounds and system 
monitoring compounds met the compound-specific minimum RRF criteria. No 
individual RRF is <0.05. No individual Relative Standard Deviation (%RSD) 
exceeded 30% for all compounds. 

IV. Continuing Calibration 

Continuing calibrations were analyzed at the beginning of each 12-hour analysis 
period following the analysis of the instrument performance check and prior to 
the analysis of method blank and samples. 

The continuing calibration RRF for all compounds met the compound-specific 
minimum RRF criteria. No individual RRF is <0.05. The percent difference (%D) 
between the initial calibrationJm.F and the continuing calibration RRF for all 
compounds is within ±25%, except for the following: 

Continuing 
Calibration ID Analvte %D Affected Sample Flag AorP 

Instrument: 5973Y 
Dichlorodifluoromethane 27.8'Yo FrPH-FP-DR-DRI-6.5 UJ P 

Date, 11/19/07, 09A2 

Instrument: 5973Y 
2-Hexanone 28.11% FrPH-FP-FSA-I-3 UJ P 

Date' 11/20/07, H14 

. . Note: Poslllve %D value mdlcates a potenhallow bIas of the assoCIated data . 
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V. Blanks 

Pyron Environmental, Inc. 
DV Report _ VOA 
Mare Island 2007"_SDG MINS03 

One method blank per analytical batch was prepared and analyzed. Acetone was 
detected in the method blank associated with sample FTPH-FP-DR-DRl-6.5 at 
320 )1g/kg, but not detected in the other method blank. However, acetone is a 
common laboratory contaminant, both samples analyzed within the adjacent 
time frame were considered affected and data qualified as follows: 

Blank Concentration 
Method Blank ID Anaiyte (I.g/kg) Affected Samples Flag (pglkg) 

B111907MVOSYl Acetone 320 J FTPH-FP-DR-DRJ.65 9000 U 
FTPH-FP-FSA-1-3 6000 U 

VI. System Monitoring Compounds (SMC) 

Four SMC (dibromofluoromethane, 1,2-dichloroetheane-d4, 4-
bromofluorobenzene, and toluene-dS) were added to all laboratory QC and field 
samples. The SMC recovery in the samples and all associated laboratory QC 
analyses was within the control limits. 

VII. Matrix Spike/Matrix Spike Duplicates (MS/MSD) 

MS/MSD was performed on samples under separate SDGs for this project. 

VIII. Laboratory Control Sample (LCS) 

LCS and LCS Duplicate analyses were performed as required. The %R and 
relative percent difference values were within the laboratory control limits. 

IX. Internal Standards 

Three internal standards, bromochloromethane, chlorobenzene-d5, and 1A
difluorobenzene were used. The internal standard retention time was within ± 
30 seconds from that of the associated 12-hour calibration standard. The area 
counts were within -50 to +100% of the associated calibration standard. 

X. Field Duplicates 

Field duplicates were not submitted with this SDG for VOC analyses. 
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XI. Compound Quantitation and Reported CRQLs 

Pyron Environmental, Inc. 
DV Report _ VOA 
Mare Island 2007 _.'WO MI NS03 

Compound quantitation was calculated according to the correct equation. 
Correct quantitation ion and RRF were used to quantitate compounds. The 
internal standard, quantitation ion, and RRF were used consistently throughout 
the analysis. Sample results and CRQLs are adjusted to reflect the dry-weight 
and dilution factors. 

XII. System Performance 

No specific system degradation was observed. 

XIII. Overall Assessment of Data 

Data are of known quality and acceptable with the qualifications summarized in 
Table I and Table II. 

XIV. Data Qualifier 

Qualifier Definition 

U 
The analyte was analyzed for, but was not detected above the reported sample 
quantitation limit. 

J The associated numerical value is an estimate. 
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Ta bI I VOA D e ata Q I'r ua I Icahon s ummary 

SDG Sample Analyte Flag 

MINS03 FI'PH-FP-DR-DRl-65 Dichlorodifluoromethane U) 

MIN$02 FrPH-FP-FSA-1-3 2-Hexanone U) 

T bI II VOA BI k D t Q I'r f S a e an s aa ua I Ica IOn ummary 
Reported 

Concentration 
Sample Analyte ()1g/kg) 

FrPI-I-FP-DR-DRl-6.5 
Acetone 

5400) 
FTPH-FP-FSA-1-3 2600 ) 
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AorP 

P 

P 

Pyron Environmental, Inc. 
DV Report ~ VOA 
Mare Islalld 2007 ~SDG MINS03 

Reason 
Low recovery of 
calibration 
verification "I"D. 

Low recovery of 
calibration 
verification %D. 

Modified Final 
Concentration 

()1g/kg) 

9000U 
6000U 



Semivolatiles 



Project/Site Name: 

Data Validation Report - SV 

Pyron Environmental, Inc. 
/)V Report .j:;emivo/(ltiles 
Mare Island 2007 __ SDG MINS03 

Mare Island DRMO TPH Investigation 

Sample Delivery Group (SDG): MINS03 

Parameters: 

Method: 

Laboratory: 

Samples: 

Sample ID 

FTPH-FP-DR-DRl-6.5 

FTPH-FP-FSA-1-3 

Semi-Vola tiles 

CLP SOW OLM04.3 

Laucks Testing Laboratories, Seattle, WA 

Lab Sample ID 

MINS03-001 

MINS03-002 

Collection Date 
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11/08/07 

11/14/07 

Matrix 

Product 

Product 



Introduction 

Pyron Environmental, II/c. 
DV Report ~Semivolatiles 
Mare Island 2007 ~ SDG MINS03 

This data review report covers the sample delivery group and associated 
samples listed on the cover sheet. The analyses were performed per USEP A CLP 
SOW OLM04.3. 

The validation followed the procedures specified in the USEP A CLP National 
Functional Guidelines for Organic Data Review (USEPA 1999) with 
modifications to accommodate project and analytical method requirements. The 
numerical quality assurance/quality control (QA/QC) criteria applied to the 
validation were in accordance with the current performance-based control limits 
established by the laboratory (laboratory control limits). Instrument calibration, 
frequency of QC analyses, and analytical sequence requirements were evaluated 
against the analytical methodology. 

Findings identified in this validation are discussed in the section pertinent to 
each of the evaluated QC parameters. Qualified data, if any, are summarized in 
Table I and Table II at the end of this report. Data qualifiers are classified as P 
(protocol) to indicate whether the data qualification is due to a laboratory 
deviation from specified protocols, or as A (advisory) if the qualification is of a 
technical advisory nature per sample matrix or method limitation. 
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I. Holding Times 

Pyron Environmental, Illc. 
DV Report _S'cmivolatiles 
Mare Island 2007_ SDG MINS03 

Sample extraction should be performed within 14 days of collection and analyses 
carried out within 40 days of extraction for soil samples. Samples in this SDC 
were identified by the laboratory as petroleum products. The holding time 
established for soil was applied to the evaluation of the holding time effects. No 
data were qualified on this basis. 

II. GC/MS Instrument Performance Check 

The instrument performance check, Decafluorotriphenylphosphine (DFTPP), for 
semi-volatile analysis was performed at the beginning of each 12-hour period. 
The ion abundance was reported correctly and met the method criteria. 

Ill. Initial Calibration 

Correct concentrations of standards were used for initial calibration. The 
Relative Response Factors (RRF) for all target compounds and system 
monitoring compounds met the compound-specific minimum RRF criteria. No 
individual RRF is <0.05. No individual Relative Standard Deviation (%RSD) 
exceeded 30% for all compounds. 

IV. Continuing Calibration 

Continuing calibrations were analyzed at the beginning of each 12-hour analysis 
period following the analysis of the instrument performance check and prior to 
the analysis of method blank and samples. 

The continuing calibration RRF for all compounds met the compound-specific 
minimum RRF criteria. No individual RRF is <0.05. 

The percent difference (%D) between the initial calibration RRF and the 
continuing calibration RRF for all compounds is within ±25%. 

V. Blanks 

One method blank per analytical batch was prepared and analyzed. No target 
compound was detected. 
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VI. Surrogate Spikes 

Pyron Environmental, Inc. 
])V Report ~Semil'olatiles 
Mare Is/wu/2007 ~ SDG MINS03 

Six surrogate compounds were added to all laboratory QC and field samples. 
The recovery of one surrogate spike, terphenyl-d14, exceeded the upper control 
limits in samples FTPH-FP-DR-DRl-6.5 and FTPH-FP-FSA-1-3. The recovery for 
the other five surrogate spikes was within the control limits. Data were not 
qualified on this basis. 

VII. Matrix Spike/Matrix Spike Duplicates (MS/MSD) 

MS/MSD analyses were performed on sample FTPH-FP-DR-DRl-6.5. The %R 
and relative percent difference (RPD) values were within the control limits for all 
target compounds, except for the following: 

%R 
MS MSD Control RPD Data 

Sample ID Analyte %R %R Limit RPD Criteria Qualification 

Hexachloroethane 71% 177% 35-110% 85% NA 
2-Methylnaphthalene 9% 27% 45-105% 8%, NA 
I-Iexachlorocyclopcntadiene 0% 0% 12-100% NC R 
4,6-Dinitro-2-methylphenol 30% 32% 30-135% 7% UJ 

FrPH-FI'-DR-
Phenanthrene 25% 16% 50-110% 3% NA 
Fluoranthene 18% 20% 55-115% Pj" 30 NA 

DR1·6.5 
ButylbenzylphthaJa te 140% 151% 50-125% 8% NA 
bis(2-Ethylhexyl)phthalate 122% 129% 45-125% 5% NA 
Di-n-octylphthalate 198% 227% 40-130% 14% NA 
Indeno(1,2,3-cd)pyrcne 41% 33% 40-120% 13% NA 
Bcnzo(g.h.i)perylene 47% 36% 40-125% 16% NA 

Notes: NC - Not calculated. NA - No achon. 

VIII. Laboratory Control Sample (LCS) 

The LCS analysis was performed with the analytical batch. All %R values were 
within the controllirnits. 

IX. Internal Standards 

Six internal standards, as specified in the methodology, were used. The internal 
standard retention time was within ± 30 seconds from that of the associated 12-
hour calibration standard. 

The area counts of Chrysene-d12 and Perylene-d12 in samples FTPH-FP-DR
DRl-6.5 and FTPH-FP-FSA-1-3 were below the lower control limit. Affected 
sample results are qualified as follows: 
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Pyron Environmental, Inc. 
DV Report _Semivolatiles 
Mare Island 2007_ SDG MINS03 

IS Area Control 
Sample ID Internal Standard Count Limit Affected Analvtc 

Pyrenc 
Butylbcnzyl phthaJate 

FrrI-l-FP-DR-DRI-6.5 
Chrysene-d12 

120616 159171- 3,3' -Dichlorobenzidine 
FfPH-FP-FSA-1-3 139313 636684 Benzo(a)anthracene 

Chrysene 
bis(2-Ethylhexyl)phthalatc 

Di-n-octyl phthalate 
Benzo(b )fluoranthene 

FrPI-I-FP-DR-DRI-6.5 
Perylene-d12 

34004 109252 - Bem::o(a)pyrcne 
FrPI-I-FP-FSA-I-3 31970 437008 Indeno(1,2,3-cd)pyrcne 

Dibenz{a,h)anthracene 
Benzo(g,h,i)perylene 

. , 
Notes:} IU} - Detects are qualified 0) and non-detects are quahfied (UJ) as estunated, 

X. Field Duplicate 

Field duplicates were not submitted with this SDC for SV analyses. 

XI. Compound Quantitation and Reported CRQLs 

The CRQLs were supported with adequate initial calibration concentrations. 
Sample results and CRQLs were adjusted to reflect the dry-weight factor. 

XII. System Performance 

No specific system degradation was observed. 

XIII. Overall Assessment of Data 

Data are of known quality and acceptable with qualifications summarized in 
Table I and Table II. 

XIV. Data Qualifier 

Qualifier Definition 

} The associated numerical value is an estimate. 

U} The analyte was not detected at or above the MOL, and the MOL is an estimate. 
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T bI I S a e o V I 01 D eml- o ah es ata ua 1 lcahon Q l"f S ummary 

Pyron Environme1ltal, Ilic. 
DV Report _Semivolatiles 
Mare Island 2007_ SVG MINS03 

SDG Sample Analytc Flog A Or P Reason 

The MS/MSD was 
MINS03 rTPH-FP-DR-DRl-65 I"Iexachlorocyclopentadiene R A not recovered (%R "" 

0%). 

The MS/MSD 

MINS03 FI'PH-FP-DR-DRI-6.5 4,6-Dinitro-2-methylphenol UJ A 
recovery was below 
the lower control 
limits. 

Pyrene 
Butylbenzyl phthalate 
3,3'-Dichlorobenzidinc 
I3enzo(a)anthl'acene 
Chrysene Associated internal 

MINS03 
FTPH-FP-DR-DRI-6.5 bis(2-Ethylhexyl)phthalate 

J/UJ A 
standard area counts 

FTPH-FP-FSA-I-3 Di-n-octyl phthalate were below the lower 
Benzo(b )fluol'anthene control limits. 
Benzo(a)pyrene 
Indeno(l,2,3-cd)pyrenc 
Dibenz(a,h)anthracene 
Benzo(g,h))perylene 

. . 
Notes: J /UJ - Detects are quahfied OJ and non-detects are quahfied (UJ) as estlmated . 

T bI II S a e o V I 01 Bl k D eml- o ah es an s ata ua 1 lcahon Q rr S ummary 

Reported Modified Final 
Concentration Concentration 

Sample Analvte (PldK,) (,wK,) 

No data were flagged in relation to the detections in blanks. 
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Pyron Environme1ltal, Inc. 
DV Report- Pest & PCBs 
Mare islarld 2007, SDG MINS03 

Data Validation Report - Pesticides and PCBs 

Project/Site Name: Mare Island DRMO TPH Investigation 

Sample Delivery Group (SDG): MINS03 

Parameters: 

Method: 

Laboratory: 

Samples: 

Sample ID 

FTPH-FP-DR-DRl-6.5 

FTPH-FP-FSA-1-3 

Pesticides and PCBs 

USEP A SW846 Methods 8081 & 8082 

Laucks Testing Laboratories, Seattle, WA 

Lab Sample ID 

MINS03-001 

MINS03-002 

Collection Date 
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Introduction 

Pyron Environmental, Inc. 
DV Report ~ Pest & PCBs 
Mare Island 2007 _SDC MINS03 

This data review report covers the sample delivery group and associated 
samples listed on the cover sheet. The analyses were performed per USEP A 
SW846 Methods 8081 and 8082. 

The validation followed the procedures specified in the USEPA CLP National 
Functional Guidelines for Organic Data Review (USEPA 1999) with 
modifications to accommodate project and analytical method requirements. The 
numerical quality assurance/quality control (QA/Qc) criteria applied to the 
validation were in accordance with the current performance-based control limits 
established by the laboratory (laboratory control limits). Instrument calibration, 
frequency of QC analyses, and analytical sequence requirements were evaluated 
against the analytical methodology. 

Findings identified in this validation are discussed in the section pertinent to 
each of the evaluated QC parameters. Qualified data, if any, are summarized in 
Table I and Table II at the end of this report. Data qualifiers are classified as P 
(protocol) to indicate whether the data qualification is due to a laboratory 
deviation from specified protocols, or as A (advisory) if the qualification is of a 
technical advisory nature per sample matrix or method limitation. 

Page 20f6 



I. Holding Times 

Pyron Ellvironmental, Illc. 
/)V Report _ Pest & PCBs 
Mare Is/(md 2007 _SDG MINS03 

Sample extraction was carried out within 14 days of collection and analyses 
carried out within 40 days of extraction for all samples. 

II. GC/ECD Instrument Performance Check 

The Resolution Check Mixture (RCM), containing correct compounds and 
surrogates, was analyzed at the beginning of every initial calibration on each GC 
column and instrument used. The resolution of peaks met the criteria of 60%. 

The Performance Evaluation Mixture (PEM), containing the correct compounds 
and surrogates, was analyzed immediately after the RCM and every other 12-
hour analytical period. Response peaks met the criteria of 90% of resolution. The 
absolute retention time of every single component pesticides and surrogate was 
within the retention time window determined from the initial calibration using 
the Individual Standard Mixtures. 

The percent difference (%D) between the calculated amount and nominal 
amount for each single component pesticide and surrogate in both PEM analyses 
on each column was within the ±25% criteria. 

The percent breakdown for both 4,4' -DDT and Endrin in each PEM was less than 
20% for both GC columns. The combined percent breakdown for both 4,4' -DDT 
and Endrin in each REM was less than 30% for both GC columns 

III. Initial Calibration 

Individual Standard Mixtures A and B was analyzed at low, midpoint, and high 
levels on each GC column and instrument used at adequate concentrations as 
specified in the methodology. The response peaks were well separated; and met 
the resolution criterion of 90%. The absolute retention time of every single 
component pesticides and surrogate was within the retention time window 
determined from the initial calibration using the Individual Standard mixtures. 

The Percent Relative Standard Deviation (%RSD) of the calibration factors for 
each single component compounds was within the 20% criteria and the surrogate 
%RSD within the 30% acceptance criteria. 

The multi-component target compound was each analyzed separately at single 
concentration in the initial calibration except Aroclor 1016 and Aroclor 1260. The 
elution times for major peaks are distinctively distanced between the two 
Aroclors and therefore acceptable. 
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Pyron Environmental, II/c. 
DV Report _ Pest & PC& 
Mare Island 2007 j'iDG MINS03 

The retention times were determined for three peaks for each compound. No 
exceedance of this retention time window of ±0.07-minutes was identified in any 
analysis under this SDG. Calibration factor was determined for each peak 
selected from the multi-component analytes. 

IV. Calibration Verification 

Each 12-hour analysis sequence was bracketed with an instrument blank and the 
PEM at the beginning and a second instrument blank and the midpoint 
Individual Standard Mixtures A and B at the end. 

Response peaks met the criteria of 90% of resolution. The absolute retention time 
for each single component pesticide and surrogate in the Individual Standard 
Mixtures A and B was within the retention time window. 

The percent difference (%D) between the calculated amount and true amount for 
each single component pesticide and surrogate in the midpoint Individual 
Standard Mixtures A and B was within the ±25% criteria, except for the 
following: 

Continuing Aor 
Calibration ID Analyte %D Affected Sample Flag P 

Instrument: 6890Q 
-33.7% FTPH-FP-DR-DRl-6.5 

Date: 12/03/07 4,4'-DDT 
-27.4% FTPH-FP-FSA-1-3 UJ 

Column: CLP1 & CLP2 

V. Blanks 

One method blank per analytical batch was prepared and analyzed. No target 
compound was detected. 

An instrument blank was analyzed at least every 12 hours and immediately prior 
to the analysis of PEM or the Individual Standard Mixtures. No target compound 
was detected. 

VI. Surrogate Spikes 

Two surrogate spikes, Tetrachloro-m-xylene (TCX) and Decachlorobiphenyl 
(DCB), were added to all laboratory QC and field samples. 
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Pyroll EnvirQnmental, Inc. 
[)V Report ... Pest & PCBs 
Mare Island 2007 j}[)G MIN.'W3 

The recovery of DCB in samples FTPH-FP-DR-DRl-6.5 and FTPH-FP-FSA-1-3 
exceeded the upper control limit. No target analytes were detected at or above 
the CRDLs in this sample; no data qualifying actions were taken on this basis. 

VII. Matrix Spike/Matrix Spike Duplicates (MS/MSD) 

MS/MSD analyses were not performed on project samples in this SDG. 

VIII. Laboratory Control Sample (LCS) 

LCS analysis is not required for soil samples per the methodology. 

IX. Field Duplicate 

Field duplicates were not submitted with this SDG for pesticides and PCBs 
analyses. 

X. Pesticides Cleanup Check 

GPC and Florisil cleanup were performed on extracts of samples as required by 
the methodology. The recovery and blank met the criteria. 

XI. Overall Assessment of Data 

Data were found of know quality and acceptable with the qualification 
summarized in Tables I and II. 

XII. Data Qualifier 

Qualifier Definition 

J The associated numerical value is an estimate. 

UJ The analyte was not detected at or above the MDL, and the MDL is an estimate. 
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T bI I P a e . 'd eshcl es an dPCB D 5 ata Q rf ua 1 lcahon s ummaf' 

SDC Sample Analyte Fla. AorP 

FrI'H·FP-DR-DRl-6.5 
MINS03 

FrPH-FP-FSA+3 
4,4'-DDT UJ P 

T bI II P a e . 'd eshCl es an d PCB Bl k D 5 an 5 ata ua 1 lcahon Q rf s 

Reported 
Concentration 

Sample Analyte (~g/K.) 

No data were flagged due to detections in the blanks. 
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Pyroll Ellvironmental, Inc. 
D V Report ... Pest & PCBs 
Mare Island 2007 _S'DG MINS03 

The %D value for the 
continuing calibration exceeded 
25% (low bias). 

ummary 

Modified Final 
Concentration 

("g/Kg) 
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Pyron Environmental, II/c. 
DV Report __ l'PII-DieseIlMotor Oil 
Mare Island 2007 ~SDG MINS04 

Data Validation Report - TPH Diesel & Motor Oil 

Project/Site Name: Marc Island DRMO TPH Investigation 

Sample Delivery Group (SDG): MINS04 

Parameters: 

Method: 

Laboratory: 

Samples: 

Sample ID 

FTPH-FP-AD-4 

FTPH-IDW-SO-02 

FTPH-IDW-SO-03 

TPH-Diesel & Motor Oil 

California DHS Modified USEP A Method 8015 

Laucks Testing Laboratories, Seattle, WA 

Lab Sample ID Collection Date 

MINS04-001 11/26/07 

MINS04-002 11/27/07 

MINS04-003 11/27/07 

Pagel of 5 

Matrix 

Product 

Soil 

Soil 



Introduction 

Pyron Environmental, Inc. 
DV Report __ TP/l-DieseIlMotor Oil 
Mare Island 2007 _.'iDG MINS04 

This data review report covers the sample delivery group and associated 
samples listed on the cover sheet. The analyses were performed per California 
DHS Modified USEP A Method 8015. 

The validation followed the procedures specified in the USEP A CLP National 
Functional Guidelines for Organic Data Review (USEPA 1999) with 
modifications to accommodate project and analytical method requirements. The 
numerical quality assurance! quality control (QA!QC) criteria applied to the 
validation were in accordance with the current performance-based control limits 
established by the laboratory (laboratory control limits). Instrument calibration, 
frequency of QC analyses, and analytical sequence requirements were evaluated 
against the analytical methodology. 

Findings identified in this validation are discussed in the section pertinent to 
each of the evaluated QC parameters. Qualified data, if any, are summarized in 
Table I and Table II at the end of this report. Data qualifiers are classified as P 
(protocol) to indicate whether the data qualification is due to a laboratory 
deviation from specified protocols, or as A (advisory) if the qualification is of a 
technical advisory nature per sample matrix or method limitation. 
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I. Holding Times 

Pyron Environmental, Inc. 
DV Report ... TPll-DiesellMotor Oil 
Mare Islll1ul2007 _,~'[)G MINS04 

Sample extraction was carried out within 14 days of collection and analysis 
carried out within 40 days of extraction for the soil sample. 

II. Calibration 

At least five standards at different levels were applied to establish the initial 
calibration prior to the analyses of samples. The relative standard deviation 
(%RSD) value was 20% where the average response factor was chosen for 
analyte quantitation. The correlation coefficient (r) for least square linear 
regression or the coefficient of determination (r2) for quadratic fit is 20.990 if 
either approach was chosen for analyte quantitation. 

Continuing calibration verification (CCV) analyses were performed daily before 
sample analysis, after every 10 samples, and at the end of the analysis sequence. 
The CCV concentrations were within ±15% of the true values for TPH-Diesel & 
Motor Oil and surrogate compounds as required by the methodology. 

III. Blanks 

A method blank was prepared and analyzed per analytical batch. TPH-Motor 
Oil was detected in one of the method blanks. Sample results were all greater 
than 10 times the level found in the method blank. No data were qualified on 
this basis. 

IV. Accuracy and Precision Data 

a. Laboratory Control Sample (LCS) 

One LCS was prepared and analyzed with each analytical batch. The percent 
recovery (%R) value was within the laboratory control limits. 

b. Matrix Spike/Matrix Spike Duplicates (MSIMSD) 

MS/MSD analyses were performed on samples FTPH-FP-AD-4 and FTPH
IDW-SO-02. The %R and relative percent difference (RPD) values were 
inapplicable for matrix interference evaluation due to the high levels of diesel 
and motor oil in this sample. 
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c. Surrogate Spikes 

Pyron Environmental, lllc. 
DV Report _ TPH-DiesellMotor Oil 
Mare Isill1ui2007 _SDG MlNS04 

Surrogate compounds, 2-fluorobiphenyl and o-terphenyl, were added to all 
laboratory QC and field samples. The %R values for o-terphenyl in samples 
FTPH-IDW-SO-02 and FTPH-IDW-SO-03 were greater than the upper 
laboratory control limits due to the high levels of TPH-Diesel and Motor Oil 
in this sample. Data were not qualified on this basis. 

d. Field Duplicates 

Field duplicates were not submitted with this SDC for TPH-Diesel & Motor 
Oil analyses. 

V. Compound Quantitation and Reporting Limits 

Compound quntitation algorithm was verified to be correct. All reported sample 
result and surrogate values were quantitated within the calibration range. 

VI. Overall Assessment 

TPH-Diesel & Motor Oil data are of known quality and acceptable for use. 
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Table I. TPH-Diesel Data Qualification Summary 

Pyron Environmental, Inc. 
DV Report _ TPll-Diese//Motor Oil 
Mare Island 2007}iDG MINS04 

SDG I Analyte I Flag I A or P I Reason 

No data qualifiers were assigned to TPH-Diescl & Motor Oil data under this SDG. 

T bl II TPH D" a e - lese I Bl k D an s ata Q rr f ua I lca IOn S ummary 

Modified Final 
Reported Concentration Concentration 

Sample Anal'\lte (mg/Kg) (mg/Kg) 

No target compounds were detected in the blanks under this SDG. 
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Pyron Environmental, Inc. 
DV Report __ l'PII-Gasoline 
Mare Isla1U12007_.SDG MINS04 

Data Validation Report - TPH Gasoline 

Project/Site Name: Mare Island DRMO TPH Investigation 

Sample Delivery Group (SDG): MINS04 

Parameters: 

Method: 

Laboratory: 

Samples: 

Sample ID 

FTPH-FP-AD-4 

FTPH-IDW-SO-02 

FTPH-IDW-SO-03 

TPH-Gasoline 

California DHS Modified USEP A Method 8015 

Laucks Testing Laboratories, Seattle, WA 

Lab Sample ID Collection Date 

MINS04-00l 11/26/07 

MINS04-002 11/27/07 

MINS04-003 11/27/07 
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Product 
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Soil 



Introduction 

Pyr01l E1lvironmental, Illc. 
DV Report __ TPll-Gasoline 
Mare Island 2007j,'[)G MINS04 

This data review report covers the sample delivery group and associated samples listed 
on the cover sheet. The analyses were performed per California DHS Modified 
USEP A Method 8015 

The validation followed the procedures specified in the USEPA CLP National 
Functional Guidelines for Organic Data Review (USEPA 1999) with 
modifications to accommodate project and analytical method requirements. The 
numerical quality assurance/quality control (QA/QC) criteria applied to the 
validation were in accordance with the current performance-based control limits 
established by the laboratory (laboratory control limits). Instrument calibration, 
frequency of QC analyses, and analytical sequence requirements were evaluated 
against the analytical methodology. 

Findings identified in this validation are discussed in the section pertinent to 
each of the evaluated QC parameters. Qualified data, if any, are summarized in 
Table I and Table II at the end of this report. Data qualifiers are classified as P 
(protocol) to indicate whether the data qualification is due to a laboratory 
deviation from specified protocols, or as A (advisory) if the qualification is of a 
technical advisory nature per sample matrix or method limitation. 
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I. Holding Times 

Pyron Environmelltal, Illc. 
DV Report TPll~G(lsoline 

Mare Island 2007 _SDG MINS04 

Analyses were carried out within 14 days of collection for all soil samples. 

II. Calibration 

At least five standards at different levels were applied to establish the initial 
calibration prior to the analyses of samples. The relative standard deviation 
(%RSD) value was :0;20% where the average response factor was chosen for 
analyte quantitation. The correlation coefficient (r) for least square linear 
regression or the coefficient of determination (r2) for quadratic fit is :2:0.990 if 
either approach was chosen for analyte quantitation. 

Continuing calibration verification (CCV) analyses were performed daily before 
sample analysis, after every 10 samples, and at the end of the analysis sequence. 
The CCV concentrations were within ±15% of the true values for TPH-Gasoline 
and surrogate compounds as required by the methodology. 

III. Blanks 

A method blank was prepared and analyzed per analytical batch. No target 
analytes were detected in the method blank. 

IV. Accuracy and Precision Data 

a. Laboratory Control Sample (LCS) 

One LCS was prepared and analyzed with each analytical batch. The percent 
recovery (%R) value was within the laboratory control limits. 

b. Matrix Spike/Matrix Spike Duplicates (MSIMSD) 

MS/MSD analyses were performed on samples FTPH-FP-AD-4 and FTPH
IDW-SO-03. The %R and relative percent difference (RPD) values were within 
the laboratory controlliinits 

c. Surrogate Spikes 

Surrogate compounds, 4-bromofluorobenzene and trifluorotoluene, were 
added to all laboratory QC and field samples. The %R values were within the 
laboratory control limits. 
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d. Field Duplicates 

Pyron EllI'irollmclltal, Ilic. 
DV Report _ 11)f{MGasoline 
Mare Island 2007_.SDG MINS04 

Field duplicates were not submitted with this SDG for TPH-Gasoline 
analyses. 

V. Compound Quantitation and Reporting Limits 

Compound quntitation algorithm was verified to be correct. All reported sample 
result and surrogate values were quantitated within the calibration range. 

VI. Overall Assessment 

TPH-Gasoline data are found of known quality and acceptable for use. 
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Table I. TPH-Diesel Data Qualification Summary 

Pyroll Ellvironmental, IIlC, 
DV Report _ TPIl·Gasoline 
Mare Island 2007_,~'DG MINS04 

SDG ! Sample ! Analvte 1 FlaJ!; I A or P 0, Reason 

No data qualifiers were assigned to TPH-Gasoline data under this SDGo 

T bl II TPH D' a e - lese I BI k D t Q IT t' an s aa ua 1 lca lOn S ummary 
Modified Final 

Reported Concentration Concentration 
Sample Analyte (mglKg) (mglKg) 

No target compounds were detected in the blanks under this SDG, 
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Project/Site Name: 

Data Validation Report - VOA 

Pyron Environmental, Inc. 
DV Report _ VOA 
Mare Island 2007 _SDG MINS04 

Mare Island DRMO TPH Investigation 

Sample Delivery Group (SDG): MINS04 

Parameters: 

Method: 

Laboratory: 

Samples: 

Sample ID 

FTPH-FP-AD-4 

FTPH-IDW-SO-02 

FTPH-IDW-SO-03 

Volatiles 

CLP SOW OLM04.3 

Laucks Testing Laboratories, Seattle, WA 

Lab Sample ID Collection Date 

MINS04-00l 11/26/07 

MINS04-002 11/27/07 

MINS04-003 11/27/07 
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Introduction 

Pyron Environmental, Illc. 
DV Report _ VOA 
Mare Island 2007 _SDG MINS04 

This data review report covers the sample delivery group and associated 
samples listed on the cover sheet. The analyses were performed per USEP A CLP 
SOW OLM04.3. 

The validation followed the procedures specified in the USEPA CLP National 
Functional Guidelines for Organic Data Review (USEPA 1999) with 
modifications to accommodate project and analytical method requirements. The 
numerical quality assurance/quality control (QA/QC) criteria applied to the 
validation were in accordance with the current performance-based control limits 
established by the laboratory (laboratory control limits). Instrument calibration, 
frequency of QC analyses, and analytical sequence requirements were evaluated 
against the analytical methodology. 

Findings identified in this validation are discussed in the section pertinent to 
each of the evaluated QC parameters. Qualified data, if any, are summarized in 
Table I and Table II at the end of this report. Data qualifiers are classified as P 
(protocol) to indicate whether the data qualification is due to a laboratory 
deviation from specified protocols, or as A (advisory) if the qualification is of a 
technical advisory nature per sample matrix or method limitation. 
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Pyron Ellvironmental, Illc. 
DV Report ._ VOA 
Mare Island 2007 _SDG MINS04 

I. Holding Times 

VOA analyses should be performed within 14 days of collection for soil samples. 
Sample FTPH-FP-AD-4 was a free petroleum product. This sample, along with 
the two soil samples in this SDG, were analyzed within the 14-day holding time. 

II. GC/MS Instrument Performance Check 

The instrument performance check, bromofluorobenzene (BFB), for volatile 
analysis was performed at the beginning of each 12-hour period. The ion 
abundance was reported correctly and met the method criteria. 

III. Initial Calibration 

Correct concentrations of standards were used for initial calibration. The 
Relative Response Factors (RRF) for all target compounds and system 
monitoring compounds met the compound-specific minimum RRF criteria. No 
individual RRF is <0.05. No individual Relative Standard Deviation (%RSD) 
exceeded 30% for all compounds. 

IV. Continuing Calibration 

Continuing calibrations were analyzed at the beginning of each 12-hour analysis 
period following the analysis of the instrument performance check and prior to 
the analysis of method blank and samples. 

The continuing calibration RRF for all compounds met the compound-specific 
minimum RRF criteria. No individual RRF is <0.05. The percent difference (%D) 
between the initial calibration RRF and the continuing calibration RRF for all 
compounds is within ±25%, except for the following: 

Continuing 
Calibration ]D Analyte %D Affected Sample Flag A or P 

Instrument: 5973B 
Trichlorofluoromethane -29.8% 

Date, 12/05/07, 10047 
Carbon Tetrachloride -34.9% None No action 
Tetrachloroethene -38.5% 

Note: A negallve %D value mdIcates a potenllal hIgh bIas of the assocIated data. "None" - No 
associated samples were affected. 

V. Blanks 

One method blank per analytical batch was prepared and analyzed. No target 
compound was detected in method blanks. 
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VI. System Monitoring Compounds (SMC) 

Pyron Environmental, Inc. 
DV Reporl __ VOA 
Mare Island 2007,,,SI)G MINS04 

Four system monitoring compounds (dibromofluoromethane, 1,2-
dichloroetheane-d4, 4-bromofluorobenzene, and toluene-d8) were added to all 
laboratory QC and field samples. The SMC recovery in all analyses was within 
the control limits, except that the %R values for toluene-d8 and 4-
bromofluorobenzene in both soil samples FTPH-IDW-SO-02 and FTPH-IDW-SO-
03 exceeded the upper control limit. The samples were then re-analyzed and the 
surrogate spike %R values remained at the similar levels, indicating that the 
elevated surrogate recovery was a result of matrix effects rather than analytical 
deficiency. However, based on the internal standard recovery, VOC results for 
samples FTPH-IDW-SO-02 and FTPH-IOW-SO-03 were to be reported from the 
re-analysis (12/05/07) without data qualifying. The results reported from the 
initial analyses (12/03/07) were to be qualified (R) and rejected, in favor of the 
re-analysis results. 

VII. Matrix Spike/Matrix Spike Duplicates (MS/MSD) 

MS/MSD was performed on samples under separate 5DGs for this project. 

VIII. Laboratory Control Sample (LCS) 

LC5 and LC5 Duplicate analyses were performed. The %R and relative percent 
difference (RPD) values were within the laboratory control limits. 

IX. Internal Standards 

Three internal standards, bromochloromethane, chlorobenzene-d5, and 1,4-
difluorobenzene were used. The internal standard retention time was within ± 
30 seconds from that of the associated 12-hour calibration standard. The area 
counts were within -50 to +100% of the associated calibration standard, except 
for the following: 
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Pyron Ellviroll1llentai, Inc. 
DV Report _ VOA 
Mare IsfwuI2007. __ SDG MINS04 

IS Area Control 
Sample ID Internal Standard Count Limit Affected Analyte Flag 

Ira l1s-l,2 -Dichloroethene 
4-Bromofluorobcnzene 
1,1,2,2-Tetra chloroetha ne 
n-Propylbenzene 
2-Chlorotoluene 
4-Chlorotoluene 
l,3,5-Trimethylbenzenc 
scc-Butylbcnzcne 

FfPH-lDW-SO-02RE lA-Dichlorobenzene- 93302 133825 - l,3-Dichlorobenzene 
I/UI FfPH-lDW-SO-03RE d4 88973 535300 4-Isopropyltolucne 

lA-Dichlorobenzene 
l,Z-Dichlorobenzene 
n-Butylbenzene 
l,Z-Dibromo-3-chloropropane 
1,2 A-T rich 10m benzene 
Hexachlorobutadiene 
Naphthalene 
l,2,3-Trichlorobenzenc 

. . . . 
Notes: ) IU) - Detects are quahfled 0) and non-detects are quahfled (Uj) as estlmated . 
RE - Reanalysis 

X. Field Duplicates 

Field duplicates were not submitted with this SDG for VOC analyses. 

XI. Compound Quantitation and Reported CRQLs 

Compound quantitation was calculated according to the correct equation. 
Correct quantitation ion and RRF were used to quantitate compounds. The 
internal standard, quantitation ion, and RRF were used consistently throughout 
the analysis. Sample results and CRQLs are adjusted to reflect the dry-weight 
and dilution factors. 

XII. System Performance 

No specific system degradation was observed. 

XIII. Overall Assessment of Data 

Data are of known quality and acceptable with the qualifications summarized in 
Table I and Table II. 
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Pyron Environmental, Illc. 
DV Report _ VOA 
Mare Island 2007 ... SI)G MINS04 

XIV. Data Qualifier 

Qualifier Definition 

U The analyte was analyzed for, but was not detected above the reported sample 
quantitation limit. 

J The associated numerical value is an estimate. 

UJ The analyte was not detected at or above the MDL, and the MDL is an estimate. 
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Ta bl l"r e I. VOA Data Qua 1 lcation S ummary 

SDC Sample Analvle 

FTPH-lDW-SO-02 
MINS04 FTPH-IDW-SO-03 All VOCs 

(Analyzed on 12/03/08) 

t rtJ ns-1,2-Diehl oroethene 
4-Eromofluorobenzene 
1,1,2,2-
Tetrachloroethane 
n-Propylbenzene 
2-Chlorotoluene 
4-Chlorotoluene 
1,3,5-Trimethylbenzene 

FTPH-lDW-SO-02RE 
sec-Eutylbenzenc 

MINS04 FTPH-IDW-SO-03RE 
l,3-Dichlorobcnzene 

(Analyzed on 12/05/08) 
4-Isopropyltoluene 
lA-Dichlorobenzene 
1,2-Dichlorobenzene 
Jl-Ell ty Ibcnzene 
1,2-Dibromo-3-
chloropropane 
1,2,4-Trichlorobenzene 
Hexachlorobutadiene 
Naphthalene 
1,2,3-Trichlorobenzene 

Flag AorP 

R A 

JIUJ A 

Pyron Environmental, Inc. 
[)V Report 'M VOA 
Mare 1s!1l1/(12007 jWG MINS04 

Reason 

In favor of the 
initial analysis 
results. 

The internal 
standard area 
count was 
below the lower 
control limit. 

. . 
Noles: J IUJ - Delects are qualIfIed 0) and non-detects are qualIfred (UJ) as estnnated . 
RE - Reanalysis 

Table II. VOA Blanks Data Qualification Summary 
Reported Modified Final 

Concentration Concentration 
Samnle Analvle (J.lg/kg) (J.lg/kg) 

No data wer qualified in relation to detections in blanks. 
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Project/Site Name: 

Data Validation Report - SV 

Pyron Environmental, Inc. 
DV Report _Semivo/atiles 
Mare Island 2007_ SDG MINS04 

Mare Island DRMO TPH Investigation 

Sample Delivery Group (SDG): MINS04 

Parameters: Semi-Volatiles 

Method: CLP SOW OLM04.3 

Laboratory: Laucks Testing Laboratories, Seattle, WA 

Samples: 

Sample ID Lab Sample ID Collection Date Matrix 

FTPH-FP-AD-4 MINS04-001 11/26/07 Product 
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Introduction 

Pyron Environmental, Illc. 
VV Report _Semivolatiles 
Mare Island 2007_ SDG MINS04 

This data review report covers the sample delivery group and associated 
samples listed on the cover sheet. The analyses were performed per USEP A CLP 
SOW OLM04.3. 

The validation followed the procedures specified in the USEPA CLP National 
Functional Guidelines for Organic Data Review (USEPA 1999) with 
modifications to accommodate project and analytical method requirements. The 
numerical quality assurance/quality control (QA/Qc) criteria applied to the 
validation were in accordance with the current performance-based control limits 
established by the laboratory (laboratory control limits). Instrument calibration, 
frequency of QC analyses, and analytical sequence requirements were evaluated 
against the analytical methodology. 

Findings identified in this validation are discussed in the section pertinent to 
each of the evaluated QC parameters. Qualified data, if any, are summarized in 
Table I and Table II at the end of this report. Data qualifiers are classified as P 
(protocol) to indicate whether the data qualification is due to a laboratory 
deviation from specified protocols, or as A (advisory) if the qualification is of a 
technical advisory nature per sample matrix or method limitation. 
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I. Holding Times 

Pyron Ellvirofl1nelltal, Inc. 
DV Report ... Semivolatiles 
Mare Island 2007_ SDG MINS04 

Sample extraction should be performed within 14 days of collection and analyses 
carried out within 40 days of extraction for soil samples. The sample in this SDC 
was as a free petroleum product. The holding time established for soil was 
applied to the evaluation of the holding time effects. The sample was extracted 
and analyzed within the advisory holding time. 

II. GC/MS Instrument Performance Check 

The instrument performance check, Decafluorotriphenylphosphine (DFTPP), for 
semi-volatile analysis was performed at the beginning of each 12-hour period. 
The ion abundance was reported correctly and met the method criteria. 

III. Initial Calibration 

Correct concentrations of standards were used for initial calibration. The 
Relative Response Factors (RRF) for all target compounds and system 
monitoring compounds met the compound-specific minimum RRF criteria. No 
individual RRF is <0.05. No individual Relative Standard Deviation (%RSD) 
exceeded 30% for all compounds. 

IV. Continuing Calibration 

Continuing calibrations were analyzed at the beginning of each 12-hour analysis 
period following the analysis of the instrument performance check and prior to 
the analysis of method blank and samples. 

The continuing calibration RRF for all compounds met the compound-specific 
minimum RRF criteria. No individual RRF is <0.05. 

The percent difference (%D) between the initial calibration RRF and the 
continuing calibration RRF for all compounds is within ±25%. 

V. Blanks 

One method blank per analytical batch was prepared and analyzed. No target 
compound was detected. 
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Pyron Environmental, Inc. 
DV Report .~Semivofatiles 
Mare Island 2007_ SDG MINS04 

VI. Surrogate Spikes 

Six surrogate compounds were added to all laboratory QC and field samples. 
The recovery of one surrogate spike, terphenyl-d14, exceeded the upper control 
limits in samples FTPH-FP-DR-DRl-6.5 and FTPH-FP-FSA-1-3. The recovery for 
the other five surrogate spikes was within the control limits. Data were not 
qualified on this basis. 

VII. Matrix Spike/Matrix Spike Duplicates (MS/MSD) 

MS/MSD analyses were not performed on a project sample in this SDC. 

VIII. Laboratory Control Sample (LCS) 

The LCS analysis was performed with the analytical batch. All %R values were 
within the control limits. 

IX. Internal Standards 

Six internal standards, as specified in the methodology, were used. The internal 
standard retention time was within ± 30 seconds from that of the associated 12-
hour calibration standard. 

The area counts of Chrysene-d12 and Perylene-d12 in samples FTPH-FP-AD-4 
were below the lower control limit. Affected sample results are qualified as 
follows: 

IS Area Control 
Sample ID Internal Standard Count Limit Affected Analyte 

I'yrene 
Butylbenzyl phthalate 

FrPH·FP-AD-4 Chrysene-d12 258975 
285027 - 3,3' -Dichlorobenzidine 
1140108 Benzo(a)anthracene 

Chrysene 
bis(2 -Eth Y lhexy 1) p ht ha late 

Di-n-octyl phthalate 
Bcnzo(b )fluoranthcne 

FrPH-FP-AD-4 Pcrylene-d12 202725 
223279 - Benzo(a)pyrcne 
893116 Indcno(l,2,3-cd}pyrene 

Dibcnz(a,h)anthraccnc 
Benzo(g,h,i)perylene 

. . . . 
Notes: J IUJ - Detects are quahhed 0) and non-detects are quahfled (UJ) as esl1mated . 

X. Field Duplicate 

Field duplicates were not submitted with this SDC for SV analyses. 
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XI. Compound Quantitation and Reported CRQLs 

Pyron Environmental, Inc. 
DV Report _S'emivolatiles 
Mare Island 2007_. SDG MINS04 

The CRQLs were supported with adequate initial calibration concentrations. 
Sample results and CRQLs were adjusted to reflect the dry-weight factor. 

XII. System Perfonnance 

No specific system degradation was observed. 

XIII. Overall Assessment of Data 

Data are of known quality and acceptable with qualifications summarized in 
Table I and Table II. 

XIV. Data Qualifier 

Qualifier Definition 

) The associated numerical value is an estimate. 

U) The analyte was not detected at or above the MDL, and the MDL is an estimate. 
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T bl I S a e . V 1 '1 D t Q l"r eml- o ab es aa ua I Icabon S ummary 

Pyron Ellvironmental, Inc. 
DV Report _Semil'olatiles 
Mare Island 2007_ SDC; MINS04 

SDG Sample Analvte Flag AorP Reason 

Pyrenc 
Butylbenzyl phthalate 
3,3' ~ Dichlorobenzidine 
Benzo(a)anthracene 
Chrysene Associated internal 

MINS04 FrI'H·FI'·AD·4 
bis(2~Ethylhexyl)phthalate 

J/UJ A 
standard area counts 

Di~n-octyl phthalate were below the lower 
Benzo(b )f1uoranthcnc control limits. 
Bcm:o(a)pyrene 
Indeno(1,2,3-cd)pyrenc 
Dibcnz(a,h)anthracene 
Benzo(g,h,i)perylene 

. . 
Notes: J IUJ - Detects are qualIfied a> and non-detects are qualIhed (UJ) as estnnated . 

T bl II S a e . V 1 fl Bl k D t Q rr f eml- o a I es an s aa ua I Ica IOn S ummary 

Reported Modified Final 
Concentration Concentration 

Sample Analvte (pglKgl (u!!lKg) 

No data were flagged in relation to the detections in blanks. 
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Pyron Environmental, Inc. 
DV Report - Pest & PCBs 
Mare Island 2007, SDC MINS04 

Data Validation Report - Pesticides and PCBs 

Project/Site Name: Mare Island DRMO TPH Investigation 

Sample Delivery Group (SDG): MINS04 

Parameters: 

Method: 

Laboratory: 

Samples: 

Sample ID 

FTPH-FP-AD-4 

FTPH-IDW-SO-02 

FTPH-IDW-SO-03 

Pesticides and PCBs 

CLP SOW OLM04.3 (Soil) 
USEPA SW846 Methods 8081/8082 (Product) 

Laucks Testing Laboratories, Seattle, WA 

Lab Sample ID Collection Date 

MINS04-001 11/26/07 

MINS04-002 11/27/07 

MINS04-003 11/27/07 
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Introduction 

Pyron Environmental, Illc. 
DV Report ._ Pest & PCBs 
Mare Islaml2007 _SDG MINS03 

This data review report covers the sample delivery group and associated 
samples listed on the cover sheet. The analyses were performed per USEP A CLP 
SOW OLM04.3 for soil samples and USEP A SW846 Methods 8081 and 8082 for 
free petroleum products. 

The validation followed the procedures specified in the USEPA CLP National 
Functional Guidelines for Organic Data Review (USEPA 1999) with 
modifications to accommodate project and analytical method requirements. The 
numerical quality assurance/quality control (QA/QC) criteria applied to the 
validation were in accordance with the current performance-based control limits 
established by the laboratory (laboratory control limits). Instrument calibration, 
frequency of QC analyses, and analytical sequence requirements were evaluated 
against the analytical methodology. 

