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ACRONYMS AND ABBREVIATIONS

AFB Air Force Base

AFCEE Air Force Center for Environmental Excellence

bgs below ground surface

BTEX benzene, toluene, ethylbenzene, xylene

COE U.S. Army Corps of Engineers '

EPA U.S. Environmental Protection Agency
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1.0 INTRODUCTION

This Environmental Site Characterization Summary Report presents a description of
the sampling events conducted as part of the removal/closure of the fuel hydrant
gystem at Naval Air Station (NAS) Fort Worth Joint Reserve Base (JRB), Carswell
Field, Fort Worth, Texas (NAS Fort Worth). This work was performed by Jacobs
Engineering Group Inc. (Jacobs) under contract number F41624-94-D-8116, Deﬁvery
Order 0002, issued by the Air Force Center for Environmental Excellence (AFCEE),
located at Brooks Air Force Base (AFB), Texas.

Section 1.0 of this report presents a brief discussion of the location and history of
NAS Fort Worth and of the fuel hydrant system, a summary of the local stratigraphy
and aquifers, and an outline of the project objectives. Section 2.0 of the report
describes sampling activities conducted along the pipeline using the Geoprobe, within
the underground storage tank (UST) excavation and in the soil stockpile. Both onsite
immunoassay screening and offite analytical laboratory procedures are also discussed
in this section. Section 3.0 presents & summary of soil types encountered, a
description of potentially contaminated areas, and a comparison of immunoassay field
screening results with offsite laboratory confirmation samples. Section 4.0 presents
conclusions, and Section 5.0 includes references used to prepare this report. There are
four appendices to this report; Appendix A contains all of the immunoassay analytical
results; Appendix B contains all of the offsite laboratory analytical results; Appendix C
contains copies of the chain-of-custody forms used for submittal of samples to the
offsite laboratory; and Appendix D contains boring logs for the Geoprobe borings.

This report addresses only the sampling activities conducted during the removal and
closure of the fuel hydrant system. A description of the removal and closure activities
can be found in the Technicﬂ Repon (Jacobs 1995a) that is a companion document to
this Environmental Site Characterization Summary. Each report has been prepared as

H\WPARCARSWELL\ESCSR.DOC 12895 1-1
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a stand-alone document. Color photographs of all activities may be found as
Appendix A to the Technical Report.

1.1 LOCATION AND HISTORY OF NAS FORT WORTH JRB

NAS Fort Worth JRB is located in north-central Texas in Tarrant County, 8 miles
west of downtown Fort Worth (Figure 1-1). The area surrounding the station is
mostly suburban, including the residential areas of the cities of Fort Worth, Westworth
Village, snd White Settlement. The main station totals 2,264 acres and is bordered on
the north by Lake Worth, on the east by the Trinity River and Westworth Village, on
the northeast and southeast by Fort Worth, on the west and southwest by White
Settlement, and on the west by Air Force Plant 4.

The existing land uses in the immediate vicinity of the station include industrial,
commercial, residential, and recreational. The land uses west of the station are
primarily industrial as a result of industrial complexes at Air Force Plant 4 and in
White Settlement, Additional uses to the west include residential and some supporting
commercial. South of the station are commercial aress at the interchange of Interstate
Highway I-30 (I-30) and State Highway 183. This area includes a regional shopping
mall, a discount shopping center, and a smaller convenience center. Both single-family
and multifamily residential development dominate the area southeast and east of the
station and north of I-30. The area north of the station is predominantly composed of
recreational and public facilities. Public access to the south shore of Lake Worth is
restricted because of the presence of NAS Fort Worth and Air Force Plant 4, but the
lake is open for recreation. A fish hatchery, a YMCA camp, and private recreational
land border the West Fork of the Trinity River northeast of the station. The area
surrounding the Offsite Weapons Storage Area is primarily rural, although a residential
development is located south of White Settlement Road.

HAWPARCARSWELL\ESCSRDOC 127893 1-2
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NAS Fort Worth was originally 28 modest dirt runway built to service the aircraft

“manufacturing plant now called Air Force Plant 4. The installation was established in
1942 and was referred to as the Tarrant Field Airdrome. Its mission was to provide
training for B-24 bomber pilots. The Strategic Air Command assumed control of the
installation in 1946. In 1948, the base was renamed Carswell AFB in honor of Fort
Worth native Major Horace S. Carswell. Carswell AFB became host base for its first
B-52s3 and KC-135s in 1956.

Pursuant to the Defense Base Closure and Realignment Act of 1990, Carswell AFB
was selected for closure and associated property disposal during Round II Base
Closure Commission deliberations. This announcement initiated the closure and
disposal and reuse planning process. Drawdown activities were initiated in 1992, and
all aircraft were relocated by January 1993, The base officially closed on 30
September 1993. On 01 October 1994, the U.S. Navy assumed control of Carswell
AFB; the base was renamed NAS Fort Worth.

1.2 LOCATION AND HISTORY OF THE FUEL HYDRANT SYSTEM

The fuel hydrant system at NAS Fort Worth was installed when the station was
originally constructed and was expanded during the past 50 years of Air Force activity.
The system consisted of five pumping stations, each with six 25,000-gallon USTs, a
filtering system, a delivery pump, a shelter at each pumping station, and approximately
20,000 feet of 3-, 6-, and 8-inch diameter steel pipeline. Each station served several
refueling hydrants on the edge of the Alert Apron.

In 1984, the Instaliation Restoration Program (IRP) was initiated at NAS Fort Worth
with a records search by CH2M Hill, Inc. that identified 15 sites requiring further
evaluation (CH2M Hill 1984). Several other IRP studies have been conducted at the
station that included the fuel hydrant system, including a 1989 Resource Conservation
and Recovery Act Facility Assessment by A T. Keamey, Inc. (A.T. Keamney, Inc.

H\WPARCARSWELL\ESCSR.DOC 12855 1-4
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~ 1989) and a 1990 investigation by Maxim Engineers, Inc. on a potential JP-4 fuel leak

called "Spot 35" (Maxim Engineers, Inc. 1990). The latter study documented that
both soil and groundwater had been contaminated and that additional investigations
would be necessary to delineate the extent of contamination. No other investigations
have been conducted under the IRP of the fuel hydrant system.

Interim remedial action (TRA) at the fuel hydrant system began in 1992 when pumping
station E and its associated piping were removed by the U.S. Army Corps of
Engineers (COE). Fuel-contaminated soil was encountered during the removal of the
tanks, but no soil was removed from the site and the area of contamination was not
delineated. During the summer of 1994, the COE removed pumping stations A, B,
and D under a second IRA project (WC Environmental Group 1994).

1.3 LOCAL GEOLOGY AND HYDROGEOLOGY

NAS Fort Worth is located on unconsolidated alluvium, called the Terrace Alluvium,
immediately beneath which is a sequence of Cretaceous bedrock formations. Only a
brief description of bedrock geology and hydrogeology is presented because the scope
of this investigation is limited to the unconsolidated alluvium. For additional details
regarding bedrock geology and hydrogeology refer to COE (1986), Radian
Corporation (1991), and Hargis and Associates, Inc. (1989). Bedrock units from
shallowest to deepest are the Goodland Formation, composed of limestone with a few
thin shale beds; the Walnut Formation, a shelly limestone bed interbedded with thin
shales and sandy clays; the Paluxy Formation, a poorly to moderately cemented
sandstone with shale interbeds; and the Glen Rose Formation, composed principally of

limestone.

Groundwater is present within the unconsolidated Terrace Alluvium and there are up

to three aquifers present in the Paluxy Formation, separated by interbedded shale

HAWPRCARSWELL\ESCSR DOC 12385 1-5



layers. The Middle Paluxy aquifer is important because it provides the city of White
Settlement some of its municipal water supply.

The unconsolidated Terrace Alluvium is Quaternary in age, and was deposited by the
Trinity River. The alluvium consists of floodplain and fluviatile terrace deposits of
sand, gravel, clay, and silt. The alluvium is a relatively thin veneer deposited on the
eroded surface of the Goodland Formation. Locally, much deeper paleochannels may
be incised in the bedrock surface such as in the “Window" area in the east parking lot
of Air Force Plant 4 where unconsolidated alluvium is deposited directly on the
Walinut Formation (Hargis and Associates 1989). Previous drilling at NAS Fort
Worth indicates that the thickness of the Terrace Alluvium ranges from a few feet to
greater than 45 feet (Radian 1991).

This investigation along the pipeline at NAS Fort Worth showed that depth to bedrock
in this area ranges from 4 feet to greater than 22 feet. In general, the upper 5 to 10
feet of the Terrace Alluvium are silt and clay with variable amounts of sand and gravel.
Underlying the silt and clay, sand and gravel interbedded with clay generally
predominate. More detailed geologic descriptions are provided as results of this
investigation.

Groundwater recharge to the Terrace Alluvium is from local rainfall and infiltration
from streams and drainage ditches. The direction of groundwater flow is generally
controlled by bedrock topography of the Goodland Formation. In the flightline area
groundwater flows toward Farmers Branch (Radian 1991). The area north of the
flightline area has not been investigated. Hydraulic conductivities determined from
pump tests conducted in groundwater monitoring wells LF04-02 and LF04-03
averaged 784 feet per day. This value is within the typical range for ¢lean sand and
gravel deposits (U.S. Geological Survey 1989).

HAWPARCARSWELL\ESCSR DOC 12295 i-6
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1.4 PROJECT OBJECTIVES

The objective of the overall project was to abandon the fuel pipeline, demolish
pumping station C, and remove the associated USTs. Further discussion of these field
activities can be found in the Technical Report (Jacobs 1995a).

The primary objectives of the sampling program conducted as part of the removal and

closure of the fuel hydrant system were as follows:

s to collect soil samples along the entire length of the pipeline at 100-foot intervals,
and screen these samples for benzene, toluene, ethylbenzene, and xylenes (BTEX)
and polycyclic aromatic hydrocarbons (PAHs), and identify potential areas of
concem requiring further investigation and delineation;

e to perform field screening analysis of the above samples using immunoassay
techniques, and to confirm the field screening results with offsite laboratory
analysis of 10 percent of the samples;

e to collect soil samples within the UST excavation in accordance with Texas
Natural Resource Conservation Commission (TNRCC) requirements to determine
if hydrocarbons are present in the soils; and

e to collect soil samples from soil removed from the UST excavation to determine
disposal options in accordance with TNRCC requirements.