Findings identified in this validation are discussed in the section pertinent to 
each of the evaluated QC parameters. Qualified data, if any, are summarized in 
Table I and Table II at the end of this report. Data qualifiers are classified as P 
(protocol) to indicate whether the data qualification is due to a laboratory 
deviation from specified protocols, or as A (advisory) if the qualification is of a 
technical advisory nature per sample matrix or method limitation. 
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I. Holding Times 

Pyron Environmental, Inc. 
DV Report ._ Pest & PCBs 
Mare Island 2007 _SDG MINS03 

Sample extraction was carried out within 14 days of collection and analyses 
carried out within 40 days of extraction for all samples. 

II. GC/ECD Instrument Performance Check 

The Resolution Check Mixture (RCM), containing correct compounds and 
surrogates, was analyzed at the beginning of every initial calibration on each GC 
column and instrument used. The resolution of peaks met the criteria of 60%. 

The Performance Evaluation Mixture (PEM), containing the correct compounds 
and surrogates, was analyzed immediately after the RCM and every other 12-
hour analytical period. Response peaks met the criteria of 90% of resolution. The 
absolute retention time of every single component pesticides and surrogate was 
within the retention time window determined from the initial calibration using 
the Individual Standard Mixtures. 

The percent difference (%D) between the calculated amount and nominal 
amount for each single component pesticide and surrogate in both PEM analyses 
on each column was within the ±25% criteria. 

The percent breakdown for both 4,4' -DDT and Endrin in each PEM was less than 
20% for both GC columns. The combined percent breakdown for both 4,4'-DDT 
and Endrin in each REM was less than 30% for both GC columns 

III. Initial Calibration 

Individual Standard Mixtures A and B was analyzed at low, midpoint, and high 
levels on each GC column and instrument used at adequate concentrations as 
specified in the methodology. The response peaks were well separated; and met 
the resolution criterion of 90%. The absolute retention time of every single 
component pesticides and surrogate was within the retention time window 
determined from the initial calibration using the Individual Standard mixtures. 

The Percent Relative Standard Deviation (%RSD) of the calibration factors for 
each single component compounds was within the 20% criteria and the surrogate 
%RSD within the 30% acceptance criteria, except for the following: 
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Pyron Envirollmental, Inc. 
DV Report _ Pest & PCBs 
Mare I~·lalld 2007._SDG MINS03 

Aor 
Initial Calibration ID Analyte %RSD Affected Sample Flag P 

Instrument: 6890Q 
FfPH-IDW-SO-02 

Date: 11/27/07 4,4'-DDT 22.42% 
FTPH-IDW-SO-03 UJ 

Column: DB-XLB 

The multi-component target compound was each analyzed separately at single 
concentration in the initial calibration except Aroclor 1016 and Aroclor 1260. The 
elution times for major peaks are distinctively distanced between the two 
Aroclors and therefore acceptable. 

The retention times were determined for three peaks for each compound. No 
exceedance of this retention time window of ±0.07-minutes was identified in any 
analysis under this SDG. Calibration factor was determined for each peak 
selected from the multi-component analytes. 

IV. Calibration Verification 

Each 12-hour analysis sequence was bracketed with an instrument blank and the 
PEM at the beginning and a second instrument blank and the midpoint 
Individual Standard Mixtures A and B at the end. 

Response peaks met the criteria of 90% of resolution. The absolute retention time 
for each single component pesticide and surrogate in the Individual Standard 
Mixtures A and B was within the retention time window. 

The percent difference (%D) between the calculated amount and true amount for 
each single component pesticide and surrogate in the midpoint Individual 
Standard Mixtures A and B was within the ±25% criteria. 

V. Blanks 

One method blank per analytical batch was prepared and analyzed. No target 
compound was detected. 

An instrument blank was analyzed at least every 12 hours and immediately prior 
to the analysis of PEM or the Individual Standard Mixtures. No target compound 
was detected. 
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VI. Surrogate Spikes 

Pyron Environmental, Inc. 
DV Report ._ Pest & PCBs 
Mare Island 2007 _SDG MINS03 

Two surrogate spikes, Tetrachloro-m-xylene (TCX) and Decachlorobiphenyl 
(DCB), were added to all laboratory QC and field samples. 

The recovery of TCX and DCB in all samples and QC analyses was within the 
laboratory cOhtrollimits. 

VII. Matrix Spike/Matrix Spike Duplicates (MS/MSD) 

MS/MSD analyses were performed on sample FTPH-IDW-SO-02. The %R values 
for endrin and 4,4'-DDT exceeded the upper control limits. These compounds 
were not detected in this sample; data were not qualified on this basis. 

VIII. Laboratory Control Sample (LCS) 

LCS analysis is not required for soil samples per the methodology. 

IX. Field Duplicate 

Field duplicates were not submitted with this SDG for pesticides and PCBs 
analyses. 

x. Pesticides Cleanup Check 

GPC and Florisil cleanup were performed on extracts of samples as required by 
the methodology. The recovery and blank met the criteria. 

XI. Overall Assessment of Data 

The dual column RPD value for alpha-chlordane in sample FTPH-IDW-SO-02 
was greater than the control criterion of 25%. The alpha-chlordane result for 
sample FTPH-IDW-SO-02 was qualified m as estimated. 

Data were found of know quality and acceptable with the qualification 
summarized in Tables I and II. 
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Pyron Environmental, Illc. 
DV Report _ Pest & PCBs 
Mare b-lalld 2007 __ SDG MINS03 

XII. Data Qualifier 

---

Qualifier Definition 

J The associated numerical value is an estimate. 

UJ The analyte was not detected at or above the MOL, and the MOL is an estimate. 
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T bl I P a e " "d estiCl es an dPCB D s ata ua 1 lcation Q rf s ummaf] 

SDG Sample Analyte Flog AorP 

MINS04 
FrPH-IDW-SO-02 

4,4'-DDT UJ P 
FrPH-JDW-SO-03 

MINS04 FrPH-JDW-SO-02 alpha-Chlordane J A 

T bl II P a e " "d eshCl es an dPCB Bl k D s an s ata ua 1 lcation Q rr s 

Reported 
Concentration 

Sample Analyte (pg/Kg) 

No data were flagged due to detections in the blanks. 
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Reason 

Pyron Envirollmental, Illc. 
DV Report _ Pest & PCBs 
Mare Island 2007 _SDG MINS03 

The %RSD value for the initial 
calibration exceeded 20%. 

The dual column RPD value 
exceeded 25%. 

ummary 

Modified Final 
Concentration 

(j,g/Kg) 



MINS05 

FTPH·TS·AD2·S13.5 



TPH Diesel & Motor Oil 



Pyron Ellvironmental, Illc. 
DV Report _ TPH·Diesel/Motor Oil 
Mare Island 2007 ... SDG MINSOS 

Data Validation Report - TPH Diesel & Motor Oil 

Project/Site Name: Mare Island DRMO TPH Investigation 

Sample Delivery Group (SDG): MINS05 

Parameters: TPH-Diesel & Motor Oil 

Method: California DHS Modified USEP A Method 8015 

Laboratory: Laucks Testing Laboratories, Seattle, WA 

Samples: 

Sample ID Lab Sample ID Collection Date Matrix 

FTPH-TS-AD2-S13.5 MINS05-001 12/03/07 Soil 
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Introduction 

Pyroll EIlI>irollmental, Inc. 
DV Report ~ TPH-Diesel/Motor Oil 
Mare Island 2007 ~S])G MINSOS 

This data review report covers the sample delivery group and associated 
samples listed on the cover sheet. The analyses were performed per California 
DHS Modified USEP A Method 8015. 

The validation followed the procedures specified in the USEPA CLP National 
Functional Guidelines for Organic Data Review (USEPA 1999) with 
modifications to accommodate project and analytical method requirements. The 
numerical quality assurance/quality control (QA/QC) criteria applied to the 
validation were in accordance with the current performance-based control limits 
established by the laboratory (laboratory control limits). Instrument calibration, 
frequency of QC analyses, and analytical sequence requirements were evaluated 
against the analytical methodology. 

Findings identified in this validation are discussed in the section pertinent to 
each of the evaluated QC parameters. Qualified data, if any, are summarized in 
Table I and Table II at the end of this report. Data qualifiers are classified as P 
(protocol) to indicate whether the data qualification is due to a laboratory 
deviation from specified protocols, or as A (advisory) if the qualification is of a 
technical advisory nature per sample matrix or method limitation. 

Page 20f5 



I. Holding Times 

Pyron Environmental, Inc. 
DV Report _ l'PH~Diesel/Motor Oil 
Mare Island 2007 _SDG MINSOS 

Sample extraction was carried out within 14 days of collection and analysis 
carried out within 40 days of extraction for the soil sample. 

II. Calibration 

At least five standards at different levels were applied to establish the initial 
calibration prior to the analyses of samples. The relative standard deviation 
(%RSD) value was $20% where the average response factor was chosen for 
analyte quantitation. The correlation coefficient (r) for least square linear 
regression or the coefficient of determination (r2) for quadratic fit is ~0.990 if 
either approach was chosen for analyte quantitation. 

Continuing calibration verification (CCV) analyses were performed daily before 
sample analysis, after every 10 samples, and at the end of the analysis sequence. 
The CCV concentrations were within ±l5% of the true values for TPH-Diesel & 
Motor Oil and surrogate compounds as required by the methodology. 

III. Blanks 

A method blank was prepared and analyzed per analytical batch. TPH-Motor 
Oil was detected in one of the method blanks. Sample results were all greater 
than 10 times the level found in the method blank. No data were qualified on 
this basis. 

IV. Accuracy and Precision Data 

a. Laboratory Control Sample (LCS) 

One LCS was prepared and analyzed with each analytical batch. The percent 
recovery (%R) value was within the laboratory control limits. 

b. Matrix Spike/Matrix Spike Duplicates (MSIMSD) 

MS/MSD analyses were performed on sample FTPH-TS-AD2-S13.5. The %R 
and relative percent difference (RPD) values were within the laboratory 
control limits. 
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c. Surrogate Spikes 

Pyron Environmental, Inc. 
[)V Report .. _ TI'Il-DiesellMotor Oil 
Mare Manti 2007 jWG MINS05 

Surrogate compounds, 2-fluorobiphenyl and o-terphenyl, were added to all 
laboratory QC and field samples. The %R values were within the laboratory 
control limits. 

d. Field Duplicates 

Field duplicates were not submitted with this SDC for TPH-Diesel & Motor 
Oil analyses. 

V. Compound Quantitation and Reporting Limits 

Compound quntitation algorithm was verified to be correct. All reported sample 
result and surrogate values were quantitated within the calibration range. 

VI. Overall Assessment 

TPH-Diesel & Motor Oil data are of known quality and acceptable for use. 
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Table I. TPH-Diesel Data Qualification Summary 

Pyroll Envirollmelltal, Illc. 
DV Report _ TPH~Diesel/Motor Oil 
Mare Isiaml2007 _SDG MINSOS 

SDG I Sample I Analyte ! Flag I A or P I Reason 

No data qualifiers were assigned to TPH~Diesel & Motor Oil data under this SDG. 

T bl II TPH DO a e - lese I BI k D an s ata ua I lcabon Q l"r S ummary 

Modified Final 
Reported Concentration Concentration 

Sample Analvte (mg/Kg) (mg/Kg) 

No target compounds were detected in the blanks under this SOG. 
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Data Validation Report - TPH Gasoline 

Pyron Environmelltal, Inc. 
/)V Report _ TPHwGawlille 
Mare Island 2007 _SDG MINSOS 

Project/Site Name: Mare Island DRMO TPH Investigation 

Sample Delivery Group (SDG): MINS05 

Parameters: TPH-Gasoline 

Method: California DHS Modified USEP A Method 8015 

Laboratory: Laucks Testing Laboratories, Seattle, WA 

Samples: 

Sample ID Lab Sample ID Collection Date Matrix 

FTPH-T5-AD2-S13.5 MINS05-00l 12/03/07 Soil 
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Introduction 

Pyron EIlI>irollmclItal, Inc. 
DV Report _ TP1l-Gasolillc 
Mare Island 2007 _SDG MINSOS 

This data review report covers the sample delivery group and associated samples listed 
on the cover sheet. The analyses were performed per California DHS Modified 
USEP A Method 8015 

The validation followed the procedures specified in the USEPA CLP National 
Functional Guidelines for Organic Data Review (USEPA 1999) with 
modifications to accommodate project and analytical method requirements. The 
numerical quality assurance/quality control (QA/Qc) criteria applied to the 
validation were in accordance with the current performance-based control limits 
established by the laboratory (laboratory control limits). Instrument calibration, 
frequency of QC analyses, and analytical sequence requirements were evaluated 
against the analytical methodology. 

Findings identified in this validation are discussed in the section pertinent to 
each of the evaluated QC parameters. Qualified data, if any, are summarized in 
Table I and Table II at the end of this report. Data qualifiers are classified as P 
(protocol) to indicate whether the data qualification is due to a laboratory 
deviation from specified protocols, or as A (advisory) if the qualification is of a 
technical advisory nature per sample matrix or method limitation. 
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I. Holding Times 

The sample was analyzed within the 14-day holding time. 

II. Calibration 

Pyron BlIviromnclltal, Illc. 
/)V Report _ l1'lI·Gasolille 
Mare Islalld 2007 _SDG MINSOS 

At least five standards at different levels were applied to establish the initial 
calibration prior to the analyses of samples. The relative standard deviation 
(%RSD) value was s20% where the average response factor was chosen for 
analyte quantitation. The correlation coefficient (r) for least square linear 
regression or the coefficient of determination (r2) for quadratic fit is 20.990 if 
either approach was chosen for analyte quantitation. 

Continuing calibration verification (CCV) analyses were performed daily before 
sample analysis, after every 10 samples, and at the end of the analysis sequence. 
The CCV concentrations were within ±15% of the true values for TPH-Gasoline 
and surrogate compounds as required by the methodology. 

III. Blanks 

A method blank was prepared and analyzed per analytical batch. No target 
analytes were detected in the method blank. 

IV. Accuracy and Precision Data 

a. Laboratory Control Sample (LCS) 

One LCS was prepared and analyzed with each analytical batch. The percent 
recovery (%R) value was within the laboratory control limits. 

b. Matrix Spike/Matrix Spike Duplicates (MSIMSD) 

MS/MSD analyses were performed on sample FTPH-TS-AD2-S13.5. The %R 
and relative percent difference (RPD) values were within the laboratory 
control limits 

c. Surrogate Spikes 

Surrogate compounds, 4-bromofluorobenzene and trifluorotoluene, were 
added to all laboratory QC and field samples. The %R values were within the 
laboratory control limits. 
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d. Field Duplicates 

Pyroll Environmental, Ille. 
VV Report _l'PH·Gaso{ine 
Mare Islmul2007 _SVG MINSOS 

Field duplicates were not submitted with this SDG for TPH-Gasoline 
analyses. 

V. Compound Quantitation and Reporting Limits 

Compound quntitation algorithm was verified to be correct. All reported sample 
result and surrogate values were quantitated within the calibration range. 

VI. Overall Assessment 

TPH-Gasoline data are found of known quality and acceptable for use. 

Page 40f5 



Table I. TPH-Diesel Data Qualification Summary 

Pyron Environmental, Illc. 
/)V Report _ 11'lf·Gasolille 
Mare Island 2007 _SDG MIN,S'OS 

SDG I Sample I Analvte I Fla~ I A or P I Reason 

No data qualifiers were assigned to TPH·Gasoline data under this SDG. 

I Table II. TPH-Diesel Banks Data Qualification Summary 
Modified Final 

Reported Concentration Concentration 
Samole Analvte (mdKd (mdK.l 

No target compounds were detected in the blanks under this SDG. 
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Data Validation Report - VOA 

Pyron EnviroJlmelltal, Inc. 
J)V Report ~ VOA 
Mare Island 2007 ~SJ)G MINSOS 

Project/Site Name: Mare Island DRMO TPH Investigation 

Sample Delivery Group (SDG): MINS05 

Parameters: Volatiles 

Method: eLP SOW OLM04.3 

Laboratory: Laucks Testing Laboratories, Seattle, WA 

Samples: 

Sample ID Lab Sample ID Collection Date Matrix 

FTPH-TS-AD2-S13.5 MINS05-001 12/03/07 Soil 
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Introduction 

Pyron Environmental, Illc. 
DV Report _ VOA 
Mare Is/and 2007 _S7JG MINS05 

This data review report covers the sample delivery group and associated 
samples listed on the cover sheet. The analyses were performed per USEP A CLP 
SOW OLM04.3. 

The validation followed the procedures specified in the USEPA CLP National 
Functional Guidelines for Organic Data Review (USEP A 1999) with 
modifications to accommodate project and analytical method requirements. The 
numerical quality assurance/quality control (QA/QC) criteria applied to the 
validation were in accordance with the current performance-based control limits 
established by the laboratory (laboratory control limits). Instrument calibration, 
frequency of QC analyses, and analytical sequence requirements were evaluated 
against the analytical methodology. 

Findings identified in this validation are discussed in the section pertinent to 
each of the evaluated QC parameters. Qualified data, if any, are summarized in 
Table I and Table II at the end of this report. Data qualifiers are classified as P 
(protocol) to indicate whether the data qualification is due to a laboratory 
deviation from specified protocols, or as A (advisory) if the qualification is of a 
technical advisory nature per sample matrix or method limitation. 
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I. Holding Times 

Pyron Environmenta/, Inc. 
DV Report ... VOA 
Mare Is/alld 2007 _SDG MINSOS 

VOA analyses should be performed within 14 days of collection for soil samples. 
The sample in this SDC was analyzed within the holding time. 

II. CC/MS Instrument Performance Check 

The instrument performance check, bromofluorobenzene (BFB), for volatile 
analysis was performed at the beginning of each 12-hour period. The ion 
abundance was reported correctly and met the method criteria. 

III. Initial Calibration 

Correct concentrations of standards were used for initial calibration. The 
Relative Response Factors (RRF) for all target compounds and system 
monitoring compounds met the compound-specific minimum RRF criteria. No 
individual RRF is <0.05. No individual Relative Standard Deviation (%RSD) 
exceeded 30% for all compounds. 

IV. Continuing Calibration 

Continuing calibrations were analyzed at the beginning of each 12-hour analysis 
period following the analysis of the instrument performance check and prior to 
the analysis of method blank and samples. 

The continuing calibration RRF for all compounds met the compound-specific 
minimum RRF criteria. No individual RRF is <0.05. The percent difference 
(%D) between the initial calibration RRF and the continuing calibration RRF for 
all compounds is within ±25%. 

V. Blanks 

One method blank per analytical batch was prepared and analyzed. No target 
compound was detected in method blanks. 

VI. System Monitoring Compounds (SMC) 

Four system monitoring compounds (dibromofluoromethane, 1,2-
dichloroetheane-d4, 4-bromofluorobenzene, and toluene-dS) were added to all 
laboratory QC and field samples. The SMC recovery in all analyses was withln 
the control limits. 
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VII. Matrix Spike/Matrix Spike Duplicates (MS/MSD) 

Pyroll Ellvirollmental, Illc. 
[) V Report _ VOA 
Mare Island 2007 _SDG MINS05 

MS/MSD was performed on samples under separate SDCs for this project. 

VIII. Laboratory Control Sample (LCS) 

LCS analyses were performed. The %R values were within the laboratory control 
limits. 

IX. Internal Standards 

Three internal standards, bromochloromethane, chlorobenzene-d5, and 1,4-
difluorobenzene were used. The internal standard retention time was within ± 
30 seconds from that of the associated 12-hour calibration standard. The area 
counts were within -50 to + 100% of the associated calibration standard. 

X. Field Duplicates 

Field duplicates were not submitted with this SDC for VOC analyses. 

XI. Compound Quantitation and Reported CRQLs 

Compound quantitation was calculated according to the correct equation. 
Correct quantitation ion and RRF were used to quantitate compounds. The 
internal standard, quantitation ion, and RRF were used consistently throughout 
the analysis. Sample results and CRQLs are adjusted to reflect the dry-weight 
and dilution factors. 

XII. System Performance 

No specific system degradation was observed. 

XIII. Overall Assessment of Data 

Data are of known quality and acceptable with the qualifications summarized in 
Table I and Table II. 
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T bI I VOA D t Q rr f S a e a a ua I Ica IOn ummary 

SOC Sample An.lyte Flag AorP 

No data qualifiers were assigned to data in this SDG, 

T bI II VOA BI k D a e an s ata ua I Ication Q rr S ummary 
Reported 

Concentration 
S.mple An.lyte (pglkg) 

No data were qualified in relation to detections in blanks. 
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SVOCs (PAH Only) 



Data Validation Report - PNA 

Pyron Environmelltal, Inc. 
DV Report _PNA 
Mare Island 2007_ SDG MINSOS 

Project/Site Name: Mare Island DRMO TPH Investigation 

Sample Delivery Group (SDG): MINS05 

Parameters: PNA 

Method: USEP A SW846 Method 8270-SIM 

Laboratory: Laucks Testing Laboratories, Seattle, WA 

Samples: 

Sample ID Lab Sample ID Collection Date Matrix 

FTPH-T5-AD2-S13.5 MINS05-001 12/03/07 Soil 
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Introduction 

Pyron Environmental, Inc. 
DV Report _/WA 
Mare Island 2007 __ .s'DG MINSOS 

This data review report covers the sample delivery group and associated 
samples listed on the cover sheet. The analyses were performed per USEP A 
SW846 Method 8270-SIM. 

The validation followed the procedures specified in the USEPA CLP National 
Functional Guidelines for Organic Data Review (USEPA 1999) with 
modifications to accommodate project and analytical method requirements. The 
numerical quality assurance/quality control (QA/QC) criteria applied to the 
validation were in accordance with the current performance-based control limits 
established by the laboratory (laboratory control limits). Instrument calibration, 
frequency of QC analyses, and analytical sequence requirements were evaluated 
against the analytical methodology. 

Findings identified in this validation are discussed in the section pertinent to 
each of the evaluated QC parameters. Qualified data, if any, are summarized in 
Table I and Table II at the end of this report. Data qualifiers are classified as P 
(protocol) to indicate whether the data qualification is due to a laboratory 
deviation from specified protocols, or as A (advisory) if the qualification is of a 
technical advisory nature per sample matrix or method limitation. 
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I. Holding Times 

Pyron Environmental, inc. 
DV Report _PNA 
Mare Islalld 2007_ SDG MINS05 

Soil samples should be extracted within 14 days of collection and the extracts 
analyzed within 40 days of extraction. Samples were extracted and analyzed 
within the holding times. 

II. GC/MS Instrument Performance Check 

The instrument performance check, Decafluorotriphenylphosphine (DFTPP), for 
semi-volatile analysis was performed at the beginning of each 12-hour period. 
The ion abundance was reported correctly and met the method criteria. 

III. Initial Calibration 

Correct concentrations of standards were used for initial calibration. The 
Relative Response Factors (RRF) for all target compounds and system 
monitoring compounds met the compound-specific minimum RRF criteria. No 
individual RRF is <0.05. No individual Relative Standard Deviation (%RSD) 
exceeded 30% for all compounds. 

IV. Continuing Calibration 

Continuing calibrations were analyzed at the beginning of each 12-hour analysis 
period following the analysis of the instrument performance check and prior to 
the analysis of method blank and samples. 

The continuing calibration RRF for all compounds met the compound-specific 
minimum RRF criteria. No individual RRF is <0.05. 

The percent difference (%D) between the initial calibration RRF and the 
continuing calibration RRF for all compounds is within ±25%. 

V. Blanks 

One method blank per analytical batch was prepared and analyzed. No target 
compound was detected. 

VI. Surrogate Spikes 

Three surrogate compounds, as specified in the methodology, were added to all 
laboratory QC and field samples. The recovery in samples and QC analyses was 
within the control limits. 
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VII. Matrix Spike/Matrix Spike Duplicates (MS/MSD) 

Pyroll Environmental, Illc. 
DV Reporl .. ..I'NA 
Mare Is/mll/2007 _ SDG MINSOS 

MS/MSD analyses were performed on sample FTPH-TS-AD2-S13.5. The percent 
recovery (%R) and relative percent difference (RPD) values were within the 
control limits, except the RPD value for pyrene (37%). The pyrene result for 
sample FTPH-TS-AD2-S13.5was qualified (J) as estimated. 

VIII. Laboratory Control Sample (LCS) 

LCS analysis was perfored for the analytical batch. All %R values were within 
the control limits. 

IX. Internal Standards 

Six internal standards, as specified in the methodology, were used. 

The internal standard retention time was within ± 30 seconds from that of the 
associated 12-hour calibration standard. The internal standard area counts for all 
analyses were within -50% to +100% of those of the associated calibration 
standard. 

X. Compound Quantitation and Reported CRQLs 

The CRQLs were supported with adequate initial calibration concentrations. 
Sample results and CRQLs were adjusted to reflect the dry-weight factor. 

XI. System Performance 

No specific system degradation was observed. 

XII. Overall Assessment of Data 

Data are of known quality and acceptable with qualifications summarized in 
Table I and Table II. 

XIII. Data Qualifier 

Qualifier Definition 

J The associated numerical value is an estimate. 
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. T bl I S a e . V I '1 enu- o atI es D ata ua 1 lcatIon Q rr S ummary 

SDG Sample Analyte Flog AorP 

MINS05 FrPH-TS-AD2-S13.5 Pyrene J p 

Ta bl II S e . V I '1 I k D eml- o atI es Ban s ata Q l"r ua 1 lcatIon S ummary 

Reported 
Concentration 

Sam vIe Analyte (pglKg) 

No data were flagged in relation to the detections in blanks. 

Page SofS 

Pyron Em'iroJllnenta/, Illc. 
DV Report j'NA 
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Reason 

The MS/MSD RPD 
value exceeded the 
control limits. 

Modified Final 
Concentration 

(ug/Kg) 



Metals 



Data Validation Report - TAL Metals 

Pyron Environmental, Inc. 
DV Report _ TAL Metals 
Mare Island 2007 _SDG MINSOS 

Project/Site Name: Mare Island DRMO TPH Investigation 

Sample Delivery Group (SDG): MINS05 

Parameters: TAL Metals 

Method: CLP SOW ILM04.1 

Laboratory: Laucks Testing Laboratories, Seattle, WA 

Samples: 

Sample ID Lab Sample ID Collection Date Matrix 

FTPH-TS-AD2-S13.5 MINS05-001 12/03/07 Soil 
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Introduction 

Pyron Environmental, I/lc. 
DV Report ~ TAL Metals 
Mare Island 2007 ~S[)(; MINS05 

This data review report covers the sample delivery group and associated 
samples listed on the cover sheet. The analyses were performed per USEP A CLP 
SOW ILM04.1. 

The validation followed the procedures specified in the USEPA CLP National 
Functional Guidelines for Inorganic Data Review (USEP A 2004) with 
modifications to accommodate project and analytical method requirements. The 
numerical quality assurance/quality control (QA/QC) criteria applied to the 
validation were in accordance with the current performance-based control limits 
established by the laboratory (laboratory control limits). Instrument calibration, 
frequency of QC analyses, and analytical sequence requirements were evaluated 
against the analytical methodology. 

Findings identified in this validation are discussed in the section pertinent to 
each of the evaluated QC parameters. Qualified data, if any, are summarized in 
Table I and Table II at the end of this report. Data qualifiers are classified as P 
(protocol) to indicate whether the data qualification is due to a laboratory 
deviation from specified protocols, or as A (advisory) if the qualification is of a 
technical advisory nature per sample matrix or method limitation. 
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I. Holding Times 

Pyron Environmental, Inc. 
DV Report _ TAL Metals 
Mare Island 2007 ... SDG MINSOS 

Sample analysis was carried out within 180 days (28 days for mercury) of 
collection for all soil samples. 

II. Calibration 

a. Initial Calibration 

A blank and one calibration standard were used in establishing analytical 
curve for ICP. The average of two replicate exposures was reported for all 
standards, QC, and sample analysis. All analysis was reported within the 
documented linear range of the ICP calibration curve. 

A blank and more than four calibration standards were employed to establish 
the analytical curve for cold vapor (CV) mercury analysis. The linearity of the 
CV calibration curve met the criteria of correlation coefficient ~ 0.995. 

CRQL check standard analyses were performed as required by the 
methodology for ICP metals and mercury. The results met the acceptance 
criteria of 70 -130% (50 -150% for Sb, Pb, and TI) of the true value for all ICP 
target analytes and mercury. 

b. Initial and Continuing Calibration Verification (ICV and CCV) 

The ICV was analyzed immediately after the initial calibration for ICP Metals 
and CV mercury analysis. The ICV results met the criteria of 90 -110% of the 
true value for ICP Metals and 80 - 120% of the true value for Mercury. 

The CCV (at the mid-point concentration of the calibration curve) was 
analyzed at a frequency of 10% (less than 2 hours of run time), at the 
beginning of analysis run, and after the last sample analysis. 

The CCV results met the criteria of 90 - 110% of the true value for ICP Metals 
and 80 - 120% of the true value for Mercury. 

III. Blanks 

Initial calibration blanks (ICBs) and continuing calibration blanks (CCBs) were 
analyzed as required by the methodology for ICP Metals and Mercury. No 
target analytes were detected at or above the CRQLs. Selected metals were 
detected in ICBs and/or CCBs between the MOLs and CRQLs. Sample results 
were either greater than 10 times the respective CCB detections, or already 
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Pyron Em'iromllental, Inc. 
DV Report TAL Metals 
Mare Island 200J_}:.1JG MINSOS 

qualified due to the detections in the preparation blank (see discussion below). 
No sample results were qualified on this basis. 

A preparation blank (PB) was prepared and analyzed for each analytical batch. 
No target analytes were detected at or above the CRQL; selected metals were 
detected in the PB at levels between the MDLs and CRQLs. Sample results less 
than 10 times the PB detections are considered affected. The affected results are 
qualified as follows: 

Blank Concentration 
Prep. Blank ID Analyte (m";kg) Affected Samples Fla. 

Sb -0.38 B 

Bl21707ICPS06 
Cd -0.34 B 

I'TPH-TS-AD2-S13.5 UJ 
Ag -0.48 B 
TI -0.70 B 

Note: B - The value lS between the MOL and CRQI-. 

Negative detections in ICBs, CCBs, and the PB were evaluated against the 
associated sample results. No significant effects of the negative detections in the 
blanks were identified except those addressed above. 

IV. ICP Interference Check Sample (ICS) 

rcs solutions A and AB were analyzed as required by the methodology. The 
percent recovery (%R) of analytes in solution AB met the acceptance criteria of 
±20%. 

V. Laboratory Control Sample (LCS) 

LCS analyses were performed as required by the methodology. The %R values in 
the LCS met the acceptance criteria of 80 -120% for all target analytes. 

VI. Duplicate Sample 

Duplicate analyses were performed on sample FTPH-TS-AD2-S13.5. RPD values 
or concentration difference met the control criterion (35% for RPD, 2 x CRQL for 
difference), except qualified as follows: 

Control Data 
Sample ID Analvte RPD ('Yo) Criteria (%) Affected Sample Qualification 

FTPH-TS-AD2-S13.5 Ca 55.0% 35% FTPH-TS-AD2-S13.5 J 
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VII. Spike Sample Analysis 

Pyroll Ellvironmental, Illc. 
DV Report _ TAD Metals 
Mare Island 2007 _S'DG MINS05 

Matrix spike analyses were performed on sample FTPH-TS-AD2-S13.5. The %R 
values met the control limits, except for the following: 

Control Data 
Spiked Sample ID Analvte %R(%) Limit (%) Affected Sample Qualification 

Sb 12.6% UJ 
Cd 60.0% UJ 

FrPH-TS-AD2-S13.5 Co 132.9% 80 -120% FrPH-TS-AD2-S13.5 J 
C,- 62.5% J 
V 79.2% J 

VIII. ICP Serial Dilution 

Serial dilution analyses were performed on sample FTPH-TS-AD2-S13.S. The 
%D values were within the control criterion of 10% for sample concentrations 
>SOxMDL, except for the following: 

Dilution Analysis Control Data 
Sample ID Analvte %D(%) Criteria (%) Affected Sample Qualification 

Ca 17.9% 
Fe 17.2% 

FrPH-TS-AD2-S13.5 Ni 13.2% 10% FTPH-T5-AD2-S13.5 J 
V 15.5% 
Zn 11.9% 

IX. Field Duplicate 

Field duplicates were not submitted with this SDC for metals analyses. 

X. Overall Assessment 

Data are found of know quality and acceptable with the qualification 
summarized in Table I and Table II at the end of this report. 

XI. Data Qualifier 

Qualifier Definition 

U 
The analyte was analyzed for, but was not detected at or above the reported 
CRQL. 

) The associated numerical value is an estimate. 
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Ta bI I e I. Meta s Data ua I Icalion Q rr s ummary 

SDG Sample ID Analyte 

Antimony 
Cadmium 

MINS05 FfPH-lDW-SO-03 
Silver 

Thallium 

MINS05 FfPH-lDW-SO-03 Calcium 

Antimony 
Cadmium 

MINS05 FfPH-lDW-SO-03 Calcium 
Chromium 
Vanadium 

Calcium 
Iron 

MINS05 FfPH-lDW-SO-03 Nickel 
Vanadium 

Zinc 

T bI II M a e I Bl k D t Q l"r f eta S an s aa ua I Ica IOn s 

Sample Analvte 

Flag AorI> 

UJ A 

J A 

UJ 
UJ 
J A 

J 
J 

J A 

ummary 

Reported 
Concentration 

(mg/kg) 

Reason 

Pyron Em'ironmellta/, Illc. 
DV Report ~ TAL Metals 
Mare Isltllld 2007 ~SDG MINSOS 

Negative detection of the 
cmalyte was found in the 
preparation blank. 

Duplicate analysis RPD value 
exceeded the control criterion. 

Spike sample analysis %R value 
exceeded the control limit. 

Serial dilution result (%D) 
exceeded the control criterion 
(10%). 

Modified Final 
Concentration 

(mg/kg) 

No data were qualified in relation to the blank detections except stated in Table I. 

Note: B - The value is between the MDL and CRQL. 
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Data Validation Report - Cyanide 

Pyroll Ellvirol/mental, Illc. 
DV Report ~ Cyanide 
Mare Island 2007_SDG MIN.'·;05 

Project/Site Name: Mare Island DRMO TPH Investigation 

Sample Delivery Group (SDG): MINS05 

Parameters: Cyanide 

Method: CLP SOW ILM04.1 

Laboratory: Laucks Testing Laboratories, Seattle, WA 

Samples: 

Sample ID Lab Sample ID Collection Date Matrix 

FTPH-TS-AD2-S13.5 MINS05-001 12/03/07 Soil 
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Introduction 

Pyron EllvirOllmel!fai, Inc. 
DV Report _. Cyanide 
Mare IsialU[2007 _$])(1 MINSOS 

This data review report covers the sample delivery group and associated 
samples listed on the cover sheet. The analyses were performed per USEP A CLP 
SOW ILM04.1. 

The validation followed the procedures specified in the USEPA CLP National 
Functional Guidelines for Inorganic Data Review (USEP A 2004) with 
modifications to accommodate project and analytical method requirements. The 
numerical quality assurance! quality control (QA!QC) criteria applied to the 
validation were in accordance with the current performance-based control limits 
established by the laboratory (laboratory control limits). Instrument calibration, 
frequency of QC analyses, and analytical sequence requirements were evaluated 
against the analytical methodology. 

Findings identified in this validation are discussed in the section pertinent to 
each of the evaluated QC parameters. Qualified data, if any, are summarized in 
Table I and Table II at the end of this report. Data qualifiers are classified as P 
(protocol) to indicate whether the data qualification is due to a laboratory 
deviation from specified protocols, or as A (advisory) if the qualification is of a 
technical advisory nature per sample matrix or method limitation. 
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I. Holding Times 

Pyron Envirollmental, Illc. 
DV Report _ C)ullhle 
Mare Island 2007 _SDG MINSOS 

Holding time criterion was not provided in the National Functional Guidelines 
(EPA, 2004) for cyanide analysis in soil samples (the CLP SOW ILM04.1 specifies 
a 14-day holding time for water samples). Sample analysis was carried out 
within 14 days of collection for all soil samples. 

II. Calibration 

a. Initial Calibration 

A blank and more than three (seven) calibration standards (one calibration 
standard at the CRQL) were employed to establish the analytical curve for 
cyanide analysis. The least square linear regression correlation coefficient (r) 
is >0.995 as required by the methodology. 

A distilled standard (at midpoint concentration) was analyzed and the result 
met the acceptance criteria of ±15% of the un-distilled standard. 

b. Initial and Continuing Calibration Verification (ICV and CCV) 

An ICV was distilled and analyzed after the initial calibration. The ICV result 
met the acceptance criteria of 85 -115% of the true value. 

The CCV (at· the mid-point concentration of the calibration curve) was 
analyzed at a frequency of 10%, at the beginning of analysis run, and after the 
last sample analysis. The CCV results met the criteria of 85 - 115% of the true 
value. 

III. Blanks 

A method blank was prepared for each analytical batch. Cyanide was detected 
at 0.35 mg/kg, between the MDL and CRQL, in the method blank. Cyanide 
results for the associated samples were qualified as follow: 

Concentration 
in Blank Original Adjusted 

Prep. Blank]D Analvte (mg/kg) Affected Sample Result (mg/k.) Result (mg/kg) 

B121707CNS01 Cyanide 0.095 J FrPH-TS-AD2-5135 0.14 J 2.0U 
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Pyroll Environmental, Illc. 
DV Report _ Cyanide 
Mare Island 2007 _SDG MINSOS 

An initial calibration blank (ICB) was analyzed immediately after ICV; and 
continuing calibration blanks (CCBs) were analyzed immediately after CCVs. 
Cyanide was detected in the ICB and CCBs at levels between the MDL and 
CRQL. Data were qualified based on the method blank; no further data qualifiers 
were assigned. 

IV. Laboratory Control Sample (LCS) 

LCS analysis was performed as required by the methodology. The percent 
recovery (%R) value met the acceptance criteria of 80 - 120%. 

V. Duplicate Sample 

Duplicate analysis was performed on sample FTPH-TS-AD2-S13.5. The 
concentration difference value met the control criterion (±2xCRQL). 

VI. Spike Sample Analysis 

Matrix spike analysis was performed on sample FTPH-TS-AD2-S13.5. The %R 
value was within the acceptance criteria of 75 - 125%. 

VII. Field Duplicate 

Field duplicates were not submitted with this SDC for cyanide analyses. 

X. Overall Assessment 

Data are found of know quality and acceptable for use. 
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Table I Cyanide Data QualificatIon Summary 

Pyron Environmental, Illc. 
DV Report _ Cyanide 
Mare Island 2007._SDG MINSOS 

SDG I Sample ID I Analyte Fla' I AorP I Reason 

No data qualifiers were assigned to cyanide data under this SDG. 

T bl II C "d Bl k D a e ~yam e an s ata ua 1 lcatIon Q rr S ummary 

Reported Modified Final 
Sample Analvte Concentration (mg/KI'?:) Concentration (~dKI'?:) 

FTPHcrS-AD2-S13.5 Cyanide 0.14 J 2.0U 
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FTPH-TS-AD6-S6.5 
FTPH-TS-AD7-S7 



TPH Diesel & Motor Oil 



Pyron Environmental, Inc. 
DV Report _ l'PH·Diese/IMotor Oil 
Mare Isi(Uu/2007 _SDG MINS06 

Data Validation Report - TPH Diesel & Motor Oil 

Project/Site Name: Mare Island DRMO TPH Investigation 

Sample Delivery Group (SDG): MINS06 

Parameters: 

Method: 

Laboratory: 

Samples: 

Sample ID 

FTPH-TS--AD6-S6.5 

FTPH-TS--AD7-S7 

TPH-Diesel & Motor Oil 

California DHS Modified USEP A Method 8015 

Laucks Testing Laboratories, Seattle, WA 

Lab Sample ID Collection Date 

MINS06-001 12/10/07 

MINS06-002 12/10/07 
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Introduction 

Pyroll Ellvirollmental, Illc. 
DV Report _l1)ll~Djesel/Motor Oil 
Mare Island 2007.~SDG MINS06 

This data review report covers the sample delivery group and associated 
samples listed on the cover sheet. The analyses were performed per California 
DHS Modified USEP A Method 8015. 

The validation followed the procedures specified in the USEPA CLP National 
Functional Guidelines for Organic Data Review (USEPA 1999) with 
modifications to accommodate project and analytical method requirements. The 
numerical quality assurance/quality control (QA/QC) criteria applied to the 
validation were in accordance with the current performance-based control limits 
established by the laboratory (laboratory control limits). Instrument calibration, 
frequency of QC analyses, and analytical sequence requirements were evaluated 
against the analytical methodology. 

Findings identified in this validation are discussed in the section pertinent to 
each of the evaluated QC parameters. Qualified data, if any, are summarized in 
Table I and Table II at the end of this report. Data qualifiers are classified as P 
(protocol) to indicate whether the data qualification is due to a laboratory 
deviation from specified protocols, or as A (advisory) if the qualification is of a 
technical advisory nature per sample matrix or method limitation. 
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I. Holding Times 

PYTOnI"'lIvirOlllllelltal,IlIc. 
DV Report _ l'Pll-DiesellMotor Oil 
Mare IslmuI2007 ... SDG MINS06 

Sample extraction was carried out within 14 days of collection and analysis 
carried out within 40 days of extraction for the soil sample. 

II. Calibration 

At least five standards at different levels were applied to establish the initial 
calibration prior to the. analyses of samples. The relative standard deviation 
(%RSD) value was s20% where the average response factor was chosen for 
analyte quantitation. The correlation coefficient (r) for least square linear 
regression or the coefficient of determination (r2) for quadratic fit is ~0.990 if 
either approach was chosen for analyte quantitation. 

Continuing calibration verification (CCV) analyses were performed daily before 
sample analysis, after every 10 samples, and at the end of the analysis sequence. 
The CCV concentrations were within ±15% of the true values for TPH-Diesel & 
Motor Oil and surrogate compounds as required by the methodology. 

III. Blanks 

A method blank was prepared and analyzed per analytical batch. TPH-Motor 
Oil was detected in one of the method blanks. Sample results were all greater 
than 10 times the level found in the method blank. No data were qualified on 
this basis. 

IV. Accuracy and Precision Data 

a. Laboratory Control Sample (LCS) 

One LCS was prepared and analyzed with each analytical batch. The percent 
recovery (%R) value was within the laboratory control limits. 

b. Matrix Spike/Matrix Spike Duplicates (MSIMSD) 

MS/MSD analyses were performed on sample FTPH-TS-AD6-S6.5. The %R 
and relative percent difference (RPD) values were within the laboratory 
control limits. 
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c. Surrogate Spikes 

Pyroll Envirollmental, Illc. 
DV Report _ TPli·DiesellMotor Oil 
Mare Island 2007._SD(; MINS06 

Surrogate compounds, 2-fluorobiphenyl and o-terphenyl, were added to all 
laboratory QC and field samples. The %R values were within the laboratory 
control limits. 

d. Field Duplicates 

Field duplicates were not submitted with this SDC for TPH-Diesel & Motor 
Oil analyses. 

V. Compound Quantitation and Reporting Limits 

Compound quntitation algorithm was verified to be correct. All reported sample 
result and surrogate values were quantitated within the calibration range. 

VI. Overall Assessment 

TPH-Diesel & Motor Oil data are of known quality and acceptable for use. 
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Table I. TPH-Diesel Data Qualification Summary 

Pyron Environmel/tal, Inc. 
])V Report _ TPII-DiesellMotor Oil 
Mare ls/muI2007 _SDG MINS06 

SDG I Sample I Anaiyte I Flag I A or P I Reason 

No data qualifiers were assigned to TPH-Diesel & Motor Oil data under this SDG. 

T bl II TPH D' a e - lese I B1 k D an s ata ua 1 lcatlOn Q IT S ummary 

Modified Final 
Reported Concentration Concentration 

Sample Analvte (mg/Kg) (mg/Kg) 

No target compounds were detected in the blanks under this SDG. 
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Pyron Environme1ltal, lllc. 
DV Report _l'PH~G(lsolille 
Mare IslalU12007 _SDG MlNS06 

Data Validation Report - TPH Gasoline 

Project/Site Name: Mare Island DRMO TPH Investigation 

Sample Delivery Group (SDG): MINS06 

Parameters: 

Method: 

Laboratory: 

Samples: 

Sample ID 

FTPH-T5-AD6-S6.5 

FTPH-T5-AD7-S7 

TPH-Gasoline 

California DHS Modified USEP A Method 8015 

Laucks Testing Laboratories, Seattle, WA 

Lab Sample ID Collection Date 

MINS06-00l 12/10/07 

MINS06-002 12/10/07 
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Soil 

Soil 



Introduction 

Pyron Environmental, Inc. 
DV Report __ 11'H·Gasoline 
Mare Island 2007 ~~W(; MINS06 

This data review report covers the sample delivery group and associated samples listed 
on the cover sheet. The analyses were performed per California DHS Modified 
USEP A Method 8015 

The validation followed the procedures specified in the USEPA CLP National 
Functional Guidelines for Organic Data Review (USEP A 1999) with 
modifications to accommodate project and analytical method requirements. The 
numerical quality assurance/quality control (QA/QC) criteria applied to the 
validation were in accordance with the current performance-based control limits 
established by the laboratory (laboratory control limits). Instrument calibration, 
frequency of QC analyses, and analytical sequence requirements were evaluated 
against the analytical methodology. 

Findings identified in this validation are discussed in the section pertinent to 
each of the evaluated QC parameters. Qualified data, if any, are summarized in 
Table I and Table II at the end of this report. Data qualifiers are classified as P 
(protocol) to indicate whether the data qualification is due to a laboratory 
deviation from specified protocols, or as A (advisory) if the qualification is of a 
technical advisory nature per sample matrix or method limitation. 
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I. Holding Times 

The sample was analyzed within the 14-day holding time. 

II. Calibration 

Pyroll Environmental, illc. 
])V Report _ TPllMGasolille 
Mare island 2007 ... 8])(; MiNS06 

At least five standards at different levels were applied to establish the initial 
calibration prior to the analyses of samples. The relative standard deviation 
(%RSD) value was :;;20% where the average response factor was chosen for 
analyte quantitation. The correlation coefficient (r) for least square linear 
regression or the coefficient of determination (r2) for quadratic fit is 2':0.990 if 
either approach was chosen for analyte quantitation. 

Continuing calibration verification (CCV) analyses were performed daily before 
sample analysis, after every 10 samples, and at the end of the analysis sequence. 
The CCV concentrations were within ±lS% of the true values for TPH-Gasoline 
and surrogate compounds as required by the methodology. 

III. Blanks 

A method blank was prepared and analyzed per analytical batch. No target 
analytes were detected in the method blank. 

IV. Accuracy and Precision Data 

a. Laboratory Control Sample (LCS) 

One LCS was prepared and analyzed with each analytical batch. The percent 
recovery (%R) value was within the laboratory control limits. 

b. Matrix Spike/Matrix Spike Duplicates (MSIMSD) 

MSjMSD analyses were performed on sample FTPH-TS-AD6-S6.S. The %R 
and relative percent difference (RPD) values were within the laboratory 
control limits 

c. Surrogate Spikes 

Surrogate compounds, 4-bromofluorobenzene and trifluorotoluene, were 
added to all laboratory QC and field samples. The %R values were within the 
laboratory control limits. 
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d. Field Duplicates 

Pyron Enviromnelltal, Inc. 
DV Report _l1'H-(;asolillc 
Mare Island 2007,jWG MINS06 

Field duplicates were not submitted with this SDC for TPH-Casoline 
analyses. 

V. Compound Quantitation and Reporting Limits 

Compound quntitation algorithm was verified to be correct. All reported sample 
result and surrogate values were quantitated within the calibration range. 

VI. Overall Assessment 

TPH-Casoline data are found of known quality and acceptable for use. 
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Table I. TPH-Diesel Data Qualification Summary 

Pyron Environmental, Inc. 
DV Report ~ TPll~Gasolille 
Mare Island 2007 ... S1)G MINS06 

SDG r sa:llPle I Analvte I Flae: I A or P I Reason 

No data qualifiers were assigned to TPH~Gaso1ine data under this SDG, 

T bi II TPH D" a e - lese I BI k D t Q rr f an s aa ua I Ica IOn S ummary 
Modified Final 

Reported Concentration Concentration 
Sample Analyte (mglKg) (rug/Kg) 

No target compounds were detected in the blanks under this SDG. 
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Project/Site Name: 

Data Validation Report - VOA 

Pyron Environmental, Inc. 
DV Reporl_ VOA 
Mare /siam12007 _SDG MINS06 

Mare Island DRMO TPH Investigation 

Sample Delivery Group (SDG): MINS06 

Parameters: 

Method: 

Laboratory: 

Samples: 

Sample ID 

FTPH-TS-AD6-S6.S 

FTPH-TS-AD7-S7 

Volatiles 

CLP SOW OLM04.3 

Laucks Testing Laboratories, Seattle, WA 

Lab Sample ID Collection Date 

MINS06-001 12/10/07 

MINS06-002 12/10/07 
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Soil 

Soil 



Introduction 

Pyroll Ellvironmental, fllc. 
DV Report._ VOA 
Mare Is/and 2007 _S])(; MINS06 

This data review report covers the sample delivery group and associated 
samples listed on the cover sheet. The analyses were performed per USEP A CLP 
SOW OLM04.3. 

The validation followed the procedures specified in the USEPA CLP National 
Functional Guidelines for Organic Data Review (USEPA 1999) with 
modifications to accommodate project and analytical method requirements. The 
numerical quality assurance/quality control (QA/QC) criteria applied to the 
validation were in accordance with the current performance-based control limits 
established by the laboratory (laboratory control limits). Instrument calibration, 
frequency of QC analyses, and analytical sequence requirements were evaluated 
against the analytical methodology. 

Findings identified in this validation are discussed in the section pertinent to 
each of the evaluated QC parameters. Qualified data, if any, are summarized in 
Table I and Table II at the end of this report. Data qualifiers are classified as P 
(protocol) to indicate whether the data qualification is due to a laboratory 
deviation from specified protocols, or as A (advisory) if the qualification is of a 
technical advisory nature per sample matrix or method limitation. 
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I. Holding Times 

Pyroll Ellvironmental, Inc. 
DV Report._ VOA 
Mare Islalld 2007._SDG MINS06 

VOA analyses should be performed within 14 days of collection for soil samples. 
The sample in this SDC was analyzed within the holding time. 

II. GC/MS Instrument Perfonnance Check 

The instrument performance check, bromofluorobenzene (BFB), for volatile 
analysis was performed at the beginning of each 12-hour period. The ion 
abundance was reported correctly and met the method criteria. 

III. Initial Calibration 

Correct concentrations of standards were used for initial calibration. The 
Relative Response Factors (RRF) for all target compounds and system 
monitoring compounds met the compound-specific minimum RRF criteria. No 
individual RRF is <0.05. No individual Relative Standard Deviation (%RSD) 
exceeded 30% for all compounds. 

IV. Continuing Calibration 

Continuing calibrations were analyzed at the beginning of each 12-hour analysis 
period following the analysis of the instrument performance check and prior to 
the analysis of method blank and samples. 

The continuing calibration RRF for all compounds met the compound-specific 
minimum RRF criteria. No individual RRF is <0.05. The percent difference 
(%D) between the initial calibration RRF and the continuing calibration RRF for 
all compounds is within ±25%. 

V. Blanks 

One method blank per analytical batch was prepared and analyzed. No target 
compound was detected in method blanks. 

VI. System Monitoring Compounds (SMC) 

Four system monitoring compounds (dibromofluoromethane, 1,2-
dichloroetheane-d4, 4-bromofluorobenzene, and toluene-d8) were added to all 
laboratory QC and field samples. The SMC recovery in all analyses was within 
the control limits. 
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VII. Matrix Spike/Matrix Spike Duplicates (MS/MSD) 

Pyron Environmental, ll1c. 
DV Report _ VOA 
Mare Island 2007 _SDG MINS06 

MS/MSD was performed on samples under separate SDGs for this project. 

VIII. Laboratory Control Sample (LCS) 

LCS analyses were performed. The %R values were within the laboratory control 
limits. 

IX. Internal Standards 

Three internal standards, bromochloromethane, chlorobenzene-d5, and 1,4-
difluorobenzene were used. The internal standard retention time was within ± 
30 seconds from that of the associated 12-hour calibration standard. The area 
counts were within -50 to +100% of the associated calibration standard. 

X. Field Duplicates 

Field duplicates were not submitted with this SDG for VOC analyses. 

XI. Compound Quantitation and Reported CRQLs 

Compound quantitation was calculated according to the correct equation. 
Correct quantitation ion and RRF were used to quantitate compounds. The 
internal standard, quantitation ion, and RRF were used consistently throughout 
the analysis. Sample results and CRQLs are adjusted to reflect the dry-weight 
and dilution factors. 

XII. System Performance 

No specific system degradation was observed. 

XIII. Overall Assessment of Data 

Data are of known quality and acceptable with the qualifications summarized in 
Table I and Table II. 
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T hI I VOA D t Q l'r f S a e aa ua I Ica JOn ummary 

SDG Sample Analyte Flag A orP 

No data qualifiers were assigned to data in this SDG. 

Ta hI I k ell. VOA Ban sData ua I Icahon Q rr S ummary 
Reported 

Concentration 
Sample Analyte (pg/kg) 

No data were qualWed in relation to detections in blanks. 
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Reason 

Modified Final 
Concentration 

(pg/kg) 



SVOCs (PAH Only) 



Project/Site Name: 

Data Validation Report - PNA 

Pyron Environmental, Illc. 
DV Report j'NA 
Mare Island 2007 ~ SDG MINS06 

Mare Island DRMO TPH Investigation 

Sample Delivery Group (SDG): MINS06 

Parameters: 

Method: 

Laboratory: 

Samples: 

Sample ID 

FTPH-T5-AD6-S6.5 

FTPH-T5-AD7-S7 

PNA 

USEP A SW846 Method 8270-SIM 

Laucks Testing Laboratories, Seattle, WA 

Lab Sample ID Collection Date 

MINS06-001 12/10/07 

MINS06-002 12/10/07 
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Matrix 

Soil 

Soil 



Introduction 

Pyron Environmental, Inc. 
DV Report _PNA 
Mare Island 2007_ SDG MINS06 

This data review report covers the sample delivery group and associated 
samples listed on the cover sheet. The analyses were performed per USEP A 
SW846 Method 8270-SIM. 

The validation followed the procedures specified in the USEP A CLP National 
Functional Guidelines for Organic Data Review (USEPA 1999) with 
modifications to accommodate project and analytical method requirements. The 
numerical quality assurance/quality control (QA/QC) criteria applied to the 
validation were in accordance with the current performance-based control limits 
established by the laboratory (laboratory control limits). Instrument calibration, 
frequency of QC analyses, and analytical sequence requirements were evaluated 
against the analytical methodology. 

Findings identified in this validation are discussed in the section pertinent to 
each of the evaluated QC parameters. Qualified data, if any, are summarized in 
Table I and Table II at the end of this report. Data qualifiers are classified as P 
(protocol) to indicate whether the data qualification is due to a laboratory 
deviation from specified protocols, or as A (advisory) if the qualification is of a 
technical advisory nature per sample matrix or method limitation. 
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I. Holding Times 

Pyron Envirollmenlal, Inc. 
DV Report _PNA 
Mare Island 2007 ~ SDG MINS06 

Soil samples should be extracted within 14 days of collection and the extracts 
analyzed within 40 days of extraction. Samples were extracted and analyzed 
within the holding times. 

II. GC/MS Instrument Performance Check 

The instrument performance check, Decafluorotriphenylphosphine (DFTPP), for 
semi-volatile analysis was performed at the beginning of each 12-hour period. 
The ion abundance was reported correctly and met the method criteria. 

III. Initial Calibration 

Correct concentrations of standards were used for initial calibration. The 
Relative Response Factors (RRF) for all target compounds and system 
monitoring compounds met the compound-specific minimum RRF criteria. No 
individual RRF is <0.05. No individual Relative Standard Deviation (%RSD) 
exceeded 30% for all compounds. 

IV. Continuing Calibration 

Continuing calibrations were analyzed at the beginning of each 12-hour analysis 
period following the analysis of the instrument performance check and prior to 
the analysis of method blank and samples. 

The continuing calibration RRF for all compounds met the compound-specific 
minimum RRF criteria. No individual RRF is <0.05. 

The percent difference (%D) between the initial calibration RRF and the 
continuing calibration RRF for all compounds is within ±25%. 

V. Blanks 

One method blank per analytical batch was prepared and analyzed. No target 
compound was detected. 

VI. Surrogate Spikes 

Three surrogate compounds, as specified in the methodology, were added to all 
laboratory QC and field samples. The recovery for two of the three surrogate 
spikes was below the lower control limits in samples FTPH-TS-AD6-S6.5 and 
FTPH-TS-AD7-S7 during the initial analyses (extracted 12/11/07, analyzed 
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Pyron Enviro1lmental, Inc. 
DV Report _PNA 
Mare Island 2007",. SDG MINS06 

12/14/07). These samples were re-extracted (12/18/07) and reOanalyzed 
(12/20/07). The recovery for all surrogates in samples and QC analyses was 
within the control limits. PNA results for samples FTPH-TS-AD6-S6.S and FTPH
TS-AD7-S7 were to be reported from the re-analyses. Results from the initial 
analyses were to be rejected and qualified (R). 

VII. Matrix Spike/Matrix Spike Duplicates (MS/MSD) 

MS/MSD analyses were performed on sample FTPH-TS-AD7-S7. The percent 
recovery (%R) and relative percent difference (RPD) values were within the 
control limits, except the %R value for dibenzo(a,h)anthracene (38%) in the MSD. 
The %R value in the MS and the RPD value was within the control limits. No 
data were qualified on this basis. 

VIII. Laboratory Control Sample (LCS) 

LCS analysis was perfored for the analytical batch. All %R values were within 
the control limits. 

IX. Internal Standards 

Six internal standards, as specified in the methodology, were used. 

The internal standard retention time was within ± 30 seconds from that of the 
associated 12-hour calibration standard. The internal standard area counts for all 
analyses were within -50% to +100% of those of the associated calibration 
standard. 

X. Compound Quantitation and Reported CRQLs 

The CRQLs were supported with adequate initial calibration concentrations. 
Sample results and CRQLs were adjusted to reflect the dry-weight factor. 

XI. System Performance 

No specific system degradation was observed. 

XII. Overall Assessment of Data 

Data are of known quality and acceptable with qualifications summarized in 
Table I and Table II. 
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XIII. Data Qualifier 

Qualifier Definition 

Pyron Environmental, Inc. 
DV Report ~.PNA 
Mare Island 2007._ SDG MINS06 

R The reported result is rejected and should not be used to any extend. 

Page 50f6 



T bl I S a e o VI n eml- o a I es D t Q l"r f aa ua I lea IOn S ummary 

SDG Sample Analyte Flag AorP 

FfPH·TS-AD6·S6.5 
MINS06 FfPH·TS-AD7·S7 AllPNA R P 

(Initial analysis on 12/14/07) 

T bl II S a e o VIol eml- o ah es B1 k D an s ata ua I leah on Q rr S ummary 

Reported 
Concentration 

Sample Analvte (ugfKg) 

No data were flagged in relation to the detections in blanks. 
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DV Report .J'NA 
Mare Islalld 2007_ S'DG MINS06 

Reason 

In fo vor of the resul ts 
reported from the re~ 
analysis on 12/20/07. 

Modified Final 
Concentration 

("gfKg) 



Metals 



Pyron Environmental, Illc. 
DV Report ._ TAL Metals 
Mare Island 2007 _,...,'J)G MINS06 

Data Validation Report - TAL Metals 

Project/Site Name: Mare Island DRMO TPH Investigation 

Sample Delivery Group (SDG): MINS06 

Parameters: 

Method: 

Laboratory: 

Samples: 

Sample ID 

FTPH-T5-AD6-S6.5 

FTPH-T5-AD7-S7 

TAL Metals 

eLP SOW ILM04.1 

Laucks Testing Laboratories, Seattle, WA 

Lab Sample ID Collection Date 

MINS06-001 12/10/07 

MINS06-002 12/10/07 
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Introduction 

Pyron Environmental, Inc. 
DV Report _ TAI~ Metals 
Mare Islalu12007 __ SDG MINS06 

This data review report covers the sample delivery group and associated 
samples listed on the cover sheet. The analyses were performed per USEP A CLP 
SOW ILM04.1. 

The validation followed the procedures specified in the USEPA CLP National 
Functional Guidelines for Inorganic Data Review (USEP A 2004) with 
modifications to accommodate project and analytical method requirements. The 
numerical quality assurance/quality control (QA/QC) criteria applied to the 
validation were in accordance with the current performance-based control limits 
established by the laboratory (laboratory control limits). Instrument calibration, 
frequency of QC analyses, and analytical sequence requirements were evaluated 
against the analytical methodology. 

Findings identified in this validation are discussed in the section pertinent to 
each of the evaluated QC parameters. Qualified data, if any, are summarized in 
Table I and Table II at the end of this report. Data qualifiers are classified as P 
(protocol) to indicate whether the data qualification is due to a laboratory 
deviation from specified protocols, or as A (advisory) if the qualification is of a 
technical advisory nature per sample matrix or method limitation. 
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I. Holding Times 

Pyroll Environmental, I1Ic. 
DV Report _ TAL Metals 
Mare Ishuu/2007 _SD(; MINS06 

Sample analysis was carried out within 180 days (28 days for mercury) of 
collection for all soil samples. 

II. Calibration 

a. Initial Calibration 

A blank and one calibration standard were used in establishing analytical 
curve for rcp. The average of two replicate exposures was reported for all 
standards, Qc, and sample analysis. All analysis was reported within the 
documented linear range of the rcp calibration curve. 

A blank and more than four calibration standards were employed to establish 
the analytical curve for cold vapor (CV) mercury analysis. The linearity of the 
CV calibration curve met the criteria of correlation coefficient ~ 0.995. 

CRQL check standard analyses were performed as required by the 
methodology for rcp metals and mercury. The results met the acceptance 
criteria of 70 -130% (50 -150% for Sb, Pb, and Tl) of the true value for all rcp 
target analytes and mercury. 

b. Initial and Continuing Calibration Verification (ICV and CCV) 

The rcv was analyzed immediately after the initial calibration for rcp Metals 
and CV mercury analysis. The rcv results met the criteria of 90 -110% of the 
true value for rcp Metals and 80 - 120% of the true value for Mercury. 

The CCV (at the mid-point concentration of the calibration curve) was 
analyzed at a frequency of 10% (less than 2 hours of run time), at the 
beginning of analysis run, and after the last sample analysis. 

The CCV results met the criteria of 90 - 110% of the true value for rcp Metals 
and 80 - 120% of the true value for Mercury. 

III. Blanks 

Initial calibration blanks (rCBs) and continuing calibration blanks (CCBs) were 
analyzed as required by the methodology for rcp Metals and Mercury. No 
target analytes were detected at or above the CRQLs. Selected metals were 
detected in rCBs and/or CCBs between the MDLs and CRQLs. Sample results 
were either greater than 10 times the respective CCB detections, or already 
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Pyron Environmental, Illc. 
DV Report ",. TAL Metals 
Mare Island 2007 _SDG MINS06 

qualified due to the detections in the preparation blank (see discussion below). 
No sample results were qualified on this basis. 

A preparation blank (PB) was prepared and analyzed for each analytical batch. 
No target analytes were detected at or above the CRQL; selected metals were 
detected in the PB at levels between the MDLs and CRQLs. Sample results less 
than 10 times the PB detections are considered affected. The affected results are 
qualified as follows: 

Blank Concentration 
Prep. Blank ID Analvte bng/kg) Affected Samples Flag 

Sb -0.388 

81217071CPS06 
Cd -0.34 B FrPH-TS-AD6-S6.5 

UJ Ag -0.48 B FrPH-TS-AD7-S7 
TI -0.70 B 

Note: B - The value 18 between the MOL and CRQL. 

Negative detections in ICBs, CCBs, and the PB were evaluated against the 
associated sample results. No significant effects of the negative detections in the 
blanks were identified except those addressed above. 

IV. ICP Interference Check Sample (ICS) 

ICS solutions A and AB were analyzed as required by the methodology. The 
percent recovery (%R) of analytes in solution AB met the acceptance criteria of 
±20%. 

V. Laboratory Control Sample (LCS) 

LCS and LCS duplicate analyses were performed as required by the 
methodology. The %R and relative percent difference (RPD) values were within 
the control limits for all target analytes. 

VI. Duplicate Sample 

Duplicate analyses were performed on sample FTPH-TS-AD2-S13.S. RPD values 
or concentration difference met the control criterion (35% for RPD, 2 x CRQL for 
difference), except qualified as follows: 

Control Data 
Sample ID Analyte RPD(%) Criteria (%) Affected Sample Qualification 

FrPH-TS-AD2-S13.5 Mn 78.2% 35% 
FrPH-TS-AD6-S6.5 

J FrPH-TS-AD7-S7 
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VII. Spike Sample Analysis 

Pyron Environmental, Inc. 
DV Report _ TAL Metals 
Mare Island 2007 _SDG MINS06 

Matrix spike analyses were performed on sample FTPH-TS-AD2-S13.5. The %R 
values met the control limits, except for the following: 

Control Data 
Spiked Sample ID Analyte %R(%) Limit (%) Affected Sample Qualification 

Sb 11.5% Uj 
Cd 66.0% 

FrpH~TS-AD6-S6.5 
Uj 

FTPH-TS-AD6-S6.5 C, 41.2% 80 -120% 
FTPH-TS-AD7-S7 

j 
Ni 69.1% j 
V 76.5% j 

VIII. Iep Serial Dilution 

Serial dilution analyses were performed on sample FTPH-TS-AD2-S13.S. The 
%D values were within the control criterion of 10% for sample concentrations 
>SOxMDL, except for the following: 

Dilution Analysis Control Data 
Sample 1D Analyte %D (010) Criteria (%) Affected Sample Qualification 

FTPH-TS-AD6-S6.5 Na 24.1% 10'1., 
FTPH-TS-AD6-S6.5 

j 
FTPH-TS-AD7-S7 

IX. Field Duplicate 

Field duplicates were not submitted with this SDG for metals analyses. 

X. Overall Assessment 

Data are found of know quality and acceptable with the qualification 
summarized in Table I and Table II at the end of this report. 

XI. Data Qualifier 

Qualifier Definition 

VJ 
The analyte is not detected at or above the MDL, and the MDL is considered 
as an estimate. 

J The associated numerical value is an estimate. 
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T bl I M tID t Q l"f f S a e e a S aa ua I Ica lOll ummary 

SDG Sample ID Analvte 

Antimony 
FfPH·TS·AD6·S6.5 Cadmium 

MINS06 FITH·TS-AD7·S7 Silver 
Thallium 

MINS06 
FfPH·TS-AD6·S6.5 

Manganese 
FfPH·TS-AD7·S7 

Antimony 

FfPH·TS-AD6·S6.5 
Cadmium 

MINS06 Chromium 
FfPH·TS-AD7·S7 

Nickel 
Vanadium 

FTPIHS-AD6·S6.5 
MINS06 FTPI+TS·AD7·S7 

Sodium 

T bl II M t I BI k D t Q l"f f S a e eas all S aa ua I Ica lOll 

Sample Analvte 

Flag A orP 

UI A 

I A 

UI 
UI 
I A 
I 
I 

I A 

ummary 

Reported 
Concentration 

(rng/kg) 

Reason 

Pyroll Environmental, Inc. 
])V Report _ TAL Metals 
Mare Islalld 2007 ... SDG MINS06 

Negative detection of the 
analytc was found in the 
preparation blank. 

Duplicate analysis RPD value 
exceeded the control criterion. 

Spike sample analysis %R value 
exceeded the control limit. 

Serial dilution result (%D) 
exceeded the control criterion 
(111%). 

Modified Final 
Concentration 

(mg/kg) 

No data were qualified in relation to the blank detections except stated in Table I. 

Note: B - The value is between the MOL and CRQL. 
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Data Validation Report - Cyanide 

Pyron Ellvirolll1wlltal, Inc. 
DV Report _ Cyanide 
Mare Island 2007_.SDG MINS06 

Project/Site Name: Mare Island DRMO TPH Investigation 

Sample Delivery Group (SDG): MINS06 

Parameters: 

Method: 

Laboratory: 

Samples: 

Sample ID 

FTPH-TS-AD6-S6.5 

FTPH-TS-AD7-S7 

Cyanide 

CLP SOW ILM04.1 

Laucks Testing Laboratories, Seattle, WA 

Lab Sample ID Collection Date 

MINS06-001 12/10/07 

MINS06-002 12/10/07 
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Matrix 

Soil 

Soil 



Introduction 

Pyron Environmental, /nc. 
DV Report _ Cyallitle 
Mare /slaru12007 ~SDG MINS06 

This data review report covers the sample delivery group and associated 
samples listed on the cover sheet. The analyses were performed per USEPA CLP 
SOW ILM04.1. 

The validation followed the procedures specified in the USEPA CLP National 
Functional Guidelines for Inorganic Data Review (USEP A 2004) with 
modifications to accommodate project and analytical method requirements. The 
numerical quality assurance! quality control (QA!QC) criteria applied to the 
validation were in accordance with the current performance-based control limits 
established by the laboratory (laboratory control limits). Instrument calibration, 
frequency of QC analyses, and analytical sequence requirements were evaluated 
against the analytical methodology. 

Findings identified in this validation are discussed in the section pertinent to 
each of the evaluated QC parameters. Qualified data, if any, are summarized in 
Table I and Table II at the end of this report. Data qualifiers are classified as P 
(protocol) to indicate whether the data qualification is due to a laboratory 
deviation from specified protocols, or as A (advisory) if the qualification is of a 
technical advisory nature per sample matrix or method limitation. 
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I. Holding Times 

Pyron Rln'irolllllclltai, Illc. 
DV Report __ Cyanide 
Mare Island 2007_.SDG MINS06 

Holding time criterion was not provided in the National Functional Guidelines 
(EPA, 2004) for cyanide analysis in soil samples (the CLP SOW ILM04.1 specifies 
a 14-day holding time for water samples). Sample analysis was carried out 
within 14 days of collection for all soil samples. 

II. Calibration 

a. Initial Calibration 

A blank and more than three (seven) calibration standards (one calibration 
standard at the CRQL) were employed to establish the analytical curve for 
cyanide analysis. The least square linear regression correlation coefficient (r) 
is >0.995 as required by the methodology. 

A distilled standard (at midpoint concentration) was analyzed and the result 
met the acceptance criteria of ±15% of the un-distilled standard. 

b. Initial and Continuing Calibration Verification (ICV and CCV) 

An ICV was distilled and analyzed after the initial calibration. The ICV result 
met the acceptance criteria of 85 - 115% of the true value. 

The CCV (at the mid-point concentration of the calibration curve) was 
analyzed at a frequency of 10%, at the beginning of analysis run, and after the 
last sample analysis. The CCV results met the criteria of 85 - 115% of the true 
value. 

III. Blanks 

A method blank was prepared for each analytical batch. Cyanide was detected 
at 0.35 mg/kg, between the MDL and CRQL, in the method blank. Cyanide 
results for the associated samples were qualified as follow: 

Concentration 
in Blank Original Adjusted 

Prep. Blank ID Analvte (mg/kg) Affected Sample Result (mg/kg) Result (mg/kg) 

B121707CNS01 Cyanide 0.095 ) 
FrPH-TS-AD6-S6.5 0.16 ) 2.0U 
FrPH-TS-AD7-S7 0.30 ) 2.0U 

Page 3 of 5 



Pyron Environmental, II/c. 
DV Report _ Cyallide 
Mare Isimui2007 _SDG MINS06 

An initial calibration blank (rCB) was analyzed immediately after ICV; and 
continuing calibration blanks (CCBs) were analyzed immediately after CCVs. 
Cyanide was detected in the ICB and CCBs at levels between the MOL and 
CRQL. Data were qualified based on the method blank; no further data qualifiers 
were assigned. 

IV. Laboratory Control Sample (LCS) 

LCS analysis was performed as required by the methodology. The percent 
recovery (%R) values (75.9% and 74.4%, respectively) were below the lower 
control limits (85 - 115%). Sample results were qualified as non-detects based on 
the method blank results; no further data qualifiers were assigned on this basis. 

V. Duplicate Sample 

Duplicate analysis was not performed on a project sample in this SOC. 

VI. Spike Sample Analysis 

Matrix spike analysis was not performed on a project sample in this SOc. 

VII. Field Duplicate 

Field duplicates were not submitted with this SOC for cyanide analyses. 

X. Overall Assessment 

Data are found of know quality and acceptable for use. 
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Table I Cyanide Data QualificatIon Summary 

Pyron Euvironmental, Inc. 
DV Report _ Cyanide 
Mare Island 2007 ... 8])0 MINS06 

SDC I Sample ID I Analyte r Flag r AorP r Reason 

No data qualifiers were assigned to cyanide data under this SDC. 

T bl II C "d BI k D a e ~yam e an s ata ua 1 lcatIon Q j"f S ummary 

Reported Modified Final 
Sample Analyte Concentration hng/Kg) Concentration (mg/Kg) 

FrPH-TS-AD6-S6.s 
Cyanide 

0.16 ) 2.0U 
FrPH-TS-AD7-S7 0.30) 2.0U 
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Pyron Environmental, Illc. 
DV Report _ TP/i·DieseiIMotor Oil 
Mare Island 2008_SDG 207877 

Data Validation Report - TPH Diesel & Motor Oil 

Project/Site Name: Mare Island DRMO TPH Investigation 

Sample Delivery Group (SDG): 207877 

Parameters: 

Method: 

Laboratory: 

Samples: 

Sample ID 

FTPH-FP-TR-DDD2-S2.5 

TPH-Diesel & Motor Oil 

USEP A SW846 Method 8015 

Curtis & Tompkins, Ltd., Berkeley, California 

Lab Sample ID 

207887-001 

Page 1 of 5 

Collection Date 

11/13/07 

Matrix 

Soil 



Introduction 

Pyron Environmental, Illc. 
DV Report _ TPll-DiesellMotor Oil 
Mare Island 200S_SDG 207877 

This data review report covers the sample delivery group and associated 
samples listed on the cover sheet. The analyses were performed per USEP A 
SW846 Method 8015. 

The validation followed the procedures specified in the USEPA CLP National 
Functional Guidelines for Organic Data Review (USEP A 1999) with 
modifications to accommodate project and analytical method requirements. The 
numerical quality assurance/quality control (QA/QC) criteria applied to the 
validation were in accordance with the current performance-based control limits 
established by the laboratory (laboratory control limits). Instrument calibration, 
frequency of QC analyses, and analytical sequence requirements were evaluated 
against the analytical methodology. 

Findings identified in this validation are discussed in the section pertinent to 
each of the evaluated QC parameters. Qualified data, if any, are summarized in 
Table I and Table II at the end of this report. Data qualifiers are classified as P 
(protocol) to indicate whether the data qualification is due to a laboratory 
deviation from specified protocols, or as A (advisory) if the qualification is of a 
technical advisory nature per sample matrix or method limitation. 
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I. Holding Times 

Pyron Environmental, Illc. 
DV Report _11)H~Diesel/Motor Oil 
Mare Island 2008_SDG 207877 

Sample extraction was carried out within 14 days of collection and analysis 
carried out within 40 days of extraction for the soil sample. 

II. Calibration 

At least five standards at different levels were applied to establish the initial 
calibration prior to the analyses of samples. The relative standard deviation 
(%RSD) value was QO% where the average response factor was chosen for 
analyte quantitation. The correlation coefficient (r) for least square linear 
regression or the coefficient of determination (r2) for quadratic fit is ~0.990 if 
either approach was chosen for analyte quantitation. 

Continuing calibration verification (CCV) analyses were performed daily before 
sample analysis, after every 10 samples, and at the end of the analysis sequence. 
The CCV concentrations were within ±15% of the true values for TPH-Diesel & 
Motor Oil and surrogate compounds as required by the methodology. 

III. Blanks 

A method blank was prepared and analyzed per analytical batch. TPH-Diesel 
and TPH-Motor Oil were detected in the method blank. Sample results were all 
greater than 10 times the level found in the method blank. No data were 
qualified on this basis. 

IV. Accuracy and Precision Data 

a. Laboratory Control Sample (LCS) 

One LCS was prepared and analyzed with each analytical batch. The percent 
recovery (%R) value was within the laboratory control limits. 

b. Matrix Spike/Matrix Spike Duplicates (MSIMSD) 

MS/MSD analyses were performed on sample FTPH-FP-TR-DDD2-S2.5. The 
%R value for TPH-Diesel in the MS exceeded the upper control limit due to 
the elevated TPH-Diesel and TPH-Motor Oil concentrations in this sample. 
The %R value in the MSD and the relative percent difference (RPD) values 
were within the laboratory control limits. No data qualifying action was 
taken. 
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c. Surrogate Spikes 

Pyron EIlI>irollmelltal, Inc. 
DV Report _ 'l'PH-DieselIMotor Oil 
Mare Island 200S_SDC 207877 

Surrogate compounds, 2-f1uorobiphenyl and o-terphenyl, were added to all 
laboratory QC and field samples. The %R values for both surrogates in 
sample FTPH-FP-TR-DDD2-S2.5 could not be quantitated due to the high 
levels of TPH-Diesel and Motor Oil in this sample. Data were not qualified on 
this basis. 

d. Field Duplicates 

Field duplicates were not submitted with this SDC for TPH-Diesel & Motor 
Oil analyses. 

V. Compound Quantitation and Reporting Limits 

Compound quntitation algorithm was verified to be correct. All reported sample 
result and surrogate values were quantitated within the calibration range. 

VI. Overall Assessment 

TPH-Diesel & Motor Oil data are of known quality and acceptable for use. 
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Pyron Environmental, Inc. 
DV Report "_" TPH-Diese/IMotor Oil 
Mare Island 2008~SDG 207877 

Table I. TPH-Diesel Data Qualification Summary 

SDG I Sample 1 Analvte I Flag I A or P I Reason 

No data qualifiers were assigned to TPH~Diesel & Motor Oil data under this SDG. 

Ta bl I e I.T PHD' - lese I I k D Ban S ata ua I Ication Q rr S ummary 

Modified Final 
Reported Concentration Concentration 

Sample Analyte (mg/Kg) (mg/Kg) 

No target compounds were detected in the blanks under this SOG. 
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Pyron Eliviromncntal, Inc. 
DV Report._ TPIl·Gasolinc 
Mare Island 2008_8DG 207877 

Data Validation Report - TPH Gasoline 

Project/Site Name: Mare Island DRMO TPH Investigation 

Sample Delivery Group (SDG): 207877 

Parameters: 

Method: 

Laboratory: 

Samples: 

Sample ID 

FTPH-FP-TR-DDD2-S2.5 

TPH-Gasoline 

USEP A SW846 Method 8015 

Curtis & Tompkins, Ltd., Berkeley, California 

Lab Sample ID 

207887-001 
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Collection Date 

11/13/07 

Matrix 

Soil 



Introduction 

Pyro1l Environmental, Illc. 
DV Report _ TPH~Gasoli1/e 
Mare Island 2008_SDG 207877 

This data review report covers the sample delivery group and associated 
samples listed on the cover sheet. The analyses were performed per USEP A 
SW846 Method 8015. 

The validation followed the procedures specified in the USEPA CLP National 
Functional Guidelines for Organic Data Review (USEPA 1999) with 
modifications to accommodate project and analytical method requirements. The 
numerical quality assurance/quality control (QA/Qc) criteria applied to the 
validation were in accordance with the current performance-based control limits 
established by the laboratory (laboratory control limits). Instrument calibration, 
frequency of QC analyses, and analytical sequence requirements were evaluated 
against the analytical methodology. 

Findings identified in this validation are discussed in the section pertinent to 
each of the evaluated QC parameters. Qualified data, if any, are summarized in 
Table I and Table II at the end of this report. Data qualifiers are classified as P 
(protocol) to indicate whether the data qualification is due to a laboratory 
deviation from specified protocols, or as A (advisory) if the qualification is of a 
technical advisory nature per sample matrix or method limitation. 
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I. Holding Times 

Pyroll EIII'ironmelltal, Illc. 
J)V Report _ TPll·(;asolille 
Mare Island 2008_SDG 207877 

Analyses were carried out within 14 days of collection for all soil samples. 

II. Calibration 

At least five standards at different levels were applied to establish the initial 
calibration prior to the analyses of samples. The relative standard deviation 
(%RSD) value was $20% where the average response factor was chosen for 
analyte quantitation. The correlation coefficient (r) for least square linear 
regression or the coefficient of determination (r2) for quadratic fit is ;0:0.990 if 
either approach was chosen for analyte quantitation. 

Continuing calibration verification (CCV) analyses were performed daily before 
sample analysis, after every 10 samples, and at the end of the analysis sequence. 
The CCV concentrations were within ±15% of the true values for TPH-Gasoline 
and surrogate compounds as required by the methodology. 

III. Blanks 

A method blank was prepared and analyzed per analytical batch. TPH-Gasoline 
was detected in the method blank at a level below the reporting limit. The TPH
Gasoline concentration in the associated sample was greater than 10 trnes that of 
the method blank. No data qualifying action was required. 

IV. Accuracy and Precision Data 

a. Laboratory Control Sample (LCS) 

One LCS was prepared and analyzed with each analytical batch. The percent 
recovery (%R) value was within the laboratory control limits. 

b. Matrix Spike/Matrix Spike Duplicates (MSIMSD) 

MS/MSD analyses were performed on a batch QC sample. The %R and 
relative percent difference (RPD) values were within the laboratory control 
limits 

c. Surrogate Spikes 

Surrogate compounds, 4-bromofluorobenzene and trifluorotoluene, were 
added to all laboratory QC and field samples. The %R values were within the 
laboratory control limits. 
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d. Field Duplicates 

Pyron Ellvironmental, Inc. 
DV Report ... TPll·Gasolille 
Mare Island 2008 ... SDG 207877 

Field duplicates were not submitted with this SDG for TPH-Gasoline 
analyses. 

V. Compound Quantitation and Reporting Limits 

All reported sample result and surrogate values were quantitated within the 
calibration range. 

VI. Overall Assessment 

TPH-Gasoline data are of known quality and acceptable for use. 

Page 40f5 



Table I. TPH-Diesel Data Qualification Summary 

Pyron EIIPirollmelltal, Inc. 
DV Report ._ l1)ll·Gasoiine 
Mare Island 2008~SDG 207877 

SDG I Sample I Analyte ! Flag ! A or P I Reason 

No data qualifiers were assigned to TPH-Gasoline data under this SDG. 

T bl II TPH D' a e - lese I Bl k D an s ata Q rr ua I lcahon S ummary 
Modified Final 

Reported Concentration Concentration 
Sample Analvte bng/Kg) (mg/Kg) 

No target compounds were detected in the blanks under this SOG. 
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Pyron Environmental, Inc. 
DV Report ~ VOA 
Mare Island 2008_SDG 207887 

Data Validation Report - VOA 

Project/Site Name: Mare Island DRMO TPH Investigation 

Sample Delivery Group (SDG): 207887 

Parameters: 

Method: 

Laboratory: 

Samples: 

Sample ID 

FTPH-FP-TR-DDD2-S2.5 

Volatiles 

USEPA SW846 Methods 5035/8260B 

Curtis & Tompkins, Ltd., Berkeley, California 

Lab Sample ID 

207887-001 

Page 1 of 6 

Collection Date 

11/13/07 

Matrix 

Soil 



Introduction 

Pyron Environmental, Inc. 
DV Report _ VOA 
Mare Island 2008j:;DG 207887 

This data review report covers the sample delivery group and associated 
samples listed on the cover sheet. The analyses were performed per USEP A 
SW846 Methods 5035/8260B. 

The validation followed the procedures specified in the USEPA CLP National 
Functional Guidelines for Organic Data Review (USEPA 1999) with 
modifications to accommodate project and analytical method requirements. The 
numerical quality assurance/quality control (QA/QC) criteria applied to the 
validation were in accordance with the current performance-based control limits 
established by the laboratory (laboratory control limits). Instrument calibration, 
frequency of QC analyses, and analytical sequence requirements were evaluated 
against the analytical methodology. 

Findings identified in this validation are discussed in the section pertinent to 
each of the evaluated QC parameters. Qualified data, if any, are summarized in 
Table I and Table II at the end of this report. Data qualifiers are classified as P 
(protocol) to indicate whether the data qualification is due to a laboratory 
deviation from specified protocols, or as A (advisory) if the qualification is of a 
technical advisory nature per sample matrix or method limitation. 
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I. Holding Times 

Pyron Environmental, Inc. 
OV Report ._. VOA 
Mare Island 2008_,~'DG 207887 

VOA analyses were carried out within 14 days of collection for the soil sample. 

II. GC/MS Instrument Performance Check 

The instrument performance check, bromofluorobenzene (BFB), for volatile 
analysis was performed at the beginning of each 12-hour period. The ion 
abundance was reported correctly and met the method criteria. 

III. Initial Calibration 

Correct concentrations of standards were used for initial calibration. The 
Relative Response Factors (RRF) for all target compounds and system 
monitoring compounds met the compound-specific minimum RRF criteria. No 
individual RRF is <0.05. No individual Relative Standard Deviation (%RSD) 
exceeded 30% for all compounds. 

IV. Continuing Calibration 

Continuing calibrations were analyzed at the beginning of each 12-hour analysis 
period following the analysis of the instrument performance check and prior to 
the analysis of method blank and samples. 

The continuing calibration RRF for all compounds met the compound-specific 
minimum RRF criteria. No individual RRF is <0.05. The percent difference (%D) 
between the initial calibration RRF and the continuing calibration RRF for all 
compounds is within ±25%. 

V. Blanks 

One method blank per analytical batch was prepared and analyzed. No target 
compound was detected at or above method detection limits (MDLs), except as 
qualified below: 

Concentration Original Adjusted 
Method in Blank Result ResuH 

Blank ID Analvte (pg/kg) Affected Samples (pg/kg) (pg/kg) 

QC472337 Methylene Chloride 6.3 J FfPH·Fp·TR·DDD2·S2.5 180 J 1000U 
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VI. System Monitoring Compounds (SMC) 

Pyron Environmental, Inc. 
DV Report ... VOA 
Mare Island 2008_SDG 207887 

Four SMC were added to the sample and all laboratory QC analyses. The SMC 
recovery in the sample and associated QC analyses was within the control limits. 

VII. Matrix Spike/Matrix Spike Duplicates (MS/MSD) 

MS/MSD was not performed on the project sample in this SDG. 

VIII. Laboratory Control Sample (LCS) 

LCS and LCS Duplicate analyses were performed as required. The %R and 
relative percent difference values were within the laboratory control limits. 

IX. Internal Standards 

Four internal standards were added to the sample and all associated laboratory 
QC analyses as required by the methodology. The internal standard retention 
time was within ± 30 seconds from that of the associated 12-hour calibration 
standard. The area counts were within -50 to +100% of the associated calibration 
standard. 

X. Field Duplicates 

Field duplicates were not submitted with this SDC for VOC analyses. 

XI. CRQLs 

Sample results and CRQLs are adjusted to reflect the dry-weight and dilution 
factors. VOCs (except Freon 12 and chloromethane) for sample FTPH-FP-TR
DDD2-S2.5 were reported from the mid-level analysis (methanol preserved). The 
RLs were raised accordingly. 

XII. System Performance 

No specific system degradation was observed. 

XIII. Overall Assessment of Data 

Data are of known quality and acceptable with the qualifications summarized in 
Table I and Table II. 
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Pyron Environmental, Inc. 
DV Report _ VOA 
Mare Island 2008_,~'DG 207887 

XIV. Data Qualifier 

Qualifier Definition 

U 
The analyte was analyzed for, but was not detected above the reported sample 
quantitation limit. 

J The associated numerical value is an estimate. 
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T hI I VOA D t Q l"r f S a e aa ua I Ica IOn ummary 

SDG Sample Analyte Flag 

No data qualifiers were assigned in this section. 

T hI II VOA Bl k D t Q l"r f S a e an s aa ua I Ica IOn ummary 

Reported 
Concentration 

Sample Analyte ()1g/kg) 

FrPH-FP-TR-DDD2-S2.5 Methylene Chloride 180 J 
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AorP 

Pyron Environmental, Illc. 
DV Report __ VOA 
Mare Island 200B_SDG 207887 

Reason 

Modified Final 
Concentration 

()1g/kg) 

1000 U 
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Pyron Environmental, Inc. 
DV Report _SVOCs 
Mare Islalld 2008_ SDG 207877 

Data Validation Report - SVOCS 

Project/Site Name: Mare Island DRMO TPH Investigation 

Sample Delivery Group (SDG): 207877 

Parameters: 

Method: 

Laboratory: 

Samples: 

Sample ID 

FTPH-FP-TR-DDD2-S2.5 

SVOCs 

USEP A SW846 Method 8270C 

Curtis & Tompkins, Ltd., Berkeley, California 

Lab Sample ID 

207887-001 

Page 1 of 5 

Collection Date 

11/13/07 

Matrix 

Soil 



Introduction 

Pyron Envirollmental, Illc. 
VV Report ._SVOCs 
Mare b"ialld 2008~ SVG 207877 

This data review report covers the sample delivery group and associated 
samples listed on the cover sheet. The analyses were performed per USEP A 
SW846 Method 8270C. 

The validation followed the procedures specified in the USEPA CLP National 
Functional Guidelines for Organic Data Review (USEPA 1999) with 
modifications to accommodate project and analytical method requirements. The 
numerical quality assurance/quality control (QA/QC) criteria applied to the 
validation were in accordance with the current performance-based control limits 
established by the laboratory (laboratory control limits). Instrument calibration, 
frequency of QC analyses, and analytical sequence requirements were evaluated 
against the analytical methodology. 

Findings identified in this validation are discussed in the section pertinent to 
each of the evaluated QC parameters. Qualified data, if any, are summarized in 
Table I and Table II at the end of this report. Data qualifiers are classified as P 
(protocol) to indicate whether the data qualification is due to a laboratory 
deviation from specified protocols, or as A (advisory) if the qualification is of a 
technical advisory nature per sample matrix or method limitation. 
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I. Holding Times 

Pyron Environmental, Inc. 
/)V Report ._.SVOCs 
Mare Island 2008_ SDC; 207877 

Sample extraction was carried out within 14 days of collection and analyses 
carried out within 40 days of extraction for all soil samples. 

II. GClMS Instrument Perfonnance Check 

The instrument performance check, Decafluorotriphenylphosphine (DFTPP), for 
semi-volatile analysis was performed at the beginning of each 12-hour period. 
The ion abundance was reported correctly and met the method criteria. 

III. Initial Calibration 

Correct concentrations of standards were used for initial calibration. The 
Relative Response Factors (RRF) for all target compounds and system 
monitoring compounds met the compound-specific minimum RRF criteria. No 
individual RRF is <0.05. No individual Relative Standard Deviation (%RSD) 
exceeded 30% for all compounds. 

IV. Continuing Calibration 

Continuing calibrations were analyzed at the beginning of each 12-hour analysis 
period following the analysis of the instrument performance check and prior to 
the analysis of method blank and samples. 

The continuing calibration RRF for all compounds met the compound-specific 
minimum RRF criteria. No individual RRF is <0.05. 

The percent difference (%D) between the initial calibration RRF and the 
continuing calibration RRF for all compounds is within ±25%, except that the %D 
value for 2,4-dinitrophenol (-28%) indicated a low bias of the associated data. 2,4-
Dinitrophenol was not detected in sample FTPH-FP-TR-DDD2-S2.5; the result 
was qualified (UJ) as estimated. 

V. Blanks 

One method blank per analytical batch was prepared and analyzed. No target 
compound was detected. 

VI. Surrogate Spikes 

Three surrogate compounds, as specified in the methodology, were added to all 
laboratory QC and field samples. The recovery of all these surrogate spikes in 
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Pyron Environmental, Inc. 
/)V Report _SVOCs 
Mare Islalld 2008_ SDG 207877 

sample FTPH-IDW-SO-Ol could not be quantitated due to the required dilution 
(lOx) to overcome the severe matrix interference associated with this sample. No 
data were qualified on this basis. 

VII. Matrix Spike/Matrix Spike Duplicates (MS/MSD) 

MS/MSD analyses were not performed on the project sample in this SDC. 

VIII. Internal Standards 

Six internal standards were added to the sample and all associated QC analyses 
as required by the methodology. The internal standard retention time was within 
± 30 seconds from that of the associated 12-hour calibration standard. The area 
counts were within -50 to +100% of the associated calibration standard. 

IX. Field Duplicate 

Field duplicates were not submitted with this SDC for SV analyses. 

X. Compound Quantitation and Reported CRQLs 

The CRQLs were supported with adequate initial calibration concentrations. 
Sample results and CRQLs were adjusted to reflect the dry-weight factor. 

XI. System Performance 

No specific system degradation was observed. 

XII. Overall Assessment of Data 

Data are of known quality and acceptable with qualifications summarized in 
Table I and Table II. 

XIII. Data Qualifier 

Qualifier Definition 

J The associated numerical value is an estimate. 

UJ The analyte was not detected at or above the MDL, and the MDL is an estimate. 
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T bI I S a e . V I fl D t Q IT f em 1- o a I es aa ua I Ica IOn S ummary 

soc Sample Analvte 
Flag AmP 

207877 FTPH-FP-TR-0002-S2.5 2A-Dinitrophenol UJ P 

T bI II S a e ·VIn Bl kDtQ rf f eml- o a I es an s aa ua I Ica IOn S ummary 

Reported 
Concentration 

Sample Analvte (pg/Kg) 

No data were flagged in relation to the detections in blanks. 
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Reason 

Pyroll ElIvirolllllentai, Inc. 
DV Report __ SVOCs 
Mare Island 2008 ___ SDG 207877 

The continuing calibration %D 
value displayed a potential low 
bias of the associated data. 

Modified Final 
Concentration 
(pg/Kg) 
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Forensic Chemistry Evaluation of Bunker Fuel at DRMO Area 
Former Mare Island Naval Shipyard 

Vallejo, California 
 

Introduction 

The U.S. Navy has been investigating the lateral and vertical extent and potential migration 

pathways of separate-phase petroleum product in the subsurface at the Defense Reutilization 

Marketing Office (DRMO) site and vicinity at the former Mare Island Naval Shipyard.  The 

investigation area includes Dump Road west of Azuar Drive and Azuar Drive south of Dump 

Road to Building 637. 

Zemo & Associates LLC was asked by the U.S. Navy to perform a forensics evaluation to 

assess whether multiple populations of bunker fuel exist in the vicinity of the DRMO.  More 

specifically, the forensics chemistry evaluation was performed to assess whether the bunker 

fuel associated with the DRMO oil sump box west of Azuar Drive could be the source of the 

bunker fuel present in trenches at the Lennar Mare Island (LMI) property east of Azuar Drive, 

and if the bunker fuel at the Navy property south of Dump Road could be the source of the 

bunker fuel in trenches at the properties north of Dump Road.  These areas are designated in 

this study as “Navy side Azuar Drive”, “LMI side Azuar Drive”, “Navy side Dump Road” and 

“North side Dump Road”.  Distinguishing among weathered bunker fuels is generally a 

challenging forensic task because the chemical composition of bunker fuel is very broad due to 

its residual nature and loosely-constrained performance specifications as a fuel.  However, in 

this case the bunker fuel on the Navy side of the respective areas can be chemically 

characterized, and the samples from other locations can be compared to the respective Navy-

side populations. 

It is assumed that the bunker fuel on the Navy side of each area exhibits variability in chemistry 

due to the many years of periodic disposal that likely occurred, because multiple bunker fuels 

may have been disposed of or released at multiple locations continuously or intermittently over 

time.   This forensic evaluation relies on the assumption that the samples from the Navy side of 

each area capture the range of variability in chemistry of the potential Navy “source” of each 
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area.  This assumption is reasonable.  If a sample from the LMI side Azuar Drive or the North 

side Dump Road falls outside of the range of variability expressed within the respective Navy-

side samples, it is concluded that the bunker fuel in the sample is not related to those on the 

respective Navy side.   

There are three primary forensic tools used to compare and source weathered heavy oils such 

as bunker fuels: (1) evaluation of the high-molecular-weight “biomarkers” such as terpanes and 

steranes; (2) evaluation of “source ratios” of pairs of certain alkylated polycyclic aromatic 

hydrocarbons (PAHs); (3) bulk stable isotopes of carbon and hydrogen.  All are useful because 

these constituents are highly resistant to environmental weathering, and are inherited from the 

crude oil from which the bunker fuel was refined.  The use of these tools is supported by many 

references in the peer-reviewed forensic literature. 

When interpreting forensic chemistry data for the purpose of sourcing a product, it is important 

to remember that similarities between samples indicates that they may be the same product, but 

it is not conclusive unless all of the forensic parameters “match”; if samples are different for any 

one parameter, then it is probable that they are not the same product (Wang and Christensen 

2006).  In other words, a “match” may not be a unique solution, but a “no match” is conclusive.  

An example of this was shown in a paper by Mazeas and Budzinski (2002) where oil residues 

appeared to have similar source ratios based on the alkyl PAH data but were different oils 

based on the carbon isotopes, and some had similar carbon isotopes but different alkyl PAH 

source ratios. 