 HAWPARCARSWELL\ESCSRDOC 12098 1-7
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2.0 SITE INVESTIGATION

The following sections describe the procedures used to perform soil probes, collect
soil samples, abandon the holes, and dispose of waste materials generated during

sampling.
2.1 GEOPROBE ACTIVITIES

Soil samples were collected along the portions of the fuel hydrant system to
qualitatively determine areas in which fuel hydrocarbons may be present in the soil.
Soil samples were collected using a Geoprobe drive-point sampler at discrete intervals.

Samples were then subjected to screening for BTEX and PAHs using immunoassay

analytical techniques.
2.1.1 Geoprobe Description

The soil probe rig consisted of a Geoprobe unit mounted on the rear of a Kawasaki
"Mule," a four-wheel drive, all-terrain vehicle. The Geoprobe is hydraulically powered
to push or hammer a sampling probe to the desired depth. The conical drive-point is
then retracted into the sampler, and the sample probe is advanced an additional 2 feet
into the soil to fill a clear plastic sample liner in the sampling probe. The sample liner
was 24 inches long and 1 inch in diameter and provided sufficient material for all
analytical needs and lithologic logging. Only new sample liners that had previously
been decontaminated were used for sampling. After sampling, the probe was
withdrawn from the hole and the sample aﬁd liner removed from the probe. As many
as three soil samples were collected at different depths from each probe location. The
maximum depth sampled was 23 feet below the surface. The probes were driven to 20
feet at most locations. At some locations the drive-point depth was limited by shallow
bedrock, refusal due to unknown obstructions, or because of shallow groundwater.
Samples were not collected from below the water table if possible, because the fuel

HAWPAFRCARSWELLESCSR DOC 12295 2-1
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constituents are light nonaqueous phase liquids (LNAPLs). The highest
concentrations of LNAPLS are expected to be found just above or at the water table.

2.1.2 Probe Locations, Criteria, and Limitations

Drive-point sampling was conducted at approximately 100-foot intervals along the
entire length of the fuel hydrant system to be abandoned and at changes in pipeline
direction. Probe locations were frequently adjusted in the field because of the
proximity of underground utilities or surface obstructions. Because of these
adjustments, some probe intervals may be less than or greater than 100 feet. To avoid
damage to concrete runway surfaces, driﬁe-point sample; were not collected from
portions of the pipeline that were covered by these surfaces. Samples were also
collected at stained areas or at locations specifically requested by station personnel.
Dnive-point locations are shown on Plate 1. At least one immunoassay BTEX sample
was collected at every drive-point location. Immunoassay PAH samples were
collected at every other drive-point location, and at changes in pipeline direction.
Immunoassay PAH samples were also collected at locations where HNu
photoionization detector readings indicated the potential presence of hydrocarbons.
Drive-point samples were collected from a total of 180 locations.

2.1.3 Logging and Sampling Protocols

After removal from the drive-point probe, the sample was examined through the clear
plastic liner for staining, grosé lithology, and stratigraphy. The plastic liner was then
cut into 6-inch or smaller segments for immunoassay BTEX and PAH analysis. Afer
each section of liner was cut, the exposed soil was monitored using an HNu. The
exposed ends were then immediately capped, the sample liner was labeled, and the
sample was placed in a cooler and chilled to 4 degrees Celsius. Soil samples selected
for offsite laboratory analysis were removed from the sample liner and placed in 4-

HAWPARCARSWELL\ESCSRDOC 12/893 2.2
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ounce glass jars. The jars were completely filled; however, because of the stiff, plastic
consistency of some of the soils, it was impossible to entirely eliminate air pockets.

Soil materials were classified according to the Unified Soil Classification System and
color characterized using a Munsell color chart.

2.1.4 Hole Abandonment

Each drive-point hole was abandoned after sampling was completed to the desired
depth. Fine bentonite chips, 1/8- to 3/8-inch in size, were poured slowly down the
hole to prevent bridging. The bentonite was hydrated with water after the hole had
been filled to the surface. If the hole was driven through asphalt, the surface was
repaired the day following abandonment by removing bentonite to the base of the
asphalt and then applying asphalt cold patch to the hole.

2.1.5 Waste Handling

The only waste materials generated during the Geoprobe sampling activities consisted
of excess soil material remaining in the sample sleeve. All of these soil materials were
contained in a single drum. This material was then placed with soils excavated and
stockpiled during removal of the USTs at pumping station C and that exhibited total
petroleum hydrocarbon (TPH) concentrations greater than 500 parts per million

(ppm). These soils were removed from the site for treatment.
2.2 TANK EXCAVATION SAMPLING ACTIVITIES

USTs and related surface structures were removed at pumping station C as part of this
task. COE had previously removed pumping station E in 1992 and stations A, B, and
D in 1994 as part of two IRAs. - '

HAWPWRCARSWELLESCSR DOC 12395 2-3
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2.2.1 Excavation Description

Details of the completed excavation are illustrated in Figure 2-1. Six USTs associated
with the fuel distribution system at pumping station C were excavated and removed.
The excavation that remained after the storage tanks and concrete tank saddles were
removed was 14 feet deep, 100 feet long, and 55 feet wide at its bottom. The
northwest and northeast sidewalls of the excavation were sloped at 1:1 for safety
considerations. The southwest and southeast walls were left near vertical because
underground utility locations prevented further excavation for sloping of these
sidewalls. An access ramp was constructed at the northeast corner of the excavation.
The completed surface dimensions of the excavation were approximately 138 feet by

78 feet by 14 feet deep.
2.2.2 Tank Excavation Sampling Activities

The completed excavation for the removal of the USTs at Station C and associated
soil stockpiles were sampled according to the requirements of the TNRCC. The
sample locations and tank designations are shown in Figure 2-1. A composite sample,
consisting of two subsamples, was collected from each tank location in the bottom of
the excavation. Discrete samples were collected from the sidewalls at the four comers
of the excavation with an additional two samples collected on each sidewall. The
sidewall locations are also shown in Figure 2-1.

Composite samples were collected from the excavation using an excavator fitted with
a 1-yard bucket. Each tank location was sampled using the excavator to dig to a depth
of approximately 2 feet below the invert of each tank. A composite subsample was
collected at both ends of each tank by collecting material from the excavator bucket
using a decontaminated scoop. Care was taken to ensure that natural soil was chosen
as the sample. Each subsample was placed into a mixing bowl. Upon collection of

both subsamples, the sample was composited by gently mixing the soil in the bowl.

HWPWAPCARSWELLESCSRDOC 12395 24
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When mixing was completed, the sample was placed into 4-ounce jars. The jars were
completely filled to avoid headspace. The sample jar was labeled, logged on the
appropriate chain-of-custody form, and immediately placed in an iced cooler.

Three soil stockpiles were constructed from material removed from the excavation.
The sizes of stockpiles 1, 2, and 3 were approximately 500, 600, and 600 cubic yards,
respectively. Discrete samples were collected for every 50 cubic yards of soil
contained in a stockpile. A grid was laid out for each stockpile, which divided the pile
into 50-cubic-yard sections. Samples were then collected from each section. A total

of 34 samples were collected for stockpile characterization.

Discrete tank pit sidewall samples were collected using the excavator and the same
procedure detailed above for the composite samples, excluding the mixing step.
Discrete stockpile samples were collected using & decontaminated shovel to dig into
the stockpile up to 2 feet deep. This was done to access soil that had not been
subjected to aeration. Samples were collected directly from the hole dug with the
shovel and placed in 4-ounce jars. Each sample was labeled, logged on the proper
chain-of-custody form, and placed into an iced cooler.

H\WPAF\CARSWELL\ESCSR.DOC 12895 2-7
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3.0 RESULTS

The following sections discuss the analytical procedures and results obtained from the
soil sampling for this project.

" 3.1 ANALYTICAL PROCEDURES AND RESULTS

Soil samples collected during the Geoprobe sampling investigation were analyzed
onsite for total BTEX and PAHs using immunoassay field screening methodologies
(U.S. Environmental Protection Agency [EPA] draft Methods SW4030 and SW4035,
respectively). Duplicates of approximately 10 percent of the samples were sent to an
offsite laboratory for confirmatory analysis of BTEX by Method SW8020 and PAHs
by Method SW8310. Samples collected from the UST excavation were analyzed by
the offsite laboratory for BTEX, PAHs, and TPH (EPA Method E418.1). Samples
collected from the soil stockpiles were analyzed for BTEX and TPH.

3.1.1 Immunoassay

Field screening analysis of soil samples was conducted using Ohmicron immunoassay
soil extraction and analysis kits specific for total BTEX and for PAHs, and performed
by a Jacobs geologist who had been trained and certified by the manufacturer as a
qualified analyst. Extractions and analyses were performed according to the
manufacturer's procedures as given in Appendix A of the Sampling and Analysis Plan
(Jacobs 1995b), and any changes that were implemented were performed under the
guidance of Ohmicron. Appendix A contains all immunoassay analytical results for

total BTEX and PAHs.

Soil samples were extracted within two days of samplie collection, and g.nalyzed within
two days of extraction for BTEX and seven days of extraction for PAHs. Ten-gram
quantities of soil were individually weighed for extraction. The plastic, clay-rich soils

HAWMARCARSWELLIESCSR.DOC 12/8/95 3-1



that were encountered in many of the samples proved to be difficult to extract
completely. These soils tended to form clay balls during the agitation step of the
extraction process, limiting exposure of the soil materials to the extraction solutions.
Several steps were taken in the field to alleviate this problem including, at Ohmicron’s
suggestion, the addition of three to five steel balls to the sample and extraction
solution during the agitation step. This met with partial success, but it is believed that
extraction efficiency problems contributed to the high variances demonstrated in some

of the immunoassay duplicates and in the confirmation samples sent to the offsite

laboratory. )

Soil samples were generally analyzed in batches of 20 to 30 samples. Although larger
batch sizes were possible, batch size was limited to minimize the time differences

between the first and last samples in the extraction and incubation processes.