Lastly, it is important to note that the finding of potential similarity of bunker fuel at two locations 

based on forensic chemistry does not in itself mean that the product migrated from one location 

to the other.  The product could have migrated between the locations via a contiguous 

preferential pathway, or it could have been disposed of directly at the separate locations.  The 

forensic chemistry findings are only part of the evidence required to draw conclusions regarding 

migration.  Physical evidence, such as the finding of a contiguous preferential pathway 

containing bunker fuel, is also necessary to draw final conclusions regarding migration from one 

point to another. 
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Sample Collection and Analysis 
 

Nineteen (19) samples of free product were collected by CH2M Hill (contractor for the Navy) 

from the locations shown on Figure 1, which included five samples from Navy side Dump Road, 

three samples from North side Dump Road, three samples from Navy side Azuar Drive, three 

samples from LMI side Azuar Drive, and five samples from utilities within the study area. One 

sample of product-impacted soil was collected from LMI side Azuar Drive at TR-DDD2, where 

product was encountered but was not expected; this sample was collected at the extreme 

southern portion of the study area adjacent to Building 637.  Sufficient product was not present 

at proposed forensic sample locations SB-J, SB-N and SB-Q (North-side Dump Road), SB-OO 

(LMI side Azuar Drive) and SB-ZZ (Navy side Azuar Drive); therefore no samples were collected 

at these locations.  The twenty samples were submitted to Zymax Forensics, a specialty 

analytical laboratory, for forensic chemistry analyses.  Twenty samples were analyzed for “GC-

MS Full Scan” which includes the biomarkers (by ASTM Method D5739) and for bulk stable 

isotopes of carbon and hydrogen by isotope ratio mass spectrometry (IRMS).  Due to 

unforeseen equipment constraints at Zymax, the bulk stable hydrogen isotope analysis was 

outsourced and performed by ISOTECH, a specialty isotope laboratory.  Due to limited product 

volume in the field sample, only 13 of the 20 samples were also analyzed for “Extended PAHs” 

(modified EPA Method 8270 SIM).  Note that the product samples were submitted to the 

laboratory with “FTPH-FP-“ as the sample identification prefix; the samples are identified in this 

report as “SB-“ (soil boring) and “UT-” (utility) for brevity. 

ASTM D5739 Results and Evaluation 

The ASTM D5739 analysis provided a total ion chromatogram that can be used for fuel typing 

based on the chromatogram pattern.  The results of this study indicate that the product present 

at all locations is a heavy fuel oil such as bunker fuel, except for TR-DDD2.  The product at TR-

DDD2 appears to be a lighter fuel oil (such as fuel oil 4 or 5, or a lighter bunker fuel formulation) 

with significantly more diesel-range material present than any of the other samples.  The 

product at SB-L has indications of a double-hump, suggesting a mixture of fuel oils or a different 
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bunker fuel formulation.  The product at all locations except for SB-G and SB-R are highly 

weathered as evidenced by the fact that the n-alkanes are missing.  The product at SB-G and 

SB-R is less weathered as evidenced by the fact that the n-alkanes nC11-nC35 are present.  

Unless the environmental conditions that influence weathering are significantly different than at 

the other sampling locations (soil type, depth to groundwater, depth of sample and thickness of 

product), the presence of and relative amounts of the n-alkanes suggests that the fuel at SB-G 

and SB-R was released to the environment more recently than at all of the other locations (e.g., 

Kaplan 2003; Stout et al 2002).  For all of the samples, the vast majority of the mass is higher-

boiling than C15, indicating that the products should be of very low solubility in groundwater.  

The water soluble fraction of bunker fuel is limited primarily to the aromatics with 14 carbons or 

fewer.  Published research has shown that fresh bunker fuel has relatively low solubility (Shiu et 

al 1990), and that highly weathered bunker fuel is virtually insoluble (Zemo & Foote 2003). 

The ASTM D5739 analysis provided high resolution gas chromatography mass spectrometry ion 

chromatograms for eight groups of hydrocarbons: alkylcyclohexanes (m/z 83), n-alkanes (m/z 

85), isoprenoids (m/z 113), bicyclanes (m/z 123), terpanes (m/z 191), steranes (m/z 217), 

monoaromatic steranes (m/z 253), and triaromatic steranes (m/z 231).  Except for the n-

alkanes, these hydrocarbon groups have large and complex molecular structures and are very 

resistant to environmental weathering.  These resistant molecules are referred to as 

“biomarkers” in the forensic chemistry literature and they are widely used to compare and 

source weathered crude oils, diesels and heavier petroleum products (such as heavy fuel oils) 

(e.g.,  Wang et al 2006; Wang and Christensen 2006; Stout et al 2002; and references therein). 

The chemistry and nomenclature of these biomarkers is discussed in detail in the referenced 

papers and will not be discussed in this report.  The ASTM D5739 chromatograms for each 

group of hydrocarbons were compared across all of the samples with respect to the relative 

peak heights and patterns.  Though the final data from this analysis are not quantitative, 

qualitative interpretations can be made by measuring peak heights and calculating ratios thereof 

within individual samples.  Two duplicate analytical runs were performed on sample SB-V V on 

December 16, 2008.  These were analyzed on a different instrument than the instrument used 

for the original analysis of SB-V V in November 2008.  The two December 2008 duplicates are 

identified on the table and figures herein as “SB-V V Dups”; however they may reflect minor 

variability from SB-V V due to the use of a different instrument.  ASTM D5739 also provides 
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histograms of relative abundance for the aromatic hydrocarbons and the sulfur containing 

heterocyclic compounds.  These histograms were visually compared to one another. 

Ratios of the following biomarkers were used to “source” products in this study:  the isoprenoids 

norpristane (i-18), pristane (i-19) and phytane (i-20) (m/z 113); the terpanes C2718α21β-

trisnorhopane (Ts), C2717α21β-trisnorhopane (Tm), C29αβ-30-norhopane, and C30αβ-hopanes 

(m/z 191); and the C27αα-steranes and C29αα-steranes (m/z 217).  The ratios were determined 

from measured peak heights and are summarized on Table 1.  Ratios of the key biomarkers are 

presented as double-ratio cross plots on Figures 2 through 5.   Double-ratio cross plots are 

frequently used to show similarities of sample populations in forensic studies, and are relatively 

robust interpretations because two parameters are shown instead of one.  The isoprenoid 

biomarker results (Figure 2) indicate that the 20 samples appear to cluster as two main 

populations: product from the Dump Road area versus product from the Azuar Drive area.  

These two main populations are indicated on most of the other biomarker cross plots, but are 

not as distinct.  The isoprenoid biomarker results have been relied upon throughout this 

evaluation to distinguish the Dump Road area samples from the Azuar Drive area samples.  

Figures 2 through 5 show that within the Dump Road area samples, variability is observed on 

both the Navy side and the North side. Samples SB-G and SB-L, both on the Navy side, are 

dissimilar from the rest on the Navy side based on more than one ratio.  SB-L is also different 

from all other samples based on peaks 1-5 of the sterane biomarkers (m/z 217) (not plotted, but 

see Zymax chromatogram).  Sample D on the North side appears to be different from the rest 

based on one ratio.  Utility vault sample UT-BB typically clusters with samples SB-G and/or SB-

L.  Figures 2 through 5 show that within the Azuar Drive area samples, variability is observed on 

both the Navy side and the LMI side.  The LMI-side sample SB-RR may show a difference from 

other Azuar Drive samples (Figures 3 and 4), but the apparent difference is small.  On Figure 2, 

the other four utility samples generally cluster with the Azuar Drive area samples; however, their 

chemistry is similar to both populations on the other cross plots.   

Regarding the potential relationship of the product on the Navy side to the product on the other 

side of each respective area, the biomarker data indicate that the samples from the LMI side 

Azuar Drive or North side Dump Road generally fall within the range of variability exhibited on 

the respective Navy side, except for SB-D and TR-DDD2 (Figure 2) and possibly SB-RR 
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(Figures 3 and 4).  This indicates that the bunker fuel at SB-D and TR-DDD2 is not related to 

the bunker fuel on the respective Navy side, that SB-RR is inconclusive, and that the remaining 

samples on the LMI side Azuar Drive and North side Dump Road cannot be distinguished from 

the respective Navy side based on these biomarkers. 

Extended PAH Results and Evaluation 

The Extended PAH analysis (modified EPA 8270 SIM) provided quantitative data on the parent 

and alkylated constituents of each homologous series (e.g., naphthalene (C0) and the C1 to C4 

naphthalenes), for a total of 49 analytes.  These analytes included the PAH and the sulfur-

containing benzothiophenes and dibenzothiophenes.  Due to insufficient product volume in 7 of 

the field samples, the total sample population for this analysis is only 13.  This is 7 fewer 

samples than for the biomarker and isotope data sets and therefore the PAH data set may 

capture less of the variability in the sample populations.  Therefore, conclusions based on these 

PAH results may be less reliable than those based on the biomarkers and isotopes.  Table 1 

presents the data and Figure 6 presents a cross-plot of the “source ratios” C2-

dibenzothiophene/C2-phenanthrene versus C3-dibenzothiophene/C3-phenanthrene; these ratios 

are very resistant to weathering and are routinely used to “source” oils and heavy petroleum 

products (e.g., Douglas et al 1996, Boehm 2006).  This evaluation indicates that most of the 

product samples have similar source ratios, and that UT-BB and possibly UT-W are dissimilar.  

Table 1 present the data and Figure 7 presents a cross plot of the parent PAH proportion 

fluoranthene/(fluoranthene + pyrene) versus benzo(a)anthracene/(benzo(a)anthracene + 

chrysene) (Yunker et al 2002).  This evaluation indicates that the products have similar ratios, 

except possibly for sample SB-PP.   

Regarding the potential relationship of the product on the Navy side to the product on the other 

side of each respective area, the PAH source ratios indicate that the samples from the LMI side 

Azuar Drive and North side Dump Road generally fall within the range of variability exhibited on 

the respective Navy side, except possibly for sample SB-PP (Figure 7).  This indicates that the 

bunker fuel at SB-PP may not be related to the product on the Navy side, and that the remaining 

samples on the LMI side Azuar Drive and North side Dump Road cannot be distinguished from 

the respective Navy side based on PAH source ratios. 
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Stable Isotope Results and Evaluation 

The 20 samples were analyzed for bulk stable isotopes of carbon (13C/12C; reported as δ13C) 

and hydrogen (2H[deuterium]/1H; reported as δ2H) in per mil (0/00) using IRMS.  Results are 

shown on Table 1.  The numerical values reported are the difference in the ratio relative to the 

heavier isotope as compared to the respective standard.  The analytical precision for the bulk 

δ13C value is 0.2 per mil and for the bulk δ2H value is 2 per mil.  Bulk stable isotopes have 

been used for decades to “source” oils and petroleum products.  The chemistry and background 

of stable isotopes and their application to sourcing petroleum products is discussed in detail in 

Philp (2002) and references therein, and will not be discussed in this report.  Bulk stable 

isotopes were used in this study instead of compound-specific isotope analysis (CSIA) because 

(1) they are much less expensive to analyze, (2) the products are highly weathered, therefore 

constituents other than the n-alkanes would have to be analyzed for CSIA, and (3) it was likely 

that the bulk data would be adequate for the purposes of the study.   

Carbon and hydrogen stable isotopes can change or “fractionate” due to microbial 

biodegradation; the result is preferential enrichment of the heavier isotope which results in the 

isotopic character becoming “less negative” relative to the standard.  It has been well 

established that carbon and hydrogen isotope ratios for larger molecular weight hydrocarbons 

(molecules with more than 18 carbons) are not significantly changed by biodegration (e.g., Pond 

et al 2002, Mansuy et al 1997).  Therefore, the isotopic character of the weathered bunker fuels 

evaluated in this study is expected to be stable.   

The carbon isotope results for this study are shown as a bar chart on Figure 8.  For carbon 

isotope results, differences greater than 0.5 per mil can indicate different sources. This figure 

shows that the maximum δ13C value for the product on the Navy side of the two areas is -23.9.  

The figure also shows that there is variability within the two Navy-side populations, indicating 

that different bunker fuels may be present in each of these areas.  Most of the samples within 

the study area have δ13C values of -24 to -22.5; Figure 8 shows that samples SB-D, SB-WWW, 

TR-DDD2 and UT-BB are clearly dissimilar from the other samples.  Figure 9 is a cross plot of 

carbon and hydrogen stable isotopes, which provides a more detailed evaluation because two 

values are compared.  Pond et al (2002) encouraged the use of hydrogen isotopes in addition to 
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carbon isotopes in source attribution studies because crude oils have a much wider variation in 

the δ2H values than for the δ13C values.   

The isotopic ranges for the Navy side Dump Road samples and for the Navy side Azuar Drive 

samples are highlighted by boxes on Figure 9.  Figure 9 shows that the North side Dump Road 

samples SB-D and SB-WWW do not plot near the Navy box and therefore are not related to the 

Navy side Dump Road product.  The LMI Side Azuar Drive samples plot near the Navy box 

except for SB-PP and TR-DDD2.  This indicates that SB-PP and TR-DDD2 are not related to 

the Navy side Azuar Drive product.  The δ2H result for SB-PP was confirmed with two analytical 

runs.  Utility sample UT-BB is dissimilar from the other utilities. 

Discussion and Conclusions 

Samples of product were collected from the Dump Road area [both from the Navy side (n=5) 

and the North side (n=3)] and from the Azuar Drive area [both from the Navy side (n=3) and the 

LMI side (n=4, includes TR-DDD2)], as well as from selected utilities (n=5).  The product type 

present at all locations except for one is a heavy fuel oil such as bunker fuel.  One location (TR-

DDD2) appears to be a lighter fuel oil (e.g., fuel oil 4 or 5, or a lighter bunker fuel formulation).  

Based primarily on the isoprenoid biomarkers, it appears that the Dump Road area bunker fuels 

and the Azuar Drive area bunker fuels are different from one another.  Within each of these two 

areas, there is variability in the bunker fuel on the Navy sides and variability in the bunker fuel 

on the LMI side Azuar Drive and North side Dump Road.  This is consistent with the conceptual 

model that different bunker fuels were likely disposed of over many years at multiple locations 

within the study area.  In evaluating whether the bunker fuel on the LMI side Azuar Drive or 

North side Dump Road is similar to that found on the Navy side of the respective area, it is 

assumed that the samples from the Navy side capture the range of variability in chemistry of the 

potential Navy “source”. 

The forensic chemistry parameters of the products on the LMI side Azuar Drive or North side 

Dump Road area fall within the range of variability exhibited on the respective Navy side except 

for SB-D and SB-WWW (Dump Road area), and SB-PP and TR-DDD2, and possibly SB-RR 

(Azuar Drive area).  The carbon and hydrogen isotope data for SB-D, SB-WWW, and SB-PP 

are conclusive evidence that these product samples are not related to the product on the 
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respective Navy side.  The biomarker data (Ts/Tm; m/z 191) for SB-RR suggests that it may be 

different from the product on the respective Navy side, but it is inconclusive because the 

apparent difference is relatively small.  The biomarkers, total ion chromatogram, and isotope 

results all are conclusive evidence that the product at TR-DDD2 is unrelated to the product on 

the Navy side. 

The remaining locations (SB-C from North side Dump Road and SB-V V from LMI side Azuar 

Drive), are not distinguishable from the bunker fuel on the respective Navy side based on the 

forensic chemistry results from this study.  The utility vault sample UT-BB has similar chemistry 

to the Dump Road area samples, whereas the other four utility vault samples appear similar to 

the Azuar Drive area samples based on the isoprenoid biomarkers but are inconclusive based 

on other parameters. 

Note that the finding of potential similarity of bunker fuel at two locations based on forensic 

chemistry does not in itself mean that the product migrated from one location to the other.  The 

product could have migrated between the locations via a contiguous preferential pathway, or it 

could have been disposed of directly at the separate locations.  Physical evidence, such as the 

finding of a contiguous preferred pathway containing bunker fuel, is also necessary to draw final 

conclusions regarding migration from one point to another. 
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Table 1 
Forensic Chemistry Results  

DRMO Area Bunker Fuel Evaluation 
       
  Biomarker Ratios  PAH Source Ratios  Isotopes 
  I‐18/Ph  Pr/Ph Ts/Tm C29/C30  C27/C29  C2D/C2P C3D/C3P Fl/(Fl+Py) BaA/(BaA+Cr) δ 13C  δ 2H 
        Hopanes Steranes            
Navy side Dump Rd           
SB‐G  0.88  1.80  0.78  0.64  1.58  na  na  na  na  ‐23.9  ‐128 
SB‐K  0.73  1.60  0.59  0.59  1.85  na  na  na  na  ‐23.1  ‐128 
SB‐L  0.88  1.47  0.78  0.80  2.16  0.32  0.33  0.26  0.29  ‐23.6  ‐132 
SB‐O  0.71  1.45  0.53  0.60  1.73  0.44  0.42  0.18  0.25  ‐22.7  ‐132 
SB‐R  0.72  1.41  0.5  0.57  1.79  na  na  na  na  ‐22.8  ‐128 
North side Dump Rd                       
SB‐D  0.61  1.82  0.58  0.58  1.63  na  na  na  na  ‐25.0  ‐129 
SB‐C  0.68  1.58  0.59  0.63  1.91  0.40  0.39  0.25  0.29  ‐23.7  ‐134 
SB‐WWW  0.82  1.58  0.54  0.59  1.83  0.31  0.31  0.26  0.26  ‐24.6  ‐127 
Navy side Azuar Dr                       
SB‐GG  0.08  1.49  0.53  0.55  1.56  0.32  0.30  0.19  0.26  ‐23.4  ‐131 
SB‐MM  0.20  1.50  0.62  0.61  1.49  na  na  na  na  ‐23.8  ‐132 
SB‐NN  0.13  0.77  0.51  0.59  1.73  0.36  0.34  0.31  0.24  ‐23.0  ‐138 
LMI side Azuar Dr                       
SB‐PP  0.07  1.35  0.63  0.58  1.67  0.34  0.34  0.45  0.24  ‐23.7  ‐148 
SB‐RR  0.05  1.54  0.45  0.55  1.52  0.39  0.40  0.33  0.19  ‐24.0  ‐140 
SB‐V V  0.05  1.53  0.53  0.57  1.62  0.51  0.40  0.34  0.22  ‐23.3  ‐139 
TR‐DDD2  0.82  1.86  0.61  0.65  1.49  0.36  0.33  nc  nc  ‐24.9  ‐136 
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Table 1 
Forensic Chemistry Results 

DRMO Area Bunker Fuel Evaluation 
 

  Biomarker Ratios  PAH Source Ratios  Isotopes 
  I‐18/Ph  Pr/Ph Ts/Tm C29/C30  C27/C29  C2D/C2P C3D/C3P Fl/(Fl+Py) BaA/(BaA+Cr) δ 13C  δ 2H 
        Hopanes Steranes            
Utilities                       
UT‐Y  0.04  1.35  0.53  0.56  1.65  na  na  na  na  ‐24.0  ‐133 
UT‐W  0.04  1.31  0.49  0.57  1.86  0.30  0.51  0.30  0.32  ‐23.4  ‐133 
UT‐BB  0.76  1.67  0.76  0.60  1.71  0.55  0.56  0.31  0.33  ‐24.5  ‐127 
UT‐QE  0.00  1.18  0.58  0.61  1.66  na  na  na  na  ‐23.2  ‐132 
UT‐QT  0.05  1.44  0.58  0.63  1.79  0.34  0.35  0.23  0.33  ‐22.5  ‐134 
                       
SB‐V V Dup1  0.05  1.64  0.59  0.60  1.50             
SB‐V V Dup2  0.03  1.59  0.57  0.56  1.75             

 
Notes: 
1. Samples analyzed for biomarkers using ASTM D5739 and for extended PAHs using modified EPA 8270 SIM in November 2008. 
2. na = not analyzed due to insufficient sample volume. 
3. nc = not calculated because one analyte was not detected. 
4. Values for biomarker ratios are based on measured peak heights. 

• i‐18, Pr, Ph = norpristane, pristane, phytane (m/z 113) 
• Ts/Tm = C27 18α,21β‐trisnorhopane/C27 17α,21β‐trisnorhopane (m/z 191); C29/C30 hopanes = C29 αβ‐30‐norhopane/C30 αβ‐hopane (m/z 191) 
• C27/C29 steranes = C27αα‐steranes/C29αα‐steranes (m/z 217) 
• C2D/C2P = C2dibenzothiophene/C2phenanthrene; C3D/C3P = C3dibenzothiophene/C3phenanthrene 
• Fl = fluoranthene, Py = pyrene, BaA = benzo(a)anthracene, Cr = chrysene 
• δ13C = 13carbon/12carbon, per mil (0/00), relative to PDB standard 
• δ2H = 2 hydrogen/1 hydrogen, per mil (0/00), relative to SMOW standard 

5. SB‐V V Dup 1 and 2 were analyzed on a different instrument in December 2008; samples analyzed only for ASTM D5739. 
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Figure 2: Isoprenoid Biomarkers - i-18/Ph v Pr/Ph
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Figure 3: Terpanes Biomarkers - Ts/Tm v C29/C30Hopanes
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Figure 4: Terpanes and Steranes Biomarkers - Ts/Tm v C27/C29Steranes
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Figure 5: Terpanes and Steranes Biomarkers - C29/C30Hopanes v C27/C29Steranes
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Figure 6: Alkyl PAH Source Ratios - Dibenzothiophenes and Phenanthrenes
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Figure 7: Parent PAH Source Ratios
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APPENDIX 
Zymax Forensics and Isotech Laboratory Reports 

 





Isotech Data 
Job 10643 
Project 41343 

Isotech Sample 82H 
Lab No. Name %0 
149743 41343-2 -129 
149744 43134-3 -133 
149745 41343-4 -133 
149746 41343-5 -128 
149747 41343-6 -128 
149748 41343-7 -132 
149749 41343-8 -127 
149750 41343-9 -132 
149751 41343-10 -128 
149752 41343-11 -127 



REPORT OF ANALYTICAL RESULTS 

Client: Artgmis Antipas Lab Number: 
CH2M HILL 
1100 112th Ave. NE STE 400 Received: 
Bellvue, WA 98004-4505 Matrix: 

Project: Follow up on TPH Investigatlo Sample Description: 

I See Below 
Project Number: 273939-14.01 Analyzed: 11/7/2008 
Collected by: Stephen Quaylel Doye Ball Method: CF-IRMS 

1)13C 

LAB 

NUMBER 

41343-2 

41343-3 

41343-4 

41343-5 

41343-6 

41343-7 

41343-8 

41343-9 

41343-10 

41343-11 

Analylical Precision 

(1-sigma) 

41343c.xls 
RH D12.0304 

SAMPLE 

DESCRIPTION 

FTPH-FP-SB-D 

FTPH-FP-UT-Y 

FTPH-FP-UT-W 

FTPH-FP-SB-G 

FTPH-FP-SB-K 

FTPH-FP-SB-L 

FTPH-FP-SB-WWW 

FTPH-FP-SB-O 

FTPH-FP-SB-R 

FTPH-FP-UT-BB 

S13C 

%0 

-25.0 

-24.0 

-23.4 

-23.9 

-23.1 

-23.6 

-24.6 

-22.7 

-22.8 

-24.5 

Submitted by, 
ZymaX FORENSICS 

0.2 

River He, PhD 
Isotope Lab Manager 

41343 

10/24/2008 
Fractions 



REPORT OF ANALYTICAL RESULTS 
PAGE 2 of 2 

Client: Artgmis Antipas 
CH2M Hill 
1100 112th Ave. NE STE 400 
Bellvue. WA 98004·4505 

Project: Follow up on TPH Investigation, 

Project Number: 273939-14.01 
Collected by: Stephen Ouaylel Doye Ball 

CONSTITUENT 

Dibenzothiophene 
C1 Dibenzothiophenes 
C2 Dibenzothiophenes 
C3 Dibenzothiophenes 
C4 Dibenzothiophenes 
Fluoranthene 
Pyrene 
C1 Pyrenes/Fluoranthenes 
C2 Pyrenes/Fluoranthenes 
C3 Pyrenes/Fluoranthenes 
Benz(a)anthracene 
Chrysene 
C1 Chrysenes 
C2 Chrysenes 
C3 Chrysenes 
C4 Chrysenes 
Benzo(b)fluroanthene 
Benzo (k) fl uora nthene 
Benzo(e)pyrene 
Benzo(a)pyrene 
Perylene 
Indeno(1,2,3-c,d)pyrene 
D i benz (a, h)anth racene 
Benzo(g,h,i)perylene 

'POL - Practical Ouantitation Limit 

lab Number: 
Collected: 
Received: 
Matrix: 

:Sample Description: 

41343-4 
10/23/08 
10/24/08 
Product 

FTPH-FP-UT-W 
Analyzed: 10/29/08 
Method: 8270M 

POL' RESULT" 
mg/kg mg/kg 

2.5 23.3 
2.5 128.7 
2.5 187.3 
2.5 174.5 
2.5 143.6 
2.5 41.7 
2.5 95.7 
2.5 408.3 
2.5 311.2 
2.5 127.6 
2.5 20.2 
2.5 43.3 
2.5 229.0 
2.5 147.3 
2.5 65.7 
2.5 22.4 
2.5 8.3 
2.5 4.4 
2.5 15.4 
2.5 10.5 
2.5 14.1 
2.5 ND 
2.5 ND 
2.5 4.2 

"Results listed as ND would have been reported if present at or above the listed POL. 

Note: Analyzed in the Selected Ion Monitoring (SIM) mode. 

MSD 10 
41343-4pna .xls 
STLlth 

Submitted by, 

Zy~::t: DP~Ompany 

Shan-Tan lu, Ph.D. 
Director, Forensic Geochemistry 



REPORT OF ANALYTICAL RESULTS 
PAGE 1 of 2 

Client: Artgmis Antipas 
CH2M HILL 
1100 112th Ave. NE STE 400 
Bellvue, WA 98004-4505 

Lab Number: 
Collected: 
Received: 
Matrix: 

Project: Follow up on TPH Investigation, ;Sample Description: 

41343-4 
10/23/08 
10/24/08 
Product 

FTPH-FP-UT-W 
Project Number: 273939-14.01 Analyzed: 10/29/08 
Collected by: 8270M Stephen Quaylel Doye Ball L.:M=et::h:.:o:.:d::.: __ -===...:::.:.:.:-__________ --' 

CONSTITUENT 

Benzothiophene 
C1 Benzothiophenes 
C2 Benzothiophenes 
C3 Benzothiophenes 
C4 Benzothiophenes 
Naphthalene 
1·Methylnaphthalene 
2-Methylnaphthalene 
C2 Naphthalenes 
C3 Naphthalenes 
C4 Naphthalenes 
Biphenyl 
Acenaphthylene 
Oibenzofuran 
Acenaphthene 
Fluorene 
C1 Fluorenes 
C2 Fluorenes 
C3 Fluorenes 
Anthracene 
Phenanthrene 
C 1 Phenanthrenes/Anthracenes 
C2 Phenanthrenes/Anthracenes 
C3 Phenanthrenes/Anthracenes 
C4 Phenanthrenes/Anthracenes 

"PQL - Practical Quantitation Limit 

PQL" 
mglkg 

2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 

• 'Results listed as NO would have been reported if present at or above the listed PQl. 

Note: Analyzed in the Selected Ion Monitoring (SIM) mode. 

MSD 10 
41343-4pna .xls 
STLlth 

RESULT"' 
mglkg 

NO 
23.2 
53.2 

104.7 
147.4 

NO 
121.3 
59.5 

575.4 
819.3 
855.3 

NO 
NO 

11.9 
20.6 
64.2 
91.6 
50.1 

101.7 
35.8 
103.6 
313.9 
615.7 
339.8 
200.9 



REPORT OF ANALYTICAL RESULTS 
PAGE 1 of 2 

Client: 

Project: 

Artgmis Antipas 
CH2M Hill 
1100 112th Ave. NE STE 400 
Bellvue, WA 98004-4505 

lab Number: 
Collected: 
Received: 
Matrix: 

Sample Description: 

41343-7 
10/22/08 
10/24/08 
Product 

Follow up on TPH 
Investigation- DRMO 
273939-14.01 

FTPH-FP-SB-l 
Project Number: 
Collected by: 

CONSTITUENT 

Benzothiophene 
C 1 Benzothiophenes 
C2 Benzothiophenes 
C3 Benzothiophenes 
C4 Benzothiophenes 
Naphthalene 
1-Methylnaphthalene 
2 -Methylnaphthalene 
C2 Naphthalenes 
C3 Naphthalenes 
C4 Naphthalenes 
Biphenyl 
Acenaphthylene 
Oibenzofuran 
Acenaphthene 
Fluorene 
C1 Fluorenes 
C2 Fluorenes 
C3 Fluorenes 
Anthracene 
Phenanthrene 

Stephen Ouaylel Doye Ball 

C 1 Phenanthrenes/Anthracenes 
C2 Phenanthrenes/Anthracenes 
C3 Phenanthrenes/Anthracenes 

C4 Phenanthrenesl Anthracenes 

'POl - Practical Ouantitation Limit 

Analyzed: 10/29/08 
Method: 8270M 

POL' 
mg/kg 

2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 

* * Results listed as ND would have been reported if present at or above the listed POL. 

Note: Analyzed in the Selected Ion Monitoring (SIM) mode. 

MSD 10 
41343-7pna .xls 

STLIth 

RESUl T* * 
mg/kg 

NO 
91.4 
148.8 

209.4 
234.4 
35.2 

813.2 
849.0 

2628.0 
2318.4 
1766.5 

14.3 
NO 
NO 

42.3 
132.0 
192.1 
84.9 
159.4 
52.0 

313.0 
755.9 
943.8 
625.9 

234.4 



REPORT OF ANAL YTICAl RESULTS 
PAGE 2 of 2 

Client: Artgmis Antipas 
CH2M Hill 
1100 112th Ave. NE STE 400 
Bellvue, WA 98004-4505 

Project: 

Project Number: 
Collected by: 

CONSTITUENT 

Dibenzothiophene 
C 1 D,benzothiophenes 
C2 Dibenzothiophenes 
C3 Dibenzothiophenes 
C4 Dibenzothiophenes 
Fluoranthene 
Pyrene 

Follow up on TPH 
Investigation- DRMO 
273939-14.01 
Stephen Quaylel Doye Ball 

C1 Pyrenes/Fluoranthenes 
C2 Pyrenes/Fluoranthenes 
C3 Pyrenes/Fluoranthenes 
Benz(a)anthracene 
Chrysene 
C 1 Chrysenes 
C2 Chrysenes 
C3 Chrysenes 
C4 Chrysenes 
Benzo (b) II u roa nthene 
Benzo( k)lluoranthene 
Benzo(e)pyrene 
Benzo(a)pyrene 
Perylene 
Indeno(1,2,3-c,d)pyrene 
Dibenz (a, h) anthracene 
Benzo(g, h, i)perylene 

• PQl - Practical Quantitation limit 

lab Number: 
Collected: 
Received: 
Matrix: 

41343-7 
10/22/08 
10/24/08 
Product 

Sample Description: 

Analyzed: 
Method: 

POL' 
mglkg 

2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 

FTPH-FP-SB-l 
10/29/08 
8270M 

RESUlP' 
mglkg 

65.1 
252.5 
301.9 
209.5 
186.0 
37.9 
105.5 
438.8 
372.3 
152.3 
20.1 
50.0 

235.2 
184.2 
67.5 
15.5 
10.5 
ND 

20.8 
12.8 
10.9 
2.5 
ND 
4.3 

"Results listed as ND would have been reported if present at or above the listed PQl. 

Note: Analyzed in the Selected Ion Monitoring (SIM) mode. 

MSD 10 
41343-7pna.xls 
STUth 

Submitted by, 

ZY;l:t a ;l::mpan
y 

Shan-Tan lu, Ph.D. 
Director, Forensic Geochemistry 



REPORT OF ANALYTICAL RESULTS 
PAGE 1 of 2 

Client: 

Project: 

Artgmis Antipas 
CH2M HILL 
1100 112th Ave. NE STE 400 
Bellvue, WA 98004-4505 

Follow up on TPH Investigation, 

Lab Number: 
Collected: 
Received: 
Matrix: 

l)ample Description: 

41343·8 
10/22/08 
10/24/08 
Product 

FTPH·FP-SB·WWW 
Project Number: 
Collected by: 

CONSTITUENT 

Benzothiophene 
C 1 Benzothiophenes 
C2 Benzothiophenes 
C3 Benzothiophenes 
C4 Benzothiophenes 
Naphthalene 
1-Methylnaphthalene 
2 -Methyl naphthalene 
C2 Naphthalenes 
C3 Naphthalenes 
C4 Naphthalenes 
Biphenyl 
Acenaphthylene 
Oibenzofuran 
Acenaphthene 
Fluorene 
C 1 Fluorenes 
C2 Fluorenes 
C3 Fluorenes 
Anthracene 
Phenanthrene 

273939·14.01 
Stephen Ouaylel Doye Ball 

C 1 Phenanthrenes/Anthracenes 
C2 Phenanthrenes/Anthracenes 
C3 Phenanthrenes/Anthracenes 
C4 Phenanthrenes/Anthracenes 

'POL . Practical Ouantitation Limit 

Analyzed: 10/29/08 
Method: 8270M 

POL' 
mg/kg 

2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 

• 'Results listed as ND would have been reported if present at or above the listed POL. 

Note: Analyzed in the Selected Ion Monitoring (SIMI mode. 

MSO 10 
41343-8pna .xls 
STLlth 

RESULT'" 
mg/kg 

ND 
18.6 
50.8 
95.1 
117.8 

NO 
128.7 
17.2 

504.6 
778.7 
752.6 

ND 
NO 
5.8 

15.9 
48.0 
86.7 
46.3 
83.4 
32.7 

141.1 
413.4 
575.4 
457.9 
149.4 

I 



REPORT OF ANAL YTICAL RESULTS 
PAGE 2 of 2 

Client: Artgmis Antipas 
CH2M HILL 
1100 112th Ave. NE STE 400 
Bellvue, WA 98004-4505 

Project: Follow up on TPH Investigation, 

Project Number: 273939-14.01 

Collected by: Stephen Ouaylel Doye Ball 

CONSTITUENT 

Dibenzothiophene 
C 1 Dibenzothiophenes 
C2 Dibenzothiophenes 
C3 Dibenzothiophenes 
C4 Dibenzothiophenes 

Fluoranthene 
Pyrene 
C1 Pyrenes/Fluoranthenes 
C2 Pyrenes/Fluoranthenes 
C3 Pyrenes/Fluoranthenes 
Benz(a)anthracene 
Chrysene 
C 1 Chrysenes 
C2 Chrysenes 
C3 Chrysenes 
C4 Chrysenes 
Benzo(b )fluroanthene 
Ben zo (k) fl uora nth en e 
Benzo(e)pyrene 
Benzo(a)pyrene 
Perylene 
Indeno( 1 ,2,3-c,d)pyrene 
Dibenz(a ,h )anthracene 
Benzo (g, h, i) perylene 

*POL - Practical Ouantitation Limit 

Lab Number: 
Collected: 
Received: 
Matrix: 

\l>ample Description: 

41343-8 
10/22/08 
10/24/08 
Product 

FTPH-FP-SB-WWW 
Analyzed: 10/29/08 
Method: 8270M 

POL' RESULT** 

mg/kg mg/kg 

2.5 28.2 
2.5 127.0 

2.5 177.2 

2.5 142.6 

2.5 111 .9 

2.5 20.S 

2.5 57.7 
2.5 343.7 
2.5 257.0 

2.5 109.9 
2.5 12.4 
2.5 34.6 
2.5 176.6 
2.5 135.7 

2.5 4S.0 
2.5 10.0 
2.5 5.6 

2.5 ND 
2.5 15.0 
2.5 7.2 
2.5 S.4 
2.5 ND 
2.5 ND 
2.5 ND 

'* Results listed as ND would have been reported if present at or above the listed POL. 

Note: Analyzed in the Selected Ion Monitoring (SIM) mode. 

MSD 10 
41343-Spna.xls 
STL/th 

Submitted by, 

ZY~DranY 

Shan-Tan Lu, Ph.D. 
Director, Forensic Geochemistry 



REPORT OF ANALYTICAL RESULTS 
PAGE 1 of 2 

Client: 

Project: 

Artgmis Antipas 
CH2M Hill 
1100 112th Ave. NE STE 400 
Bellvue, WA 98004-4505 

Follow up on TPH 

lab Number: 
Collected: 
Received: 
Matrix: 

Sample Description: 

41343-9 
10/23/08 
10/24/08 
Product 

Investigation, DRMO FTPH-FP-SB-O 
Project Number: 273939-14.01 Analyzed: 10/29/08 
Collected by: Stephen Quaylel Doye Ball Method: 8270M 

CONSTITUENT PQl' 
mg/kg 

Benzothiophene 2.5 
C 1 Benzothiophenes 2.5 
C2 Benzothiophenes 2.5 
C3 Benzothiophenes 2.5 
C4 Benzothiophenes 2.5 
Naphthalene 2.5 
1·Methylnaphthalene 2.5 
2-Methylnaphthalene 2.5 
C2 Naphthalenes 2.5 
C3 Naphthalenes 2.5 
C4 Naphthalenes 2.5 
Biphenyl 2.5 
Acenaphthylene 2.5 
Oibenzofuran 2.5 
Acenaphthene 2.5 
Fluorene 2.5 

C1 Fluorenes 2.5 
C2 Fluorenes 2.5 

C3 Fluorenes 2.5 
Anthracene 2.5 
Phenanthrene 2.5 

C 1 Phenanthrenes/Anthracenes 2.5 

C2 Phenanthrenes/Anthracenes 2.5 

C3 Phenanthrenes/Anthracenes 2.5 

C4 Phenanthrenesl Anthracenes 2.5 

"PQl - Practical Quantitation Limit 
'"Results listed as ND would have been reported if present at or above the listed PQL. 

Note: Analyzed in the Selected Ion Monitoring (SIM) mode. 

MSO 10 
41343-9pna.xls 

STLIth 

RESULT" 
mg/kg 

NO 
22.0 
37.3 
94.1 

142.3 

NO 
41.5 
NO 

281.7 

651.1 
839.2 

NO 
NO 
NO 

13.5 
31.1 
59.0 
43.3 
106.4 
20.6 
50.2 

199.4 
407.8 
400.3 
191.7 



REPORT OF ANALYTICAL RESULTS 
PAGE 2 of 2 

Client: Artgmis Antipas 
CH2M Hill 

1100 112th Ave. NE STE 400 
Bellvue, WA 98004-4505 

Project: Follow up on TPH 
Investigation, DRMO 

Project Number: 273939-14.01 
Collected by: Stephen Ouaylel Doye Ball 

CONSTITUENT 

Oibenzothiophene 
C 1 Oibenzothiophenes 
C2 Oibenzothiophenes 
C3 Oibenzothiophenes 
C4 Oibenzothiophenes 
Fluoranthene 
Pyrene 
C 1 Pyrenes/Fluoranthenes 
C2 Pyrenes/Fluoranthenes 
C3 Pyrenes/Fluoranthenes 
Benz(a)anthracene 
Chrysene 
C 1 Chrysenes 
C2 Chrysenes 
C3 Chrysenes 
C4 Chrysenes 
Benzo (b)fluroanthene 
Ben zo (klfl u 0 ra nthe n e 
Benzo(e)pyrene 
Benzo(a)pyrene 
Perylene 
Indeno(1,2,3-c,d)pyrene 
Oibenz(a,h )anthracene 
Benzo (g,h, i)perylene 

* POL - Practical Ouantitation Limit 

lab Number: 
Collected: 
Received: 
Matrix: 

Sample Description: 

41343-9 
10/23/08 
10/24/08 
Product 

FTPH-FP-SB-O 

Analyzed: 10/29/08 
Method: 8270M 

POL' RESULT'" 
mg/kg mg/kg 

2.5 17.4 
2.5 92.5 
2.5 181.3 
2.5 166.8 
2.5 163.5 
2.5 24.0 
2.5 107.6 
2.5 411 .1 
2.5 364.1 
2.5 168.7 

2.5 13.3 
2.5 40.5 
2.5 214.6 
2.5 142.3 
2.5 60.0 
2.5 20.7 
2.5 11.4 
2.5 NO 
2.5 22.2 
2.5 13.3 
2.5 16.9 
2.5 NO 
2.5 NO 
2.5 3.5 

*. Results listed as ND would have been reported if present at or above the listed POL. 

Note: Analyzed in the Selected Ion Monitoring (SIM) mode. 

MSD 10 
41343-9pna.xls 
STLIth 

Submitted by, 

zymagaDL
ny 

Shan-Tan lu, Ph.D. 
Director, Forensic Geochemistry 



REPORT OF ANALYTICAL RESULTS 
PAGE 1 of 2 

Client: 

Project: 

Artgmis Antipas 
CH2M HILL 
1100 112th Ave. NE STE 400 
Bellvue, WA 98004-4505 

Lab Number: 
Collected: 
Received: 
Matrix: 

Sample Description: 

41343-11 
10/22/08 
10/24/08 
Product 

Follow up on TPH 
Investigation, DRMO 
273939-14.01 

FTPH-FP-UT-BB 
Project Number: 
Collected by: 

CONSTITUENT 

Benzothiophene 
C 1 Benzothiophenes 
C2 Benzothiophenes 
C3 Benzothiophenes 
C4 Benzothiophenes 
Naphthalene 
l-Methylnaphthalene 
2-Methylnaphthalene 
C2 Naphthalenes 
C3 Naphthalenes 
C4 Naphthalenes 
Biphenyl 
Acenaphthylene 
Dibenzofuran 
Acenaphthene 
Fluorene 
C1 Fluorenes 
C2 Fluorenes 
C3 Fluorenes 
Anthracene 
Phenanthrene 

Stephen Quayle/ Doye Ball 

C1 Phenanthrenes/Anthracenes 
C2 Phenanthrenes/Anthracenes 
C3 Phenanthrenes/Anthracenes 
C4 Phenanthrenes/Anthracenes 

* PQL - Practical Quantitation Limit 

Analyzed: 10/29/08 
Method: 8270M 

PQL* 
mg/kg 

2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 

**Results listed as ND would have been reported if present at or above the listed PQL. 

Note: Analyzed in the Selected Ion Monitoring (SIMI mode. 

MSD 10 
41343-11 PNA.xls 
STUth 

RESULT'* 
mg/kg 

ND 
33.8 
67.0 

146.1 
239.8 

3.8 
70.6 
19.4 

523.8 
1018.5 
1403.7 

7.0 
ND 
9.8 

27.6 
58.8 
84.0 
56.2 
123.0 
30.5 
65.4 

230.2 
512.8 
399.8 
211.6 



REPORT OF ANALYTICAL RESULTS 
PAGE 2 of 2 

Client: Artgmis Antipas 
CH2M HILL 
1100 112th Ave. NE STE 400 
Bellvue, WA 98004-4505 

Project: Follow up on TPH 
Investigation, DRMO 

Project Number: 273939-14.01 
Collected by: Stephen Quaylel Doye Ball 

CONSTITUENT 

Dibenzothiophene 
C1 Dibenzothiophenes 
C2 Dibenzothiophenes 
C3 Dibenzothiophenes 
C4 Dibenzothiophenes 
Fluoranthene 
Pyrene 
C 1 Pyrenes/Fluoranthenes 
C2 Pyrenes/Fluoranthenes 
C3 Pyrenes/Fluoranthenes 
Benz(a)anthracene 
Chrysene 
C 1 Chrysenes 
C2 Chrysenes 
C3 Chrysenes 
C4 Chrysenes 
Ben zo (b) fl u ro a nthene 
Benzo( klfluoranthene 
Benzo(e)pyrene 
Benzo(alpyrene 
Perylene 
Indeno(1,2,3-c,d)pyrene 
Dibenz (a, h lanthracene 
Benzo(g,h,i)perylene 

• PQl - Practical Quantitation Limit 

lab Number: 
Collected: 
Received: 
Matrix: 

Sample Description: 

41343-11 
10/22/08 
10/24/08 
Product 

FTPH-FP-UT-BB 

Analyzed: 10/29/08 
Method: 8270M 

PQl' RESULT" 
mg/kg mg/kg 

2.5 29.9 

2.5 164.4 

2.5 281.9 
2.5 224.3 
2.5 186.4 
2.5 61.4 

2.5 136.0 

2.5 348.0 

2.5 341.5 

2.5 134.5 
2.5 32.4 
2.5 64.9 

2.5 226.7 
2.5 117.8 
2.5 55.5 
2.5 14.4 
2.5 46.0 
2.5 17.9 
2.5 29.0 

2.5 28.9 
2.5 21.5 
2.5 6.2 

2.5 ND 
2.5 7.0 

"Results listed as ND would have been reported if present at or above the listed PQL. 

Note: Analyzed in the Selected Ion Monitoring (SIM) mode. 

MSD 10 
41343-11PNA.xls 

STLIth 

Submitted by, 

Zy~:tDry 
Shan-Tan lu, Ph.D. 
Director, Forensic Geochemistry 



Sample Name: FTPH-FP-SB-D (41343-2) sheen 
Mise Info Follow on TPH investigation 

bundance TIC: 102414.0 

600000 

550000 

500000 

450000 

400000 

350000 

300000 

250000 

200000 

150000 

100000 

50000 

o~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
ime-> 10.00 15.00 20.00 25.00 30.00 35.00 40.00 45.00 50.00 55.00 60.00 65.00 70.00 75.00 80.00 85.00 90.00 95.00 100.00 



Sample Name: FTPH-FP-UT-Y (41343-3) sheen 
Mise Info Follow on TPH investigation 

450000 



Sample Name: FTPH-FP-UT-W (41343-4) Heavy oil 
Mise Info Follow on TPH investigation 



Sample Name: FTPH-FP-SB-G (41343-5) sheen 
Mise Info Follow on TPH investigation 

TIC: 1 



Sample Name: FTPH-FP-SB-K (41343-6) sheen 
Mise Info Follow on TPH investigation 



Sample Name: FTPH-FP-SB-L (41343-7) Heavy oil 
Mise Info Follow on TPH investigation 



Sample Name: FTPH-FP-SB-WWW (41343-8) Heavy oil 
Mise Info Follow on TPH investigation 

undance TIC: 102410.D 

1600000 

1500000 

1400000 

1300000 

1200000 

1100000 

1000000 

900000 

800000 

700000 

600000 

500000 

400000 

300000 

~-~. 
~------

200000 

100000 

0~~~~~4¥~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
ime-> 15.00 20.00 25.00 30.00 35.00 40.00 45.00 50.00 55.00 60.00 65.00 70.00 75.00 80.00 85.00 90.00 95.00 100.00 



Sample Name: FTPH-FP-SB-O (41343-9) Heavy oil 
Mise Info Follow on TPH investigation 

bundance TIC: 102411.0 

1600000 

1500000 

1400000 

1300000 

1200000 

1100000 

1000000 

900000 

800000 

700000 

600000 

500000 

400000 

300000 

200000 

100000 

O'~~rr~~~~~~~~~~~-r~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
ime-> 10.00 15.00 20.00 25.00 30.00 35.00 40.00 45.00 50.00 55.00 60.00 65.00 70.00 75.00 80.00 65.00 90.00 95.00 100.00 



Sample Name: FTPH-FP-SB-R (41343-10) sheen 
Mise Info Follow on TPH investigation 



Sample Name: FTPH-FP-UT-BB (41343-11) Heavy oil 
Mise Info Follow on TPH investigation 

TIC: 1 

1000000 



FTPH-FP-SB-D (41343-2) sheen 
Follow on TPH investigation 

Abundance 

46000 

44000 

42000 

40000 

38000 

36000 

34000 

32000 

30000 

28000 

26000 

24000 

22000 

20000 

18000 

16000 

14000 

12000 

10000 

8000 

6000 

4000 

2000 

0 .1 

ime > 10.00 15.00 20.00 25.00 

Ion 85.00 (84.70 to 85.70): 102414.0 

30.00 40.00 45.00 50:00 60.00 65'00 70.00 75.00 80.00 85.00 



FTPH-FP-UT-Y (41343-3) sheen 
Follow on TPH investigation 

Abundance 

55000 

50000 

45000 

40000 

35000 

30000 

25000 

20000 

15000 

10000 

5000 

0 
15'00 20'00 25'00 ime-> 10.00 

~. j 
30.00 

Ion 85.00 (84.70 to 85.70): 102405.0 

1.1 .. I 

35.00 40:00 45.00 50.00 55.00 60.00 70.00 75.00 so.oo 85.00 



FTPH-FP-UT-W (41343-4) Heavy oil 
Follow on TPH investigation 

Abundance 

90000 

85000 

80000 

75000 

70000 

65000 

60000 

55000 

50000 

45000 

40000 

35000 

30000 

25000 

20000 

15000 

10000 

5000 

h-ime-> 
0 

.1 .1 \, 

10.00 15.00 20'00 25.00 30.00 

J II 

35.00 

Ion 85.00 (84.70 to 85.70): 102406.0 

j . ,. ~ 'f'~' "V',· " '" I~ 

40.00 45.00 50.00 55.00 60.00 65.00 70.00 75.00 80:00 85.00 



FTPH-FP-SB-G (41343-5) sheen 
Follow on TPH investigation 

~bundance 

95000 

90000 

85000 

80000 

75000 

70000 

65000 

80000 

55000 

50000 

45000 

40000 

35000 

30000 

25000 

20000 

15000 .... , 
10000 \J 

~ 
5000 

..j 
, 

I..> 

~ 

0 
LJ .~,II~J 

ime > 10.00 15.00 20.00 25.00 30:00 

"S-, 
~ 
~ 

"'I , 
\J 
~ 

~ V 
35.00 

Ion 85.00 (84.70 to 85.70): 102407.0 

':I 

0 
~:< 

... , ..... 
\9 { \) 0 .oj , 
" IJ V ~ \1 \) ~ ~ 

I.t) >( l/ ~ ~ ~ , 
\) ~ 

..,... 

~ ~ 
~ -I,., 

oj 
X\Q 

0(>. 
~ 'u ~ '\, "'-

~ " ~\.J~C)V 
~ l<! ~~ '" ,,''' 

It .. 
IJ'~ 
It ~ 

Iv'" 
~ '-l 

v .... '" "-'" "-
l ~ lMij~~~U,t J;IJ~ 1.1 )( \,'" '" \.J'" ~M ~~w(t IU!IIUUi. II ~ ~ Y :,'.' ~ .• , 'V" 'W .\A, J, J :It 

'" .J.. 
40.00 45.00 50'00 55.00 60.00 65.00 70.00 75.00 80:00 85.00 



FTPH-FP-SB-K (41343-6) sheen 
Follow on TPH investigation 

~bundance 

70000 

65000 

60000 

55000 

50000 

45000 

40000 

35000 

30000 

25000 

20000 

15000 

10000 

Ion 85.00 (84.70 to 85.70): 102408.D 



FTPH-FP-SB-L (41343-7) Heavy oil 
Follow on TPH investigation 

fA-bundance 

240000 

220000 

200000 

180000 

160000 

140000 

120000 

100000 

80000 

60000 

40000 

Ion 85.00 (84.70 to 85.70): 102409.D 



FTPH-FP-SB-WWW (41343-8) Heavy oil 
Follow on TPH investigation 

fA.bundance 

130000 

120000 

110000 

100000 

90000 

80000 

70000 

80000 

50000 

40000 

30000 

20000 

10000 

.1 _J 
trime-> 

0 
10'00 25'00 15.00 20.00 30.00 

Ion 85.00 (84.70 to 85.70): 102410.0 

.~ 
35.00 40.00 45.00 50.00 80.00 85.00 70.00 75.00 80.00 85.00 



FTPH-FP-SB-O (41343-9) Heavy oil 
Follow on TPH investigation 

Abundance 

130000 

120000 

110000 

100000 

90000 

80000 

70000 

60000 

50000 

40000 

30000 

20000 

10000 

• 1 .1 
0 

25'00 ime--> 10.00 15.00 20.00 30.00 

,1 • 

35.00 

Ion 85.00 (84.70 to 85.70): 102411.D 

.I U Il~ i.lt Lui 11 1\'IrII1~I\t. 1'1.1' 'Y .. , 
..... , OJ' 

40.00 45.00 50:00 55.00 60.00 65.00 70.00 75.00 80.00 85.00 



FTPH-FP-SB-R (41343-10) sheen 

Follow on TPH investigation 

Abundance 

120000 

110000 

100000 

90000 

80000 

70000 

80000 

50000 

40000 

30000 

20000 

..j 

10000 
~ 

o. 
.1 

~j, 

ime-> 10.00 15.00 20.00 25.00 30.00 

<l.. ... 
'-I 

~ 

'" '-' 
t 

. j Il,.,/ 

35.00 

Ion 85.00 (84.70 to 85.70): 102412.0 

Q 

0 
X ..... 

(J ~ 

~ 
oj 

.... ~ 0 
"- ~ 
\) ~ 

1'1'1 

0-
~ :.: ;os.. 

~ 
~ ~ ... 
\.J 

'\& ~ ~ ... 
\J 

\J 

~ 
~ 

I.t) '" .... 0 
\l ~ t-... 
X 0 

;s: d'~ 
'"' ~ 'l: .. 

'" ,,'- '" X ~ oj .. ~ 
l( .:''' C' l., 
~~)(I.i 

~I~~~IU~\ 1 ~II ~~ l~ u~~1 JU!J.lA~ 
~ ~ UI\I. 

.~ .. ~ 

~ . .'W 

40.00 45.00 50.00 55·00 so'oo 65.00 70.00 75.00 80.00 85.00 



. __ ~~~-LL) Heavy oil .vLLOW on TPH investigation 
fA.bundance 

140000 

130000 

120000 

110000 

100000 

90000 

80000 

70000 

60000 

50000 

40000 

30000 

Ion 85.00 (84.70 to 85.70): 102413.0 

50.00 55.00 

~, 

60.00 65.00 70.00 75.00 80.00 65.00 



FTPH-FP-SB-D (41343-2) sheen 
Follow on TPH investigation 

r-.bundance 

20000 

19000 

18000 

17000 

16000 

15000 

14000 

13000 

12000 

11000 

10000 

9000 

8000 

7000 

6000 

5000 

4000 

3000 -t 

Ion 113.00 (112.70 to 113.70): 102414.D 

'-
1 

4<) 
"-
1 

1-1 1-\ 

'<:I 
"
I 

H 

"\, .... 
\ 

H 

::~~~~~~~~~~~~H~J~W"'~~~l~~~ll~~"~"UL~J~~~~~~~,~~,~.j~~~~Jl.,~,~~~u~.~M'~.'I~~W~I~~~~~.~~~ 
10.0012.00 14.00 16.00 18.0020:0022.0024:00 26.00 28.00 30.00 32.00 34.00 36.00 38:00 40.00 42.00 44:00 46.00 48:00 50.00 52.00 54:00 56.00 58.00 60.00 62.00 64.00 66.00 ime-> 



__ ... ,·r-Ul-Y (41343-3) sheen Follow on TPH investigation 
i'\bundance 

20000 

19000 

18000 

17000 

16000 

15000 

14000 

13000 

12000 

11000 

10000 

9000 

8000 

7000 

6000 

5000 

4000 

3000 

2000 

Ion 113.00 (112.70 to 113.70): 102405.0 

.I.t) 
...... 
I 

H 

'0 
"
I 

H 

Ime-> 800 10.0012'00 14 00 16 00 18.0020.00 22 00 24.00 26'00 28.00 30.00 32:00 34.00 36 00 38.00 40 00 42.00 44.00 46:00 48.00 50'00 52.00 54.00 56:00 58.00 60 00 62'00 64.00 66.00 



FTPH-FP-UT-W (41343-4) Heavy oil Follow on TPH investigation 
f'bundance 

30000 

26000 

26000 

24000 

22000 

20000 

18000 

16000 

14000 

12000 

10000 

8000 

6000 

4000 

2000 

Ion 113.00 (112.70 to 113.70): 102406.0 

~ I .U~~\~ ~ I II , I .. L. l.h :.~ lL I!. !L.L ~ J V'" . IIW rljll . .1. J. J ll. .'o. 11 ,j .I,WA. "1"1\\1'" \'1''1</' PI''''' 11"'1" 
0~~~~~~,,~~~~~,,~~~~.n~,,~~~~~~J4~~~~~~~~,,~~~~~~~~~~~~~~~~'.'Tn,~~~',~~~~~',~~~~~~~ 

Time--> 10.0012.0014.0016.0018.00 20.00 22.00 24.00 26.00 28.0030.00 32.00 34.00 36.00 38.00 40.00 42.00 44.00 46.00 48.00 50.00 52.00 54.00 56.00 58.00 60.00 62.00 64.00 66.00 



FTPH-FP-SB-G (41343-5) sheen 
Follow on TPH investigation 

Pbundance 

44000 

42000 

40000 

38000 

36000 

34000 

32000 

30000 

28000 

26000 

24000 

22000 

20000 

18000 

16000 

14000 

12000 

10000 

8000 

6000 

4000 
...... ... 
I 

"') -I 
H 

Ion 113.00 (112.70 to 113.70): 102407.D 

'0/.. 
~ ... 

"\, I 

1-1 .... 
'a I .... Ii 

~ 
I 

1-1 
I 

I-i 

200: ~ lJ .ttl JI ~. Id. ~\\...I~ _~.L~ J.Je 1.\"}.J!I,i~l 
ime > 8.00 10.0012.00 14.00 16'00 18.00 20.00 22.00 24.00 26.00 28.00 30.00 32.00 34.00 36.00 38.00 40.00 42.00 44.00 46.00 48.00 50.00 52.00 84.00 56.00 58.00 60.00 62.00 84.00 66.00 



FTPH-FP-SB-K (41343-6) sheen 
Follow on TPH investigation 

Abundance 

30000 

28000 

26000 

24000 

22000 

20000 

18000 

16000 

14000 

12000 

10000 

8000 

6000 

4000 

2000 

"" ~ I 
H 

Ion 113.00 (112.70 to 113.70): 102408.0 

'<:i-
'" I 
H 

... 
I 

f-.t 

Ill, 

'-II 
"I 
H 

ime-> 10.00 12.00 14.00 16.00 18.0020.0022:0024.0026.0028.00 30.00 32.00 34.00 36.00 36.00 40'00 42.00 44:00 46.00 48.00 50.00 52:00 54.00 56.00 58.00 60.00 62.00 64.00 66.00 



FTPH-FP-SB-L (41343-7) Heavy oil 
Follow on TPH investigation 

Abundance 
100000 

95000 

90000 

85000 

80000 

75000 

70000 

65000 

60000 

55000 

50000 

45000 

40000 

35000 

30000 

25000 

20000 

I't\ , 
I 

H 

Ion 113.00 (112.70 to 113.70): 102409. D 

;:j-
..... 
I 

H 

l.t) 
"
I 

H 

:~~~~~: ~~~~,.A. ~~M,~~J.~~~~.~1~JA.~\L~y J..h~Vv~!~--rrpT.!~~.~~~Jl,..,.,..,..,-~~ Time-> 10.0012.00 14.00 16.00 18.00 20.00 22'00 24.00 26.00 28.00 30.00 32'00 34.00 36.00 38.00 40.00 42.00 44.00 46:00 48.00 50.00 52.00 54.00 56.00 58.00 60.00 62.00 64.00 66.00 



FTPH-FP-SB-WWW (41343-8) Heavy oil 
Follow on TPH investigation 

fbundance 

50000 

45000 

40000 

35000 

30000 

25000 

20000 

15000 

10000 

5000 

Ion 113.00 (112.70 to 113.70): 102410.D 

~ 
"-
't 
t-I 

~ 
""-
I 

<:J.. V, N .... .... 
I I 

H H 

. > 0.', ,', ~', ~', ,', Ime- 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00 30.00 32.00 34.00 36.00 38.00 40.00 42.00 44.0046.00 48.00 so.oo 52.00 54.00 66.00 66.00 60.00 62.00 64.00 66.00 



FTPH-FP-SB-O (41343-9) Heavy oil 
Follow on TPH investigation 

Abundance 

50000 

45000 

40000 

35000 

30000 

25000 

20000 

15000 

10000 

5000 

1-1 

Ion 113.00 (112.70 to 113.70): 102411.0 

~ 

'"'" ..... 
I 

H 
'0 

~ 
..... 

<::/-. I , 
I I--j I 

I--j H 

.II. 

T;, > 0 _', _', ~', Ime- 8.00 10.0012.0014.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00 30.00 32.0034.0036.00 38.00 40.00 42.00 44.00 46.00 48.00 50.00 52.00 54.00 56.00 58.00 60.00 62.00 64.00 66.00 





FTPH-FP-UT-BB (41343-11) Heavy oil Follow on TPH investigation 
f'\bundance 

55000 

50000 

45000 

40000 

35000 

30000 

25000 

20000 

15000 

10000 -I 
H 

Ion 113.00 (112.70 to 113.70): 102413.0 

~ 

"'" "-
'-9 I 

"- N 
~ 

I 
..... N 

~ I r N 
t-t 

5000 
.I II. 1" II ," I t." ~1 •. ~:Uw vl. \tl''''~'! •. ..,t ,i.J. . > 0 

"', "', ,'r 
,', 

'me- 8.00 10.0012.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00 30.00 32.00 34.00 36.00 38.00 40.00 42.00 44.00 46.00 48.00 50.00 52.00 54.00 56.00 58.00 60.00 62.00 64.00 66.00 



FTPH-FP-SB-D (41343-2) sheen 
Follow on TPH investigation 

Ion 

I 

::t 
\J 

'-
I 

::t 
\J 



FTPH-FP-UT-Y (41343-3) sheen 
Follow on TPH investigation 

~ 
I 

::t. 
\.J 

'\, 
{ 
\.l 

~ 
\ ~ 

:t , 
\.l I '\ :t 

\l 



FTPH-FP-UT-W (41343-4) Heavy oil 
Follow on TPH investigation 

Ion 83.00 (82.70 to 83.70): 



FTPH-FP-SB-G (41343-5) sheen 
Follow on TPH investigation 

Ion 83.00 (82.70 to 

1:1 
"-

~ 
\) ....... 

"-
I 
~ 
~ ~ ..... 

I 
'::t:: 
\) 

~ ~ ..... 

:t 
..... 

~ ~ 
I \) \J :t: 

(J 



FTPH-FP-SB-K (41343-6) sheen 
Follow on TPH investigation 

18000 

~ 
{ 
\l 

'" I 
::t:: 
'-.l 

I I;) 

'::I:: .... 
I 

I:l ::t: 
\l 

"-.... 
~ 
U "i ..... 

::t 
\J ~ 

"-

':!\ ~ '0 I 
~ ::t: :t \J \J 



FTPH-FP-SB-L (41343-7) Heavy oil 
Follow on TPH investigation 

bundance 

120000 

110000 

100000 

90000 

80000 

70000 

60000 

50000 

40000 

30000 

20000 

10000 

Ion 83.00 (82.70 to 83.70): 102409.0 

I 

::t:: 
\.\ 

"I .... 
I 

~ 
~ 

I'C\ , ~ 

:i: , 
I 

\l ':t 
~ 

o~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
ime-> 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00 30.00 32.00 34.00 36.00 38.00 40.00 42.00 44.00 46.00 48.00 SO.OO 52.00 54.00 56.00 



FTPH-FP-SB-WWW (41343-8) Heavy oil 
Follow on TPH investigation 

to 83.70): 102410.0 



FTPH-FP-SB-O (41343-9) Heavy oil 
Follow on TPH investigation 

<:I 
'-
1 

::t: 
\.) 

...... -1 

:t 
~ '" '-

~ -It) 
0 '" { '" 

'-

:i: 'l" \J ::t:: \J 
<.l 



FTPH-FP-SB-R (41343-10) sheen 
Follow on TPH investigation 

to 83.70): 102412.D 



FTPH-FP-UT-BB (41343-11) Heavy oil 
Follow on TPH investigation 

Ion 83.00 (82.70 to 

t:-.... 
:i: 
fJ 

, 
~ 
fJ 

I;) 

"-
{ { 
I.J U 

....... , 

~ 
fJ 



FTPH-FP-SB-D (41343-2) sheen 
Follow on TPH investigation 



FTPH-FP-UT-Y (41343-3) sheen 
Follow on TPH investigation 



FTPH-FP-UT-W (41343-4) Heavy oil 
Follow on TPH investigation 

6500 

ion . to 123.70): 1 

l 



FTPH-FP-SB-G (41343-5) sheen 
Follow on TPH investigation 

Ion .D 



FTPH-FP-SB-K (41343-6) sheen 
Follow on TPH investigation 

Ion 



FTPH-FP-SB-L (41343-7) Heavy oil 
Follow on TPH investigation 

bundance 

21000 

20000 

19000 

18000 

17000 

16000 

15000 

14000 

13000 

12000 

11000 

10000 

9000 

6000 

7000 

6000 

5000 

4000 

3000 

2000 

1000 

Ion 123.00 (122.70 to 123.70): 102409.D 

O'~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
ime-> 15.00 16.00 17.00 18.00 19.00 20.00 21.00 22.00 23.00 24.00 25.00 26.00 27.00 28.00 29.00 30.00 31.00 32.00 33.00 34.00 35.00 36.00 37.00 38.00 39.00 40.00 41.00 42.00 43.00 



FTPH-FP-SB-WWW (41343-8) Heavy oil 
Follow on TPH investigation 

6500 

Ion 123.00 (122.70 to 123.70): 1 



FTPH-FP-SB-O (41343-9) Heavy oil 
Follow on TPH investigation 

bundance 

12000 

11000 

10000 

9000 

8000 

7000 

6000 

5000 

4000 

3000 

2000 

1000 

Ion 123.00 (122.7010 123.70): 102411.0 

OI~~~~~~~~~~~~~~~~~Yri~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
ime-> 14.00 15.00 16.00 17.00 18.00 19.00 20.00 21 .00 22.00 23.00 24.00 25.00 26.00 27.00 28.00 29.00 30.00 31.00 32.00 33.00 34.00 35.00 36.00 37.00 38.00 39.00 40.00 41.00 42.00 43.00 



FTPH-FP-SB-R (41343-10) sheen 
Follow on TPH investigation 

4500 

'\ 



FTPH-FP-UT-BB (41343-11) Heavy oil 
Follow on TPH investigation 

bundance 

17000 

16000 

15000 

14000 

13000 

12000 

11000 

10000 

9000 

8000 

7000 

6000 

5000 

4000 

3000 

2000 

1000 

Ion 123.00 (122.70 to 123.70): 102413.0 

o,~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
ime-> 14.0015.00 16.00 17.00 18.00 19.00 20.00 21.00 22.00 23.00 24.00 25.00 26.00 27.00 28.00 29.00 30.00 31.00 32.00 33.00 34.00 35.00 36.00 37.00 36.00 39.00 40.00 41.00 42.00 43.00 



FTPH-FP-SB-D (41343-2) sheen 
Follow on TPH investigation 

undance 
10500 

10000 

9500 

9000 

8500 

8000 

7500 

7000 

6500 

6000 

5500 

5000 

4500 

4000 

ime-> 54.00 56.00 58.00 62.00 64.00 

Ion 191.00 (190.70 to 191.70): 102414.D 

66.00 68.00 70.00 72.00 74.00 76.00 78.00 80.00 82.00 84.00 



FTPH-FP-UT-Y (41343-3) sheen 
Follow onTPH investigation 

fA.bundance Ion 191.00 (190.70 to 191.70): 102405.D 

23000 

22000 

21000 

20000 

19000 

18000 

17000 

18000 

15000 

14000 

13000 

12000 

11000 

10000 N\ 

9000 

8000 

7000 

6000 ...... 

5000 

4000 ... 
3000 Il( 

20001 n. ,~ I, ,,,,,~~",!.,,,L .l l..,.d. ,I l.I.A... .. JI L.A., .. , II I., I." 
1000~~1'\ "'IV 'n "1 ,~" •. , "'~'f""' W'rM" ~ • .,.",';iJj~\#f!I\IW ,,~ 

62.00 64.00 66.00 68.00 70.00 72.00 74.00 76.00 78.00 80.00 82.00 84.00 



FTPH-FP-UT-W (41343-4) Heavy oil 
Follow on TPH investigation 

bundance 

26000 

24000 

22000 

20000 

16000 

16000 

14000 

12000 

10000 

8000 

l..t) 

6000 

4000 

2000 

0 
ime-> 54.00 56.00 56.00 60.00 62.00 

,,'4\ 
\II'" 

64.00 

Ion 191.00 (190.70 to 191.70): 102406.0 

N 

\l.. ~ 
("-l\ ~u-. 

"t.~ \Ie, 
,,~ 

1- ~ " 
~ 
" 

...r 

66.00 68.00 70.00 72.00 

"-
() Qr 

'" ~'" '" ,"' 
\/-If " "'...-l' ' ' '::> 

~~ .... 
"'10:' 
X;~ '" }...~ 

74.00 76.00 78.00 80.00 82.00 84.00 



FTPH-FP-SB-G (41343-5) sheen 
Follow on TPH investigation 

bundance 

19000 

18000 

17000 

16000 

15000 

14000 

13000 

12000 

11000 

10000 

9000 

8000 

7000 

8000 

~ 
5000 

4000 
Ir--.q 

"'" l.t) ~ 

Jl) 3000 

2000 

1000 

0 
ime-> 54.00 56.00 58.00 60.00 62.00 64.00 

Ion 191.00 (190.70 to 191.70): 102407.D 

~ 

~ 
N ~ 

Il-. 

\.lJ ,,~ ~ 
\\~ ~ ~ , ~ 

~ " "I:: " ~ ~ 

'" 

66.00 68.00 70.00 72.00 

"-
~ 

I\) 

\--.... 
'" ,,'Q :::> '" .... ~ "'" . ~~ " '" - ~ Ir-\C oj\~ XX )...>. 

~~J\".!o~~ 

74.00 76.00 78.00 80.00 82.00 64.00 



FTPH-FP-SB-K (41343-6) sheen 
Follow on TPH investigation 

bundance 
22000 

21000 

20000 

19000 

18000 

17000 

16000 

15000 

14000 

13000 

12000 

11000 

10000 

9000 

8000 

7000 

8000 

5000 

4000 

ime-> 54.00 58.00 58.00 60.00 

~ 11'''1.\ ,," 
"" I>q 

62.00 64.00 

Ion 191.00 (190.70 to 191.70): 102408.0 

~" ~ ~ 11"<1 "'", ~ a' ~ ~ "t , 
\J~ , 

\l QS" 
" 1,\J , 

" ..J '"~ ~~ 
'" 'I~ J... ... , 

~ 

66.00 68.00 70.00 72.00 74.00 76.00 78.00 80.00 82.00 84.00 



FTPH-FP-SB-L (41343-7) Heavy oil 
Follow on TPH investigation 

bundance 

28000 

26000 

24000 

22000 

20000 

18000 

16000 

14000 

12000 

~ 
10000 

8000 

6000 

4000 

2000 

ime-> 54.00 56.00 58.00 60.00 62.00 

\I"~ 
\.II'" 

'" !l4 

64.00 

Ion 191.00 (190.70 to 191.70): 102409.0 

~ ~ 't IJJ N .. 
~ ~ " II , 

~ ~ 
Qf 

'-I ~" ~ , .. ... , 

'" ~ >--

66.00 66.00 70.00 72.00 74.00 76.00 78.00 so.oo 82.00 84.00 



FTPH-FP-SB-WWW (41343-8) Heavy oil 
Follow on TPH investigation 

bundance 

22000 

21000 

20000 

19000 

18000 

17000 

16000 

15000 

14000 

13000 

12000 

11000 

10000 

9000 

8000 

7000 

6000 
-It) 

5000 

4000 

~~ 

" 
~ 

3000 I><J 

2000 ~MW~~ 
1000 

0 
ime-> 54.00 56.00 58.00 60.00 62.00 64.00 

Ion 191.00 (190.70 to 191.70): 102410.0 

Ii 

"",,"'" '"'I-~ "-
~ 

a~ 

~ \J~ " i- \:: ~ .. "'" 
~~ () 'II:" 41 ~ 

'" Il-~ "'-.( " .. ~ '- l-.. :::> ~1 

~ 'X"" V\ ~ )( ).... ~ 

/I., ,rl.J\~)"'~~ 
66.00 68.00 70.00 72.00 74.00 76.00 78.00 80.00 82.00 84.00 



FTPH-FP-SB-O (41343-9) Heavy oil 
Follow on TPH investigation 

bundance 
28000 

26000 

24000 

22000 

20000 

18000 

16000 

14000 

12000 

10000 

8000 

6000 

4000 

2000 

ime-> 

I...) 

54.00 56.00 

't~ 
\1)'& 

~ 

64.00 

Ion 191.00 (190.70 to 191.70): 102411.0 

N 
II... 
~ 

~ " 0, 

~~ '<I;: \It:!, -1\ 

'" ~ 4J 

-.I 

66.00 68.00 70.00 72.00 

~ 

Qf 
() 

'-1\ 

Ir~ " Of' lilt< , ::> ~~ 

~~ 

74.00 76.00 78.00 80.00 82.00 84.00 



FTPH-FP-SB-R (41343-10) sheen 
Follow on TPH investigation 

bundance 

20000 

19000 

18000 

17000 

16000 

15000 

14000 

13000 

12000 

11000 

10000 

9000 

8000 

7000 

6000 

5000 

4000 

3000 

ime-> 54.00 56.00 58.00 60.00 

I.t) 
11""'-1\ 

'II" 

"If 
~ 

62.00 64.00 

Ion 191.00 (190.70 to 191.70): 102412.0 

\I.... 
':'!~ ~ 

~ 
C"<) '1-" 

'<:t: vc:.. " ... ... ~~ 
I.\J ~ 

" 

66.00 68.00 70.00 72.00 

" ~ 
Q( 

~ 11-'" '- ~ 
II" 'f... ... 

"'~ '" '- ~ 
~~ "-

)( )....)-. J XV ~ ~ 
~~A",~,~~ 

74.00 76.00 78.00 80.00 82.00 84.00 



FTPH-FP-UT-BB (41343-11) Heavy oil 
Follow on TPH investigation 

bundance 

30000 

28000 

26000 

24000 

22000 

20000 

18000 

16000 

14000 

12000 

10000 

8000 

ime-> 54.00 56.00 58.00 60.00 62.00 64.00 

Ion 191.00 (190.70 to 191.70): 102413.D 

J.l.. 

"'~ ~ II-~ 
~ '" 

1- 0.... "-'- ~ ~~ ~ <!). 

"'-:: <i~ 
... ~ 

~ 
~ 

-.J 

66.00 68.00 70.00 72.00 74.00 76.00 78.00 80.00 82.00 84.00 



FTPH-FP-SB-D (41343-2) sheen 
Follow on TPH investigation 

bundance 

6000 

5500 

5000 

4500 

4000 

3500 

3000 

2500 

2000 

1500 

1000 

ton 217.00 (216.70 to 217.70): 102414.0 

\I ... 

..... .... 

o~~",,~,,"~~~~~~rr~""~,,"~~~~~~rr~,,""""""~~~~~~"~""~""~~~~ 
ime-> 64.00 64.50 65.00 65.50 66.00 66.50 67.00 67.50 68.00 68.50 69.00 69.50 70.00 70.50 71.00 71.50 72.00 72.50 73.00 73.50 



FTPH-FP-UT-Y (41343-3) sheen 
Follow on TPH investigation 

Abundance 

15000 

14000 

13000 

12000 

11000 

10000 

9000 

8000 

7000 

6000 

5000 

4000 

3000 

Ion 217.00 (216.70 to 217.70): 102405.0 

o 
" 

lA 



FTPH-FP-UT-W (41343-4) Heavy oil 
Follow on TPH investigation 

I'\bundance 
19000 

18000 

17000 

16000 

15000 

14000 

13000 

12000 

11000 

10000 

9000 

8000 

7000 

6000 

5000 

Ion 217.00 (216.70 to 217.70): 102406.0 

<l 

" 

ime-> 
Ol~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

64.50 65:00 65.50 66.00 66'50 67.00 67.50 68.00 68.50 69:00 69.50 70.00 70.50 71.00 71.50 72.00 72.50 73.00 73.50 



FTPH-FP-SB-G (41343-5) sheen 
Follow on TPH investigation 

Abundance 

7500 

7000 

6500 

6000 

5500 

5000 

4500 

4000 

3500 

3000 

2500 

2000 

1500 

1000 ~ IJ'~ ~ 
500 

0 

IJ 
Irime-> 64.00 64.50 65.00 65.50 66.00 66.50 

I~ 
\ 

67.00 67.50 

Ion 217.00 (216.70 to 217.70): 102407.0 

w 

68.00 68.50 

".... 

W~~ 

69.00 69.50 70'00 

~~ 
70.50 71.00 

V wr ~ I~ 
71.50 72.00 72.50 73.00 73.50 



FTPH-FP-SB-K (41343-6) sheen 
Follow on TPH investigation 

fo\bundance 

14000 

13000 

12000 

11000 

10000 

9000 

8000 

7000 

6000 

5000 

4000 

3000 

2000 

,~~ N 
1000 

0 

V 

ime-> 64.50 65.00 65.50 66.00 66.50 

\ 1\ 
~ 

67.00 67:50 

Ion 217.00 (216.70 to 217.70): 102408.D 

lI1 
~ I~ 

IA ~ ~ \fI ~ 

68.00 68.50 69.00 69.50 70.00 70.50 71~00 71.50 72.00 72.50 73.00 73.50 



FTPH-FP-SB-L (41343-7) Heavy oil 
Follow on TPH investigation 

Abundance 

17000 

16000 

15000 

14000 

13000 

12000 

11000 

10000 

"" 9000 

'"" 
8000 

7000 

6000 

5000 

4000 

~ V 3000 v\ V 
2000 

1000 

0 
ime-> 64.50 65.00 65:50 66.00 66.50 

~ 

67.00 67.50 

Ion 217.00 (216.70 to 217.70): 102409.0 

~ 
... 

~ 
I"- t.:I 

'" 

\N 

68.00 68.50 

'
'" 

'"' '" 

"l 
'" 

~~ 

69.00 69.50 

~ 
\1-, 

70.00 

...... 
'" ... 

'" 
"'-
'" 

\ IJ\ 
W W \~ 

70.50 71.00 71.50 72.00 72.50 73.00 73.50 



FTPH-FP-SB-WWW (41343-8) Heavy oil 
Follow on TPH investigation 

ftiliundance 
16000 

15000 

14000 

13000 

12000 

11000 

1 ()()()() 

9000 

8000 

7000 

6000 

5000 

4000 

3000 

2000 

I", A. ,I 
10001'1 .."'. 

Ion 217.00 (216.70 to 217.70): 102410.D 

() 

'-

In 
~.,., .. 



FTPH-FP-SB-O (41343-9) Heavy oil 
Follow on TPH investigation 

Abundance 
19000 

18000 

17000 

16000 

15000 

14000 

13000 

12000 

11000 

10000 

9000 

8000 

7000 

6000 

5000 

4000 I~ 

3000 \A N I~ 
2000~ '\r/~ IJ \ V 
1000 

Ion 217.00 (216.7010 217.70): 102411.0 

\r\ 

Ol~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
ime-> 64.00 64.50 65.00 65.50 66.00 66.50 67.00 67.50 68:00 68.50 69.00 69.50 70.00 70.50 71.00 71.50 72.00 72:50 73.00 73.50 



FTPH-FP-SB-R (41343-10) sheen 
Follow on TPH investigation 

f-bundance 

14000 

13000 

12000 

11000 

10000 

9000 

8000 

7000 

8000 

5000 

4000 ~ 

Ion 217.00 (216.70 to 217.70): 102412.0 

t 
t 
'" 

~ 
~ 

(\ 

'-

~ 

'" .... 

'" '-

~ 
'-

'\ 
~ 
'-

"\ .... 

'" 
0:-.... 

.... 
.... 

"I> .... 

o~~~~~~~~~~~~~~~~~~~~~~~""~~~,,~~~~~~~,,,,~~~,,~~~~~~~~,,~ 
ime-> 64.00 64:50 65.00 65.50 66:00 66.50 67.00 67.50 68.00 68.50 69.00 69.50 70.00 70.50 71.00 71.50 72.00 72.50 73'00 73.50 



FTPH-FP-UT-BB (41343-11) Heavy oil 
Follow on TPH investigation 

Abundance 

12000 

11000 

10000 

9000 

8000 

7000 

8000 

5000 

4000 

3000 

Ion 217.00 (216.70 to 217.70): 102413.0 

Q 

'-

" 

" 

o,~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~,,~~~~~~~~~~~~,,~~~~~~~ 
ime-> 64.00 64'50 65.00 65.50 66.00 66.50 67.00 67'50 68.00 68.50 69.00 69.50 70.00 70.50 71.00 71.50 72.00 72.50 73.00 73.50 



FTPH-FP-SB-D (41343-2) sheen 
Follow on TPH investigation 

undance 

3000 

2800 

2600 

2400 

2200 

2000 

1800 

1600 

1400 

1200 

1000 

800 

600 

ime-> 62.50 63.00 63.50 64.00 

Ion 253.00 (252.70 to 253.70): 102414.0 

64.50 65.00 65.50 66.00 66.50 67.00 67.50 68.00 68.50 69.50 



FTPH-FP-UT-Y (41343-3) sheen 
Follow on TPH investigation 

bundance 

8500 

8000 

7500 

7000 

6500 

6000 

5500 

5000 

4500 

4000 

3500 

3000 

2500 

2000 

1500 

ime--> 62.50 63.00 63.50 64.00 64.50 65.00 

Ion 253.00 (252.70 to 253.70): 102405.0 

65.50 66.00 66.50 67.00 67.50 68.00 68.50 69.00 69.50 



FTPH-FP-UT-W (41343-4) Heavy oil 
Follow on TPH investigation 

undance 
10500 

10000 

9500 

9000 

8500 

BOOO 

7500 

7000 

6500 

6000 

5500 

5000 

4500 

4000 

3500 

3000 

2500 

2000 

Ion 253.00 (252.70 to 253.70): 102406.D 

,\ 

O~~~~~~-'~~~~~'-~~~~~~-'~~~'-~"~~~T'~~-'~~~'-~"~~-'T'~~-'~'-~~~~ 
ime-> 62.00 62.50 63.00 63.50 64.00 64.50 65.00 65.50 66.00 66.50 67.00 67.50 68.00 68.50 69.00 69.50 



FTPH-FP-SB-G (41343-5) sheen 
Follow on TPH investigation 

200 

Ion 253.00 252.70 to 253.70): 102407.0 

u 

o·r.~~~~~~~~~~~~~~~~~~~-,~~-,~~~~~~~~~~~~~~~~~~~~~~~ 
ime--> 62.00 62.50 63.00 63.50 64.00 64.50 65.00 65.50 66.00 66.50 67.00 67.50 68.00 68.50 69.00 69.50 



FTPH-FP-SB-K (41343-6) sheen 
Follow on TPH investigation 

bundance 

8000 

7500 

7000 

6500 

6000 

5500 

5000 

4500 

4000 

3500 

3000 

2500 

2000 

1500 

Ion 253.00 (252.70 to 253.70): 102408.0 

o~~~~~~~~~~~~~~~~~~~~,,~~,-~~~~~~~~~~~~~~~~~~~~~~~ ime--> 62.00 62.50 63.00 63.50 64.00 64.50 65.00 65.50 66.00 66.50 67.00 67.50 68.00 68.50 69.00 69.50 



FTPH-FP-SB-L (41343-7) Heavy oil 
Follow on TPH investigation 

bundance 

22000 

21000 

20000 

19000 

18000 

17000 

18000 

15000 

Ion 253.00 (252.70 to 253.70): 102409.0 

o~~~~~~~~~~~~~~~~~~~~-,~~-,~~~~~~~~~~~~~~~~~~~~~~~ 
ime-> 62.00 62.50 63.00 63.50 64.00 64.50 65.00 65.50 66.00 66.50 67.00 67.50 68.00 68.50 69.00 69.50 



FTPH-FP-SB-WWW (41343-8) Heavy oil 
Follow on TPH investigation 

undance 

9000 

8500 

8000 

7500 

7000 

6500 

6000 

5500 

5000 

4500 

4000 Ii 

3500 
~ 

3000 

2500 

2000 

1500 

ime-> 62.50 63.00 63.50 64.00 64.50 

Ion 253.00 252.70 to 253.70): 102410.0 

v 

'\ 

65.00 65.50 66.00 66.50 67.00 67.50 68.00 68.50 69.00 69.50 



FTPH-FP-SB-O (41343-9) Heavy oil 
Follow on TPH investigation 

undance 

12000 

11000 

10000 

9000 

8000 

7000 

6000 

5000 

4000 

3000 

ime-> 62.50 63.00 63.50 64.00 64.50 65.00 

Ion 253.00 (252.70 to 253.70): 102411.D 

IJ '-

65.50 66.00 66.50 67.00 67.50 68.00 68.50 69.00 69.50 



FTPH-FP-SB-R (41343-10) sheen 
Follow on TPH investigation 

bundance 

7000 

6500 

6000 

5500 

5000 

4500 

4000 

3500 

3000 

2500 

2000 

1500 

ime-> 62.50 63.00 63.50 64.00 

Ion 253.00 (252.70 to 253.70): 102412.0 

64.50 65.00 65.50 66.00 66.50 67.00 67.50 68.00 68.50 69.00 69.50 



FTPH-FP-UT-BB (41343-11) Heavy oil 
Follow on TPH investigation 

bundance 
8500 

8000 

7500 

7000 

6500 

6000 

5500 

5000 

4500 

4000 

3500 

3000 

2500 

2000 

1500 

ime--> 62.50 63.00 63.50 64.00 64.50 

Ion 253.00 (252.70 to 253.70): 102413.0 

65.00 65.50 66.00 66.50 67.00 67.50 68.00 68.50 69.00 



FTPH-FP-SB-D (41343-2) sheen 
Follow on TPH investigation 

bundance 

10000 

9500 

9000 

8500 

8000 

7500 

7000 

6500 

6000 

5500 

5000 

4500 

4000 

3500 

3000 

2500 

2000 

1500 

Ion 231.00 (230.70 to 231.70): 102414.0 

O~~~~~~-,~-,,,~~~,,~,,~~~-,,,~,,~~~,,~~,,-r,,,-,,~,,~,,~~~-r,,-r,,-,,,~,,~~+-

ime-> 59.00 60.00 61.00 62.00 63.00 64.00 65.00 66.00 67.00 68.00 69.00 70.00 71.00 72.00 73.00 74.00 



FTPH-FP-UT-Y (41343-3) sheen 
Follow on TPH investigation 

bundance 

26000 

24000 

22000 

20000 

18000 

16000 

14000 

12000 

10000 

8000 

.J 
-- I--

6000 t--

4000 

Ion 231.00 (230.70 to 231.70): 102405.0 

o~~~~~~~~~~~~~~~~~~~~-,~~-,~~~~~~-,~~~-,~~~~~~-,~~~~~ 
ime--> 59.00 60.00 61.00 62.00 63.00 64.00 65.00 66.00 67.00 68.00 69.00 70.00 71.00 72.00 73.00 74.00 



FTPH-FP-UT-W (41343-4) Heavy oil 
Follow on TPH investigation 

bundance 

32000 

30000 

28000 

26000 

24000 

22000 

20000 

18000 

16000 

14000 

12000 

10000 

8000 

6000 

4000 

ime-> 60.00 61.00 62.00 63.00 

Ion 231.00 (230.70 to 231.70): 102406.0 

64.00 65.00 66.00 67.00 68.00 69.00 70.00 71.00 72.00 73.00 74.00 



FTPH-FP-SB-G (41343-5) sheen 
Follow on TPH investigation 

bundance Ion 231.00 (230.7010 231.70): 102407.0 

o~~~~~~~~~~~~~~~~~~~~,,~~~~~~~~~~~~~~~~~~~~~~~~~~ 
ime-> 59.00 so.oo 61.00 62.00 63.00 64.00 65.00 66.00 67.00 68.00 69.00 70.00 71.00 72.00 73.00 74.00 



FTPH-FP-SB-K (41343-6) sheen 
Follow on TPH investigation 

bundance 
24000 

22000 

20000 

18000 

16000 

14000 

12000 

10000 

8000 

6000 

4000 

ime-> 60.00 

...... 

t-- r.l 

I-

61.00 62.00 63.00 64.00 

Ion 231.00 (230.70 to 231.70): 102408.D 

'-a 

" 
~ .J.t, 

r- ~ 
l' 

65.00 66.00 67.00 68.00 69.00 70.00 71.00 72.00 73.00 74.00 



FTPH-FP-SB-L (41343-7) Heavy oil 
Follow on TPH investigation 

bundance 

32000 

30000 

28000 

26000 

24000 

22000 

20000 

18000 

18000 

14000 

12000 

10000 

8000 

8000 

ime-> 

-
t- t..J 

I'--

60.00 61.00 62.00 63.00 

Ion 231.00 (230.70 to 231.70): 102409.0 

64.00 65.00 66.00 67.00 68.00 69.00 70.00 71.00 72.00 73.00 74.00 



FTPH-FP-SB-WWW (41343-8) Heavy oil 
Follow on TPH investigation 

undance 

24000 

22000 

20000 

18000 

16000 

14000 

12000 

10000 

8000 

6000 

4000 

Ion 231.00 (230.70 to 231.70): 102410.0 

O~~~'-~~-r~-r~~~~~~~'-~~-r~-r~~~~~~~,-~~-,~~~~~~~~~~-r~-,~~~'-~~ 
ime-> 59.00 60.00 61.00 62.00 63.00 64.00 65.00 66.00 67.00 68.00 69.00 70.00 71.00 72.00 73.00 74.00 



FTPH-FP-SB-O (41343-9) Heavy oil 
Follow on TPH investigation 

bu'3'li1lllrr 

28000 

26000 

24000 

22000 

20000 

18000 

16000 

14000 

12000 

10000 

8000 

6000 

4000 

Ion 231.00 (230.70 to 231.70): 102411.0 

O~~~,-~~-,~-,~~~~~~~,-~~-'~-'~~~~~~~,,-'~-r~~~~~~~~-'T'-'~-r~~~~~'-
ime-> 59.00 60.00 61.00 62.00 63.00 64.00 65.00 66.00 67.00 68.00 69.00 70.00 71.00 72.00 73.00 74.00 



FTPH-FP-SB-R (41343-10) sheen 
Follow on TPH investigation 

bundance 
21000 

20000 

19000 

18000 

17000 

16000 

15000 

14000 

13000 

12000 

11000 

10000 

9000 

8000 

7000 

6000 

5000 

4000 

---I- -i 
r-

Ion 231.00 (230.70 to 231.70): 102412.0 

o~~~.-~~-,~~~~~~~~~~~~-,~~~~~~~~~~-,~-.~--~~~~~~-,~~~-,~~~~~~ 
ime-> 59.00 60.00 61.00 62.00 63.00 64.00 65.00 66.00 67.00 68.00 69.00 70.00 71.00 72.00 73.00 74.00 



FTPH-FP-UT-BB (41343-11) Heavy oil 
Follow on TPH investigation 

bundance 
17000 

16000 

15000 

14000 

13000 

12000 

11000 

10000 

9000 

8000 

7000 

6000 

5000 

4000 

3000 

60.00 61.00 62.00 63.00 64.00 

Ion 231.00 (230.70 to 231.70): 102413.0 

65.00 66.00 67.00 68.00 69.00 70.00 71.00 72.00 73.00 74.00 
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Chain of Custody Record COC Number: ZYMA-02 CH2MHILL 11/3120084:38:22 PM Page 1 of 2 

~ 
Project Name Mare Island Location Mare Island 

J Task Order 14.01 Project: Followon TPH Investigation DRMO Site 
'" VI 

Project Number 273939.14.01 0 

~ '" OJ 

J Project Manager Ellen Hedfield z 

~ '" Sample Manager Mike Godwin (707) 246-5781 H ""-
" 1'1 .~ 
" '1 Turnaround Time 21 Days z -/\ 1-1 " r PO Number 273939.14.01 t< .l~ oj: 

"' I :J '" .). 
OJ 0 ;( ..J 

Sample ID Sample DatelTime Type Matrix # Containers Preserv '" ~ 

FTPH-FP-SB-GG 24-Oct-08 14:30 N Water 

GCMS ASTM5739, extended PAH 8270-SMI, stable isotopes C&H Field FilteredO 1 HCI, pH<2, 4'C ~ 0 [1?J iii ~ 
IRMS 

~~-.=~.~ ... ~.~".-~-~=~~- -
Total Containers: .7 .... 1 

FTPH-FP-SB-MM 24-Oct-08 15:30 N Water 

GCMS ASTM5739, extended PAH 8270-SMI, stable isotopes C&H Field Filtered:O 1 HCI, pH<2, 4'C ~ 0 ~ 0 l1?l. 
IRMS 

... _.,-,-'"" - '".o~~~~ •. ~~_'''~ 
Total Containers: ./ z.1 

FTPH-FP-SB-NN 27-0ct-08 14:45 N Water 
1 

GeMS ASTM5739, extended PAH 8270·SMI, stable isotopes C&H Field Filtered:O 1 HCI, pH<2, 4'C ~ 0 ~10 f.;!l 
IRMS 

-~~~. --~--~. ~--~'~ 

Total Containers: ~/ '21 
FTPH-FP-SB;JiI'I' 'PP 28-0ct-08 14:30 N Water I 

1 

GeMS ASTM5739, extended PAH 8270·SMI, stable isotopes C&H Field Filtered:O 1 HCI, pH<2, 4'C ~ °l~ ~I~ IRMS 

Total Containers: #/1.. 1 

MS = Matrix Spike SO = Matrix Spike Duplicate 

.,.-.~ .-
Sampled by //-5-0[5 
Relinquished by 180D ~~~ ==- jtl=~I"Jm 
Relinquished by I : 2f) 

DatelTime 

Received by 

Shipping Details 

Method of Shipment: FedEx 

On Ice: e no 

Airbill No: 

Lab Name: Zymax Forensics 

Lab Phone: (805) 544-4696 

0 0 

1 1 

0 0 

1 1 

0 0 

1 1 

0 0 

1 1 

, 
I 
I 

, 

I 
0 0 0 0 0 0 0 0 0 DiD DID , 

1 1 1 1 1 1 1 1 -

1 

0 DO 0 0 DID 0 0 0 0 0 0 

1 1 1 1 --

1 I 
I 

DID 0 0 0 0 0 0 0 DID 0 0 

1 1 1 1 1 1 I IlJ -

1 1 1 

I 
I 

o DID DIDIO 0 0 o DID DO 

ATTN: 

Sample Custody 

and 

Alan Jeffrey 

1 1 

Special Instructions: 

Report Copy to 
Artemis Antipas 
(425) 453-5005 

IJ 



Chain of Custody Record COC Number: ZYMA-02 CH2N1HILL 11/3120084:38:26PM Page2of2 

Project Name Mare Island Location Mare Island 

Task Order 14.01 Project: Followon TPH Investigation DRMO Site 'l 

Project Number 273939.14.01 0 

'" '" Project Manager Ellen Hedfield z 
~ '" Sample Manager Mike Godwin (707) 246-5781 H 

(> -t 
" Turnaround Time 21 Days z JI <>-

" ~ . 
PO Number 273939.14.01 '"' 'j "' ~ '" '" " Sample 10 Sample OatefTime Type Matrix # Containers Preserv 

en '.<I 

FTPH-FP-UT-QE 24-0ct-08 17:10 N Water ~ 
GCMS ASTM5739, extended PAH 8270-SMI, stable isotopes C&H Field Filtered:O '7/1- HCI, pH<2, 4'C ~ °li~ 0 
IRMS 

Total Containers: 
- . .. 

FTPH-FP-UT-QT 24-Oct-08 17:30 N Water .... 
GCMS ASTM5739, extended PAH 8270,SMI, stable isotopes C&H Field Filtered:O "'/ Z. HCI, pH<2, 4'C ~ 0 0 ~ 
IRMS 

Total Containers: I I I 

MS = Matrix Spike SO = Matrix Spike Duplicate 

Signatures DatelTime Shipping Details 

Approved by __ 

?ji
-T H_L:"_OO Method of Shipment FedEx 

Sampted by _..:."-;',;'~;::-',.:-co=-_ E) 
On Ice: yes I no 

Relinquished by ~ _~J,,-,8=CO,,,", ____ _ 
Airbill No: 

Received by 
Relinquished by Lab Name: Zymax Forensics 

Received by Lab Phone: (805) 544-4696 

VI 
d 
~ 

~ 
~ 

::t 
4-
V 

~ 0 0 

I I 

~ 0 0 

I I 

! 
I I 
I 

0 0 0 0 0 0 0 0 0 0 0 0 0 

I I 
I I 

0 0 0 010010000000 

I I I I I I I I I I I I l 

AnN: 

Sample Custody 

and 

Alan Jeffrey 

Special Instructions: 

Report Copy to 
Artemis Antipas 
(425) 453-5005 



Chain of Custody Record COC Number: ZVMA-03 CH2MHILL 11/5120085:26:01 PM Page 1 of 1 

Project Name Mare Island Location Mare Island 
. Followon TPH Investigation DRMO Site Task Order 14.01 Project 

Project Number 273939.14.01 

Project Manager Ellen Hedfield 
Sample Manager Mike Godwin (707) 246-5781 

Turnaround Time 21 Days 

PO Number 273939.14.01 

Sample 10 Sample OatelTime 

05-Nov-08 8:35 
--( FTPH-F_P-S~B_-C~~~~ 

GCMS ASTM5739, extended PAH 82 70-SMI, stable isotopes C&H 
IRMS 

- . 