In general, fhree proficiency samples were analyzed at the beginning and end of each
analytical batch. The proficiency samples are manufacturer-prepared standards of low,
medium, and high concentrations within the analytical range of the specific
immunoassay kits. Analytical results for the proficiency samples are listed in Table 3-1
for BTEX and Table 3-2 for PAHs. Figure 3-1 and Figure 3-2 are graphical
representations of the proficiency sample data. Results for all of the BTEX
proficiency samples are very close to the manufacturer’s average value, as are results
for PAH proficiency samples A and B. However, Table 3-2 and Figure 3-2 indicate
some problems with PAH proficiency samples. Expired PAH proficiency samples
were used for analytical batch 1 (lines 1 and 2 in Figure 3-2). A measurement error
was documented during pipetting of the first proficiency sample C during analytical
batch 7 (line 14 in Figure 3~ﬁ). Measured concentrations of PAH in proficiency
sample C also show a systematic increase starting with batch 4 (lines 8 and 9 in Figure
3-2). Because these systematic changes are not found in PAH proficiency samples A
and B, the problem is believed to be specific to PAH proficiency sample C, rather than
to operator or instrument error, which would affect all sample results.

HAWPAFCARSWELLESCSR DAC 12855 3-2
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TABLE 3-1
Analytical Results of BTEX Proficiency Samples (ppm}

Line Number] _ Sample A Value Semple B__[Value] . SampleC__ | Value
1 BTEXO01- 34 0.26 BTEX01- 35 1.05 | BTEXO01- 38 4.08
2 BTEX01- 37 0.22 BTEX01- 38 1.57 { BTEXO01- 38 2.80
3 BTEX02- 1 0.12 BTEX02- 2 0.58 | BTEX02- 3 215
4 BTEX02- 22 0.06 BTEX02- 23 0.47 | BTEX02- 24 1.97
5 BTEX03- 1 0.14 BTEX03- 2 049 | BTEX03- 3 1.86
6 BTEX03- 26 0.35 BTEX0D3- 27 1.00 | BTEX03- 28 iee
7 BTEX04- 1 0.19 BTEX04- 2 0.53 | BTEXO04- 3 2.58
8 BTEX04- 27 0.21 BTEX04- 28 0.78 | BTEX04- 28 2.52
) BTEX05- 1 0.18 BTEX05- 2 063 ] BTEX05- 3 2.06
10 BTEX06- 1 0.14 BTEX05- 31 0.868 | BTEX06- 3 242
11 BTEX07- 1 023 BTEX06- 2 0.57 BTEX06- 32 252
12 BTEX08- 1 0.28 BTEX06- 34 0.71 BTEX07- 3 2.96
13 BTEX08- 32 0.42 BTEX07- 2 0.79 § BTEXO08- 3 2.37
14 BTEX0S- 1 0.15 BTEX08- 2 0.75 | BTEX08- 34 2.57
15 BTEX10- 1 0.17 BTEX08- 33 0.9 BTEX09- 3 215
16 BTEX11- 1 0.16 BTEX08- 2 0.65 BTEX10- 3 2.27
17 BTEX12- 1 0.13 BTEX10- 2 0.72 BTEX11- 3 2.81
18 BTEX12- 28 0.23 BTEX11- 2 062 | BTEX12-3 1.87
18 BTEX14- 1 0.22 BTEX12- 2 0.57 1 BTEX12- 30 2.32
20 BTEX14- 22 0.20 BTEX12- 28 0.82 § BTEX14- 3 2.23
21 BTEX15 1 0.22 BTEX14- 2 D.6s BTEX14- 24 2.38
22 BTEX15- 28 0.32 BTEX14- 23 0.78 | BTEX15- 3 2.26
23 BTEX16- 1 0.27 BTEX15- 2 0.71 BTEX15- 30 283
24 BTEX16- 37 0.30 BTEX15- 29 0.85 | BTEX16- 3 247
25 BTEX16- 2 0.79 | BTEX16- 39 262
26 BTEX16- 38 1.01

Average 0.22 0.77 2.52
St.Dev. 0.08 0.23 0.51
Notes:

BTEX = benzene, toluene, ethylbenzene, and xylene
ppm = parts per million
St.Dev. = Standard Deviation

HAWPAFFTWUWMM_QC XLS 12/5/95 ' Page 1 of 1
3-3



TABLE 3-2
Analytical Results of PAH Proficiency Samples (ppm)

Une Number]  Sample A |Value | Sampie B |value | SampleC__ |Value
1° PAHD1- 25 | 30.3 | PAHO1-26 | 445 ] PAHO1-27 | 239
2° PAHO1- 28 407 PAHO01- 29 683 PAHO1- 30 855
3 PAHO2- 1 3.04 PAHD2- 2 146 PAHD2- 3 28.1
4 PAH02- 30 1.81 PAHD2- 32 15.0 PAHD2- 33 28.5
5 PAHO02- 31 3.43 PAHOD2- 37 14.1 PAHO2- 38 26.9
1+ PAHO2Z- 36 2.93 PAHO3- 2 13.8 PAHO3- 3 39.2
7 PAHO2- 36 293 PAHO03- 20 12.3 PAHO03- 30 329
8 PAHO3- 1 5.43 PAHD4- 2 17.0 PAHO4- 3 326
9 PAHO3- 28 1.50 PAHO4- 29 18.8 -PAHO4- 30 43.2

10 PAHOD4- 1 4.06 PAHOS- 2 328 PAMHO5- 3 398
1 PAHO4- 28 5.06 PAH05- 28 328 PAHO5- 28 60.1
12 PAHO5- 1 10.0 PAHO6- 2 221 PAHODS- 3 50.5
13 PAHO5- 27 7.99 PAHOG- 28 258 PAHO6- 29 526
14 PAHO6- 1 480 | PAHO7- 2 229 | PAHD?- 3 (e) | 1.04
15 PAHOb- 27 5.07 PAHO07- 35 24.1 PAHO7- 36 61.7
16 PAHO7- 1 443 PAHOB- 2 22.7 PAHODS8- 3 816
17 PAHDS- 1 572 PAH08- 32 250 PAH08- 33 76.5
18 PAHO7- 34 5.06 PAHO9- 2 243 PAH09- 3 79.8
19 PAHOS8- 31 523 PAH09- 25 25.7 PAH09- 26 89.2
20 PAH08- 1 .78
21 PAHDS- 24 5.02
Average* 486 214 514
St.Dev.* 2.0L 6.3 21.1
Notes:
PAH = polycyciic aromatic hydrocarbon

HAWPWFFTWUIMM_QC LS 12/5/85

Pom = parts per milion

St.Dev. = Standard Deviation

* = Lines 1 and 2 are excluded from calcutations (PAH batch 1)

(e) = pipetiing ermor during procassing of proficiency sample;

value exciuded from caiculations
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FIGURE 3-1
Measured BTEX Concentrations in Proficiency Samples
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FIGURE 3-2
Measured PAH Concentrations in Proficiency Samples

Measured PAH Concentrations for Proficiency Sample A
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BTEX immunoassay batch 12 produced consistent instrument readings of 0.00 for all
samples. However, proficiency samples produced normal results. Instrument readings
of 0.00 are relatively infrequent throughout the entire data set, even for BTEX below
detection limits. Sample extracts from batch 12 were reanalyzed as batch 15, three
days outside of holding times, producing analytical results comparable to results from
the offsite laboratory. Although considerable effort was expended to do so, the source
of the problem with batch 12 was never identified.

3.1.2 Offsite Laboratory Results

The offsite laboratory was used to analyze samples collected from the UST
_excavation, from the soil stockpile, and for confirmation analysis of samples collected
along the pipeline from the drive point locations. The following sections discuss these
analytical results.

3.1.2.1 UST Excavation Results -

The UST removal excavation reached a depth of 14 feet below ground surface (bgs)
after removal of the storage tanks, concrete saddles, and debris. At this depth the soils
consisted of very moist, brown, fine to coarse clayey sand to sandy clay with fine
subrounded gravel. Bluish-green staining was noted in the soil on the south ends of
Tanks 1 and 2. The clayey sand contact with an underlying sandy unit is
approximately 15 feet bgs, and groundwater was encountered at approximately 20 feet

bgs.

The TPH (EPA Method 418.1) results from the tank excavation sampling event are
presented in Table 3-3. BTEX was not detected in any samples collected from the
tank excavation. PAHs were detected in two sidewall samples (FW-A102202 and
FW-A102206), and four excavation bottom samples (FW-101902, FW-101903, FW-
101904, and FW-101906) representing Tanks 1,3,5, and 6. The individual compounds
detected and the results are presented in Table 3-3.

HAWPARCARSWELL\ESCSR DOC 12395 3-7
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TABLE 3-3

Analytical Results from Station C Excavation

3-8

Polynuclear
N Aromatic
Total Petroleum TYotal BTEX Hydrocarbons
T Hydrocarbons {Method 8020) | (Method 8310)
SsmpleNumber | Location __|[(Method #18.1) mg/kgl _ pphp pghg
FW-A 101901 Tank 4 ] nd nd nd
FW-A 101902 Tank 5 nd nd Anthracene - 200
Benzo (a)
Anthracene - 210
Fluoranthene - 850
—_— Pyrene - 820
FW-A 101903 ank 6 nd nd Benzo (a)
Anthracene - 570
Fluoranthene - 1200
Pyrene - 750
FW-A 101804 Tank 1 66 nd Pyrene - 380
FW-A 101905 Tank 2 440 nd nd
FW-A 101506 Tank 3 nd nd Fluoranthene - B4
FW-A 101907 | Excavation NE Sidewall nd nd nd
FW-A 101908 | Excavation NE Sidewal nd nd nd
[FW-A 101909 | Excavation North Comer nd nd nd
FW-A 102201 | Excavation NW Sidewall nd nd nd
Fluoranthene - 400
Napthalene - 380
FW-A 102202 | Excavation NW Sidewall 110 nd Pyrene - 240
FW-A 102203 | Excavation West Comer nd nd nd
FW-A 102204 | Excavation SW Sidewall nd nd nd
FW-A 102205 | Excavation SW Sidewall nd nd nd
FW-A 102206 | Excavation South Comer nd nd Napthalene - 4100
FW-A 102207 | Excavation SE Sidewall 330 nd nd
FW-A 102208 | Excavation SE Sidewal nd nd nd
FW-A 102208 | Excavation East Comer nd nd nd
Noiss:
nd = not detected
NE = northeast
NW = noithwest
SE = southesst
SW = southwest
mg/kg = miligrams/klogram
pg/kg = micrograms per kilogram
HWPARFTWATABLES\TBL-2.0LS 121115 Page 1 of 1
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3.1.2.2 Soil Stockpile Results

TPH results from the stockpile sampling are presented in Tables 3-4 through 3-6.
BTEX concentrations were nondetectable in all samples collected from the stockpiles.
TPH results were compared to TNRCC action levels (TNRCC 1993) to determine the
disposition of each 50 cubic yards of soil represented by a sample result. Stockpiled
~ soil that exhibited TPH concentrations lower than 500 ppm was used as backfill in the
removal excavation. Soil samples representing 50 yards of stockpiled soil that
exhibited TPH concentrations of 500 ppm or greater were separated from the
stockpiles and disposed of offsite. ‘
TABLE 34

Analytical Results
from Soil Stockpile Number 1

Total Petroleum
Hydrocarbons BTEX
{Method 418.1) Method [SWBD20)
Sample Number mg/kg no/kg

FW-A 101601 353 nd
FW-A 101602 nd nd
FW-A 101603 nd nd
FW-A 101604 111 nd
FW-A 101605 nd nd
FW-A 101606 nd nd
FW-A 101607 nd nd
FW-A 101608 794 nd
FW-A 101701 g2 nd
FW-A 101702 nd nd

mg/kg = milligrams per kilogram
nd = not detected
pg/kg =  micrograms per kilogram

HAWPAFRCARSWELL\ESCSR DOC 1271195 3-9
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TABLE 3.5
Analytical Results
from Soil Stockpile Number 2
Total Petroleum
Hydrocarbons BTEX
(Method 418.1) Method (SW8020)
Sample Number mglkg uo/kg
FW-A 101703 1200 nd
_FW-A 101704 200 nd
FW-A 101705 41 nd
FW-A 101706 783 nd
FW-A 101707 184 nd
FW-A 101708 497 nd
FW-A 101801 264 nd
FW-A 101802 662 nd
FW-A 101803 nd nd
FW-A 101804 225 nd
FW-A 101805 394 nd
FW-A  101B0® 498 nd
TABLE 3-&
Analytical Results
from Soil Stockpile Number 3
Total Petroleum
Hydrocarbons BTEX
(Method 418.1) Method (SW8020)
Sample Number mo/kg ng/kg
FW-A 102301 nd nd
FW-A 102302 220 nd
FW-A 102303 170 nd
FW-A 102304 110 nd
FW-A 102305 130 nd
FW-A 102306 220 nd
FW-A 102307 460 nd
FW-A 102308 450 nd
FW-A 102309 240 nd
FW-A 102401 39 nd
FW-A 102402 610 nd
FW-A 102403 280 nd
3-10
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3.1.2.3 Geoprobe Results

An offsite analytical laboratory was used for confirmation of the immunoassay field
screening results. BTEX (SW8020) and PAH (SW8310) analyses were conducted on
duplicates of 10 percent of field samples. In addition, 10 percent of the field samples
submitted to the offsite laboratory were duplicates. Other quality control (QC)
samples submitted to the offsite laboratory include the following:

o Equipment Blanks - analyzed for BTEX and PAHs; and
e Ambient Blank - analyzed for BTEX only.

Offsite analytical services were provided by CKY, Inc., located in Torrance,
California, an AFCEE-audited laboratory. Analytical results produced by the offsite
laboratory are included in Appendix B.

3.1.3 Waste Handling

Excess sample material generated during immunoassay analysis was placed in a drum
until the end of the field phase of the project. This material was then placed with the
stockpile of contaminated soil excavated during removal of the USTs at pumping
station C and disposed of along with those soils.

'Waste immunoassay analytical reagents were disposed of to the municipal sanitary

sewer system. These reagents consisted of dilute concentrations of methanol and

sulfuric acid.

3.2 COMPARISON OF IMMUNOASSAY RESULTS TO OFFSITE
LABORATORY RESULTS

Forty-four BTEX (SW8020) duplicate soil samples and 34 PAH (SW8310) duplicate
soil samples were sent to the offsite laboratory for confirmation of the immunoassay

results. The offsite laboratory was also sent four field duplicates for QC purposes.

HAWPAFCARSWELL'ESCSRDOC 12895 3-11
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The purpose of the confirmation analyses was to demonstrate on a qualitative level
that the immunoassay analytical method was accurately characterizing the presence or
absence of BTEX and PAH compounds in soil samples.

Table 3-7 compares BTEX and PAH immunoassay results with results from the offsite
laboratory. Table 3-7 shows that on a qualitative level there is good comparability
between the immunoassay results and the offsite laboratory nondetectable results.

Immunoassay PAH analysis produced two apparent false positive results in samples
from DP 148B and DP 149B with results of greater than (>) 5.0 ppm and 3.2 ppm,
respectively, compared to offsite laboratory results showing no PAHs detected in these
samples. HNu readings for these sample intervals did indicate the presence of

ionizable compounds.

Immunoassay BTEX results from batch 12 are not comparable to the offsite laboratory
because of problems during immunoassay analysis of this batch. The samples included
in this batch were subsequently reanalyzed as batch 15. However, BTEX results from
duplicates for sample DP 149B are still not comparable, with less than (<) 1.4 ppm in
the immunoassay sample and 260 ppm in the offsite laboratory sample. Analytical
results from the offsite laboratory for samples DP 150B, DP 112C, and DP 172B all
indicated the presence of BTEX, at concentrations of 1.76 ppm, 4.04 ppm, and 3.99
ppm, respectively, whereas the immunoassay analytical results were less than the
detection limit of 1.4 ppm. It should be noted that a field duplicate of sample DP
172B, also sent to the offsite laboratory, produced a BTEX result below detection
limits. Field notes indicate that all of these samples were collected at or near the water
table and a detection of BTEX in the sample and its co-located duplicate may have

been related more to the location of each sample relative to the water table than to

analytical problems.

ﬁ:\wmcmm\aswwoc 127495 3-12
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Of four duplicate sample pairs sent to the offsite laboratory, only one had BTEX
and/or PAH concentrations detectable by immunoassay methods. This offsite sample
pair also showed considerable variation in the analytical results for both BTEX and
PAHs, as can be seen from the table below. Results from the remaining three
duplicate pairs are comparable except for minor discrepancies in results from DP 11B
and DP 11FD (field duplicate) for which BTEX was reported as not detected and 0.18

ppm, respectively.
BTEX Results (ppm) PAH Results (ppm)
Sample immunoassay Offsite Immunoassay Offsite
Number Laboratory Laboratory
1728 <14 3.80 >5.0 6.03
1728FD nd 1.84

BTEX and PAH results that do not correlate well may be explained by the method of
collecting duplicate samples. Duplicate samples were obtained from the same drive-
point sampling sleeve. The sampling sleeve was cut into 4-inch- to 6-inch-long
segments that were immediately capped after cutting to minimize volatilization. Thus,
the duplicate samples are not true duplicates, but are co-located samples representing
adjacent intervals of the unconsolidated stratigraphy, and the lack of correlation
between sample and the co-located duplicate may be explainable because the
contaminants are not uniformly dispersed throughout the soil matrix. Measures taken

during field sampling to minimize inhomogeneities of contaminant concentrations

include the following:

e verifying that uniform lithologic materials were present in both the sample and
duplicate by visually screening the soil in the drive-point sample sleeve; and

o verifying that comparable moisture content was present in both the sample and
duplicate by visually screening the soil in the drive-point sample sieeve.

HAWPAF\CARSWELL\ESCSR DOC 122485 3-15



s eI o

However, local inhomogeneities of contaminant concentrations could still result from
minute variations of mineralogy, chemistry, and physical structure of the soil materials.
Another factor that could influence the comparability of samples and duplicates could
be the relative position of the sample material to the water table surface. Many of the
B- and C-suffixed samples were collected just above the water table. Capillary effects
related to BTEX and PAH mobility over short distances and seasonal water table
fluctuations that could have smeared contaminants across discrete soil intervals above
the water table could be responsible for very localized variations in contaminant

concentrations.
3.3 POTENTIAL AREAS OF CONCERN

For purposes of this discussion, the fuel distribution system is divided into eight
separate areas. Areas were selected based on geography. In general, for areas where
there is potential for a significant presence of hydrocarbons, cross sections, tables, and
detailed discussions were developed. In areas where little or no potential for the
presence of hydrocarbons warranting further investigation exists, discussions are
limited. Descriptions of Areas 1 through 8 are provided below with a discussion of
physical and analytical results following.

Area 1, Tank Farm and Fuel Feeder Line, is defined as the pipeline southeast of the
Marine and Navy Ramps including the fuel tank farm composed of tanks 1059, 1156,
and 1157. Soil probe locations in Area 1 are DP 1 through DP 13, DP 48, DP 50
through DP 54, and DP 173 through DP 178.

Area 2, Navy Ramp, is the fuel pipeline that serviced the South Apron, currently
known as the Navy Ramp. Area 2 includes the soil probe locations DP 110 through

DP 128.

H\WPARCARSWELLESCSR DOC 127295 3-16
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Area 3, Marine Ramp, includes the valve vaults and piping that serviced the area now
known as the Marine Ramp.

Area 4, Alert Apron, includes the fuel pipeline and pumping station E that serviced the
Alert Apron.

Areas S through 8 are pumping stations A, B, C, and D.