05-Nov-08 8:00 

270-SMI, stable isotopes C&H 

Z6 FTPH-FP-SB-W 

GCMS ASTM5739, extended PAH 8 
IRMS 

/ 

MS = Matrix Spike SO = Matrix Spike Duplicate 

Type Matrix # Containers Preserv 

N Water 

Field Filtered:O 1 HCI, pH<2, 4'C 

Total Containers: '*'71.. 1 

N Water 

. Field Filtered:O 1 HCI, pH<2, 4'C 

Total Containers: ·/zi 

'" 0 

'" '" z 
'" H 
n 

i::: 

" t< 
>< 
'" OJ 

'" 

~ 0 

~ 0 

Signatures Date/Time Shipping Oetails 
Approved by 

Sampted by 

Relinquished by 

Received by 

Relinquished by 

Received by 

--

--_._-

//--5"-08 
/800 

Method of Shipment: FedEx 

Cnlee: @ no 

Airbill No: 790129594382 

Lab Name: Zymax Forensics 

Lab Phone: (805) 544-4696 

d 
0-

V\ 

.~ ± 
'it .]I ~ 

.f 
"'- + 1 -.... ~ <J W 

~ § 0- 0 0 0 0 0 DID 0 0 0 0 0 0 DID 

1 1 1 1 1 1 1 1 1 1 1 1 

I 1 

I!"l ffi ~ 0 0 0 0 0 DIDIO 0 0 0 0 DO 0 
] 

I 1 I 1 1 I 

Special Instructions: 
AnN: 

Sample Custody 

and 
Report Copy to 

Alan Jeffrey Artem is Antipas 
(425) 453-5005 



Isotech Data 
Job 10644 

Project 41362 

Isotech Sample o'H 

149754 41362-2 -132 
149755 41362-3 -138 
149756 41362-4 -148 
149757 41362-5 -132 
149758 41362-6 -134 
149759 41362-7 -134 
149760 41362-8 -139 



REPORT OF ANALYTICAL RESULTS 

Client: Ellen Hedfield Lab Number: 
CH2M HILL 
690 Walnut Ave., Ste. 230 Received: 
Vallejo, CA 94592 Matrix: 

Project: Mare Island Sample Description: 
See Below 

Project Number: 273939.14.01 Analyzed: 11/7/2008 
Collected by: Mike Godwin Method: CF-IRMS 

15 13C 

LAB 

NUMBER 

41362-1 

41362-2 

41362-3 

41362-4 

41362-5 

41362-6 

41362-7 

41362-8 

Analytical Precision 

(1-sigma) 

41362c.xls 
RH/JH 012.0304 

SAMPLE 

DESCRIPTION 

FTPH-FP-SB-GG 

FTPH-FP-SB-MM 

FTPH-FP-SB-NN 

FTPH-FP-SB-PP 

FTPH-FP-UT-QE 

FTPH-FP-UT-QT 

FTPH-FP-SB-C 

FTPH-FP-SB-VV 

613C 

%0 

-23.4 

-23.8 

-23.0 

-23.7 

-23.2 

Submitted by, 
ZymaX FORENSICS 

-22.5 

-23.7 

-23.3 

0.2 

!:;L- ~ ......... -
River He, PhD 
Isotope Lab Manager 

41362 

11/6/2008 
Fractions 



REPORT OF ANALYTICAL RESULTS 
PAGE 1 of 2 

Client: 

Project: 

Ellen Hedfield 
CH2M Hill 
690 Walnut Ave" Ste. 230 
Vallejo, CA 94592 

Mare Island 

lab Number: 
Collected: 
Received: 
Matrix: 

Sample Description: 

41362-1 
10/24/0B 
11/06/0B 
Heavy Oil 

FTPH-FP-SB-GG 
Project Number: 
Collected by: 

CONSTITUENT 

Benzothiophene 
C 1 Benzothiophenes 
C2 Benzothiophenes 
C3 Benzothiophenes 
C4 Benzothiophenes 
Naphthalene 
1-Methylnaphthalene 
2 -M ethyl naphthalene 
C2 Naphthalenes 
C3 Naphthalenes 
C4 Naphthalenes 
Biphenyl 
Acenaphthylene 
Oibenzofuran 
Acenaphthene 
Fluorene 
C1 Fluorenes 
C2 Fluorenes 
C3 Fluorenes 
Anthracene 
Phenanthrene 

273939.14.01 
Mike Godwin 

C1 Phenanthrenes/Anthracenes 
C2 Phenanthrenes/Anthracenes 
C3 Phenanthrenes/Anthracenes 
C4 Phenanthrenes/Anthracenes 

'PQl - Practical Quantitation Limit 

Analyzed: 11/06/0B 
Method: B270M 

PQl' 
mg/kg 

2.5 
2.5 
2,5 

2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 

"Results listed as ND would have been reported if present at or above the listed PQL. 

Note: Analyzed in the Selected Ion Monitoring (SIMI mode, 

MSO 10 
41362-1pna.xls 
STLIth 

RESULT" • 
mg/kg 

NO 
24.5 
4B.0 
64.5 
73.0 
NO 

22B.8 
23.7 

634.4 
584.5 
519.7 

NO 
NO 
4.4 
3.1 

40.2 
69.5 
30.9 
52.0 
27.5 

120.3 
263.9 
345.1 
293.6 
97.2 



REPORT OF ANALYTICAL RESULTS 
PAGE 2 of 2 

Client: Ellen Hedfield 
CH2M Hill 
690 Walnut Ave .• Ste. 230 
Vallejo, CA 94592 

Project: 

Project Number: 
Collected by: 

CONSTITUENT 

Dibenzothiophene 

C1 Dibenzothiophenes 
C2 Dibenzothiophenes 

C3 Dibenzothiophenes 
C4 Dibenzothiophenes 
Fluoranthene 
Pyrene 

Mare Island 

273939.14.01 
Mike Godwin 

C1 Pyrenes/Fluoranthenes 
C2 Pyrenes/Fluoranthenes 
C3 Pyrenes/Fluoranthenes 
Benz(a)anthracene 
Chrysene 
C1 Chrysenes 
C2 Chrysenes 
C3 Chrysenes 
C4 Chrysenes 
Benzo(b)fl uroanthene 
Ben z 0 (k) fl u ora nth ene 
Benzo(e)pyrene 
Benzo(a)pyrene 
Perylene 
Indeno(1,2,3-c,d)pyrene 
Dibenz (a,h )anthracene 
Benzo(g,h, i)perylene 

* pal - Practical Ouantitation Limit 

lab Number: 
Collected: 
Received: 
Matrix: 

41362-1 
10/24/08 
11/06/08 
Heavy Oil 

Sample Description: 

Analyzed: 
Method: 

pal' 
mg/kg 

2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 

FTPH-FP-SB-GG 

11106/08 
8270M 

RESULT" 
mg/kg 

7.5 
92.0 

109.1 
88.0 

75.3 
12.0 
50.0 

194.0 
177.5 
82.5 
8.8 

25.0 
126.2 
88.7 
49.9 
16.4 
3.1 
ND 
7.1 
3.7 
10.2 
ND 
ND 
2.7 

* * Results listed as ND would have been reported if present at or above the listed POL. 

Note: Analyzed in the Selected Ion Monitoring (SIM) mode. 

MSD 10 
41362-1pna.xls 
STLIth 

Submitted by, 
Zymax Forensics, a DPRA Company 

(\{1A-'TIl~ 
k,,-Shan-Ta~"-~,\ ph .D~ 
r Director, Forensic Geochemistry 



REPORT OF ANAL YTICAL RESULTS 
PAGE 1 of 2 

Client: 

Project: 

Ellen Hedfield 
CH2M HILL 
690 Walnut Ave., Ste. 230 
Vallejo, CA 94592 

Mare Island 

Lab Number: 
Collected: 
Received: 
Matrix: 

Sample Description: 

41362-3 
10/27/08 
11/06/08 
Heavy oil 

FTPH-FP-SB-NN 
Project Number: 
Collected by: 

CONSTITUENT 

Benzothiophene 
C1 Benzothiophenes 
C2 Benzothiophenes 
C3 Benzothiophenes 
C4 Benzothiophenes 
Naphthalene 
1-Methylnaphthalene 
2-Methylnaphthalene 
C2 Naphthalenes 
C3 Naphthalenes 
C4 Naphthalenes 
Biphenyl 
Acenaphthylene 
Oibenzofuran 
Acenaphthene 
Fluorene 
C 1 Fluorenes 
C2 Fluorenes 
C3 Fluorenes 
Anthracene 
Phenanthrene 

273939.14.01 
Mike Godwin 

C1 Phenanthrenes/Anthracenes 
C2 Phenanthrenes/Anthracenes 
C3 Phenanthrenes/Anthracenes 
C4 Phenanthrenes/Anthracenes 

*PQL - Practical Quantitation Limit 

Analyzed: 11/06/08 
Method: 

PQL* 
mg/kg 

2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 

8270M 

* * Results listed as ND would have been reported if present at or above the listed PQL. 

Note: Analyzed in the Selected Ion Monitoring (SIM) mode. 

MSD 10 
41362-3pna .xls 
STLIth 

RESULT" * 
mg/kg 

NO 
38.9 
59.9 
82.6 
110.4 

NO 
252.4 
124.2 
761.2 
994.1 
883.7 

NO 
NO 
9.9 
14.9 
60.7 
89.9 
42.6 
81.7 
30.4 
129.9 
300.1 
446.6 
446.1 
139.7 



REPORT OF ANALYTICAL RESULTS 
PAGE 2 of 2 

Client: 

Project: 

Ellen Hedfield 
CH2M Hill 
690 Walnut Ave" Ste, 230 
Vallejo, CA 94592 

Mare Island 

Project Number: 273939,14,01 
Collected by: Mike Godwin 

lab Number: 
Collected: 
Received: 
Matrix: 

41362-3 
10/27/08 
11/06/08 
Heavy oil 

Sample Description: 
FTPH-FP-SB-NN 

Analyzed: 11/06/08 
Method: 8270M 

CONSTITUENT RESULT'" POL" 
mg/kg mg/kg 

2,5 Oibenzothiophene 26,5 
2,5 Cl Oibenzothiophenes 116,7 
2,5 C2 Dibenzothiophenes 159,7 
2,5 C3 Dibenzothiophenes 151,9 
2,5 C4 Dibenzothiophenes 135,8 

Fluoranthene 16,8 2,5 
Pyrene 
C 1 Pyrenes/Fluoranthenes 
C2 Pyrenes/Fluoranthenes 
C3 Pyrenes/Fluoranthenes 
Benzlalanthracene 
Chrysene 
C 1 Chrysenes 
C2 Chrysenes 
C3 Chrysenes 
C4 Chrysenes 
Benzo Iblfluroanthene 
Benzo I klfluoranthene 
Benzolelpyrene 
Benzolalpyrene 
Perylene 
Indenoll ,2,3-c,dlpyrene 
Oi benz la,hlanthracene 
Benzolg, h, i I perylene 

*POl - Practical Ouantitation Limit 

2,5 
2,5 
2,5 
2,5 
2,5 
2,5 
2,5 
2,5 
2,5 
2,5 
2,5 
2,5 
2,5 
2,5 
2,5 
2,5 
2,5 
2,5 

**Results listed as ND would have been reported if present at or above the listed POL. 

Note: Analyzed in the Selected Ion Monitoring ISIM) mode. 

MSD 10 
41362-3pna ,xis 
STLIth 

Submitted by, 

Zymax FO},S!S' a DPRA Company 

Y'"~"~ Director, Forensic Geochemistry 

37.4 
170,4 
206,7 
117,1 

8,2 
25,9 

148,1 
120,6 
59,8 
21,2 
5,6 
NO 
8,2 
4,8 
7,5 
ND 
ND 
3,1 



REPORT OF ANALYTICAL RESULTS 
PAGE 1 of 2 

Client: 

Project: 

Ellen H edfield 
CH2M Hill 
690 Walnut Ave., Ste. 230 
Vallejo, CA 94592 

Mare Island 

lab Number: 
Collected: 
Received: 
Matrix: 

Sample Description: 

41362-4 
10/28/08 
11/06/08 
Heavy oil 

FTPH-FP-SB-PP 
Project Number: 
Collected by: 

CONSTITUENT 

Benzothiophene 
C1 Benzothiophenes 
C2 Benzothiophenes 
C3 Benzothiophenes 
C4 Benzothiophenes 
Naphthalene 
1-Methylnaphthalene 
2 -M ethylnaphthalene 
C2 Naphthalenes 
C3 Naphthalenes 
C4 Naphthalenes 
Biphenyl 
Acenaphthylene 
Oibenzofuran 
Acenaphthene 
Fluorene 
C 1 Fluorenes 
C2 Fluorenes 
C3 Fluorenes 
Anthracene 
Phenanthrene 

273939.14.01 
Mike Godwin 

C1 Phenanthrenes/Anthracenes 
C2 Phenanthrenes/Anthracenes 
C3 Phenanthrenes/Anthracenes 
C4 Phenanthrenes! Anthracenes 

* pal - Practical Quantitation Limit 

Analyzed: 11/06/0B 
Method: 

pal' 
mg/kg 

2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 

8270M 

* 'Results listed as ND would have been reported if present at or above the listed POL. 

Note: Analyzed in the Selected Ion Monitoring (SIMI mode. 

MSO 10 
41362-4pna.xls 
STLIth 

RESUlT*' 
mg/kg 

ND 
34.4 
60.5 
97.4 
134.0 

ND 
316.3 
242.7 
1276.4 
1263.2 
1115.5 

ND 
NO 

13.0 
20.7 
92.5 
139.0 
59.7 
94.7 
19.2 

208.2 
456.6 
609.8 
494.1 
177 .1 



REPORT OF ANAL YTICAl RESULTS 
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Client: Ellen Hedfield 
CH2M Hill 
690 Walnut Ave., Ste. 230 
Vallejo, CA 94592 

Project: 

Project Number: 
Collected by: 

CONSTITUENT 

Dibenzothiophene 
C1 Dibenzothiophenes 
C2 Dibenzothiophenes 
C3 Dibenzothiophenes 
C4 Dibenzothiophenes 
Fluoranthene 
Pyrene 

Mare Island 

273939.14.01 
Mike Godwin 

C 1 Pyrenes/Fluoranthenes 
C2 Pyrenes/Fluoranthenes 
C3 Pyrenes/Fluoranthenes 
Benz(a)anthracene 
Chrysene 
C 1 Chrysenes 
C2 Chrysenes 
C3 Chrysenes 
C4 Chrysenes 
Benzo (blfluroanthene 
Benz 0 (k) fl uo ra nth ene 
Benzo(e)pyrene 
Benzo(a)pyrene 
Perylene 
Indeno(1,2,3-c,d)pyrene 
Dibenz (a,h )anthracene 
Benzo (g, h, i) perylene 

*POl - Practical Ouantitation Limit 

lab Number: 
Collected: 
Received: 
Matrix: 

41362·4 
10/28/08 
11106/08 
Heavy oil 

Sample Description: 

Analyzed: 
Method: 

POLo 

mg/kg 

2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2,5 
2.5 
2.5 
2.5 
2.5 
2.5 

FTPH·Fp·S8-PP 
11106/08 
8270M 

RESUlP* 
mg/kg 

39.6 
173.3 
207.3 
166.9 
136,9 
24.8 
29.9 
171,8 
204.2 
112.4 

9.0 
28.4 

126.8 
118.8 
53,5 
19.4 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

* * Results listed as ND would have been reported if present at or above the listed POL. 

Note: Analyzed in the Selected Ion Monitoring (SIM) mode. 

MSD 10 
41362-4pna,xls 
STLIth 

Submitted by, 

(~:~nS"" Oom"o, 

\ Director, Forensic Geochemistry 



REPORT OF ANALYTICAL RESULTS 
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Client: 

Project: 

Ellen Hedfield 
CH2M Hill 
690 Walnut Ave., Ste. 230 
Vallejo, CA 94592 

Mare Island 

lab Number: 
Collected: 
Received: 
Matrix: 

Sample Description: 

41362·6 
10/24/08 
11/06/08 
Heavy Oil 

FTPH·Fp·UT·QT 
Project Number: 273939.14.01 Analyzed: 11106/08 
Collected by: Mike Godwin Method: 8270M 

CONSTITUENT PQl' 
mglkg 

Benzothiophene 2.5 
C 1 Benzothiophenes 2.5 
C2 Benzothiophenes 2.5 
C3 Benzothiophenes 2.5 
C4 Benzothiophenes 2.5 
Naphthalene 2.5 
l·Methylnaphthalene 2.5 
2 ·Methylnaphtha lene 2.5 
C2 Naphthalenes 2.5 
C3 Naphthalenes 2.5 
C4 Naphthalenes 2.5 
Biphenyl 2.5 
Acenaphthylene 2.5 
Oibenzofuran 2.5 
Acenaphthene 2.5 
Fluorene 2.5 
Cl Fluorenes 2.5 
C2 Fluorenes 2.5 
C3 Fluorenes 2.5 
Anthracene 2.5 
Phenanthrene 2.5 
Cl Phenanthrenesl Anthracenes 2.5 
C2 Phenanthrenesl Anthracenes 2.5 
C3 Phenanthrenesl Anthracenes 2.5 
C4 Phenanthrenesl Anthracenes 2.5 

'PQl . Practical Quantitation Limit 
"Results listed as ND would have been reported if present at or above the listed PQL. 

Note: Analyzed in the Selected Ion Monitoring (SIM) mode. 

MSD 10 
41362·6pna .xls 
STLIth 

RESULT" 
mglkg 

NO 
NO 

25.4 
59.7 
83.3 
ND 

21.7 
NO 

215.9 
467.7 
570.9 

ND 
ND 
3.0 
9.6 

27.6 
54.2 
34.5 
61.6 
15.9 
18.2 

110.6 
311.7 
300.6 
114.1 



REPORT OF ANALYTICAL RESULTS 
PAGE 2 of 2 

Client: Ellen Hedfield 
CH2M HILL 

690 Walnut Ave., Ste. 230 
Vallejo, CA 94592 

Project: 

Project Number: 
Collected by: 

CONSTITUENT 

Oibenzothiophene 
C1 Dibenzothiophenes 
C2 Dibenzothiophenes 
C3 Dibenzothiophenes 
C4 Dibenzothiophenes 
Fluoranthene 
Pyrene 

Mare Island 

273939.14.01 
Mike Godwin 

C 1 pyrenes/Fluoranthenes 
C2 Pyrenes/Fluoranthenes 
C3 Pyrenes/Fluoranthenes 
Benz(alanthracene 
Chrysene 
C 1 Chrysenes 
C2 Chrysenes 
C3 Chrysenes 
C4 Chrysenes 
Benzo(b Ifluroanthene 
Benzo( klfluoranthene 
Benzo (e I pyrene 
Benzo(alpyrene 
Perylene 
Indeno( 1,2, 3-c,dlpyrene 
Dibenz(a, hi anthracene 
Benzo(g, h, i I perylene 

'POL . Practical Ouantitation Limit 

Lab Number: 
Collected: 
Received: 
Matrix: 

Sample Description: 

41362·6 
10/24/08 
11106/08 
Heavy Oil 

FTPH·Fp·UT·OT 
Analyzed: 11/06/08 
Method: 

POL" 
mg/kg 

2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 

8270M 

RESUL P' 
mg/kg 

8.9 
73.4 
107.3 
106.6 
97.4 
20.7 
71.3 

239.0 
235.1 
115.6 
13.1 
26.7 

177.4 
119.5 
54.1 
22.8 
5.4 
3.0 

11 .1 
6.3 
14.4 
NO 
NO 
5.3 

"'Results listed as ND would have been reported if present at or above the listed POL. 

Note: Analyzed in the Selected Ion Monitoring (SIMI mode. 

MSD 10 
41362·6pna .xls 
STL/th 

Submitted by, 
Zymax Forensics, a DPRA Company 

1~~Bb 
I( Director, Forensic Geochemistry 



REPORT OF ANALYTICAL RESULTS 
PAGE 1 of 2 

Client: 

Project: 

Ellen Hedfield 
CH2M Hill 
690 Walnut Ave., Ste. 230 
Vallejo, CA 94592 

Mare Island 

lab Number: 
Collected: 
Received: 
Matrix: 

Sample Description: 

41362·7 
11/05/08 
11/06/08 
Heavy oil 

FTPH·Fp·SB·C 
Project Number: 
Collected by: 

CONSTITUENT 

Benzothiophene 
C1 Benzothiophenes 
C2 Benzothiophenes 
C3 Benzothiophenes 
C4 Benzothiophenes 
Naphthalene 
1·Methylnaphthalene 
2·Methylnaphthalene 
C2 Naphthalenes 
C3 Naphthalenes 
C4 Naphthalenes 
Biphenyl 
Acenaphthylene 
Dibenzofuran 
Acenaphthene 
Fluorene 
C1 Fluorenes 
C2 Fluorenes 
C3 Fluorenes 
Anthracene 
Phenanthrene 

273939.14.01 
Mike Godwin 

C 1 Phenanthrenes/Anthracenes 
C2 Phenanthrenesl Anthracenes 
C3 Phenanthrenes! Anthracenes 
C4 Phenanthrenes!Anthracenes 

'POl . Practical Ouantitation Limit 

Analyzed: 11106/01 

Method: 

POL' 
mglkg 

2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 

8270M 

• ,. Results listed as NO would have been reported if present at or above the listed POL. 

Note: Analyzed in the Selected Ion Monitoring ISIM) mode, 

MSD 10 
41362· 7pna.xls 
STL/th 

RESULT'"' 
mglkg 

NO 
33.1 
54.0 
76.7 
85.6 
NO 

235.8 
291.0 
806.8 
736.0 
636.2 

NO 
NO 
6.7 
13.7 
47.6 
75.7 
37.1 
65.1 
36.6 

154.1 
332.3 
418.7 
314.6 
106.0 



REPORT OF ANALYTICAL RESULTS 
PAGE 2 of 2 

Client: 

Project: 

Ellen Hedfield 
CH2M Hill 

690 Walnut Ave" Ste. 230 
Vallejo, CA 94592 

Mare Island 

Project Number: 273939.14.01 
Collected by: Mike Godwin 

lab Number: 
Collected: 
Received: 
Matrix: 

41362-7 
11/05/08 
11/06/08 
Heavy oil 

Sample Description: 
FTPH-FP-SB-C 

Analyzed: 11106/01 
Method: 8270M 

CONSTITUENT RESUl T* * pal" 
mg/kg mg/kg 

2.5 Dibenzothiophene 32.0 
2.5 C1 Dibenzothiophenes 126.6 
2.5 C2 Dibenzothiophenes 165.8 
2.5 C3 Dibenzothiophenes 122.5 
2.5 C4 Dibenzothiophenes 102.9 

Fluoranthene 
Pyrene 
C1 Pyrenes/Fluoranthenes 
C2 Pyrenes/Fluoranthenes 
C3 Pyrenes/Fluoranthenes 
Benz(a)anthracene 
Chrysene 
C 1 Chrysenes 
C2 Chrysenes 
C3 Chrysenes 
C4 Chrysenes 
Benzo (b Ifluroanthene 
Benzo( klfluoranthene 
Benzo(e)pyrene 
Benzo(a)pyrene 
Perylene 
Indeno(1,2,3-c,d)pyrene 
Oibenz(a, h) anthracene 
Benzo (g, h, i )perylene 

opal - Practical auantitation Limit 

2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 

**Results listed as ND would have been reported if present at or above the listed paL. 

Note: Analyzed in the Selected Ion Monitoring (SIM) mode, 

MSD 10 
41362-7pna .xls 
STLIth 

Submitted by, 
Zymax Forensics, a DPRA Company 

f<,"~Eb 
Director, Forensic Geochemistry 

20.5 
60.6 

234.4 
199.3 
97.2 
11.9 
28.8 

169.2 
92.6 
48.8 
14.4 
7.0 
NO 

11.6 
12.1 
13.6 
2.7 
NO 
3.9 



REPORT OF ANALYTICAL RESULTS 
PAGE 1 of 2 

Client: 

Project: 

Ellen Hedfield 
CH2M Hill 
690 Walnut Ave" Ste. 230 
Vallejo, CA 94592 

Mare Island 

lab Number: 
Collected: 
Received: 
Matrix: 

Sample Description: 

41362-8 
11/05/08 
11/06/08 
Heavy oil 

FTPH-FP-SB-VV 
Project Number: 
Collected by: 

CONSTITUENT 

Benzothiophene 
C 1 Benzothiophenes 
C2 Benzothiophenes 
C3 Benzothiophenes 
C4 Benzothiophenes 
Naphthalene 
1-Methylnaphthalene 
2-Methylnaphthalene 
C2 Naphthalenes 
C3 Naphthalenes 
C4 Naphthalenes 
Biphenyl 
Acenaphthylene 
Oibenzofuran 
Acenaphthene 
Fluorene 
C 1 Fluorenes 
C2 Fluorenes 
C3 Fluorenes 
Anthracene 
Phenanthrene 

273939.14.01 
Mike Godwin 

C1 Phenanthrenes/Anthracenes 
C2 Phenanthrenes/Anthracenes 
C3 Phenanthrenes/Anthracenes 
C4 Phenanthrenesl Anthracenes 

'pal - Practical Ouantitation Limit 

Analyzed: 
Method: 

pal' 
mg/kg 

2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2,5 
2,5 
2.5 
2.5 
2.5 

11106/08 
8270M 

'*Results listed as NO would have been reported if present at or above the listed POL. 

Note: Analyzed in the Selected Ion Monitoring (SIMI mode, 

MSD 10 
41362-8pna.xls 
STLIth 

RESULT" ' 
mg/kg 

NO 
NO 
ND 

49.1 
73.8 
NO 
NO 
NO 

365.1 
541.4 
556.4 

NO 
NO 
3.5 
7.6 

22.9 
57.1 
28.8 
56.6 
8.8 

44.9 
138.5 
243.8 
234.3 
106.5 



REPORT OF ANALYTICAL RESULTS 
PAGE 2 of 2 

Client: Ellen Hedfield 
CH2M HILL 
690 Walnut Ave., Ste. 230 
Vallejo, CA 94592 

Project: 

Project Number: 
Collected by: 

CONSTITUENT 

Dibenzothiophene 
C 1 Dibenzothiophenes 
C2 Dibenzothiophenes 
C3 Dibenzothiophenes 
C4 Dibenzothiophenes 
Fluoranthene 
Pyrene 

Mare Island 

273939.14,01 
Mike Godwin 

C1 Pyrenes/Fluoranthenes 
C2 Pyrenes/Fluoranthenes 
C3 Pyrenes/Fluoranthenes 
Benz(a)anthracene 
Chrysene 
C 1 Chrysenes 
C2 Chrysenes 
C3 Chrysenes 
C4 Chrysenes 
Benzo (b)fluroanthene 
Benzo (k)fluoranthene 
Benzo(e)pyrene 
Benzo(a)pyrene 
Perylene 
Indeno(1,2,3-c,dlpyrene 
Dibenz (a, h)anthracene 
Benzo(g, h, i) perylene 

* POL - Practical Ouantitation Limit 

Lab Number: 
Collected: 
Received: 
Matrix: 

Sample Description: 

41362-8 
11/05/08 
11/06/08 
Heavy oil 

FTPH-FP-SB-VV 
Analyzed: 11106/08 
Method: 

POL' 
mg/kg 

2.5 
2,5 
2.5 
2,5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2,5 
2,5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 

8270M 

RESULT*' 
mg/kg 

35.3 
100.0 
94,6 
93.9 
105.5 
12.9 
25.4 

106.5 
152.3 
89.6 
5.2 

18.4 
91.9 
78.3 
35,1 
16.6 
NO 
NO 
8.0 

12.9 
13.3 
NO 
NO 
3.3 

* * Results listed as NO would have been reported if present at or above the listed POL. 

Note: Analyzed in the Selected Ion Monitoring (SIM) mode. 

MSD 10 
41362-8pna.xls 
STUth 

Submitted by, 
Zymax Forensics, a DPRA Company 

(NV~~ijb 
\ Director, Forensic Geochemistry 



Sample Name: FTPH-FP-SB-GG (41362-1) product 
Misc Info Mare Island, CH2M HILL 

bundance 
1500000 

1400000 

1300000 

1200000 

1100000 

1000000 

900000 

800000 

700000 

600000 

500000 

400000 

300000 

200000 

100000 

TIC: 110707.D 

O)~rA~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
ime-> 10.00 15.00 20.00 25.00 30.00 35.00 40.00 45.00 50.00 55.00 60.00 65.00 70.00 75.00 SO.OO 85.00 90.00 95.00 100.00 



Sample Name: FTPH-FP-SB-MM (41362-2) product 
Misc Info Mare Island, CH2M HILL 



Sample Name: FTPH-FP-SB-NN (41362-3) product 
Misc Info Mare Island, CH2M HILL 

11 



Sample Name: FTPH-FP-SB-PP (41362-4) product 
Misc Info Mare Island, CH2M HILL 

TIC: 110710.D 

1600000 

1S00000 

1400000 

1300000 

1200000 

1100000 

1000000 

900000 

800000 

700000 

600000 

SOOOOO 

400000 

300000 

200000 

100000 

O'Fr~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
ime--> 10.00 1S.00 20.00 2S.00 30.00 3S.00 40.00 4S.00 SO.OO 55.00 60.00 65.00 70.00 7S.00 80.00 8S.00 90.00 9S.OO 100.00 



Sample Name: FTPH-FP-UT-QE (41362-5) product 
Misc Info Mare Island, CH2M HILL 

TIC: 110711.D 



Sample Name: FTPH-FP-UT-QT (41362-6) product 
Misc Info Mare Island, CH2M HILL 

undance 
1200000 

1100000 

1000000 

900000 

800000 

700000 

600000 

500000 

400000 

300000 

200000 

100000 

TIC: 110712.D 

obn~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
ime--> 15.00 20.00 25.00 30.00 35.00 40.00 45.00 50.00 55.00 60.00 65.00 70.00 75.00 80.00 85.00 90.00 95.00 100.00 



Sample Name: FTPH-FP-SB-C (41362-7) product 
Misc Info Mare Island, CH2M HILL 

bundance 
1200000 

1100000 

1000000 

900000 

800000 

700000 

600000 

500000 

400000 

300000 

200000 

100000 

TIC: 110713.D 

O~~Tr~~4*~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
ime--> 15.00 20.00 25.00 30.00 35.00 40.00 45.00 50.00 55.00 60.00 65.00 70.00 75.00 80.00 85.00 90.00 95.00 100.00 



Sample Name: FTPH-FP-SB-VV (41362-8) product 
Misc Info Mare Island, CH2M HILL 

bundance TIC: 11 0714.D 

1200000 

1100000 

1000000 

900000 

800000 

700000 

600000 

500000 

400000 

300000 

200000 

100000 

o~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
ime-> 10.00 15.00 20.00 25.00 30.00 35.00 40.00 45.00 50.00 55.00 60.00 65.00 70.00 75.00 so.oo 85.00 90.00 95.00 100.00 



Symbol 

i-10 

i-15 

i-16 

Pr 

Ph 

nCO 

nC" 

i-8 

i-8' 

i-a" 

CH-n 

Table 

Key to Chromatogram Symbol Identification 
for m/z 85 and m/z 113 Paraffins and Isoparaffins 

Detail 

Iso-alkane with 10 carbon atoms 

Farnesane (isoprenoid with 15 carbon atoms) 

Isoprenoid with 16 carbon atoms 

Pristane (isoprenoid with 19 carbon atoms) 

Phytane (isoprenoid with 20 carbon atoms) 

n-C. normal alkane 

n-C15 normal alkane 

2,5-(2,4 )-Dimethylhexane 

2,3,4-T rimethylpentane 

2,3-Dimethylhexane 

Alkylcyclohexane (where n indicates number of carbon atoms in the side chain) 



FTPH-FP-SB-GG (41362-1) product 
Mare Island, CH2M HILL 

Abundance 

120000 

110000 

100000 

90000 

80000 

70000 

60000 

50000 

40000 

30000 

20000 

10000 

Ion 85.00 (84.70 to 85.70): 110707.0 

40.00 45.00 50.00 55.00 60.00 65.00 

J1- /1-1 /<~1J1f.s 
( fJ-b5Mvf) 

70.00 75.00 80.00 85.00 



FTPH-FP-SB-MM (41362-2) product 
Mare Island, CH2M HILL 

f'bundance 

70000 

65000 

60000 

55000 

50000 

45000 

40000 

35000 

30000 

25000 

20000 

15000 

10000 

5000 

L . 1 
0 

10'00 ime--> 15.00 20.00 25.00 30.00 

Ion 85.00 (84.70 to 85.70): 110708.0 

.1 ,~ , , .. , . 

35.00 40.00 45.00 50:00 55.00 60.00 65.00 70.00 75.00 80.00 



FTPH-FP-SB-NN (41362-3) product 
Mare Island, CH2M HILL 

bundance 
120000 

110000 

100000 

90000 

80000 

70000 

60000 

50000 

40000 

30000 

20000 

10000 

0 
ime--> 

,I J 
10.00 15'00 20.00 25.00 30.00 

Ion 85.00 (84.70 to 85.70): 110709.0 

1,Ii.l", 

35.00 40.00 45.00 55.00 60.00 65.00 70.00 75.00 80.00 85'00 



FTPH-FP-SB-PP (41362-4) product 
Mare Island, CH2M HILL 

~bundance 

140000 

130000 

120000 

110000 

100000 

90000 

80000 

70000 

60000 

50000 

40000 

30000 

20000 

10000 

I II 
0 .1 

ime--> 10.00 15~00 20.00 25.00 30.00 35.00 

Ion 85.00 (84.70 to 85.70): 110710.D 

-

J ,u, AM\iJ,~! .,1. .. "'''~ w'" ~ MW~LA 
40.00 45:00 50.00 55.00 60.00 65.00 70.00 75.00 80.00 85:00 



FTPH-FP-UT-QE (41362-5) product 
Mare Island, CH2M HILL 



FTPH-FP-UT-QT (41362-6) product 
Mare Island, CH2M HILL 

~bundance 
105000 

100000 

95000 

90000 

85000 

80000 

75000 

70000 

65000 

60000 

55000 

50000 

45000 

40000 

35000 

30000 

25000 

20000 

15000 

10000 

5000 

0 
L 

ime-> 10,00 15.00 20,00 25,00 30,00 

Ion 85.00 (84.70 to 85.70): 110712.D 

j .t J, II •. Jw~, d, dJ ~k ~ v~, ~,_VJNJ 4LA 
35,00 40,00 45:00 50:00 55,00 60.00 65.00 70.00 75.00 80.00 85'00 



FTPH-FP-SB-C (41362-7) product 
Mare Island, CH2M HILL 

Abundance 

95000 

90000 

85000 

SOOOO 

75000 

70000 

65000 

60000 

55000 

50000 

45000 

40000 

35000 

30000 

25000 

20000 

15000 

10000 

5000 

0 .J. 
frime_-> 10.00 15.00 20.00 25.00 

L 1 
30.00 35~00 

Ion 85.00 (84.70 to 85.70): 110713.0 

I 

I.d It ~"",~L..t ,,\.. t.hl.A ~ ! ,~ II, .... VIl,M.1.,. l.!v!J·L L~ 

40.00 45.00 50.00 55.00 60.00 65:00 70.00 75.00 80.00 85.00 



FTPH-FP-SB-VV (41362-8) product 
Mare Island, CH2M HILL 

f-bundance 

100000 

95000 

90000 

85000 

BOOOO 

75000 

70000 

65000 

60000 

55000 

50000 

45000 

40000 

35000 

30000 

25000 

20000 

15000 

10000 

5000 

I I .. ,,\ 0 
30:00 ime--> 10.00 15.00 20,00 25,00 

J 

Ion 85.00 (84.70 to 85.70): 110714.0 

Ii 
I ~ "LI I. ..I,.l Ok <I, ~",! .AI 1 ·~U-A . .1 ".. ,"" '..,.."",' 

35,00 40,00 45,00 50:00 55:00 60,00 65,00 70,00 75,00 80,00 85,00 



FTPH-FP-SB-GG (41362-1) product Mare Island, CH2M HILL 

Abundance 

45000 

40000 

35000 

30000 

25000 

20000 

15000 

10000 

Ion 113.00 (112.7010 113.70): 110707.0 

~ 
'-
I 

N t.) 
"-
I 

1-\ 

'-0 
I' 
H 

<>\.. ..... 
I 

H 



FTPH-FP-SB-MM (41362-2) product Mare Island, CH2M HILL 

Abundance 

28000 

26000 

24000 

22000 

20000 

18000 

16000 

14000 

12000 

10000 

8000 

6000 

4000 

2000 

Ion 113.00 (112.70 to 113.70): 110708.0 

~ 
I 

H 

'-.II -... 
I 

H 

I 1 \.1, .• 41.JJ .,i./ \l .111'.1 !l. .".~ .;.J!~ •• ,. l,l",. ,k " ,.M,,~~ "f! I~' . .,q'W "'rJI ,.1""1"~"" o~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
10'00 12.00 14.00 16.00 18~00 20.00 22.00 24.00 26.00 28.00 30.00 32.00 34'00 36.00 38~00 40.00 42.00 44.00 46.00 48.00 50.00 52~00 54.00 56.00 58.00 60.00 62.00 64.00 66.00 

ime--> 



FTPH-FP-SB-NN (41362-3) product 
Mare Island, CH2M HILL 

bundance 

26000 

24000 

22000 

20000 

18000 

16000 

14000 

12000 

10000 

8000 

6000 

4000 

2000 

~ 
I 

H 

Ion 113.00 (112.70 to 113.70): 110709.0 

'" ..... 
I 

~ -I 
H H 

"}--I 
H 

o~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ im ..... > 10.00 12.00 14.00 16.00 18.0020.0022.0024.00 26.00 28.00 30.00 32.00 34.00 36.00 38.00 40.00 42.00 44.00 46.00 48.00 50.00 52.00 54.00 56.00 58.00 60.00 62.00 64.00 66.00 



FTPH-FP-SB-PP (41362-4) product 
Mare Island, CH2M HILL 

Abundance 

50000 

45000 

40000 

35000 

30000 

25000 

20000 

15000 

10000 

5000 

-I 
H 

Ion 113.00 (112.70 to 113.70): 110710.D 

'.0 
"-
I 

~ -l.t) N 
--I , 

I H H 

<\ --I 
H 

.1 ". ,M l j It .1M,M M w..~",-..JI/aI.~\!\!jy.A,!,.)lIJ'N:L.IN..,,~"!Iv.~' J.M\,j"' .. )M..JII\.\.<J.~,\"J·~··w, ,.,;"N'I~ .. J.l O~~~~~~~~~~~~~~~~~~~~::::~~~~~~~~~~~ 10.00 12.00 14.00 16.00 18.0020.0022.0024.0026.0028.00 30.00 32.00 34.00 36.00 38.00 40'00 42.00 44.00 46.00 48.00 50.00 52.00 54.00 56.00 58~00 60.00 62.00 64.00 66.00 

ime-> 



FTPH-FP-UT-QE (41362-5) product 
Mare Island, CH2M HILL 

;;;j... 
.... 
I 

H 

-I.r} 
"-
\ 
H 



FTPH-FP-UT-QT (41362-6) product 
Mare Island, CH2M HILL 

Abundance 
38000 

36000 

34000 

32000 

30000 

28000 

26000 

24000 

22000 

20000 

18000 

16000 

14000 

12000 

10000 

8000 

6000 

4000 

2000 

I 
t-\ 

Ion 113.00 (112.70 to 113.70): 110712.0 

~ 

\" 
H 

~ ~ 
"-

'- I I 
t-I H 

"'<;) 
'-
I 

t-\ 
/, .j .l/u., ~ 

J I], "I, .. M. j .~ lL J!., ld, .,~..,/'I/J ~M~'"""''''' ..1.1 
Cl"; > 0 ~',,', I", I .L .J...', w·, ... .., '"''1M'' IV' .... ~" 

,me-- 8.00 10.00 12.00 14.00 16.00 18.0020.00 22.00 24.00 26.00 28.00 30.00 32.00 34.00 36.00 38.00 40.00 42.00 44.00 46.00 46.00 50.00 52.00 54.00 56.00 58.00 60.00 62.00 64.00 66.00 



FTPH-FP-SB-C (41362-7) product 
Mare Island, CH2M HILL 

f-bundance 
40000 

38000 

36000 

34000 

32000 

30000 

28000 

26000 

24000 

22000 

20000 

18000 

16000 

14000 

12000 

10000 

8000 

6000 

4000 

'" , 
I 
H 

Ion 113.00 (112.70 to 113.70): 110713.0 

'\. 
'-
I 

H 

";j.. '" .... 
~ 

.... 
I I 

H 
.... 
I ti 

H 

. > 0 ~'. ~', ~', ~', ,', ,me 8.00 10.00 12.00 14.00 16.00 18.0020.0022.0024.0026.00 28.00 30.00 32.00 34.00 36.00 38.00 40.00 42.00 44.0046.0048.0050.0052.00 54.00 56.00 58.00 60.00 62.00 64.00 66.00 



FTPH-FP-SB-VV (41362-8) product 
Mare Island, CH2M HILL 

Abundance 

40000 

36000 

36000 

34000 

32000 

30000 

28000 

26000 

24000 

22000 

20000 

18000 

16000 

14000 

12000 

10000 

8000 

6000 

4000 
-I 

Ion 113.00 (112.70 to 113.70): 110714.0 

-I.r) 
"-
I -I H 

t-I 

~ 

I 

H 

~ 
\ 

H 

. 0 ~', .', ~', 
Ime--> 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00 30.00 32.00 34.00 36.00 38.00 40.00 42.00 44.00 46.00 48.00 50.00 52.00 54.00 56.00 58.00 60.00 62.00 64.00 66.00 



Table 

Key for Alkylcyclohexanes at m/z 83 

Symbol Detail 

CH-1: Methylcyclohexane 

CH-2: Ethylcyclohexane 

CH-3: Propylcylohexane 

CH-4: Butylcyclohexane 

CH-5: Pentylcyclohexane 

CH-6: Hexylcyclohexane 

CH-7: Heptylcyclohexane 

CH-8: Octylcyclohexane 

CH-9: Nonylcyclohexane 

CH-10: Decylcyclohexane 

CH-11 : Undecylcyclohexane 

CH-12: Dodecylcyclohexane 

CH-13: Tridecylcyclohexane 

CH-14: Tetradecylcyclohexane 



FTPH-FP-SB-GG (41362-1) product 
Mare Island, CH2M HILL 

Ion 83.00 (82.7010 83.70): 110707.0 

~ 
\ 

'::t:: 
IJ 

Co 
'-
I 

~ 
\l 

....... .... 
\ 

~ 



FTPH-FP-SB-MM (41362-2) product 
Mare Island, CH2M HILL 

Ion 83.00 . 



FTPH-FP-SB-NN (41362-3) product 
Mare Island, CH2M HILL 

'\0 
I 
~ 
\) 

~ "-
'- ..... 
I I 

~ 
~ V 



FTPH-FP-SB-PP (41362-4) product 
Mare Island, CH2M HILL 

Ion 

~ 

~ 
\J 

110710.D 

'1' 
I 

J ~ 
\l 



FTPH-FP-UT-QE (41362-5) product 
Mare Island, CH2M HILL 

Ion 83.00 .D 



FTPH-FP-UT-QT (41362-6) product 
Mare Island, CH2M HILL 

Ion 83.00 . 



FTPH-FP-SB-C (41362-7) product 
Mare Island, CH2M HILL 



FTPH-FP-SB-VV (41362-8) product 
Mare Island, CH2M HILL 



~IJ~ 

Table 

Key for identification of the Bicyclanes 
(m/z 123 mass chromatograms) 

Peak No. Identity Formula M.W. 
a 2.2,3.Trimethylbicyloheptane C,oH18 138 

b C,o bicycloalkane C,oH,. 138 

c 3,3,7· Trimethylbicycloheptane C"H,. 138 

d C" decalin C"H,o 152 

f Nordrimane C14H" 194 

g Nordrimane C14H" 194 

h Rearranged drimane C15H,. 208 

Rearranged drimane C15H,. 208 

k Isomer of eudesmane C15H,. 208 

4~(H) Eudesmane C15H,. 208 

m C15 bicyclic sesquiterpane C15H,. 208 

n 8~(H) Drimane C'5H,. 208 

0 C'5 bicyclic sesquiterpane C'5H" 208 

P C16 bicyclic sesquiterpane C16H30 222 

q C16 bicyclic sesquiterpane C,.H30 222 

r 8~(H) Homodrimane C,.H30 222 



FTPH-FP-SB-GG (41362-1) product 
Mare Island, CH2M HILL 

Ion (122.70 to 123.70): 110707.D 



FTPH-FP-SB-MM (41362-2) product 
Mare Island, CH2M HILL 

[on 



FTPH-FP-SB-NN (41362-3) product 
Mare Island, CH2M HILL 

undance 

1S0oo 

14000 

13000 

12000 

11000 

10000 

9000 

SOOO 

7000 

6000 

SOOO 

4000 

3000 

2000 

1000 

Ion 123.00 (122.70 to 123.70): 110709.0 

O~~~~~,n~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
ime-> 1S.OO 16.00 17.00 1S.00 19.00 20.00 21.00 22.00 23.00 24.00 25.00 26.00 27.00 2S.00 29.00 30.00 31.00 32.00 33.00 34.00 3S.00 36.00 37.00 38.00 39.00 40.00 41.00 42.00 43.00 



FTPH-FP-SB-PP (41362-4) product 
Mare Island, CH2M HILL 

undance 

12000 

11000 

10000 

9000 

BOOO 

7000 

6000 

5000 

4000 

3000 

2000 

1000 

Ion 123.00 (122.70 to 123.70): 110710.D 

O~~~~~~~~~~ryo~~~~~~~~~~~~~~~rT~~~~~~~~~~~P'~~~~~~~~~~~~~ 
ime-> 14.0015.0016.0017.00 18.00 19.00 20.00 21.00 22.00 23.00 24.00 25.00 26.00 27.00 28.00 29.00 30.00 31.00 32.00 33.00 34.00 35.00 36.00 37.00 38.00 39.00 40.00 41.00 42.00 43.00 



FTPH-FP-UT-QE (41362-5) product 
Mare Island, CH2M HILL 

'\ 



FTPH-FP-UT-QT (41362-6) product 
Mare Island, CH2M HILL 

Ion 123.00 (122.70 to 123.70): 110712.0 



FTPH-FP-SB-C (41362-7) product 
Mare Island, CH2M HILL 



FTPH-FP-SB-VV (41362-8) product 
Mare Island, CH2M HILL 



m/z 217 
19 12 

C 
1 

10 
B 5 

4 6 

m/z 113 

Tricyclic Terpanes 

m/z 191 R 

Tetracyclic Terpanes 
R 

m/z 191 

m/z 191 

23 24 

Sterane 

21 22 

18 
20 

17 
13 0 16 

14 15 

m/z 134 

m/z 253 

m/z 231 

29 

26 
24 

23 

27 

Clg 

C4- Alkylbenzenes 

Monoaromatic Steranes (MAS) R 

Triaromatic Steranes (TAS) 
R 

Pristane 

The compound structures of pristane, C.-alkyl benzenes, sterane; terpanes; monoaromatic and 
triaromatic steranes 



Code 

0 
1 
2 
3 
4 
5 
Z4 
6a 
6b 
7 
A 
B 
C 
0 
E 
F 
G 
H 
10a 
10b 
I 
11a 
J 
11b 
K 

C'9Ts 
C30* 

L 
Ma 
Mb 
N 
0 
13a 
13b 
P 
Q 
R 
14a 
5 
14b 
T 
U 
15a 
15b 
V 
WS 
WR 
16a 
16b 
X5 
XR 
YS 
YR 

Table 

Key for Tricyclic, Tetracyclic, and Pentacyclic Terpanes 
Identification (m/z 191 mass chromatograms) 

Identity Carbon # 

C,o-Tricyclic Terpane 20 
C21-Tricyclic Terpane 21 
C2,-Tricyclic Terpane 22 
C23-Tricyclic Terpane 23 
C24-Tricyclic Terpane 24 
C,,-Tricyclic Terpane 25 
C24-Tetracyclic Terpane 24 
C,,-Tricyclic Terpane 26 
C,,-Tricyclic Terpane 26 
C27- Tricyclic Terpane 27 
C28-Tricyclic Terpane #1 28 
C28-Tricyclic Terpane #2 28 
C29- Tricyclic Terpane #1 29 
C29- Tricyclic Terpane #2 29 
180-22,29,30-Trisnorneohopane (Ts) 27 
170-22,29,30-Trisnorhopane (Tm) 27 
1711-22,29-30-Trisnorhopane 27 
170-23,28-Bisnorlupane 28 
C,o-Tricyclic Terpane #1 30 
C,o-Tricyclic Terpane #2 30 
170-28,30-Bisnorhopane 28 
C31-Tricyclic Terpane #1 31 
170-25-Norhopane 29 
C31-Tricyclic Terpane #2 31 
170,2111-30-Norhopane 29 
180-30-Norneohopane 29 
170-Diahopane 30 
1711-210-30-Normoretane 29 
180-0leanane 30 
1811-0leanane 30 
170,2111-Hopane 30 
1711,210-Moretane 30 
C33- Tricyclic Terpane #1 33 
C33-Tricyclic Terpane #2 33 
22S-170,2111-30-Homohopane 31 
22R-170,2111-30-Homohopane 31 
Gammacerane 30 
C,,-Tricyclic Terpane #1 34 
1711,210-Homomoretane 31 
C,,-Tricyclic Terpane #2 34 
22S-170,2111-30-Bishomohopane 32 
22R-170,2111-30-Bishomohopane 32 
C35-Tricyclic Terpane #1 35 
C35-Tricyclic Terpane #2 35 
1711,210-C32-Bishomomoretane 32 
22S-170,2111-30,31 ,32-Trishomohopane 33 
22R-170,2111-30,31,32-Trishomohopane 33 
C,,-Tricyclic Terpane #1 36 
C,,-Tricyclic Terpane #2 36 
225-170,21 11-30,31 ,32,33-Tetrahomohopane 34 
22R-170,21 11-30,31 ,32,33-Tetrahomohopane 34 
22S-170,2111-30,31,32,33,34-Pentahomohopane 35 
22R-170,21 11-30,31 ,32,33,34-Pentahomohopane 35 



FTPH-FP-SB-GG (41362-1) product 
Mare Island, CH2M HILL 

bundance 

24000 

22000 

20000 

18000 

16000 

14000 

12000 

10000 

8000 

6000 -It) 

4000 

2000 

ime-> 54.00 56.00 58.00 60.00 62.00 

~ 
~ 
\Iq 

64.00 

Ion 191.00 (190.70 to 191.70): 110707.0 

~ ~ " ~<> '" ... ' ~. e( ... 1:1 , 
~ 

\11:::1 "<:: -J '1\ 

~1It-LlI '" ~~ "" 
~ 

...... ~ 
~ 

66.00 68.00 70.00 72.00 74.00 76.00 78.00 80.00 82.00 84.00 



FTPH-FP-SB-MM (41362-2) product 
Mare Island, CH2M HILL 

undance 

21000 

20000 

19000 

1BOOO 

17000 

16000 

15000 

14000 

13000 

12000 

11000 

10000 

9000 

8000 '" 
7000 

~ 
6000 

5000 ~ 
4000 

3000 

2000 

1000 

0 
ime--> 54.00 56.00 58.00 BO.OO 62.00 

Ir-~ 

" 

64.00 

Ion 191.00 (190.70 to 191.70): 110708.D 

H 
"-

\l.. ~ rc( 
~ ~ "' ., , ~ 

"<!:: 't:; J 
, , 

~ l\4J , 
--t "'\\ ... '{I, ...... .. :~ 11-\1. ~ "" '" " ~r ... 