3.3.1 Area 1l - Tank Farm and Fuel Feeder Line (Leaking Petroleum Storage
Tank No. 104819) AR

The results of the immunoassay field screening indicate the detection of total BTEX at
soil probe location DP 54. Total BTEX was detected at 5.5 to 6.0 feet bgs at a
concentration of 1.5 ppm. Total PAH was detected at soil probe ocations DP 3 and
DP 176 at depths of 18 to 18.5 and 4.5 to 5.0 feet bgs, respectively. The PAH
concentrations indicated by the immunoassay testing are greater than 5 ppm for the
sample collected from DP 3 and 1.3 ppm for the sample collected from DP 54. HNu
readings for these samples did not indicate the presence of organic hydrocarbons.
These soil probe locations are illustrated on Plate 1. Analytical results are presented in

Table 3-8 and Appendices A and B.

3.3.2 Area 2 - Navy Ramp

Area 2 is located on the southwest side of the Navy Ramp. Area 2 consists of the
piping that supplied fue] to six valve vaults and hydrants on the Navy Ramp. The

surface is paved with asphaltic concrete and concrete. Area 2 is shown on Plate 1.

Subsurface soils encountered were clayey sands from the surface to approximately 11
to 18 feet bgs. The thickness of the sandy clay horizon increases toward the
northwest. The clayey sand is underlain by a poorly graded sand interbedded with well
graded sand. Clayey sand and silty sand lenses were encountered in this sandy

HIWPAFCARSWELL\ESCSR DOC 12895 3-17
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horizon. A bedrock high was discovered in the northwest portion of Area 2 at a depth
of approximately 8 feet bgs. The bedrock consists of weathered to relatively fresh
limestone. To the northwest of the bedrock high, the clayey sand unit pinches out
with the predominant soil type becoming poorly graded sand interbedded with well
graded sand. Groundwater was encountered in Area 2 at approximately 19 to 22 feet
bgs on the south of the bedrock high and approximately 6 feet bgs on the north side of
the bedrock high. Subsurface features are illustrated on Cross Section A-A’, Plate 2.

Soil probe locations and immunoassay and HNu results for Area 2 are illustrated on
Plates 1 and 2. HNu readings taken on samples collected from soil probes in Area 2
ranged from 1 to 350 ppm. Immunoassay results ranged from 3.5 to 22.5 ppm.
Complete analytical results are presented in Appendices A and B. Detection results

are presented in Table 3-9,

- 3.3.3 Area 3 - Marine Ramp

Area 3 is located immediately to the northeast of the Marine Ramp. The surface is not
paved. Fuel was distributed to the Marine Ramp by feeder lines originating at
pumping stations A and C. These feeder lines supplied fuel to five valve vaults that
fed fuel to hydrants on the Marine Ramp. Lines that conveyed fuel to the hydrants are

generally under asphalt or concrete.

Subsurface soils encountered consisted of clayey sands to a depth of approximately 17
feet bgs underlain by pooriy graded sands. In the southeast portion of Area 2, soil
probes encountered well graded gravel at a depth of approximately 20 to 22 feet bgs.
In the northwest portion of Area 3, a bedrock high of weathered and relati‘}ely fresh
limestone was encountered at depths of approximately 3 to 8 feet bgs. This bedrock
high is the same unit encountered in Area 2. To the immediate northwest of the
bedrock high, the clayey sand horizon pinches out and the subsurface soils become
predominately silty sand. Groundwater was encountered at Area 3 at approximately
20 to 22 feet bgs to the southeast of the bedrock high. Northwest of the bedrock high

HAWPARCARSWELL\ESCSRDCC 12495 3-19
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groundwater was encountered at approximately 10 feet bgs. Subsurface features are
illustrated on Cross Section B-B’, Plate 3. ’ '

Soil probe locations, immunoassay and HNu results, and stratigraphy for Area 3 are
depicted on Plates 1 and 3. HNu readings taken on samples collected ranged from 2
to 180 ppm. Immunoassay detections ranged from 1.3 to greater than 30 ppm.
Complete results are presented in Table 3-10 and Appendices A and B.

3.3.4 Area 4 - Alert Apron and Station E (Leaking Petroleum Storage Tank
No. 104484) s

The Alert Apron is located at the north end of the site and is accessed by an
abandoned taxiway that intersects Taxiway B. The fuel distribution system at the
Alert Apron was supplied by a single pipeline that delivered fuel to pumping station E.
From pumping station E, pipelines distributed fuel to four valve vaults and hydrants.
Plate 1 illustrates the physical layout of features and soil probe locations at the Alert
Apron.

Subsurface soil types encountered at the Alert Apron were sandy clays from the
surface to approximately 2.5 to 7 feet bgs, with thickness decreasing to the northeast.
Below the sandy clays, fine to coarse poorly graded sands were encountered. This
sand unit is interbedded with silty sand and well graded sands. Groundwater was
encountered at approximately at 11 feet bgs. -

HNu readings taken on collected samples ranged from 1 to 310 ppm. Immunoassay
detections ranged from 2.1 to 7.2 ppm for PAHs. A single detection for total BTEX
at 8.5 ppm in soil probe DP 153 was recorded. Additionally, free product was
observed at the water table in soil probes DP 153 and DP 154. Generally, detections
were observed northeast of DP 154 for HNu readings and immunoassay analysis with
the exception of low HNu readings in DP 163 and DP 158, and a detection of PAHs in
DP 161 at 2.1 ppm. Positive detections for the Alert Apron are illustrated in
Figure 3-3. Complete analytical results are pfesented in Appendices A and B.
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Table 3-11 includes the positive detections for immunoassay analysis and HNu
readings.

3.3.5 Area 5 - Pumping Station A (Leaking Petroleum Storage Tank
No. 108711)

Pumping station A is located southwest and on the south end of the Navy Ramp.
Pumping station A has been demolished. The station is similar to all other pumping
stations associated with the fuel distribution system. The station consisted of six
25,000-gallon USTs and piping required to convey fuel to the Marine Ramp valve
vaults. An important characteristic of this station and other stations at the site is that a
drainage system was installed to drain incidental fluid from the floor of each station.
These drains discharged to sumps typically installed in the vicinity of the north comer
of each station except station E. The sump for station E is located at DP 150. The
location of station A with respect to local base cultural features is illustrated on

Plate 1.

Subsurface soil types encountered in Area 3 were sandy clays from the surface to
approximately 8 to 10 feet bgs. Below the sandy clays, fine to coarse poorly graded
sands were encountered. This sand unit is interbedded with silty sand and well graded
sands. Below the sand horizon a well graded gravel was encountered at approximately
21 feet bgs. Groundwater was encountered at approximately 18 to 20 feet bgs.

Soil probes DP 16, DP 17, DP 19, and DP 172 were located specifically to investigate
station A and associated piping. HNu readings ranged from 2 ppm in soil probe DP 17
to a high of 300 ppm in DP 172. Immunoassay results indicate the presence of total
BTEX in concentrations ranging from 7.6 to 22.7 ppm in the subsurface soils
immediately beneath station A. Immunoassay results also indicate the presence of
PAHs. Concentrations reported for PAHs beneath station A range from 1.2 ppm to
greater than 5.0 ppm. Soil samples collected from DP 172 at 10 to 12 feet bgs and DP
16 at 13 to 14 feet bgs were saturated with fuel. Positive detection details are
illustrated in Figure 3-4 and provided in Table 3-12. Complete analytical results are

presented in Appendices A and B.
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3.3.6 Area 6 - Pumping Station B (Leaking Petroleum Storage Tank No. 108712)

Station B is located approximately 700 feet northwest of station A. Pumping station B
has been demolished and is similar to station A. Station B provided fuel to the Navy
Ramp (Area 2) valve vaults and hydrants. The location of station B is shown on
Plate 1.

Subsurface soil types encountered in Area 6 were sandy clays from the surface to
approximately 15 feet bgs. Below the sandy clays, fine to coarse poorly graded sands
were encountered. This sand unit is interbedded with silty sand and well graded sands.
Within this sand horizomn, lenses of clayey sand and silty sand were encountered.

Groundwater was encountered at approximately 20 feet bgs. Subsurface details are

illustrated in Cross Section E-E’, Figure 3-5.

Soil probes DP 170, DP 171, DP 32, and DP 31 were located to investigate station B.
Total BTEX was detected by immunoassay in DP 31 and DP 32. Concentrations of
BTEX range from 1.4 to 2.0 ppm. These detections and depths are detailed in
Figure 3-5 and Table 3-13.

3.3.7 Area 7 - Pumping Station C

Station C is located approximately 300 feet northwest of station B. Pumping station C
is similar to station A and was demolished in 1995 as part of this task. Station C
provided fuel to the Marine Ramp (Area 3) valve vaults and hydrants. The location of

station C is shown on Plate 1.

Subsurface soil types encountered in Area 7 were sandy clays from the surface to

approximately 12 to 15 feet bgs. Below the sandy clays, fine to coarse poorly graded
sands were encountered. This sand unit is interbedded with silty sand and well graded

sands. Within this sand horizon, lenses of clayey sand were encountered.
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Groundwater was encountered at approximately 20 feet bgs. Subsurface details are
illustrated in Cross Section F-F', Figure 3-6,

Soil probes DP 103, DP 104, DP 105, and DP 106 were located to investigate station
C. Total BTEX and PAHs were detected by immunoassay in probe DP 105 at 21.5 to
22 feet bgs. The concentrations of BTEX and PAHs at this depth were 5.5 and 2.3
ppm, respectively. Additionally, total BTEX was detected in DP 106 at approximately
5.5 to 6.0 and 21 to 21.5 feet at concentrations of 28.1 and 5.2 ppm, respectively. DP
106 is not illustrated in Figure 3-6 because it would project into the cross section at

DP 105.

HNu readings indicate the presence of organic hydrocarbons in DP 75, DP 101, DP
102, DP 103, DP 105, and DP 106. HNu readings taken from samples coliected in DP
106 were 10 ppm at 5.5 to 6.0 feet, 4 ppm at 14 to 15 feet, and 10 ppm at 21 to
21.5 feet. The HNu readings generally increase with proximity to station C at the
groundwater table (Figure 3-6). These results are also presented in Table 3-14.

During the removal of station C USTs, the resulting excavation was sampled for this
investigation. Refer to Section 3.1.2.1, UST Excavation Results, for details.