66.00 68.00 70.00 72.00 74.00 76.00 78.00 BO.OO 82.00 84.00 



FTPH-FP-SB-NN (41362-3) product 
Mare Island, CH2M HILL 

bundance 

34000 

32000 

30000 

28000 

26000 

24000 

22000 

20000 

18000 

16000 

14000 

12000 

10000 

8000 

6000 

4000 

2000 

ime-> 54.00 56.00 58.00 60.00 62.00 

Ion 191.00 (190.70 to 191.70): 110709.0 

64.00 66.00 68.00 70.00 72.00 74.00 76.00 78.00 80.00 82.00 84.00 



FTPH-FP-SB-PP (41362-4) product 
Mare Island, CH2M HILL 

undance 

28000 

26000 

24000 

22000 

20000 

18000 

16000 

14000 

12000 

10000 

ime--> 54.00 56.00 58.00 60.00 62.00 

Ion 191.00 (190.70 to 191.70): 110710.0 

64.00 66.00 68.00 70.00 72.00 74.00 76.00 78.00 80.00 82.00 84.00 



FTPH-FP-U'T-QE (41362-5) product 
Mare Island, CH2M HILL 

bundance Ion 191.00 (190.70 to 191.70): 11 0711.D 
17000 

16000 

15000 

14000 

13000 

12000 

11000 

10000 

9000 

8000 

7000 

6000 

-II) 
5000 ~ 

"''' 
4000 

ime-> 54.00 56.00 58.00 60.00 62.00 64.00 66.00 68.00 70.00 72.00 74.00 76.00 78.00 80.00 82.00 84.00 



FTPH-FP-UT-QT (41362-6) product 
Mare Island, CH2M HILL 

bundance 
13000 

12000 

11000 

10000 

9000 

BOOO 

7000 

BOOO 

5000 

4000 

3000 

2000 

1000 

ime-> 54.00 56.00 58.00 60.00 62.00 

Ion 191.00 (190.70 to 191.70): 110712.0 

64.00 66.00 68.00 70.00 72.00 74.00 76.00 78.00 80.00 82.00 84.00 



FTPH-FP-SB-C (41362-7) product 
Mare Island, CH2M HILL 

8500 

8000 

7500 

7000 

6500 

6000 

5500 

5000 

4500 

4000 

3500 

3000 

2500 

2000 

1500 

1000 

500 

ime-> 54.00 56.00 58.00 60.00 

Ion 191.00 (190.70 to 191.70): 110713.0 

N 

62.00 64.00 66.00 68.00 70.00 72.00 74.00 76.00 78.00 BO.oo 82.00 84.00 



FTPH-FP-SB-VV (41362-8) product 
Mare Island, CH2M HILL 

undance 

15000 

14000 

13000 

12000 

11000 

10000 

9000 

8000 

7000 

6000 

5000 -It) 

4000 

3000 

2000 

ime-> 54.00 56.00 58.00 60.00 62.00 

It~ ,-," 
\I-

I'l4 

64.00 

ion 191.00 (190.70 to 191.70): 110714.0 

'<t: C!:). V ~ Il", ~ 
11"'" " ... -t '" ... " v,. '- , 

~ .... "" 
I.\! " 

\il.1j. 

" '" ,-'" I-. 

"'''' Ir-'" ";;) 
~ ~'t 

66.00 68.00 70.00 72.00 74.00 76.00 78.00 80.00 82.00 84.00 



Table 

Key for Steranes Identification (m/z 217 Mass Chromatogram) 

Code Identity Carbon # 

1 13[\, 17a-diacholestane (20S) 27 

2 13[\, 17a-diacholestane (20R) 27 

3 13a, 17[\-diacholestane (20S) 27 

4 13a, 17[\-diacholestane (20R) 27 

5 24-methyl-13[\, 17o:-diacholestane (20S) 28 

6 24-methyl-13[\, 17o:-diacholestane (20R) 28 

70 24-methyl-13o:, 17[\-diacholestane (20S) 28 

7 14O:,17a-cholestane (20S) 27 

80 24-ethyl-13[\, 17a-diacholestane (20S) 29 

8 14[\, 17[\-cholestane (20R) 27 

9 14[\, 1711-cholestane (20S) 27 

90 24-methyl-13o:, 1711-diacholestane (20R) 28 

10 14a,17a-cholestane (20R) 27 

11 24-ethyl-1311, 17 a -diacholestane (20R) 29 

12 24-ethyl-13a, 1711-diacholestane (20S) 29 

13 24-methyl-14O:, 17a-cholestane (20S) 28 

140 24-ethyl-13a, 1711-diacholestane (20R) 29 

14 24-methyl-1411, 1711-cholestane (20R) 28 

15 24-methyl-1411, 1711-cholestane (20S) 28 

16 24-methyl-14o:, 17o:-cholestane (20R) 28 

17 24-ethyl-14a-cholestane (20S) 29 

18 24-ethyl-1411, 1711-cholestane (20R) 29 

19 24-ethyl-1411, 1711-cholestane (20S) 29 

20 24-ethyl-14a, 17 a-cholestane (20R) 29 

21A 24-n-Propylcholestane (20S) 30 

21B 4-methyl-24-ethylcholestane (20S) 30 

22A 4a-methyl-24-ethyl-14S, 17S-cholestane(20S) 30 

22B 24-n-propyl-14S, 17S-cholestane (20S) 30 

23A 4a-methyl-24-ethyl-14S, 17S-cholestane(20R) 30 

23B 24-n-propyl-14S,17S-cholestane (20R) 30 

24A 4o:-methyl-24-ethylcholestane(20R) 30 

24B 24-n-propylcholestane (20R) 30 



FTPH-FP-SB-GG (4l362-1) product ~ Mare Island, CH2M HILL 

undance Ion 217.00 (216.70 to 217.70): 110707.D 

14000 () \.0 
'- '-

13000 

12000 

11000 

10000 

'" '-
9000 

~ ~ 
"-

8000 '\- ~ 
"I> '-

7000 ~ /'....<1". '- '-'- '- "-

6000 

5000 
~ ~ -l ~ 

~ ~ ~ 

U\. 
4000 

"" 3000 

2000 

1000 

0 
ime-> 64.50 65.00 65.50 66.00 66.50 67.00 67.50 68.00 68.50 69.00 69.50 70.00 70.50 71.00 71.50 72.00 72.50 73.00 73.50 



FTPH-FP-SB-MM (41362-2) product 

Mare Island, CH2M HILL 

Nlundance 

10500 

10000 

9500 

9000 

8500 

8000 

7500 

7000 

6500 

6000 

5500 

5000 

4500 

4000 

3500 

3000 

2500 

2000 
1\1 

Ion 217.00 (216.70 to 217.70): 110708.0 

..... ..... 

o~~~~~""~~~,,~~~~~"",,
"~~~rr~~~~~~,,,,"~~~,-

rrrrrr~~~~~~~"~,,~~ 

!rime-> 64.50 65.00 65.50 66.00 66.50 67.00 67.50 68.00 68:50 69.00 69.50 70.00 70.50 71.00 71.50 72:00 72.50 73.00 73'50 



FTPH-FP-SB-NN (41362-3) product 
Mare Island, CH2M HILL 

I'Ibundance 

28000 

26000 

24000 

22000 

20000 

18000 

16000 

14000 

12000 

10000 

8000 

6000 

4000 

2000~ 

Ion 217.00 (216.70 to 217.70): 110709.D 

~ 

~ " .... 
'i-
"\, 

~ 
\l. 
'-

"-... 

'" "\ 
~ 

... ... 
Il\. 

\f\ 
\.Nf-vV 

~ 

"" "-

1'....<1" 
" ... 

IA 

V IA Vv 

~ 
o~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

64.50 65.00 65.50 66:00 66.50 doo 67.50 68.00 68.50 69:00 69.50 70:00 70.50 71.00 71.50 72.00 72.50 73.00 73.50 ime-> 



FTPH-FP-SB-PP (41362-4) product 
Mare Island, CH2M HILL 

IIbundance 

20000 

19000 

18000 

17000 

16000 

15000 

14000 

13000 

12000 

11000 

10000 

9000 

8000 

7000 

6000 

5000 

4000 

3000 

2000 ~ 
,~ 

1000 

Ion 217.00 (216.70 to 217.70): 110710.D 

Q 

'-

O~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~TTTT~,,~~ 
64.50 65.00 65.50 66.00 66.50 67.00 67.50 68.00 68.50 69.00 69.50 70.00 70.50 71.00 71.50 72.00 72.50 73'00 73.50 ime-> 



FTPH-FP-UT-QE (41362-5) product 
Mare Island, CH2M HILL 

!A.bundance 

12000 

11000 

10000 

9000 

8000 

7000 

6000 

5000 

4000 

3000 

2000 !\J In I~ 
1000VV~ ~ "~ 

A 

Ion 217.00 (216.70 to 217.70): 110711.0 

~ 

C! 
"-

'" "'"> '\- "-
0" 

~ 
~ 
"-

II"-. 

'I) ~ ~ '" I"- "- ~ II\. 

N 
\ ~ ~ 

\ ~ 

O'~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
64'50 65.00 65.50 66.00 66.50 67.00 67.50 68.00 68.50 69.00 69.50 70.00 70.50 71.00 71.50 72.00 72:50 73.00 73.50 ime-> 



FTPH-FP-UT-QT (41362-6) product 
Mare Island, CH2M HILL 

bundance 

11000 

10500 

10000 

9500 

9000 

8500 

8000 

7500 

7000 

6500 

6000 

5500 

5000 

4500 

4000 

3500 

3000 

2500 

2000 

500 

Ion 217.00 (216.70 to 217.70): 11 0712.D 

~ 
'\... 
c.\, 

o 
'-

~ 
'-

~ 
~ 

'-

~ 
~ 
'-

'" f'..... .... 
'-

o~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
ime--> 64.00 64.50 65.00 65.50 66.00 66.50 67.00 67.50 68.00 68.50 69.00 69.50 70.00 70.50 71.00 71.50 72.00 72.50 73.00 73.50 



FTPH-FP-SB-C (41362-7) product 
Mare Island, CH2M HILL 

bundance 

7000 

6500 

6000 

5500 

5000 

4500 

4000 

3500 

3000 

2500 

2000 

1500 

Ion 217.00 (216.70 to 217.70): 110713.D 

o 
.... 

"-.... 

o~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~.-
ime-> 64.00 64.50 65.00 65.50 66.00 66.50 67.00 67.50 68.00 68.50 69.00 69.50 70.00 70.50 71.00 71.50 72.00 72.50 73.00 73.50 



FTPH-FP-SB-VV (41362-8) product 
Mare Island, CH2M HILL 

~bundance 

11500 

11000 

10500 

10000 

9500 

9000 

8500 

SOOO 

7500 

7000 

6500 

6000 

5500 

5000 

4500 

4000 

3500 

3000 

2500 

2000 

Ion 217.00 (216.70 to 217.70): 110714.0 

'I' 

o~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
ime--> 64.00 64.50 65.00 65.50 66.00 66.50 67.00 67.50 68.00 6S.50 69.00 69.50 70.00 70'50 71.00 71.50 72.00 72.50 73.00 73.50 



Code 

a 

b 

c 

d 

e 

f 

9 

h 

k 

m 

Table 

Key for Monoaromatic Steranes Identification 
(m/z 253 mass chromatogram) 

Elemental 
Identity Composition 

20S, 511 C,,-Monoaromatic sterane C"H" 

20S, dia C,,-Monoaromatic sterane C"H" 

20R, 511 C,,-Monoaromatic sterane + 20R C27 dia MAS C"H42 

20S, 50 C,,-Monoaromatic sterane C27H42 

20S, 511 C2,-Monoaromatic sterane + 20S C2, dia MAS C2,H" 

20R, 50 C27-Monoaromatic sterane C27H42 

20S, 50 C2,-Monoaromatic sterane C2,H44 

20R, 511 C2,-Monoaromatic sterane + 20R C2, dia MAS C"H" 

20S, 511 C,,-Monoaromatic sterane + 20S C" dia MAS 

20S, 50 C2,-Monoaromatic sterane 

20R, 50 C2,-Monoaromatic sterane 

20R, 511 C2,-Monoaromatic sterane + 20R C2, dia MAS 

20R, 50 C2,-Monoaromatic sterane 

C2,H46 

C2,H46 

C2sH44 

C2,H46 

C2,H46 



FTPH-FP-SB-GG (41362-1) product 
Mare Island, CH2M HILL 

bundance 
11000 

10500 

10000 

9500 

9000 

8500 

8000 

7500 

7000 

6500 

6000 

5500 

5000 

4500 

4000 

3500 

3000 

2500 

2000 

1500 

ime-> 62.50 63.00 63.50 64.00 

Ion 253.00 (252.7010 253.70): 110707.D 

'-

64.50 65.00 65.50 66.00 66.50 67.00 67.50 68.00 68.50 69.00 69.50 



FTPH-FP-SB-MM (41362-2) product 
Mare Island, CH2M HILL 

undance 

8500 

8000 

7500 

7000 

8500 

6000 

5500 

5000 

4500 

4000 

3500 

'" 3000 

2500 

2000 

1500 

Ion 253.00 (252.70 to 253.70): 110708.0 

'-

~ 

Ol~~~~~~~~~~~~~~~~~~~~~~~-,~~-,~~~~~~~~~~~~~~~~~~~~ 
ime-·> 62.00 62.50 63.00 63.50 64.00 64.50 65.00 65.50 66.00 66.50 67.00 67.50 68.00 68.50 69.00 69.50 



FTPH-FP-SB-NN (41362-3) product 
Mare Island, CH2M HILL 

bundance 

21000 

20000 

19000 

18000 

17000 

16000 

15000 

14000 

13000 

12000 

11000 

10000 

9000 

8000 

7000 

6000 

5000 

4000 

Ion 253.00 (252.70 to 253.70): 110709.0 

'-

O~~~'-~~~~~~~~~~'-~.-~~-r~-.~~~~~.-~~-.~-,~-.~~~.-~~-r~~~-,~~".--.~ 
ime-> 62.00 62.50 63.00 63.50 64.00 64.50 65.00 65.50 66.00 66.50 67.00 67.50 68.00 68.50 69.00 69.50 



FTPH-FP-SB-PP (41362-4) product 
Mare Island, CH2M HILL 

undance 
15000 

14000 

13000 

12000 

11000 

10000 

9000 

8000 

7000 

6000 

5000 

4000 

3000 

62.50 63.00 63.50 64.00 64.50 

Ion 253.00 (252.70 to 253.70): 110710.D 

'-

65.00 65.50 66.00 66.50 67.00 67.50 68.00 68.50 69.00 69.50 



FTPH-FP-UT-QE (41362-5) product 
Mare Island, CH2M HILL 

bundance 

9000 

8500 

8000 

7500 

7000 

6500 

6000 

5500 

5000 

4500 

4000 

3500 

3000 

2500 

2000 

ime-> 62.50 63.00 63.50 64.00 

Ion 253.00 (252.70 to 253.70): 110711.D 

'-

64.50 65.00 65.50 66.00 66.50 67.00 67.50 68.00 68.50 69.00 69.50 



FTPH-FP-UT-QT (41362-6) product 
Mare Island, CH2M HILL 

bundance 

7000 

6500 

6000 

5500 

5000 

4500 

4000 

3500 

3000 

2500 

2000 

1500 

ime-> 62.50 63.00 63.50 64.00 

Ion 253.00 (252.70 to 253.70): 110712.0 

'-

64.50 65.00 65.50 66.00 66.50 67.00 67.50 68.00 68.50 69.00 69.50 



FTPH-FP-SB-C (41362-7) product 
Mare Island, CH2M HILL 

bundance 

4200 

4000 

3800 

3600 

3400 

3200 

3000 

2800 

2600 

2400 

2200 

2000 

1800 

1600 

1400 

1200 

1000 

800 

ime--> 62.50 63.00 63.50 64.00 

Ion 253.00 (252.70 to 253.70): 110713.D 

'-

64.50 65.00 65.50 66.00 66.50 67.00 67.50 68.00 68.50 69.00 69.50 



FTPH-FP-SB-VV (41362-8) product 
Mare Island, CH2M HILL 

bundance 
8500 

8000 

7500 

7000 

6500 

6000 

5500 

5000 

4500 

4000 

3500 

3000 

2500 

2000 

ime-> 62.50 63.00 63.50 64.00 64.50 65.00 

Ion 253.00 (252.70 to 253.70): 110714.0 

'-

'-\ 

65.50 66.00 66.50 67.00 67.50 68.00 68.50 69.00 69.50 



Code 

T1 

T2 

T3 

T4 

T5 

T6 

T7 

Table 

Key for Triaromatic Steranes Identification 
(m/z 231 chromatogram) 

Identity Elemental Composition 

C,o Triaromatic sterane C,oH,o 

C21 T riaromatic sterane 
C"

H
" 

205 C,. Triaromatic sterane C,.H" 

20R C,. + 205 C,,-Triaromatic steranes C26H32 + C27H34 

205 C,s-Triaromatic sterane C,sH,. 

20R C,,-Triaromatic sterane C"H" 

20R C,s-Triaromatic sterane C,sH,. 



FTPH-FP-SB-GG (41362-1) product 
Mare Island, CH2M HILL 

undance 
30000 

28000 

26000 

24000 

22000 

20000 

18000 

16000 

14000 

12000 

10000 

8000 

6000 

4000 

ime-> 

I-

60.00 61.00 62.00 63.00 

Ion 231.00 (230.7010 231.70): 110707.0 

64.00 65.00 66.00 67.00 68.00 69.00 70.00 71.00 72.00 



FTPH-FP-SB-MM (41362-2) product 
Mare Island, CH2M HILL 

bun dance 
24000 

22000 

20000 

18000 

16000 

14000 

12000 

10000 

8000 

6000 

4000 

ime--> 60.00 61.00 63.00 64.00 

Ion 231.00 (230.70 to 231.70): 110708.D 

65.00 66.00 67.00 68.00 69.00 70.00 71.00 72.00 73.00 74.00 



FTPH-FP-SB-NN (41362-3) product 
Mare Island, CH2M HILL 

A.bundance 

50000 

45000 

40000 

35000 

30000 

25000 

20000 

15000 
....... 

"j 
t--- \--

10000 

5000 

J 
"""~ [W'Y"¥ 

0 
ime-> 60.00 61.00 62.00 63.00 64.00 65.00 

Ion 231.00 (230.70 to 231.70): 110709.0 

v... 
~ 

"n 
~ 

~ 'Y) 

I-- I'--
~ 
~ 

J, .A 01\..., v.~vbv ~\A w~~ 
66.00 67.00 68.00 69.00 70.00 71:00 72:00 73.00 74.00 



FTPH-FP-SB-PP (41362-4) product 
Mare Island, CH2M HILL 

36000 

34000 

32000 

30000 

28000 

26000 

24000 

22000 

20000 

18000 

16000 

14000 

12000 

10000 

8000 

6000 

ime-> 60.00 61.00 62.00 63.00 

Ion 231.00 (230.70 to 231.70): 110710.0 

64.00 65.00 66.00 67.00 68.00 69.00 70.00 71.00 72.00 73.00 74.00 



FTPH-FP-UT-QE (41362-5) product 
Mare Island, CH2M HILL 

undance 
20000 

19000 

18000 

17000 

16000 

15000 

14000 

13000 

12000 

11000 

10000 

9000 

8000 

7000 

6000 

5000 

4000 

ime-> 60.00 61.00 62.00 

Ion 231.00 (230.70 to 231.70): 110711.D 

67.00 69.00 70.00 71.00 72.00 73.00 74.00 



FTPH-FP-UT-QT (41362-6) product 
Mare Island, CH2M HILL 

bundance 

17000 

16000 

15000 

14000 

13000 

12000 

11000 

10000 

9000 

8000 

7000 --
6000 !-- "j 

5000 \-

4000 

3000 

Ion 231.00 (230.70 to 231.70): 110712.D 

O~'-~'-~~-'~~~'-~'-~'-~'-~'--'~~~'-~'-~'-~'-~~-'~~"'-~'-~~-''--'~-'~'-'T'--''-
ime-> 59.00 60.00 61.00 62.00 63.00 64.00 65.00 66.00 67.00 68.00 69.00 70.00 71.00 72.00 73.00 74.00 



FTPH-FP-SB-C (41362-7) product 
Mare Island, CH2M HILL 

bundance Ion 231.00 (230.70 to 231.70): 110713.0 

10500 

10000 

9500 

9000 

8500 

8000 

7500 

7000 

6500 

6000 

5500 

5000 

4500 

4000 
....... 

--I 
3500 l- f--
3000 

2500 

2000 

1500 

Ol~~~~~~~~~~~~~~~~~~~~~~~~~~,-~~~~~~~~~~~~~~~~~~~~ 
ime-> 59.00 60.00 61.00 62.00 63.00 64.00 65.00 66.00 67.00 68.00 69.00 70.00 71.00 72.00 73.00 74.00 



FTPH-FP-SB-VV (41362-8) product 
Mare Island, CH2M HILL 

bundance 

20000 

19000 

18000 

17000 

16000 

15000 

14000 

13000 

12000 

11000 

10000 

9000 

sooo 

7000 

6000 

5000 

4000 

3000 

2000 

1000 r" .. "",_ 

Ion 231.00 (230.70 to 231.70): 110714.0 

O~~~"~"-'~-'~-'~~~'-~"~"-'~-'~-'~~"~~"-'''-'~-'~~''~''''~''-'~-'~'-~'-~~ 
ime-> 59.00 60.00 61.00 62.00 63.00 64.00 65.00 66.00 67.00 68.00 69.00 70.00 71.00 72.00 73.00 74.00 



Table 

Key for Identifying Aromatic Hydrocarbons 

No. m/z Abbreviation Compound 

1 120 AS C3-alkylbenzenes 

2 134 C,-alkylbenzenes 

3 148 C5-alkylbenzenes 

4 162 C6-alkylbenzenes 

5 128 NAPH CD-naphthalene 

6 142 C,-naphthalenes 

7 156 C,-naphthalenes 

8 170 C3-naphthalenes 

9 184 C,-naphthalenes 

10 166 FL CD-fluorene 

11 180 C,-fluorenes 

12 194 C,-fluorenes 

13 208 C3-fluorenes 

14 222 C,-fluorenes 

15 154 BP CD-biphenyl 

16 168 C,-biphenyls + dibenzofuran 

17 182 C,-biphenyls + C,-dibenzofuran 

18 178 PH EN Co-phenanthrene 

19 192 C,-phenanthrenes 

20 206 C,-phenanthrenes 

21 220 C3-phenanthrenes 

22 234 C,-phenanthrenes 

23 202 PY Co-pyrene/fluoranthene 

24 216 C,-pyreneslfluoranthenes 

25 230 C,-pyrenes/fluoranthenes 

26 244 C3-pyrenes/fluoranthenes 

27 258 C,-pyrenes/fluoranthenes 

28 228 CHR Co-ch rysene 

29 242 C,-chrysenes 

30 256 C,-chrysenes 

31 270 C3-chrysenes 

32 284 C,-chrysenes 

33 148 BT C,-benzothiophenes 

34 162 C,-benzothiophenes 

35 176 C3-benzothiophenes 

36 190 C,-benzothiophenes 

37 204 C5-benzothiophenes 

28 184 DST Co-dibenzothiophene 

39 198 C,-dibenzothiophenes 

40 212 C,-dibenzothiophenes 

41 226 C3-dibenzothiophenes 

42 240 C,-dibenzothiophenes 

43 234 NBT Co-naphthobenzothiophene 

44 248 C ,-na phthobenzothio phenes 

45 262 C,-naphthobenzothiophenes 

46 276 C3-naphthobenzothiophenes 

47 290 C,-naphthobenzothiophenes 

48 253 MAS Monoaromatic steranes 

49 267 Monoaromatic steranes 

50 239 Monoaromatic steranes 

51 231 TAS Triaromatic steranes 

52 245 Triaromatic steranes 
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Chain of Custody Record COC Number: ZYMA-04 CH2MHILL 11113120085:51:32 PM Page 1 of 1 

Project Name Mare Island Location Mare Island -
Task Order 14.01 Project: Followon TPH Investigation DRMO Site ., ~ 'J1 1'<; 
Project Number 273939.14.01 0 V; :t '" ~ Project Manager ElleR IleElJield S$i -S;M -SOO.-1e. '" 1 It z 

~ 
" "'- p 

Sample Manager Mike Godwin (707) 246-57B1 H 

I'~ (1 

Turnaround Time 21 Days " '" 
I~ '$ z I ..... " ! PO Number 273939.14.01 t< ~ "' ~ " -; . " I-'" Sample 10 Sample DatelTime Type Matrix # Containers Preserv " r1 \i:l -,J 

. FTPH-FP-SB-RR 12-Nov-QB 17:00 N Water ;#: f-\ 1"3 7~ ) \ >" -A x.. 
GCMS ASTM5739, extended PAH 8270-SMI, stable isotopes C&H Field Filtered:O /z. HCI, pH<2, 4'S:- 0 0 0 0 0 0 0 0 0 0 00 0 0 0 0 0 0 0 0 
IRMS 

Total Containers: /7-
FTPH-FP-TR-DDD2 13-Nov-OB 14:15 N Water - IZ 1"'- ,.:. .1' X 

GCMS ASTM5739, extended PAH 8270-SMI, stable isotopes C&H Field FilteredO 1 Hel, pH<2, 4'C 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
IRMS 

Total Containers: I I I I I I 

MS = Matrix Spike SO = Matrix Spike Duplicate 

Signatures DatelTime Shipping Details Special Instructions: 
Approved by 

1!tItilI~ }i;~11 
Method of Shipment: FedEx 

ATTN: 

Sampted by 
On Ice: 6> / no Relinquished by Sample Custody 

Received by ~irbitt No: 790624799429 and 
Report Copy to 

Relinquished by Lab Name: Zymax Forensics 
Alan Jeffrey Artemis Antipas 

Received by Lab Phone: (B05) 544-4696 (425) 453-5005 



Isotech Data 
Job 10650 
Project 41370 

Isotech Sample 013C 5'H 
Lab No. Name %0 %0 
149782 41370-1 -24.0 -140 
149783 41370-2 -24.9 -136 



REPORT OF ANALYTICAL RESULTS 
PAGE 1 of2 

Client: Jim Boone 
CH2M HILL 
690 Walnut Ave., Ste. 230 
Vallejo, CA 94592 

Project: Mare Island 

Project Number: 273939.14.01 
Collected by: Mike Godwin 

CONSTITUENT 

Benzothiophene 
C 1 Benzothiophenes 
C2 Benzothiophenes 
C3 Benzothiophenes 
C4 Benzothiophenes 
Naphthalene 
l-Methylnaphthalene 
2-Methylnaphthalene 
C2 Naphthalenes 
C3 Naphthalenes 
C4 Naphthalenes 
Biphenyl 
Acenaphthylene 
Oibenzofuran 
Acenaphthene 
Fluorene 
Cl Fluorenes 
C2 Fluorenes 
C3 Fluorenes 
Anthracene 
Phenanthrene 
Cl Phenanthrenes/Anthracenes 
C2 Phenanthrenes/Anthracenes 
C3 Phenanthrenes/Anthracenes 
C4 Phenanthrenes/Anthracenes 

'PQL - Practical Quantitation Limit 

Lab Number: 
Collected: 
Received: 
Matrix: 

Sample Description: 

41370-1 
11/12/08 
11/14/08 
Product 

FTPH-FP-SB-RR 
Analyzed: 11/24/08 
Method: 8270M 

PQL' RESULT" 
mg/kg mg/kg 

2.5 NO 
2.5 16.9 
2.5 33.6 
2.5 48.7 
2.5 67.6 
2.5 3.8 
2.5 194.5 
2.5 204.5 
2.5 822.0 
2.5 732.7 
2.5 615.6 
2.5 NO 
2.5 NO 
2.5 13.4 
2.5 9.9 
2.5 45.3 
2.5 68.9 
2.5 31.6 
2.5 55.4 
2.5 5.7 
2.5 103.2 
2.5 207.0 
2.5 286.6 
2.5 233.4 
2.5 85.7 

"Results listed as NO would have been reported if present at or above the listed PQL. 

Note: Analyzed in the Selected Ion Monitoring (SIM) mode. 

MSD 10 
41370-1 pna.xls 
STUth 

REPORT OF ANALYTICAL RESULTS 
PAGE 20f2 



Client: Jim Boone 
CH2M Hill 
690 Walnut Ave., Ste. 230 
Vallejo, CA 94592 

Project: Mare Island 

Project Number: 273939.14.01 
Collected by: Mike Godwin 

CONSTITUENT 

Oibenzolhiophene 
C1 Oibenzothiophenes 
C2 Oibenzothiophenes 
C3 Oibenzothiophenes 
C4 Oibenzothiophenes 
Fluoranthene 
Pyrene 
C1 Pyrenes/Fluoranthenes 
C2 Pyrenes/Fluoranthenes 
C3 Pyrenes/Fluoranlhenes 

._-- Benz(a)anthracene 
Chrysene 
C1 Chrysenes 
C2 Chrysenes 
C3 Chrysenes 
C4 Chrysenes 
Benzo(b )fluroanthene 
Benzo(k)fluoranthene 
Benzo(e)pyrene 
Benzo(a)pyrene 
Perylene 
Indeno(1,2,3-c,d)pyrene 
Oibenz( a, h )anth racene 
Benzo(g,h, i)perylene 

'PQl - Practical Quantitation Limit 

lab Number: 
Collected: 
Received: 
Matrix: 

Sample Description: 

41370-1 
11/12/08 
11/14/08 
Product 

FTPH-FP-SB-RR 
Analyzed: 11/24/08 
Method: 8270M 

PQl' RESULT" 
mg/kg mg/kg 

2.5 26.0 
2.5 98.5 
2.5 145.7 
2.5 93.1 
2.5 87.6 
2.5 8.1 
2.5 16.6 
2.5 76.0 
2.5 130.4 
2.5 59.8 
2.5 4.4 
2.5 18.6 
2.5 84.6 
2.5 70.2 
2.5 35.6 
2.5 16.5 
2.5 NO 
2.5 NO 
2.5 NO 
2.5 NO 
2.5 19.4 
2.5 NO 
2.5 NO 
2.5 NO 

"Results listed as NO would have been reported if present at or above the listed PQL. 

Note: Analyzed in the Selected Ion Monitoring (SIM) mode. 

MSD10 
41370-1 pna.xls 
STUth 

Submitted by, 

ZY;:Z:Z Dz=an
y 

Shan-Tan lu, Ph.D. 
Director, Forensic Geochemistry 
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Client: Jim Boone 
CH2M HILL 
690 Walnut Ave., Ste. 230 
Vallejo, CA 94592 

Project: Mare Island 

Project Number: 273939.14.01 
Collected by: Mike Godwin 

CONSTITUENT 

Benzothiophene 
C1 Benzothiophenes 
C2 Benzothiophenes 
C3 Benzothiophenes 
C4 Benzothiophenes 
Naphthalene 
1-Methylnaphthalene 
2-Methylnaphthalene 
C2 Naphthalenes 
C3 Naphthalenes 
C4 Naphthalenes 
Biphenyl 
Acenaphthylene 
Oibenzofuran 
Acenaphthene 
Fluorene 
C1 Fluorenes 
C2 Fluorenes 
C3 Fluorenes 
Anthracene 
Phenanthrene 
C1 Phenanthrenes/Anthracenes 
C2 Phenanthrenes/Anthracenes 
C3 Phenanthrenes/Anthracenes 
C4 Phenanthrenes/Anthracenes 

"PQL - Practical Quantitation Limit 

Lab Number: 
Collected: 
Received: 
Matrix: 

Sample Description: 

41370-2 
11/13/08 
11/14/08 
Soil 

FTPH-FP-TR-DDD2 
Analyzed: 11/24/08 
Method: 8270M 

PQL' RESULP" 
mg/kg mg/kg 

0.075 NO 
0.075 NO 
0.075 NO 
0.075 0.237 
0.075 0.263 
0.075 NO 
0.075 0.152 
0.075 NO 
0.075 2.338 
0.075 3.264 
0.075 2.832 
0.075 NO 
0.075 NO 
0.075 NO 
0.075 NO 
0.075 0.233 
0.075 0.387 
0.075 0.160 
0.075 0.258 
0.075 NO 
0.075 0.156 
0.075 0.804 
0.075 1.302 
0.075 0.941 
0.075 0.314 

"Results listed as NO would have been reported if present at or above the listed PQL. 

Note: Analyzed in the Selected Ion Monitoring (SIM) mode. 

MSD10 
41370-2pna.xls 
STUth 
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Client: Jim Boone 
CH2M HILL 
690 Walnut Ave., Ste. 230 
Vallejo, CA 94592 

Project: 

Project Number: 
Collected by: 

CONSTITUENT 

Oibenzothiophene 
C1 Oibenzothiophenes 
C2 Oibenzothiophenes 
C3 Oibenzothiophenes 
C4 Oibenzothiophenes 
Fluoranthene 
Pyrene 

Mare Island 

273939.14.01 
Mike Godwin 

C1 Pyrenes/Fluoranthenes 
C2 Pyrenes/Fluoranthenes 
C3 Pyrenes/Fluoranthenes 
Benz(a)anthracene 
Chrysene 
C1 Chrysenes 
C2 Chrysenes 
C3 Chrysenes 
C4 Chrysenes 
Benzo(b )fluroanthene 
Benzo(k)fluoranthene 
Benzo( e )pyrene 
Benzo(a)pyrene 
Perylene 
Indeno(1,2,3·c,d)pyrene 
Oibenz(a,h)anthracene 
Benzo(g, h,i)perylene 

'PQL . Practical Quantitation Limit 

Lab Number: 
Collected: 
Received: 
Matrix: 

41370·2 
11/13/08 
11/14/08 
Soil 

Sample Description: 
FTPH·FP·TR·DDD2 

Analyzed: 11/24/08 
Method: 8270M 

PQL' RESULT" 
mg/kg mg/kg 

0.075 0.114 
0.075 0.390 
0.075 0.469 
0.075 0.307 
0.075 0.234 
0.075 NO 
0.075 0.123 
0.075 0.489 
0.075 0.625 
0.075 0.274 
0.075 NO 
0.075 0.101 
0.075 0.425 
0.075 0.325 
0.075 0.139 
0.075 NO 
0.075 NO 
0.075 NO 
0.075 NO 
0.075 NO 
0.075 NO 
0.075 NO 
0.075 NO 
0.075 NO 

"Results listed as ND would have been reported if present at or above the listed PQL. 

Note: Analyzed in the Selected Ion Monitoring (SIM) mode. 

MSD10 
41370·2pna.xls 
STUth 

Submitted by, Zy;a.: Dr
Pany 

Shan·Tan Lu, Ph.D. 
Director, Forensic Geochemistry 



Sample Name: FTPH-FP-SB-RR (41370-1) product 
Misc Info Mare Island, CH2M HILL 

bundance TIC: 111804.D 
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o~~~~~t:~~~~~~~~~~~~~~~~~~~~~~~~ 
ime-> 15.00 20.00 25.00 30.00 35.00 40.00 45.00 50.00 55.00 60.00 65.00 70.00 75.00 80.00 85.00 90.00 95.00 100.00 



Sample Name: FTPH-FP-TR-DDD2 (41370-2) soil extract 
Misc Info Vf=4ml, 25g, Mare Island, CH2M HILL 

bundance TIC: 112006.0 

2000000 
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1600000 
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o.~~~~~~~~~~~~~~~~~ 
ime-> 15.00 20.00 25.00 30.00 35.00 40.00 45.00 50.00 55.00 60.00 65.00 70.00 75.00 80.00 85.00 90.00 95.00 100.00 



Symbol 

i-10 

i-15 

i-16 

Pr 

Ph 

nCB 

nC" 

i-8 

i-8' 

i-8" 

CHon 

Table 

Key to Chromatogram Symbol Identification 
for m/z 85 and m/z 113 Paraffins and Isoparaffins 

Detail 

Iso-alkane with 10 carbon atoms 

Farnesane (isoprenoid with 15 carbon atoms) 

Isoprenoid with 16 carbon atoms 

Pristane (isoprenoid with 19 carbon atoms) 

Phytane (isoprenoid with 20 carbon atoms) 

n-CB normal alkane 

n-C" normal alkane 

2,5-(2,4 )-Dimethylhexane 

2,3,4-Trimethylpentane 

2,3-Dimethylhexane 

Alkylcyclohexane (where n indicates number of carbon atoms in the side chain) 



FTPH-FP-SB-RR (41370-1) product 
Mare Island, CH2M HILL 

Abundance 

150000 

140000 

130000 

120000 

110000 

100000 

90000 

80000 

70000 
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50000 

40000 

30000 

20000 

10000 

a ,.I. .1/1. 
ime--> 10.00 15.00 20.00 25.00 30.00 

.I ,1, 
35.00 

Ion 85.00 (84.70 to 85.70): 111804.D 

n- A-/Ft?tI?L5 
LAb~) 

~,. It/v 1 IlL <n, ~ J .fu .~! .At~A "~LJl.A. ,J ,.l 
''''. 1" " 

." .. _, 

40.00 45:00 50.00 55.00 60:00 85:00 70:00 75.00 80.00 85:00 



FTPH-FP-TR-DDD2 (41370-2) soil extract 
Vf=4ml, 25g, Mare Island, CH2M HILL 

fbundance 

150000 

140000 

130000 

120000 

110000 

100000 

90000 

SOOOO 

70000 

60000 

50000 

40000 

30000 

20000 

10000 

,.1 .I JI. 
0 

20'00 ime-> 10.00 15.00 25.00 30.00 35.00 

Ion 85.00 (84.70 to 85.70): 112006.0 

}1- ft/MM!. 
(,4b~ ) 

I ~,i~, "If", ",J~ U~ !~> ~Jc 11,11 1~.I."1. A.! . .lle u Jt.../--.h A A -A 

40.00 45.00 50.00 55.00 60:00 65.00 70.00 75:00 SO.OO 85.00 



FTPH-FP-SB-RR (41370-1) product 
Mare Island, CH2M HILL 

ft'bundance 

65000 

60000 

55000 

50000 

45000 

40000 

35000 

30000 

25000 

20000 

15000 

10000 

5000 

"'I -I 
N 

Ion 113.00 (112.70 to 113.70): 111804.0 

~ 
"
I 

H 

'" I 
H 

-I 
H 

ir;, > 0 ~', ~I_ ~I_ ~', ~', ~', ,', ,', ;', Ime- 8.00 10.0012.0014.0016.0018.0020.0022.00 24.00 26.00 28.00 30.00 32.00 34.00 36.00 38.00 40.00 42.00 44.00 46.00 48.00 50.00 52.00 54.00 56.00 58.00 60.00 62.00 64.00 66.00 



FTPH-FP-TR-DDD2 (41370-2) soil extract 
Vf=4ml, 25g, Mare Island, CH2M HILL 

I"-bundance 

65000 

60000 

55000 

50000 

45000 

40000 

35000 

30000 

25000 

20000 

15000 

10000 

5000 

!I\ -I 
H 

Ion 113.00 (112.70 to 113.70): 112006.0 

~ ...... 
I 

H 

~ 
N -I 

H 

1. " .11.11...1 t..A J 1 , 
.I U. J, .l ~,L\. VWJ-. 1 

. 0 n', n', ~', 
Ime-> 8.00 10.00 12.00 14.00 16.00 18.0020.0022.00 24.00 26.00 28.00 30.00 32.00 34.00 36.00 38.00 40.00 42.00 44.0046.0048.0050.0052.00 54.00 56.00 58.00 60.00 62.00 64.00 66.00 



Table 

Key for Alkylcyclohexanes at m/z 83 

Symbol Detail 

CH-1: Methylcyclohexane 

CH-2: Ethylcyclohexane 

CH-3: Propylcylohexane 

CH-4: Butylcyclohexane 

CH-5: Pentylcyclohexane 

CH-6: Hexylcyclohexane 

CH-7: Heptylcyclohexane 

CH-8: Octylcyclohexane 

CH-9: Nonylcyclohexane 

CH-10: Decylcyclohexane 

CH-11: Undecylcyclohexane 

CH-12: Dodecylcyclohexane 

CH-13: Tridecylcyclohexane 

CH-14: Tetradecylcyclohexane 



FTPH-FP-SB-RR (41370-1) product 
Mare Island, CH2M HILL 

Ion 83.00 (82.70 to 83. 