3.3.8 Area 8 - Pumping Station D (Leaking Petroleum Storage Tanks

Nos. 108713 and 95220)
Station D is located approximately 400 feet northwest of station C. Pumping station
D has been demolished and is similar to station A. Station D provided fuel to the
Navy Ramp (Area 2) valve vaults and hydrants. The location of station D is shown on
Plate 1.

Subsurface soil types encountered in Area 8 were sandy clays from the surface to
approximately 7 to 18 feet bgs. Below the sandy clays, silty sand was encountered
toward the northeast end of Area 7. Toward the southwest end of Area 7, weathered
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and relatively fresh limestone bedrock was encountered.  Groundwater was
encountered at approximately 21 feet bgs only on the northeast end of Area 7.
Subsurface details are illustrated in Cross Section G-G', Figure 3-7.

Soil probes DP 108, DP 109, DP 168, and DP169 were located to investigate station
D. Total BTEX and PAHs were detected by immunoassay in DP 109 at 4 to 6 feet
bgs. The concentrations of BTEX and PAHs at this depth were 21.1 and 2.5 ppm,
respectively. A BTEX concentration of 1.7 ppm was also detected in DP 169 by
immunoassay at a depth of approximately 11.5 to 12 feet bgs. HNu readings indicate
the presence of organic hydrocarbons in DP108, DP 109, DP 168, and DP 165. All
HNu readings were 5 ppm or less except for DP 109 at 4 to 6 feet bgs. HNu readings
in DP 124 may be related to Station D or to valve vaults on the Navy Ramp. Positive
detections are presented in Table 3-15. All analytical results are included in

Appendices A and B.

During the investigation of the pipeline, the pipeline was being abandoned. Most of
the pipeline was abandoned in place by pumping a grout into the pipe. Some sections
of the pipeline were removed, particularly in the vicinity of the pump stations.
Trenches dug to remove the pipeline from around station D exhibited staining, and fuel

odor was detected in ambient air around the excavation.
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4.0 CONCLUSIONS

This section present§ preliminary conclusions based on the ﬁndings detailed in

Section 3.0.

4.1 UNDERGROUND STORAGE TANK REMOVAL EXCAVATION
CONCL.USIONS

Conclusions developed from the results of the excavation samples are presented in

Section 4.2.7 with the discussion of pumping station C.

4.2 FUEL DISTRIBUTION SYSTEM PIPELINE INVESTIGATION
CONCLUSIONS -

The following sections present the conclusions for each of the eight areas described in

Section 3.3.
4.2.1 Area l - Tank Farm and Fuel Feeder Line

The results of the investigation for this area indicate that hydrocarbons were detected
in the subsurface. However, the locations of the detections are sporadic. Total BTEX
and PAHs were detected by immunoassay in DP 54 and DP 176, respectively. HNu
readings indicated the absence of organic hydrocarbons at these locations. Both of the
immunoassay detections were in the upper sample of each probe. The lowermost -
sample of each probe indicated the absence of these compounds. Because the upper

sample indicated a presence of BTEX or PAHs, these concentrations could be related

to the pipeline.

At probe location DP 9, samples collected from within the probe hole did not indicate
the presence of petroleum hydrocarbons. However, the surface soils at DP 9 were
impacted by hydrocarbons as indicated by the results (Appendix B, Grab 1, Grab 2,
and Grab 3) from additional sampling in the area exposed by construction activities.

HAWPAFCARSWELL\ESCSR DOC 127895 4-1
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Because the analytical results of soil samples from DP 9 indicated that BTEX and
PAHs were nondetectable at depth, but detected at and near the subgrade, it is
concluded that the petroleum hydrocarbons impacting the soil at DP 9 could possibly
originate from spills onto the apron in the area that migrated to the soils though

expansion jdints in the concrete paving.

The sample from probe location DP 3 indicated the presence of PAHs at a
concentration greater than 5.0 ppm, which is the upper limit for the immunoassay
analysis. However HNu readings and physical examination of the soils did not indicate
the presence of petroleum hydrocarbons. The sample was collected from the lower
portion of the soil probe near the groundwater table. Because of the depth of the
sample and the nondetected results from the upper sample in this probe and the
surrounding probe location results, it is unlikely that the pipeline in this area would be

a potential source for the hydrocarbons detected.
4.2.2 Area2- Navy Ramp

In general, the results indicate that the detections of petroleum hydrocarbons occur
beneath and near the valve vaults leading to the hydrants on the Navy Ramp and the
90 degree change in direction of the pipeline at DP 110. At locations DP 110, DP
112, DP 115, DP 119, DP 122, and DP 125, detections of petroleum hydrocarbons by
HNu and immunoassay were in the upper and lower (at groundwater) portions of each
probe hole. At locations between the valve vaults, hydrocarbons were typically
detected near the groundwater table, indicating that the potential migration of
hydrocarbons from the valve vaults to the groundwater may have spread laterally.
Additionally, it is possible that petroleum hydrocarbons released to the soil at the
pump stations could be migrating downgradient. Because HNu readings indicated the
presence of a hydrocarbon in many probe locations where the immunoassay results

indicated nondetectable concentrations, there may be a potential for some constituents

that were not analyzed for to be present in the soil.
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The detection of BTEX in DP 127 on the northwest end of the Navy Ramp indicates
the presence of petroleum hydrocarbons at the groundwater table. DP 127 is located
on the northwest side of the bedrock high (Plate 2). Apparently, the bedrock is a
barrier to groundwater movement as demonstrated by the higher groundwater table
elevation. The potential for migration of petroleum hydrocarbons may be great in this
area because of the high water table elevation and the possibility that the water table
could fluctuate significantly.

4.2.3 Area 3 - Marine Ramp

The detection of petroleum hydrocarbons occurred only in the northeast end of the
Marine Ramp. These detections were primarily at DP 98, which is adjacent to a valve
vault. High concentrations of total BTEX and PAHs were detected in the upper
sample and the sample collected from just above groundwater. It is suspected that the
hydrocarbons encountered in the soil at this location are due to leaks in the valving
that migrated out of the valve vault and into the soil.

4.2.4 Area 4 - Alert Apron

The results of the investigation of this area indicate that petroleum hydrocarbons are
present in the soils and groundwater northeast of DP 154. Given the geographic
location of the detected hydrocarbons, the suspected source would be station E piping,
USTs, and the sump drain system from the floor of station E. The sump is located at
DP 150. HNu readings do not agree with immunoassay detections at all probe
locations. This may indicate the presence of constituents that were not analyzed for,
or that fuels released to the environment have degraded. The free product
encountered in DP 154 and DP 153 may have migrated laterally from station E or
from a leaking pipeline. Because the detections of hydrocarbons are generally in
samples collected from near the water table as the distance from station E increases, it

is suspected that station E is the most likely source of these hydrocarbons.
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4.2.5 Area S - Pumping Station A

Because of the significant detections of petroleum hydrocarbons directly below the
location of pumping station A, it is likely that the source of the hydrocarbons is
activities associated with this facility (Figure 3-4). Samples saturated with fuel
indicate that a significant amount of product remains in the vadose zone and may
continue downward migration toward the groundwater table.

4.2.6 Area 6 - Pumping Station B

Hydrocarbons were detected in the soils and at the groundwater table directly below
pumping station B. However, these concentrations are low, and HNu readings do not
support the results of the immunoassay. Petroleum hydrocarbons are likély to exist in
the soils at station B. Hydrocarbons that may be present are probably limited in extent

given the results of surrounding probe locations.
4.2.7 Area 7 - Pumping Station C

Total BTEX and PAHs were detected by immunoassay analysis in the soils and
groundwater directly below station C and near the floor drain sump that is located at
DP 106 (Figure 3-6). The results of the excavation sampling also indicate the
presence of TPH and PAHs on the northwest side and north comer of the excavation.
These positive detections coincide with the location of the station floor drain and
sump. It appears that fuels may have been captured by the drain system. The drain
system piping may have leaked, as indicated by the hydrocarbons detected beneath the
alignment of this piping. Fuels that may have been captured by the drain system would
also have been conveyed to the sump in the north comer of the station as indicated by
the results of the immunoassay analysis from DP 106. The results of the investigation

indicate that soil and groundwater in the vicinity of station C have been impacted by

petroleum hydrocarbons.
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Samples collected from the south comer and the southeast sidewall of the tank
excavation also contained detectable concentrations of TPH and PAHs. Results from
samples collected in soil probe DP 104, which is located near the south corner of the
excavation, did not indicate the presence of petroleum hydrocarbons. Because of
these results, it is expected that soil impacted by hydrocarbons may be areally limited

to the south comer of the tank removal excavation.

HNu readinés taken from soil probes near station C indicate that hydrocarbons may be

present in an upgradient direction. This is indicated by HNu readings in DP 101 and
102. The HNu reading of 2 ppm in DP 75 is not considered to be significant.
Immunoassay analysis did not indicate the presence of total BTEX or PAHs in these
probe locations, which may suggest that a hydrocarbon other than BTEX or PAH is
present. The jet fuel stored at station C and conveyed through the piping may degrade
after release to soil and groundwater. Therefore, total BTEX and PAHs may not be
detectable as constituents of the fuel as it exists in the environment. Exampies of this
occurring at the site are the positive results for TPH with the absence of BTEX and
PAHs in identical samples collected in the tank removal excavation (Table 3-3).
Therefore, it is difficult, given the results of this investigation, to determine a possible
source for the upgradient hydrocarbons detected with the HNu. Possibilities for the
upgradient HNu readings are hydrocarbons that have impacted the groundwater at
station C and that have migrated laterally because of groundwater flow fluctuations,
leaks in the fuel distribution pipeline in the area, or a hydrocarbon not associated with
the fuel distribution system.