\ 

":t:: 
\) 



FTPH-FP-TR-DDD2 (41370-2) soil extract 
Vf=4ml, 25g, Mare Island, CH2M HILL 

Ion 

..... 
"-
I 

:t 
<.l 



~-
Table 

Key for identification of the Bicyclanes 
(m/z 123 mass chromatograms) 

Peak No. Identity Formula M.w. 
a 2,2,3-Trimethylbicyloheptane C"H,. 138 

b C" bicycloalkane C,oH,. 138 

c 3,3,7-Trimethylbicycloheptane C,oH,. 138 

d C" decalin C"H,o 152 

f Nordrimane C14H'6 194 

g Nordrimane C14H'6 194 

h Rearranged drimane C15H,. 208 

Rearranged drimane C,5H" 208 

k Isomer of eudesmane C15H,. 208 

4~(H) Eudesmane C,5H,. 208 

m C'5 bicyclic sesquiterpane C ,5H,. 208 

n 8~(H) Drimane C ,5H,. 208 

0 C'5 bicyclic sesqu iterpane C15H,. 208 

P C'6 bicyclic sesquiterpane C'6H,O 222 

q C'6 bicyclic sesquiterpane C16H,o 222 

r 8~(H) Homodrimane C16H,o 222 



FTPH-FP-SB-RR (41370-1) product 
Mare Island, CH2M HILL 

Ion 123.00 



FTPH-FP-TR-DDD2 (41370-2) soil extract 
Vf=4m1, 25g, Mare Island, CH2M HILL 



m/z 217 
19 12 

C 
1 

A 10 B 5 
4 6 

I m/z 113 

Tricyclic Terpanes 

m/z 191 R 

Tetracyclic Terpanes 
R 

m/z 191 

m/z 191 

23 24 

Sterane 

21 22 

18 
20 

17 
13 0 16 
14 15 

m/z 134 

m/z 253 

m/z 231 

29 

28 

26 
24 

23 

27 

C,- Alkylbenzenes 

Monoaromatic Steranes (MAS) R 

Triaromatic Steranes (TAS) 
R 

Pristane 

The compound structures of pristane, C4-alkylbenzenes, sterane; terpanes; monoaromatic and 
triaromatic steranes 



Code 

0 
1 
2 
3 
4 
5 
Z4 
6a 
6b 
7 
A 
B 
C 
0 
E 
F 
G 
H 
10a 
10b 
I 
11a 
J 
11b 
K 
C"Ts 
C30* 

L 
Ma 
Mb 
N 
0 
13a 
13b 
P 
Q 
R 
14a 
S 
14b 
T 
U 
15a 
15b 
V 
WS 
WR 
16a 
16b 
XS 
XR 
YS 
YR 

Table 

Key for Tricyclic, Tetracyclic, and Pentacyclic Terpanes 
Identification (m/z 191 mass chromatograms) 

Identity Carbon # 

C20-Tricyclic Terpane 20 
C21 -Tricyclic Terpane 21 
C,,-Tricyclic Terpane 22 
C23- Tricyclic Terpane 23 
C,,-Tricyclic Terpane 24 
C25-Tricyclic Terpane 25 
C,,-Tetracyclic Terpane 24 
C26-Tricyclic Terpane 26 
C,6-Tricyclic Terpane 26 
C,,-Tricyclic Terpane 27 
C,,-Tricyclic Terpane #1 28 
C,,-Tricyclic Terpane #2 28 
C,,-Tricyclic Terpane #1 29 
C,,-Tricyclic Terpane #2 29 
18ex-22,29,30-Trisnorneohopane (Ts) 27 
17ex-22,29,30-Trisnorhopane (Tm) 27 
171),-22,29-30-T risnorhopane 27 
17 ex-23, 28-Bisnorlupane 28 
C3Q-Tricyclic Terpane #1 30 
C,o-Tricyclic Terpane #2 30 
17ex-28,30-Bisnorhopane 28 
C,,-Tricyclic Terpane #1 31 
17 ex-25-Norhopane 29 
C,,-Tricyclic Terpane #2 31 
17ex,211),-30-Norhopane 29 
18ex-30-Norneohopane 29 
17 ex-Diahopane 30 
171),-21 ex-30-Normoretane 29 
18ex-Oleanane 30 
181),-Oleanane 30 
17ex,211),-Hopane 30 
171),,21 ex-Moretane 30 
C33-Tricyclic Terpane #1 33 
C33-Tricyclic Terpane #2 33 
22S-17 ex ,211),-30-Homohopane 31 
22R-17 ex,211),-30-Homohopane 31 
Gammacerane 30 
C,,-Tricyclic Terpane #1 34 
171),,21 ex-Homomoretane 31 
C,,-Tricyclic Terpane #2 34 
22S-17cx,211),-30-Bishomohopane 32 
22R-17 ex ,211),-30-Bishomohopane 32 
C,,-Tricyclic Terpane #1 35 
C,,-Tricyclic Terpane #2 35 
171),,21 ex-C32-Bishomomoretane 32 
22S-17ex,21 1),-30,31 ,32-Trishomohopane 33 
22R-17ex,21 1),-30,31 ,32-Trishomohopane 33 
C,6-Tricyclic Terpane #1 36 
C'6-Tricyclic Terpane #2 36 
22S-17ex,211),-30,31 ,32,33-Tetrahomohopane 34 
22R-17ex,21 1),-30,31 ,32,33-Tetrahomohopane 34 
22S-17ex,21 1),-30,31 ,32,33,34-Pentahomohopane 35 
22R-17cx,21 1),-30,31 ,32,33,34-Pentahomohopane 35 



FTPH-FP-SB-RR (41370-1) product 
Mare Island, CH2M HILL 

AbU'1'/;Wc\' 
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FTPH-FP-TR-DDD2 (41370-2) soil extract 
Vf=4ml, 25g, Mare Island, CH2M HILL 

bundance 
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Table 

Key for Steranes Identification (m/z 217 Mass Chromatogram) 

Code Identity Carbon # 
1 131:\, 170:-diacholestane (20S) 27 

2 131:\, 170:-diacholestane (20R) 27 

3 130:, 171:\-diacholestane (20S) 27 

4 130:, 171:\-diacholestane (20R) 27 

5 24-methyl-131:\, 17 o:-diacholestane (20S) 28 

6 24-methyl-131:\, 170:-diacholestane (20R) 28 

70 24-methyl-130:, 171:\-diacholestane (20S) 28 

7 140:,170:-cholestane (20S) 27 

80 24-ethyl-131:\,170:-diacholestane (20S) 29 

8 141:\, 171:\-cholestane (20R) 27 

9 141:\, 171:\-cholestane (20S) 27 

90 24-methyl-130:, 171:\-diacholestane (20R) 28 

10 140:, 170:-cholestane (20R) 27 

11 24-ethyl-131:\, 17 o:-diacholestane (20R) 29 

12 24-ethyl-130:, 171:\-diacholestane (20S) 29 

13 24-methyl-140:, 17 o:-cholestane (20S) 28 

140 24-ethyl-130:, 171:\-diacholestane (20R) 29 

14 24-methyl-141:\, 17l\-cholestane (20R) 28 

15 24-methyl-141:\, 171:\-cholestane (20S) 28 

16 24-methyl-140:, 17 o:-cholestane (20R) 28 

17 24-ethyl-140:-cholestane (20S) 29 

18 24-ethyl-141:\, 171:\-cholestane (20R) 29 

19 24-ethyl-141:\, 171:\-cholestane (20S) 29 

20 24-ethyl-140:, 170:-cholestane (20R) 29 

21A 24-n-Propylcholestane (20S) 30 

218 4-methyl-24-ethylcholestane (20S) 30 

22A 40:-methyl-24-ethyl-14~, 17~-cholestane(20S) 30 

228 24-n-propyl-14~, 17~-cholestane (20S) 30 

23A 40:-methyl-24-ethyl-14~, 17~-cholestane(20R) 30 

238 24-n-propyl-14~, 17~-cholestane (20R) 30 

24A 40:-methyl-24-ethylcholestane(20R) 30 

248 24-n-propylcholestane (20R) 30 



FTPH-FP-SB-RR (41370-1) product 
Mare Island, CH2M HILL 

Abundance 
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FTPH-FP-TR-DDD2 (41370-2) soil extract 
Vf=4ml, 25g, Mare Island, CH2M HILL 

f'.bundance 
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Code 

a 

b 

c 

d 

e 

f 

9 

h 

k 

m 

Table 

Key for Monoaromatic Steranes Identification 
(m/z 253 mass chromatogram) 

Elemental 
Identity Composition 

20S, 5B C27-Monoaromatic sterane C27H42 

20S, dia C27-Monoaromatic sterane C27H42 

20R, 5B C27-Monoaromatic sterane + 20R C27 dia MAS C27 H42 

20S, 5a C27-Monoaromatic sterane C27H42 

20S, 5B C2,-Monoaromatic sterane + 20S C2, dia MAS C2,H44 

20R, 5a C27-Monoaromatic sterane C27H42 

20S, 5a C2,-Monoaromatic sterane C2,H44 

20R, 5B C2,-Monoaromatic sterane + 20R C2, dia MAS C2,H44 

20S, 5B C29-Monoaromatic sterane + 20S C29 dia MAS 

20S, 5a C29-Monoaromatic sterane 

20R, 5a C2,-Monoaromatic sterane 

20R, 5B C29-Monoaromatic sterane + 20R C29 dia MAS 

20R, 5a C29-Monoaromatic sterane 

C29H46 

C29H46 

C28H44 

C29H46 

C29H46 



FTPH-FP-SB-RR (41370-1) product 
Mare Island, CH2M HILL 

bundance 
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FTPH-FP-TR-DDD2 (41370-2) soil extract 
Vf=4ml, 25g, Mare Island, CH2M HILL 

bundance 
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T1 

T2 

T3 

T4 

T5 

T6 

T7 

Table 

Key for Triaromatic Steranes Identification 
(m/z 231 chromatogram) 

Identity Elemental Composition 

C,o T riaromatic slerane C,oH,o 

C" Triaromatic slerane C"H" 
205 C26 Triaromatic slerane C,.H32 

20R C,. + 205 C27-Triaromalic steranes C,.H32 + C27H" 

205 C,,-Triaromalic slerane C"H,. 

20R C27-Triaromalic sterane C27H" 

20R C,,-Triaromatic slerane C,.H,. 



FTPH-FP-SB-RR (41370-1) product 
Mare Island, CH2M HILL 
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FTPH-FP-TR-DDD2 (41370-2) soil extract 
Vf=4ml, 25g, Mare Island, CH2M HILL 

bundance 

10000 

9500 

9000 

8500 

8000 

7500 

7000 

6500 

6000 

5500 

5000 

4500 

4000 

3500 

3000 

2500 

2000 

1500 

500 

--\-- A 
t-

Ion 231.00 (230.70 to 231.70): 112006.D 

If') 

l--

O~~~'-~~-'~-'''~''~~'-~'-~~-r"-',,~~~~'-~,,-r~-,,,~,,~~'-~'--r,,-',,-.,,~~'-~~ 
ime-> 59.00 60.00 61.00 62.00 63.00 64.00 65.00 66.00 67.00 68.00 69.00 70.00 71.00 72.00 73.00 74.00 



Table 

Key for Identifying Aromatic Hydrocarbons 

No. m/z Abbreviation Compound 

1 120 AB C3-alkylbenzenes 
2 134 C,-alkylbenzenes 
3 148 C5-alkylbenzenes 
4 162 Cs-alkylbenzenes 
5 128 NAPH Co-naphthalene 
6 142 C,-naphthalenes 
7 156 C,-naphthalenes 
8 170 C3-naphthalenes 
9 184 C,-naphthalenes 
10 166 FL Co-fluorene 
11 180 C,-fluorenes 
12 194 C,-fluorenes 
13 208 C3-fluorenes 
14 222 C,-fluorenes 
15 154 BP Co-biphenyl 
16 168 C,-biphenyls + dibenzofuran 
17 182 C,-biphenyls + C,-dibenzofuran 
18 178 PHEN Co-phenanthrene 
19 192 C,-phenanthrenes 
20 206 C,-phenanthrenes 
21 220 C3-phenanthrenes 
22 234 C,-phenanthrenes 
23 202 PY Co-pyrene/fluoranthene 
24 216 C,-pyreneslfiuoranthenes 
25 230 C,-pyrenes/fluoranthenes 
26 244 C3-pyreneslfJuoranthenes 
27 258 C,-pyrenes/fluoranthenes 
28 228 CHR Co-chrysene 
29 242 C,-chrysenes 
30 256 C,-chrysenes 
31 270 C3-chrysenes 
32 284 C,-chrysenes 
33 148 BT C,-benzothiophenes 
34 162 C,-benzothiophenes 
35 176 C3-benzothiophenes 
36 190 C,-benzothiophenes 
37 204 C5-benzothiophenes 
28 184 DBT Co-dibenzothiophene 
39 198 C,-dibenzothiophenes 
40 212 C,-dibenzothiophenes 
41 226 C3-dibenzothiophenes 
42 240 C,-dibenzothiophenes 
43 234 NBT Co-naphthobenzothiophene 
44 248 C,-naphthobenzothiophenes 
45 262 C,-naphthobenzothiophenes 
46 276 C3-naphthobenzothiophenes 
47 290 C,-naphthobenzothiophenes 
48 253 MAS Monoaromatic steranes 
49 267 Monoaromatic steranes 
50 239 Monoaromatic steranes 
51 231 TAS Triaromatic steranes 
52 245 Triaromatic steranes 
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STAKEHOLDER REVIEW COMMENTS AND NAVY RESPONSES 

Draft Final Technical Memorandum, Total Petroleum Hydrocarbons at the Defense Reutilization and Marketing Office (DRMO) 
Site and Vicinity, Former Mare Island Naval Shipyard, Vallejo, California, dated March 2009: 

Comments Submitted by the California Regional Water Quality Control Board, San Francisco Bay Region, April 23, 2009 
 
 

Comment Response 

General Comment 1. 
 
Based on the available data and evidence presented in 
this Technical Memorandum, the Water Board concurs 
with the finding that the Dump Road and Azuar Drive 
free-phase hydrocarbon plumes resulted from separate 
sources. The Dump Road plume appears to be the 
result of land disposal practices; however, identifying 
the source of the Azuar Drive plume is not straight 
forward. This Technical Memorandum concludes that 
the oil sump box (OSB) is the source of the free-phase 
hydrocarbons on the Navy side of Azuar Drive, but not 
the source of the free-phase hydrocarbons on the 
Lennar Mare Island (LMI) side of Azuar Drive. The 
Water Board is unable to firmly concur with 
this conclusion based on the following reasoning: 
 
• The OSB is only identified source of free-phase 

hydrocarbons in the Azuar Drive plume area. 
 
• The OSB was a disposal feature. There is a high 

probability that many different types of petroleum 
hydrocarbons were disposed of in the OSB. Unless 
there is an inventory or evidence that only the 
heavy fuel oil identified in the forensic analysis 
was disposed of in the OSB, then the conclusion 
that certain free-phase hydrocarbons are not 

The comment has been respectfully noted. While no specific revisions have 
been made to the document, the Navy is providing the background 
information below about the comment. 
 
The Navy’s intent was to garner a significant additional body of 
information within funding and time constraints. The Navy believes this 
objective was fulfilled. As further useful information about source 
methodologies may be gathered during the future removal action, the 
approach taken was to simply test the existing hypothesis that the former 
Oil Sump Box (OSB) was the source of all heavy fuel oil (HFO) at the 
DRMO Site and in the vicinity, and to report the results of that exercise. 
Visual observations, geophysical data, and forensic evaluation are reliable 
and appropriate sources of information for this setting.  
 
Concluding text in the first paragraph of Section 6.4 of the Technical 
Memorandum (TM) states: “Findings indicate that the former OSB was a 
source of HFO contamination on the Navy side of Azuar Drive. The former 
OSB was not found to be the origin of HFO at two locations on the LMI 
side of Azuar Drive southwest of the OSB. Findings were inconclusive as to 
the former OSB being the origin of HFO found at third point to the 
southwest.” The lines of reasoning from forensic and preferential pathway 
evaluations leading to these conclusions are documented in Section 6.3.2. 
 
We agree that the OSB is the only identified source in the area; however, 
this is not the same as saying the OSB is conclusively known to be the 
source of all HFO in the area. Railroad tracks, former tanks, buildings, and 
other surface features along Azuar Drive may have had a historical role in 
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STAKEHOLDER REVIEW COMMENTS AND NAVY RESPONSES 

Draft Final Technical Memorandum, Total Petroleum Hydrocarbons at the Defense Reutilization and Marketing Office (DRMO) 
Site and Vicinity, Former Mare Island Naval Shipyard, Vallejo, California, dated March 2009: 

Comments Submitted by the California Regional Water Quality Control Board, San Francisco Bay Region, April 23, 2009 
 

Comment Response 

associated with the OSB is not valid. 
 
• Extensive areas east of Azuar Drive were not 

included in the geophysical survey coverage. While 
a few trenches revealed the absence, or limited 
amounts, of metal debris east of Azuar Drive, the 
data presented does not prove that potential 
migration pathways do not exist between the OSB 
and areas east of Azuar Drive. 

past releases and disposal practices in the area. There is no identified source 
of the Dump Road HFO, thus it is assumed that HFO in that vicinity was 
the result of land disposal practices. No information reviewed by the Navy 
precludes the possibility of historical releases and land disposal practices 
along and just east of Azuar Drive. Furthermore, the forensic and pathway 
evaluations in the TM indicate that other sources were present. 
 
We also agree that it is highly probable that different types of products were 
disposed of through the OSB. However, if the OSB were the source of all 
the HFO found east of Azuar Drive, then it would follow that the forensic 
properties would be within the range of variability of those on the west side, 
as it is difficult to conceive of a mechanism that would selectively distribute 
some HFO products only to the west side, and only some others to the east 
side. The Navy was clear that the product found at one forensic point was 
similar (see the response to Specific Comment 2 below), different at 
another, and indeterminate at a third.  
 
We similarly agree that the data do not prove conclusively that there are no 
preferential pathways to the forensic points east of Azuar Drive. The intent 
of the document was to take what factual information is known and 
compare it to the existing source hypothesis. Again, the Navy believes it 
appropriate to state in clear language what the data indicated with respect to 
the hypothesis test.  
 
The gap in geophysical survey coverage along the east side of Azuar Drive 
has been reported as resulting from (a) access restrictions from partially 
fenced areas, and (b) the widespread presence of metallic materials and 
debris in the area. 
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STAKEHOLDER REVIEW COMMENTS AND NAVY RESPONSES 

Draft Final Technical Memorandum, Total Petroleum Hydrocarbons at the Defense Reutilization and Marketing Office (DRMO) 
Site and Vicinity, Former Mare Island Naval Shipyard, Vallejo, California, dated March 2009: 

Comments Submitted by the California Regional Water Quality Control Board, San Francisco Bay Region, April 23, 2009 
 

Comment Response 

General Comment 2. 
 
The lateral extent of free-phase hydrocarbons is 
extrapolated in areas between borings or trenches 
where free-phase hydrocarbons was and was not 
observed (i.e. between sample location A3 and Trench 
A, between sample locations I3 and H3, and the area 
north and west of the end of the Weston V-Trench). 
The interpreted extent is biased towards the locations 
where free-phase hydrocarbons were observed. The 
upcoming Petroleum Corrective Action Plan shall 
address these areas. Special attention shall be given to 
the area of free-phase hydrocarbons that underlies the 
sensitive habitat at the northwestern edge of the Dump 
Road plume.  

Figure 12 in the TM has been revised after the exchange of further 
information among Navy consultants. The extent of the Dump Road HFO 
has been revised to reflect recently available surveying information for the 
Weston V-Trench and the Investigation Area H1 boundary. The resulting 
northern extent of HFO in the Dump Road area no longer comes into 
contact with the northwestern non-tidal wetland area (as referenced in the 
comment). Visual observations made during the excavation of a series of 
test pits in 2007 have been incorporated into Figure 12 along with 
information from the Non-Time-Critical Removal Action conducted by 
Weston Solutions, Inc., also in 2007. While formal documentation of the 
test pits is not available (they were preliminary in nature), photographs 
provided by Weston are included in a new Appendix F4 in the TM, along 
with Figure 2-5 from the Final Non-Time Critical Removal Action 
Completion Report, Defense Reutilization and Marketing Office (Weston, 
2007). The lateral extent of HFO in the above areas has been re-
extrapolated along the western and southern portions of Dump Road on the 
revised Figure 12.  
 
In the appropriate areas, the limited presence of HFO at investigation points 
relative to others was used to bias the estimated horizontal extent boundary 
closer to points where HFO was observed rather than towards locations 
where it was not, to provide a more accurate estimate of the extent. In 
addition, the presence or absence of scrap metal was used to extrapolate 
extent. For instance, no scrap metal was found at location I, so the estimated 
extent was biased toward location I. 
 
The comment has been noted and incorporated into the methodology for the 
Petroleum Corrective Action Plan (PCAP), and the Navy looks forward to 
the agency’s comments on the draft document.  
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STAKEHOLDER REVIEW COMMENTS AND NAVY RESPONSES 

Draft Final Technical Memorandum, Total Petroleum Hydrocarbons at the Defense Reutilization and Marketing Office (DRMO) 
Site and Vicinity, Former Mare Island Naval Shipyard, Vallejo, California, dated March 2009: 

Comments Submitted by the California Regional Water Quality Control Board, San Francisco Bay Region, April 23, 2009 
 

Comment Response 

General Comment 3. 

Regardless of the source of free-phase hydrocarbons on 
the Eastern Early Transfer Parcel-side of Azuar Drive 
(specifically the area between sample location YY and 
DDD, and southeast of sample location DDD), the 
lateral and vertical extent of free-phase hydrocarbons 
in this area must be delineated and addressed. 

The comment has been respectfully noted. While no specific revisions have 
been made to the document, the Navy is providing the background 
information below about the comment. 
 
The material found at location DDD is different from all the HFO found 
beneath Azuar Drive, as stated in the third paragraph of Section 6.1. Based 
on an evaluation of fuel types provided in the Chemical Forensic Evaluation 
Report for the 2007-2008 Follow-on Investigation (included in the TM as 
Appendix J), the material is a different fuel type than all of the HFO found 
beneath and on both sides of Azuar Drive. As the material is not the 
material under study and is not on Navy property, the delineation of this 
area does not appear to be within the scope of the TM. 

Specific Comment 1. 

Section 6.2, Page 6-3 – The first paragraphs indicates 
the thickness of heavy fuel oil (HFO) is 375 feet. This 
is clearly an error; please correct. 

In the sentence referenced by the reviewer, “thickness” has been changed to 
“width”.  

Specific Comment 2. 

Section 6.3.2, Page 6-4 – The last sentence of the 
second paragraphs identifies the free-
phase hydrocarbons observed at boring location VV as 
“not dissimilar” from the free-phase hydrocarbons 
observed near the OSB. The use of the double negative 
is confusing and obfuscates the finding that the HFO 
observed at the two locations is similar.  

The Navy regrets any confusion caused by the use of this term, which was 
quoted directly from the Chemical Forensic Evaluation Report. The 
sentence in question has been revised as follows: 
 
“HFO product types found at a still more distant location (VV) to the 
southwest were similar to those found near the OSB; however, observations 
of record do not show a clear preferential pathway to this point.” 
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STAKEHOLDER REVIEW COMMENTS AND NAVY RESPONSES 

Draft Final Technical Memorandum, Total Petroleum Hydrocarbons at the Defense Reutilization and Marketing Office (DRMO) 
Site and Vicinity, Former Mare Island Naval Shipyard, Vallejo, California, dated March 2009: 

Comments Submitted by the California Regional Water Quality Control Board, San Francisco Bay Region, April 23, 2009 
 

Comment Response 

Specific Comment 3.  

Section 6.3.2, Page 6-7 – The first bulleted item under 
the discussion of the forensic chemistry at sample 
location VV identifies sample location PP as having a 
chemical signature similar to those found on the Navy 
side of Azuar Drive. This statement is contradictory to 
the data presented earlier in the section, that the 
chemical signature at sample location PP is not similar 
to those found on the Navy side of Azuar Drive. 
 

In the paragraph referenced by the reviewer, “PP” has been changed to 
“VV”. 

Specific Comment 4. 

Figures 1, 2, 4, 5, 10, and 12 – Areas on these figures 
are identified as “vegetation”. These areas are 
considered by the Water Board to be sensitive receptors 
(non-tidal wetlands) and should be labeled as such. 

The figures noted have been updated as requested to be consistent with the 
Draft PCAP. In the legends of the figures, “Vegetation” has been changed 
to “Non-Tidal Wetlands”, and the boundaries of these areas have been 
updated. The estimated extent of pickleweed identified in March 2009 has 
also been added based on further site reconnaissance by Weston Solutions.  
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STAKEHOLDER REVIEW COMMENTS AND NAVY RESPONSES 

Draft Final Technical Memorandum, Total Petroleum Hydrocarbons at the Defense Reutilization and Marketing Office (DRMO) 
Site and Vicinity, Former Mare Island Naval Shipyard, Vallejo, California, dated March 2009: 

Comments Submitted by the California Regional Water Quality Control Board, San Francisco Bay Region, April 23, 2009 
 

Comment Response 

Specific Comment 5. 

Figure 12 – Free-phase hydrocarbons were observed in 
Trenches T-3, DDD-1, and DDD-2, but were not 
identified as locations were free-phase hydrocarbons 
was observed. Please correct the figure to indicated that 
free-phase hydrocarbons were observed in Trenches  
T-3, DDD-1, and DDD-2. 

The changes to Figure 12 requested by the reviewer have been made by 
revising the symbols involved and the legend. The symbol for Trench T-3 
has been revised to represent “2006-2008 Free Product Observed in 
Trench”. A note has been added to Figure 12 that reads: “Based on field 
observations, the free-phase hydrocarbons observed at trenches DDD-1 and 
DDD-2 were a lighter fuel oil than the heavier fuel oil observed at the 
surrounding boring and trench locations. The presence of the lighter fuel oil 
was confirmed by forensic analysis of a sample collected at DDD-2. 
Therefore, trench locations DDD-1 and DDD-2 are not included within the 
‘Azuar Drive Free-Phase and Soil Fracture/Vegetation-Bound 
Hydrocarbons’ boundary.”  Similar notes have been added to Tables 4, 9, 
10, and 12. 

Specific Comment 6. 

Figures A-4, A-5, A-6, and A-11 – On Figure A-4, two 
tanks are visible east of the Future DRMO Site, along 
the future alignment of Azuar Drive. In figures A-5,  
A-6, and A-11, the area where the tanks are/were 
located has been hidden with a text box. Please move 
the text box on these three figures. 

The figure changes requested by the reviewer have been addressed by 
revising Figures A-5, A-6, and A-11. In the same Appendix A, Figures  
A-4B and A-4C have been added to show oblique aerial views from the 
time period represented by Figure A-4A, which corresponds to the former 
Figure A-4. Text in the final bullet of Section 6.3.2 has been updated to 
include references to the information shown in these revised and new 
figures. 
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STAKEHOLDER REVIEW COMMENTS AND NAVY RESPONSES 

Draft Final Technical Memorandum, Total Petroleum Hydrocarbons at the Defense Reutilization and Marketing Office 
(DRMO) Site and Vicinity, Former Mare Island Naval Shipyard, Vallejo, California, dated March 2009: 

Comments Submitted by the California Department of Fish and Game, Office of Spill Prevention and Response (DFG-OSPR), 
April 29, 2009 

 
 

Comment Response 

Specific Comment 1. 
 
Page ES-ii Executive Summary; Page 3-9, Section 
3.3.3.1; and Figure 12. DFG-OSPR does not concur 
with the Navy's statement “The findings of an 
ecological risk assessment (ERA) were that the DRMO 
site is paved, covered with gravel, and contains 
buildings, and therefore does not provide habitat for 
ecological receptors.” Salt marsh or other wetland 
areas are not the only ecological settings at this site that 
can provide habitat for wildlife. Species that are 
adapted to human disturbance can live in and adjacent 
to ruderal vegetation, landscaping, and developed areas 
containing buildings and pavement. Sparrows, gulls, 
ravens, raptors, rodents, opossums, raccoons, and 
skunks are a few examples of animals adapted to living 
in developed areas. Raptors such as Peregrine Falcon 
and Red-tailed Hawk have been documented to nest on 
office buildings. A Ring-necked Pheasant was 
observed crossing Dump Road during a site visit with 
the Navy on March 26, 2009. The Navy also states on 
page 6-3 that the Fenced Scrapyard Area within the 
DRMO “is currently an earthen field covered to 
varying degrees with grasses and small shrubs” and 
“some areas are prone to flooding during periods of 
heavy precipitation.” This field, with vegetation and 

The Navy’s purpose in preparing the Technical Memorandum (TM) is to 
describe the nature, extent, and mobility of free-phase petroleum 
hydrocarbons at the DRMO Site and in the vicinity. The TM is not 
intended to identify or analyze ecological risks, habitat, or fish and 
wildlife resources in general. To the extent that the TM includes 
statements about these issues, it is in the context of summarizing previous 
studies of the area that may have addressed these issues. The referenced 
sections of the TM have been revised to clarify that such statements are 
based on historical documentation of the site.  
 
A Petroleum Corrective Action Plan (PCAP) is currently being prepared 
for the DRMO Site. The purpose of the PCAP is to develop a plan to 
remediate petroleum at the site. The Navy’s remediation of the site will 
result in an improved environment for all species. Nevertheless, where 
appropriate the Navy will take into account impacts to habitat or wildlife 
during the preparation of the PCAP and its associated Environmental 
Protection Plan. However, while the policy of the Navy is to be protective 
of species that are endangered, threatened, rare, or fully protected under 
state/federal law, it is not obligated to be protective of other ordinary 
species when it undertakes cleanup actions on federal property. 
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STAKEHOLDER REVIEW COMMENTS AND NAVY RESPONSES 

Draft Final Technical Memorandum, Total Petroleum Hydrocarbons at the Defense Reutilization and Marketing Office 
(DRMO) Site and Vicinity, Former Mare Island Naval Shipyard, Vallejo, California, dated March 2009: 

Comments Submitted by the California Department of Fish and Game, Office of Spill Prevention and Response (DFG-OSPR), 
April 29, 2009 

 
Comment Response 

seasonal ponds can provide habitat for ecological 
receptors. Therefore, the Navy's determination that the 
DRMO “does not provide habitat for ecological 
receptors” is inaccurate and should be removed or 
corrected in the document. 
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STAKEHOLDER REVIEW COMMENTS AND NAVY RESPONSES 

Draft Final Technical Memorandum, Total Petroleum Hydrocarbons at the Defense Reutilization and Marketing Office 
(DRMO) Site and Vicinity, Former Mare Island Naval Shipyard, Vallejo, California, dated March 2009: 

Comments Submitted by the California Department of Fish and Game, Office of Spill Prevention and Response (DFG-OSPR), 
April 29, 2009 

 
Comment Response 

Specific Comment 2. 
 
The Navy's ERA should cover the entire investigation 
area for the petroleum hydrocarbons, not just the area 
within the boundaries of the DRMO. Figure 12 shows 
locations of the free-phase petroleum hydrocarbons, 
which fall outside the boundaries of the DRMO. 
Therefore, the Navy should conduct an ERA for the 
areas of free-product that are outside the DRMO. 
During a site visit with the Navy on March 26, 2009, 
DFG-OSPR staff noted the area north of Dump Road 
around the Weston V-trench contained wetland habitat, 
due to the presence of wetland hydrology (i.e. surface 
water, saturation, surface soil cracks, aquatic 
invertebrates), hydric soils, and hydrophytic vegetation 
(i.e. pickleweed, cattails, sedges). Department of Fish 
and Game (DFG) utilizes the U.S. Fish and Wildlife 
Service (USFWS) definition of a wetland which 
requires the presence of at least one of these criteria, in 
order to classify the area as a wetland [Fish and Game 
Commission Wetlands Policy (adopted 1987) included 
in Fish and Game Code Addenda (CDFG Commission, 
2009)]. 

The extent of grassy vegetation and pickleweed near the northwestern 
extent of the planned excavation was located by visual observations and 
hand-held GPS equipment on March 30, 2009. These areas were 
determined to be outside the expected extent of excavation, and the 
pickleweed habitat was determined to be just over 100 feet at the closest 
point from the potential extent of the excavation. A qualified biologist 
will monitor the area during the cutting of vegetation and the installation 
of a silt fence barrier, which are the same avoidance measures that have 
been used on Mare Island for habitat improvement purposes. Although it 
is unlikely that the excavation will extend into the area classified as non-
tidal wetlands, the planned avoidance measures will be protective of the 
Salt Marsh Harvest Mouse (SMHM) (Reithrodontomys raviventris) and 
other protected species. 
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STAKEHOLDER REVIEW COMMENTS AND NAVY RESPONSES 

Draft Final Technical Memorandum, Total Petroleum Hydrocarbons at the Defense Reutilization and Marketing Office 
(DRMO) Site and Vicinity, Former Mare Island Naval Shipyard, Vallejo, California, dated March 2009: 

Comments Submitted by the California Department of Fish and Game, Office of Spill Prevention and Response (DFG-OSPR), 
April 29, 2009 

 
Comment Response 

Specific Comment 3. 

Federal and state wetlands policies require No Net Loss 
of wetlands [Fish and Game Commission Wetlands 
Policy (adopted 1987) included in Fish and Game Code 
Addenda; 660 FW1, Wetlands Policy and Action Plan]. 
These policies state that unavoidable impacts to 
wetlands must be mitigated, which includes 
compensatory mitigation. If the destruction of wetlands 
is unavoidable, DFG's Wetland Policy identifies 
acceptable compensation as the creation of new 
wetlands at an appropriate mitigation ratio. The 
compensatory mitigation alternatives, in descending 
order of general acceptability are: in-kind, on-site; in-
kind, off-site; out of-kind, on-site; or out-of-kind, off-
site [Fish and Game Commission Wetlands Policy 
(adopted 1987) included in Fish and Game Code 
Addenda]. Therefore, the Navy should mitigate for any 
impacts to wetlands at the DRMO site and surrounding 
contaminated areas that result from remedial actions. 

No loss of wetlands is anticipated as a result of the petroleum corrective 
action. In the unlikely event that excavation within jurisdictional wetlands 
is required, final grading will be set to maintain the same function and 
values as existed prior to the site activities. This issue will be addressed in 
the final version of the PCAP.  

4 
 



 
STAKEHOLDER REVIEW COMMENTS AND NAVY RESPONSES 

Draft Final Technical Memorandum, Total Petroleum Hydrocarbons at the Defense Reutilization and Marketing Office 
(DRMO) Site and Vicinity, Former Mare Island Naval Shipyard, Vallejo, California, dated March 2009: 

Comments Submitted by the California Department of Fish and Game, Office of Spill Prevention and Response (DFG-OSPR), 
April 29, 2009 

 
Comment Response 

Specific Comment 4. 

During the site visit, wildlife species observed in the 
wetland area include Red-tailed Hawk, Red-winged 
Blackbird, and Pacific tree frog. Coyote scat and small 
mammal burrows were also observed. The salt marsh 
adjacent to the wetland provides habitat for the salt 
marsh harvest mouse (Reithrodontomys raviventris), 
California Clapper Rail (Rallus longirostris obsoletus), 
and California Black Rail (Laterallus jamaicensis 
coturniculus), which are State listed species as well as 
Fully Protected by DFG. Other than collection for 
scientific purposes, Fully Protected species may not be 
“taken” or possessed at any time and no permits may 
be issued for their “take” including trapping. As a 
result, appropriate avoidance and minimization 
measures should be implemented when work is 
conducted within habitat areas. Avoidance and 
mitigation measures may include conducting pre-
construction surveys, use of a biological monitor, 
installation of silt fencing, and restricting work within 
200 feet of nesting raptors or within 500 feet of nesting 
rails. The Navy should consult DFG-OSPR and 
USFWS on appropriate avoidance, minimization, and 
mitigation measures to use. 

Impacts to wildlife habitat located in the vicinity of the site will be 
minimized by limiting the area of actual removal action activity at the site 
and controlling runoff from the site.  
 
The SMHM is present at the former MINS; it is fully protected and listed 
as endangered under the California Endangered Species Act, and listed as 
endangered under the federal ESA. The SMHM requires special 
protection against disturbance and destruction. Pickleweed- (salicomia 
virginica-) dominated non-tidal wetlands and pickleweed-dominated 
upland areas adjacent to non-tidal wetlands serve as habitat to the SMHM. 
The SMHM is known to be highly cover-dependent, i.e., it will not 
frequent areas devoid of cover from raptors and other predators. 
 
Existing wetland vegetation is present near the northwest extent of the 
work area. An informal field survey of this area on April 6, 2009, attended 
by Paisha Jorgenson, Allen Tsao, Tami Nakahara, Marie Dreyer, Michael 
Bloom, and Dwight Gemar, indicated that the grassy vegetation near the 
planned extent of the excavation area does not include pickleweed. Since 
pickleweed is not present in the work areas associated with the corrective 
action, the project is not expected to impact the SMHM. Nevertheless, a 
project orientation given to the field crew will include a discussion of the 
special protection requirements for the SMHM and its habitat by a 
qualified biologist. Existing vegetation along the wetland/work area 
boundary will be mowed as part of the mobilization task, and the 
wetland/work area boundary will be delineated using silt fencing. Silt 
fencing will be installed as a barrier to the SMHM in accordance with the 
Stormwater Pollution Prevention Plan (Appendix E of the PCAP).  

5 
 



 
STAKEHOLDER REVIEW COMMENTS AND NAVY RESPONSES 

Draft Final Technical Memorandum, Total Petroleum Hydrocarbons at the Defense Reutilization and Marketing Office 
(DRMO) Site and Vicinity, Former Mare Island Naval Shipyard, Vallejo, California, dated March 2009: 

Comments Submitted by the California Department of Fish and Game, Office of Spill Prevention and Response (DFG-OSPR), 
April 29, 2009 

 
Comment Response 

Specific Comment 5. 

Figures 1, 2, 4, 5, 10, and 12. Vegetation areas 
depicted in these figures are inaccurate and the 
boundaries should be re-mapped to include ruderal, 
grassland, salt marsh, freshwater wetland, and 
landscaped areas, or a separate map should be provided 
with these vegetation types delineated in and around 
the project site. 

The figures noted have been updated to be more consistent with the Draft 
PCAP. In the legends of the figures, “Vegetation” has been changed to 
“Non-Tidal Wetlands” as requested by the California Regional Water 
Quality Control Board, San Francisco Bay Region, and the boundaries of 
these areas have been updated. Pickleweed location information has also 
been included. 
 
The boundaries of the non-tidal wetlands were visually confirmed and 
mapped using GPS by Weston Solutions on March 30, 2009. These 
boundaries are also used in the production of figures for the PCAP and 
will be monitored during the removal action. See the planned avoidance 
measures described in the response to Specific Comment 4.  

Specific Comment 6. 

Page 6-8, Section 6.3.4 and Figure 11. The Navy states 
that the preferential pathways for migration of the 
heavy fuel oil (HFO) are void spaces in bulk metal 
debris. However, the Conceptual Site Model in Figure 
11 depicts the presence of HFO outside of the bulk 
metal debris fields. Please explain the migration 
pathway for the HFO outside the debris fields and 
whether there is potential for this pathway to allow the 
HFO to migrate further. 
 

As a conceptual depiction, Figure 11 contains generalized graphic 
elements and is not intended to provide a detailed scaled representation of 
subsurface conditions.  
 
One of the main purposes of the TM is to characterize potential migration 
pathways for HFO. Information about this topic is reviewed below.  
 
Page 6-8, Section 6.3.4, paragraph 1 contains information about other 
pathways that were evaluated: “Two additional potential HFO migration 
pathways were initially considered: migration through fractures in 
clayey/silty soil, and migration through vegetative structures (i.e., roots 
and mats). However, neither of these additional pathways was considered 
significant, and the pathways were removed from further consideration 
because of the limited occurrence of HFO in these features in the absence 
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Comment Response 

of an overlying HFO-saturated debris or fill layer; the lack of lateral 
continuity between fractured or vegetation horizons; and the relatively 
small volume of potentially mobile HFO observed in these features.”  
 
Further conclusions relevant to this comment are provided in the fourth 
paragraph of the same section, where it is stated that: “HFO is unlikely to 
migrate laterally or vertically given its viscosity, its current state, the lack 
of a continuing source, and the absence of contiguous metal layers beyond 
those already delineated.” 
 
In addition, the possibility of a utility corridor backfill preferential 
pathway was investigated and discussed in paragraphs 7 and 8 of Section 
6.3.4. Observations did not support this pathway as viable.  
 
An alternative hypothesis involving localized disposal in the form of 
incidental dumping or other releases in various places with little or no 
migration is also plausible due to the history of the area as a landfill. 
Conclusions about this topic are provided in the final paragraph and 
bullets of Section 6.3.2. 
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Comment Response 

EPA concurs that there is adequate characterization to 
recommend excavation and removal of the estimated 
200,000 cubic yards of soils contaminated with an 
estimated 1 to 3 million gallons of petroleum 
hydrocarbons.  
 
The site is similar to the 9th and Tisdale petroleum 
removal site previously excavated by Lennar and 
CH2M Hill. If the Navy intends to further investigate 
this site, EPA recommends that the vapor intrusion 
pathway be evaluated. The presence of odors as 
reported in the technical memorandum indicates that 
there are volatile constituents present that could 
migrate along utility corridors and enter buildings. 

Extensive analysis has shown the contaminant at the site to be heavy fuel 
oil which, though deficient in volatiles, does have an odor. The odors 
noted in the Technical Memorandum are consistent with those of heavy 
fuel oil (in the form of Bunker C), and are not an indication that volatile 
constituents (such as those found in gasoline) are present. 
 
The objective of the DRMO Site Petroleum Corrective Action Plan is to 
remove free petroleum product and petroleum-impacted soil to meet Tier 
II screening levels. After the corrective action has been completed, the 
Navy expects that evaluation of vapor intrusion pathways will be 
unnecessary.  
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Comment Response 

General Comment 1. 

The Navy is the Only Known Entity to Dispose of 
Oil on Mare Island - The Navy is the only entity that 
every disposed of oil on Mare Island as part of its 
historical shipyard practices. Neither LMI nor the City 
of Vallejo, have ever disposed of oil on Mare Island. 
Thus, a discussion of differences between Navy-owned 
and LMI-owned property must focus on depositional 
history and disposal practices of the Navy itself.  

The intent of the Technical Memorandum (TM) is not to suggest that LMI 
or the City of Vallejo disposed of oil on Mare Island. The terms are used 
for simplicity’s sake in differentiating areas with heavy fuel oil (HFO) 
contamination. The Navy agrees that depositional history and disposal 
practices are relevant to the TM and believes that they were discussed 
adequately. Depositional history is discussed in the Introduction.  
Sections 2.0 and 3.0 are devoted to historical investigation reports, and 
Appendices A through C are devoted to site historical records, historical 
investigation records, and other background materials. Appendix A 
contains numerous historical figures, and has been updated per California 
Regional Water Quality Control Board comments to clarify information 
presented in Figures A-4, A-5, A-6, and A-11. 
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General Comment 2. 

Petroleum Hydrocarbon Sources - The DRMO is the 
only area in the immediate vicinity of the 
DRMO/Crane Test Area (CTA)/Dump Road/Azuar 
Drive Area to have a reported use of “...handling of 
petroleum and waste oils.” In addition, the Oil Sump 
Box (OSB) and the wooden sump box near the eastern 
boundary of the DRMO (on Navy property), appear to 
be structures where oil was disposed. To the east, the 
IR02 waste oil disposal sumps also used to dispose of 
large volumes of waste oil, not all of which was 
recovered or for which there is an accurate accounting. 
Neither the CTA (Investigation Area [IA] 8.1) nor 
portions of IA B.2 have ever had a reported use of 
“...handling of petroleum and waste oils…” or the 
disposal of such materials. 

 

The comment has been respectfully noted. While no specific revisions 
have been made to the document, the Navy is providing the following 
information about the comment. The Navy agrees that the OSB is a 
known source in the Azuar Drive area; however, this is not the same as 
saying that the OSB is conclusively known to be the source of all HFO in 
the vicinity of the DRMO Site. Railroad tracks, former tanks, buildings, 
and other undocumented surface features along Azuar Drive may have 
had a historical role in past releases and disposal practices in the area. 
There is no identified source for the Dump Road HFO. The horizontal 
extent investigation and analysis of information from geophysical surveys 
and subsurface explorations (borings, test pits, and excavations) did not 
show any evidence of possible preferential pathways connecting the 
Dump Road HFO to the IR02 waste oil disposal sumps; thus, it is 
assumed that HFO in the vicinity was the result of land disposal practices. 
It is also probable (considering the original Mare Island land boundary) 
that historical releases and land disposal practices occurred along and just 
east of Azuar Drive. Releases may have been related to the railroad tracks 
located in the area, possible above-ground tanks shown on Cedar 
Avenue/Azuar Drive in Figure A-4A (formerly A-4), activities in the area 
shown in other historical figures (see new Figures A-4B and A-4C), or to 
incidental disposal as Mare Island was expanded from the 1852 limits 
shown in Figures A-5, A-6, and A-11 to its current configuration. 
Furthermore, the forensic and preferential pathway evaluations in the TM 
indicate at least two other locations in the vicinity (PP and VV, on the 
LMI side of Azuar Drive southeast of the OSB) where releases from the 
OSB did not appear to be the source of TPH. Findings were inconclusive 
as to releases from the OSB being the origin of HFO found at a third point 
to the southeast (location RR). 
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General Comment 3. 

Nature of the FPPH - The nature of the free-phase 
petroleum hydrocarbons (FPPH) is characterized and 
described (a black, viscous liquid with a chemical 
signature of a heavy fuel-oil [HFO] such a Bunker C). 
However, the forensic analysis indicates that there is 
substantial variation in the makeup of the HFO. We 
therefore believe it is reasonable to assume that the 
Navy used and disposed of varying types of petroleum 
hydrocarbon products at the DRMO as evidenced in the 
immediate area and east of the OSB.  

The Navy agrees that it is highly probable that different types of products 
were disposed of through the OSB. However, if the OSB were the source 
of all the HFO found east of Azuar Drive, then it would follow that the 
forensic properties would be within the range of variability of those on the 
west side, as it is difficult to conceive of a mechanism that would 
selectively distribute some HFO products only to the west side, and only 
some others to the east side. The Navy was clear that the product found at 
one forensic point was similar (location VV), different at another  
(location PP), and indeterminate at a third (location RR). In addition, 
forensics was not the only factor used in the Navy’s evaluation; the 
absence of preferential pathways for subsurface migration is also a factor 
(see the response to General Comment 2).  
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General Comment 4. 

Mobility of Free-Phase Petroleum Hydrocarbons -  
The DRMO TPH TM concludes that the HFO’s high 
viscosity (five orders of magnitude greater than water), 
lack of driving pressure and the fine-grained nature of 
geologic materials at depth indicate that it is immobile, 
unless it encounters a preferential pathway (i.e., metal 
debris or an underground utility). Please describe the 
mechanism(s) that would allow for the observed extent 
of free product, if the HFO is immobile. Clarify the 
depth of HFO, versus the depths of utilities, to support 
the conclusion that the corridors essentially cut off 
contaminant flow to the east.  

 

 

In Section 6.1, the TM states that HFO presents a low potential for future 
mobility in the soil found at the DRMO Site and in the vicinity. The term 
“relatively immobile” is also referenced in findings presented in the 
following historical documents: 

• Section 3.4 in the Addendum to the Remedial Investigation (RI) 
Report for Investigation Area (IA) H2 (Tetra Tech EM Inc., 2001) 

• Section 3.5.2 in the RI Report for IA B, discussion of the IR16-
B4/Building 455 Area (CH2M HILL, 2004)  

The two areas of concern (AOCs) identified in the TM (see Figures 9 and 
12) are not uniform, contiguous areas of HFO or metal debris. Forensics 
show that the HFO found on Dump Road and Azuar Drive are chemically 
distinct (see Figure 8). The geophysical survey shows that the two AOCs 
are not connected via a preferential pathway (see Figure 9). The only 
source identified was the OSB on Azuar Drive. It was concluded that 
HFO contamination on or near Dump Road and at the farther, eastern 
extents of Azuar Drive are possibly a result of intermittent and separate 
disposal, spills, or releases.  
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General Comment 5. 

Metal-Debris Layer and Mobility of Free-Phase 
Petroleum Hydrocarbons - The DRMO TPH TM 
concludes that the FPPH is strongly correlated with the 
presence of the metal debris, which is encountered in 
the subsurface at the DRMO, the CTA, Dump Road, 
Azuar Drive and IA B.2 (LMI property across Azuar 
Drive from the DRMO). However, the report concludes 
that FPPH could not have migrated across the 
Navy/LMI property boundary, even though the metal 
debris layer extends all the way across that boundary. If 
the metal debris layer is present, please describe what 
prevents the FPPH from migrating from the Navy OSB 
disposal area, across the boundary and onto the LMI 
property through that metal debris layer.  

Conclusions about specific locations were drawn in Section 6.3.2 from 
investigation data regarding HFO forensic profiles and potential pathway 
observations. On page 6-6 of the TM, the text states that forensic 
chemistry and preferential migration pathway findings indicate that the 
OSB was not the source of contamination at sampling location PP, as the 
points were chemically different and preferential pathway indicators were 
not observed. Text continuing to page 6-7 in the TM states an 
inconclusive nature of both preferential pathway and forensic findings 
pursuant to sampling location RR. Multiple possible conclusions were 
noted with respect to sampling location VV as forensic chemistry findings 
were of similar product to the Navy side, but a continuous preferential 
pathway was not observed. Observations of subsurface soil for indications 
of preferential pathways between the OSB and the forensic points 
discussed above are presented throughout Section 6.3.2 and in Table 12. 

General Comment 6. 

Forensic Analysis - LMI believes the forensic 
analysis, while useful, is not extensive enough, 
spatially or temporally, to reach the unequivocal 
conclusions made in the report. These issues are related 
to the limited data set used, the implied assumption that 
data collected today are representative of years of 
potential FPPH migration, gaps in the data and a focus 
on sample dissimilarities with no evaluation of 

Limitations to individual methodologies are discussed where they arose in 
the Chemical Forensic Evaluation Report (Appendix J in the TM). There 
are limitations to any methodology; multiple analytical methods and types 
of evaluations were performed based on peer-reviewed research and under 
industry approved standard practices. Furthermore, evaluations were 
performed by a trained and experienced Professional Geologist and 
Certified Engineering Geologist who has served as an expert witness and 
authored and reviewed numerous technical papers on this subject matter.   

The Navy’s intent was to garner a significant additional body of 
information within funding and time constraints. The Navy believes that 
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similarities.  

 

 

this objective was fulfilled. The approach taken was to simply test the 
existing hypothesis that the OSB was the source of all HFO at the DRMO 
Site and the vicinity, and to report the results of the Navy’s investigation. 
Further useful source information may be gathered during the future 
petroleum corrective action.   

It should be noted that a change has been made to the last sentence of the 
second paragraph in Section 6.3.2, Page 6-4 to clarify the meaning of the 
sentence. Originally, the sentence was written with a double negative 
(“not dissimilar”). The sentence now reads: “HFO product types found at 
a still more distant location (VV) to the southwest were similar to those 
found near the OSB; however, observations of record do not show a clear 
preferential pathway to this point.” The Navy acknowledges that the 
former sentence may have been confusing to the reader.   

Specific Comment 1. 

Page 5-3, Section 5.13, First bullet on page -  
Change “SSL-4 station 99 to 10” to “SSL-4 station 99 
to 110.”  

This change has been made.   

Specific Comment 2. 

Page 5-6, Section 5.3.1 - In the first paragraph in the 
section it is written that “Nineteen free product samples 
...” were collected. However, in the bullets directly 
below this paragraph it is written that 5 + 3 + 3 + 4 + 1 
+ 5 = 21 free product samples were collected. One of 

The count of 20 total forensic samples is correct; 19 samples were of free 
product, and one sample (at trench DDD-2) was of product in soil. The 
sample at trench DDD-2 was discussed twice to provide additional 
information about its location. The counts appear to be correct, and no 
revisions have been made.   
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those samples is counted twice in the bullets (FTPH-
TR-DDD2); leaving 20 samples, please explain this 
discrepancy. 

 

Specific Comment 3. 

Page 6-3, Section 6.2 - In the first paragraph at the top 
of the page, last sentence, it is written that “The 
thickness of the HFO was 375 feet at its widest just 
northwest of the former OSB location, and 
approximately 50 feet at the southeastern end.” This 
should be changed to “The width of the HFO was 375 
feet at its widest just northwest of the former OSB 
location, and approximately 50 feet at the southeastern 
end.” 

In the sentence referenced by the reviewer, “thickness” has been changed 
to “width”. 

 

Specific Comment 4. 

Page 6-7, Section 6.3.2 - In the second to last bullet at 
the bottom of the page, last sentence it is written that 
“...or undocumented HFO contaminated backfill HFO 
that was placed within the EETP itself.” This should be 
changed to “...or undocumented HFO contaminated 
backfill that was placed within the EETP itself.” 

This change has been made.   
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