4.2.8 Areca 8 - Pumping Station D

Petroleum hydrocarbons were detected in the soils directly below station D. DP 109
was located to investigate the sump drainage system for the station. The presence of
hydrocarbons at this location indicate that fuel may have drained to the sump. DP 168
and DP 169 were located just outside the original tank pit. Detections of

HAWPARCARSWELL\ESCSR DOC 12395 4-5
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hydrocarbons in DP 169 indicate that a release may have occurred at the station.,
Samples collected near the water table did not exhibit BTEX or PAHs by
immunoassay; however, low HNu readings were noted. These results suggest that
there could have been a relcase from the station activities and that fuel probably
drained to the sump. Hydrocarbons in the soils beneath the station appear to be
limited to the vadose zone directly beneath the station and sump at the time this
investigation was conducted (Figure 3-7).
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CP 010B
CP 010C
DP C11A
DP D11B
DP D011BFD
DP 012A
DP 012B
DP 013A
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DP 0148
DP 015A
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CP 0178
DP 017C
DP 018A
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DP 0198
DP 019C
DP 0204
OP 0208
DP 021A
DP 021B

1.5

115
6.5
5.0

11.0

1.0
50

125

125
4.0

125
65

215
50

225
50

215
5.0
5.0

13.0

19.0
6.5
6.5

135
6.5

18.5
55

15

175
55

185
75

235

1

bl

i

Appendix A Immunoassay Results

- 125

- 120
- 70
120
-70
-55
- 115
- 115
- 55
- 130
- 130
- 60
- 130
-70
- 220
-55
- 230
- 60
- 220
- 6.0
- 60
- 140
- 185
-70
-70
- 14.0
-70
- 190
- 6.0
- 120
- 180
- 6.0
- 180

- 240

BTEX01- 1
BTEXO01- 2
BTEX01- 3
BTEX01- 4
BTEX01- &
BTEX01- 6
BTEXO1- 7
BTEXD1- 8
BTEX01- &
BTEXO01- 10
BTEX01- 11
BTEX01- 12
BTEX01- 13
BTEX01- 14
BTEX01- 15
BTEXO1- 16
BTEX01- 17
BTEX01- 18
BTEXO01- 19
BTEX01- 20
BTEXO01- 21
BTEX01- 22
BTEX01- 23
BTEX01- 24

BTEX05- 8
BTEXO0S- ¢
BTEX01- 25
BTEX01- 26
BTEXO01- 27
BTEX01- 28
BTEX01- 29
BTEX01- 30
BTEX05- 4
BTEX05- 5
BTEX05- 6
BTEX05- 7
BTEX01- 31
BTEX01- 32
BTEX01- 33
BTEX02- 4
BTEX02- 5
BTEX02- 6
BTEX02- 7
BTEX02- 8
BTEX02- 9
BTEX02- 10
BTEX02- 11
BTEX02- 12

<1.4
<1.4
<1.4
<1.4
<14
<1.4
<1.4
<14
76
<14
166
27
<14
<14
<1.4
<14
<14
<14
<1.4
49
<1.4
<14
<14
<14

PAHO1- ¢
PAHO1- 2
PAHO1- 3

PAHO1- 4
PAHO1- 5
PAHO1- 6

PAHO1- 7
PAHO1- 8
PAHO1- 9

PAHO1- 10
PAHO1- 11
PAHO1- 12

PAHO1- 13
PAHO1- 14

PAHO1- 15
PAHO1- 16

PAHO3- 4
PAHO3- 5
PAHO3- 6
PAHO3- 7
PAHO1- 17
PAHD1- 18

PAHO%- 19
PAHO1- 20
PAHO1- 21
PAHO1- 22
PAHO1- 23

<1.0
<1.0
>5.0

<1.0
<1.0
<1.0

<1.0
<10
<1.0

<1.0
<1.0

<10
<10

»50
1.4
>5.0
>5.0
1.2
<1.0

<10
<10
<1.0
12
38



Appendix A Immunoassay Results
Sample#  Depth (feet) BTEXIabBaich# BTEX(pom) PAH(abBalch#  PAH (ppm)

DP 001A 40 - 80 BTEX01- 1 <1.4 PAHO1- 1 <10
DP 022A 50 - 55 BTEX02- 17 <1.4 PAHO2- 7 <1.0
DP 022AFD 55 - 6.0 BTEX02- 18 <14 PAHO2- 8 <10
DP 022C 235 - 240 BTEX02- 16 <14 PAHO2- 6 <10
DP 023A 40 - 6.0 BTEX02- 13 <14 PAHO2- 4 <10
DP 0238 18.0 - 185 BTEX02- 14 <14 PAHO2- § <10
DP 024A 85 - 8.0 BTEX02- 15 <14

OP 024B 235 - 240 BTEX02- 19 <14

DP 0254 55 - 6.0 BTEX02- 20 <14

OP 0258 205 - 21.0 BTEX02- 21 <14

DP 026A 50 - 55 BTEX03- 4 <1.4 PAHO2- 9 <1.0
DP 026B 205 - 210 BTEX03- 5 <1.4 PAHO02- 10 <10
DP 027A 55 - 6.0 BTEX03- 6 <14

DP 027B 185 - 18.0 BTEX03- 7 <1.4

DP 028A 50 - 6.0 BTEX03- 8 <14

DP 028B 50 - 60 BTEX03- ¢ <14

DP 028C 17.0 - 180 BTEX03- 10 <14

DP 029A 55 - 60 BTEX03- 11 <14

DP 0208 180 - 19.0 BTEX03- 12 <1.4

DP 030A 55 - 60 BTEX03- 13 37 PAHO2- 11 <1.0
DP 030B 19.0 - 200 BTEX03- 14 <1.4 PAHO2- 12 <10
DP 031A 55 - 6.0 BTEX03- 15 <14

DP 031B 19.0 - 200 BTEX03- 16 14

DP 032A 55 - 6.0 BTEX03- 17 15

DP 0328 230 - 235 BTEX03- 18 2

DP 033A 55 - 60 BTEX03- 19 <14 PAHO2- 13 <10
DP 033AFD 55 - 60 BTEX03- 20 25 PAHO2- 14 <1.0
DP 033B 170 - 180 BTEX03- 21 <14 PAHO2- 15 <10
DP 034A 55 . 60 BTEX03- 22 <14 PAHO2- 16 <10
DP 035A 55 - 60 BTEX03- 23 <14

DP 035B 120 - 140 BTEX03- 24 <14

DP 035C 20 - 230 BTEX03- 25 <1.4

DP 036A 55 - 60 BTEX04- 4 <1.4 PAHO2- 17 <10
DP 0368 20 - 230 BTEX04 5 <14

DP 037A 50 - 60 BTEX04- 6 <14 PAHO2- 18 <1.0
OP 037AFD 50 - 60 BTEX04 7 <14 PAHO2- 19 <10
DP 037B 220 - 230 BTEX04- 8 <14 PAHO2- 20 <1.0
DP 038A 40 - 60 BTEX04 9 <14

DP 0388 220 - 230 BTEX04- 10 <14

DP 039A 55 - 60 BTEX04 11 <1.4 PAH02- 21 <1.0
DP 035B 24.0 - 250 BTEX04- 12 <14

DP 040A 55 - 60 BTEX04 13 <1.4 PAHO2- 22 <1.0
OP 0408 25 - 235 BTEX04 14 <t.4 PAHOZ- 23 <10
DP 041A 55 - 6.0 BTEX04 15 <1.4

OP O41AFD 55 - 60 BTEX04 16 <1.4

DP 0418 225 - 230 BTEX04 17 <14

DP 0424 55 - 6.0 BTEX04- 23 <14 PAHO2- 26 <1.0
DP 0428 210 - 20 BTEX04- 24 <14 PAHO2- 27 <10
DPO43A 55 - 60 BTEX04- 18 <1.4 PAHO2- 24 <1.0
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Sample#  Depth (feet) BTEXLlabBatch# BTEX(opm) PAHLlabBalch#

DP 001A
DP 0438
DP 0444
DP 044B
DP 044C
DP 045A
DP 0458
DP 046A
DP 0468
OP 047A
OP 047B
DP 047BFD
DP 048A
DP 0488
DP 049A
DP 0498
DP OSOA
DP 0508
DP 0S1A
DP 051B
DP 051BFD
DP 052A
DP 053A
DP 053B
DP 054A
DP 0548
DP 055A
DP 0558
DP 056A
DP 0SBAFD
DP 0568
DP 0S7A
DP 0578
DP 0584
DP 0588
DP 059A
DP 0598
DP 060A
DP 080AFD
DP 060B
DP O61A
DP OG1AFD
DP 0618
DP 062A
DP 062B
DP 063A
OP 0638
DP 064A
DP 0648

40 - 60
205 - 210
55 - 6.0
11.0 - 13.0
210 - 20
55 - 60
25 - 230
55 - 6.0
10.0 - 105
50 - 55
19.0 - 200
19.0 - 200
55 - 60
195 - 200
55 - 6.0
215 - 20
45 - 50
95 - 10.0
45 - 50
80 - 90
80 - 90
55 - 6.0
30 - 35
55 - 60
55 - 60
115 - 120
50 - 60
215 - 22.0
50 - 60
50 - 6.0
215 - 220
55 - 60
210 - 215
55 - 6.0
2.5 - 20
55 - 6.0
215 - 20
50 - 60
50 - 60
215 - 20
40 - 60
40 - 60
215 - 20
55 - 60
215 - 20
55 - 6.0
215 . 20
55 - 60
215 - 20
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Appendix A Immunoassay Results

BTEX0D1- 1

BTEX04- 19
BTEX04 20
BTEX04- 21
BTEX04- 22
BTEX04- 25
BTEX04- 26
BTEX05- 10
BTEX05- 11
BTEX0S- 12
BTEX05- 13
BTEX05- 14
BTEX05- 15
BTEX05- 16
BTEX05- 17
BTEX0S- 18
BTEX05- 19
BTEX0S- 20
BTEX05- 21
BTEXQ5- 22
BTEX05 23
BTEX05- 24
BTEX05- 25
BTEX0S5- 26
BTEX05- 27
BTEX0S- 28
BTEX05- 29
BTEX05- 30
BTEX06- 4

BTEX06- 5

BTEX06- 6

BTEX06- 7

BTEX06- 8

BTEX06- 9

BTEX06- 10
BTEX06- 11
BTEX06- 12
BTEX06- 13
BTEX06- 14
BTEX06- 15
BTEX06- 16

BTEX06- 17
BTEX06- 18
BTEX06- 19
BTEX06- 20
BTEX06- 21
BTEX06- 22
BTEX06- 23

<14
«<1.4
<1.4
<1.4
<1.4
<1.4
<1.4
<1.4
<14
<14
<14
<14
<1.4
<1.4
<1.4
<14
<1.4
<1.4
<1.4
<14
<1.4
<14
<14
<14
15
<1.4
<1.4
<1.4
<14
<14
<14
<1.4
«<1.4
<1.4
<14
<14
<1.4
<14
<1.4
<14
, <1.4

<1.4
<1.4
<14
<1.4
<1.4
<1.4
<14

PAHO1- 1
PAHO2- 25

PAHO2- 28
PAHO2- 29
PAHO3- 8
PAHO3- 8

PAHO3- 10
PAHOC3- 11
PAHC3- 12
PAHC3- 13
PAHO3- 14
PAHO3- 15

PAHO3- 16
PAHO3- 17

PAHD3- 18
PAHO3- 18

PAHO3- 20
PAHO3- 21

PAHO3- 23
PAHO3- 24
PAHO3- 25
PAHO3- 26

PAHO3- 27

PAH (ppm}
<1.0
<1.0

<10
<1.0
<1.0
<1.0

<1.0
<1.0
<1.0
<1.0
<1.0
<1.0

<1.0
<1.0

<10
<1.0

<10
<1.0

<10
<1.0
<1.0
<1.0

<1.0
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Sampie #
DP 001A
DP 065A
DP 0658
DP 066A
DP 0668
DP 067A
DP 0678
DP O578FD
DP 068A
DP 068B
DP 069A
DP 069B
DP 070A
DP C70B
DP O70BFD
DP C71A
DP 071B
DP 072A
DP 072B
DP 073A
DP 073B
DP 073C
DP 074A
DP 074B
DP 075A
DP 075B
DP Q7SBFD
DP 076A
DP 076B
DP O77A
DP 0778
DP Q78A
DP 078B
DP 078BFD
DP 079A
DP 0QBOA
DP 081A
DP 082A
DP 082AFD
DP 083A
DP 084A
DP 085A
DP 0BBA
DP 087A
DP 0BBA
OP 089A
DP 0S0A
DP 0S1A
DpP 091AFD

Depth (feel) BTEXLabBalich# BTEX(ppm) PAHLabBatch#

L

Appendix A Immunoassay Resuits

40 - 60
$5 - 60
215 - 20
40 - 45
215 - 20
45 - 50
210 - 220
210 - 220
45 - 60
20 -225
45 - 5.0
215 - 220
55 - 60
230 - 240
230 - 240
60 - 65
255 - 260
55 - 6.0
25 - 230
55 - 60
65 - 80
210 - 230
55 - 60
2S5 - 30
$5 - 6.0
25 - 230
25 - 230
50 - 55
215 - 220
55 - 6.0
25 -0
$§5 - 60
215 - 220
215 - 220
55 - 60
55 -60
55 -60
$0 - 60
5.0 - 6.0
55 - 6.0
45 - 50
§5 - 6.0
45 - 50
45 - 50
45 - 50
45 - 50
45 - 50
40 - 50
40 - 50

BTEX01- 1

BTEX06- 24
BTEX06- 25
BTEX06- 26
BTEX06- 27
BTEX06- 28
BTEX06- 29
BTEX06- 30
BTEX07- 7

BTEX07- 8

BTEXC7- @

BTEXC7- 10
BTEX07- 11
BTEXC7- 12
BTEX07- 13
BTEXD7- 14
BTEXO7- 15
BTEXC7- 16
BTEXO07- 18
BTEXO07- 21
BTEX07- 22
BTEX07- 23
BTEXO07- 24
BTEX07- 25
BTEXO7- 17
BTEX07- 19
BTEX07- 20
BTEX07- 26
BTEX07- 27
BTEX07- 28
BTEXO7- 29
BTEX07- 30
BTEXO07- 31
BTEX07- 32
BTEX07- 33
BTEX08- 4

BTEX08- 5

BTEXD8- 6

BTEX08- 7

BTEX08- 8

BTEX08- 9

BTEX08- 10
BTEX08- 11
BTEX08- 12
BTEX08- 13
BTEX08- 14
BTEX08- 15
BTEX08- 16
BTEX08- 17

<14
<1.4
<14
<14
<14
<14
<14
<14
<14
<1.4
<1.4
<14
<1.4
<14
<1.4
<1.4
<14
<14
<14
<1.4
<1.4
<1.4
<14
<1.4
<14
<1.4
<1.4
<1.4
<14
<14
<14
<1.4
<14
<i.4
<14
<14
<14
<14
<14
<14
<14
<1.4
<14
<14
<1.4
<14
<14
<| 4
<14

PAHO1- 1
PAHO4- 4
PAHO4 5

PAHO4- 6
PAHO4- 7
PAHO4- 8

PAHO4- 12
PAHO4- 13
PAHO4- 14
PAHO4- 15
PAHO4- 16
PAHO4- 17
PAHO4- 18

PAHO4- 19
PAHO4- 22
PAHO4- 23
PAHO4- 24

PAHO4- 20
PAHO4 21
PAHO4- 25
PAHO4- 26

PAHO4- 27
PAHOS- 4
PAHOS- 5

PAHOS- 6

PAHOS- 7

PAHOS- 8

PAH (ppm}
<1.0
<10
<1.0

<1.0
<10
<1.0

<1.0
<1.0
<1.0
<1.0
<1.0
<1.0
<10

<10
<1.0
<10
<10

<1.0
<1.0
<1.0
<10

<10
<10
<10

<1.0

<10
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Appendix A Immunoassay Results
Sample#  Depth (fee) BTEXLabBaich# BTEX(om) PAHLabBaich#  PAH (opm)

DP O01A 40 - 6.0 BTEX01- 1 <i.4 PAHO1- 1 <1.0
DP 092A 45 - 5.0 BTEX08- 18 <1.4 PAHO5- ¢ 2.0
DP 0928 185 - 19.0 BTEX08- 19 <i.4 PAHO5- 10 <10
DP 093A 65 -70 BTEX08- 20 <14 PAHO5- 11 <1.0
DP 093B 18.0 - 185 BTEX08- 21 <1.4 PAHO5- 12 <10
DP 0S4A 40 - 45 BTEX08- 23 1.4
DP 0948 165 - 17.0 BTEXDB- 22 <1.4
DP 095A 30 - 35 BTEX0B- 24 <1.4
DP 0958 95 - 100 BTEX08 25 <1.4
DP 096A 35 - 4.0 BTEX08- 26 <14
DP 0068 95 - 100 BTEX08- 27 <14
DP 097A 25 - 30 BTEX08- 28 <14 PAHO5- 13 <10
DP 0978 85 - 95 BTEX08- 29 <14 PAHO5- 14 <1.0
DP 0978FD 85 - 95 BTEX08- 30 <14 PAHO5- 15 <1.0
DP 0398A 45 - 5.0 BTEX09- 4 248 PAHO5- 16 >5.0
DP 098B 90 - 100 BTEX09- 5 >30 PAHO5- 17 >5.0
DP 099A 45 - 50 BTEX09- 6 <1.4
DP 0998 115 - 120 BTEX09- 7 <14
DP 100A 25 - 3.0 BTEX09- g <1.4 PAHO5- 18 <10
DP 100B 95 - 100 BTEX09- 9 <1.4 PAHO5- 19 <10
DP 101A 55 - 60 BTEX09- 10 <i4
DP 101B 210 - 220 BTEX09- 11 >30
DP f01BFD  21.0 - 220 BTEX09- 12 <1.4
DP 102A 55 - 6.0 BTEX09- 13 <14
DP 1028 215 - 220 BTEX09- 14 <1.4
DP 103A 55 - 6.0 BTEX0S- 15 <1.4 PAHO5- 20 <1.0
DP 1038 145 - 150 BTEX09- 16 <14 PAHO5- 21 <1.0
DP 103C 21.0 - 220 BTEX0S- 17 34 PAHOS- 22 <1.0
DP 104A - 55 - 60 BTEX09- 18 <14
DP 1048 145 - 150 BTEX09- 19 <14
DP 104C 215 - 220 BTEX08- 20 <1.4
DP 105A 55 - 6.0 BTEX0S- 25 <14 PAHOS- 25 <1.0
DP 105B 140 - 145 BTEX09- 21 <14 PAH05- 23 <1.0
DP 105C 215 - 220 BTEX0S- 22 55 PAHO5- 24 23
DP 106A 55 - 6D BTEX09- 26 28.1
DP 106B 140 - 150 BTEX09- 23 <14
DP 106C 215 - 220 BTEX09- 24 52
DP 107A 40 - 50 BTEX09- 27 <34 PAHOG. 4 <10
DP 107AFD 40 - 50 BTEX09- 28 <14 PAH06- 5 <1.0
DP 107B 200 - 205 BTEX09- 29 <14 PAHO6- 6 <10
DP 10BA 55 - 6.0 BTEX08- 30 <1.4
DP 1088 200 - 21.0 BTEX10- 4 <1.4
DP 105A 40 - 60 BTEX10- 5 211 PAHO06- 7 25
DP 110A 55 - 6.0 BTEX10- 6 35 PAHO06- 8 23
DP 1108 115 - 920 BTEX10- 7 123 PAHD6- 9 43
DP 110C 215 - 220 BTEX10- 10 <1.4 PAHO6- 10 <1.0
DP 111A 55 - 6.0 BTEX10- g <1.4
DP 11B 18.5 - 19.0 BTEX10- 9 <1.4
DP 112A 50 - 60 BTEX14 17 <14 PAHOB- 27 1.9
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Appendix A Immunoassay Results

Sample # Depth (feely BTEXLabBaich# BTEX(ppm} PAHLabBatch#  PAH(ppm)
DP O01A 40 - 60 BTEX01- 1 <1.4 PAHO1- 1 <1.0
DP 112AFC 5.0 - 60 BTEXi4 18 <14 PAHO0S- 28 <1.0
DP 112B 110 - 120 BTEX14- 19 <1.4 PAHO8- 29 <1.0
DP 112C 200 - 210 BTEX14 20 23 PAHO8- 30 22
DP 113A 55 - 60 BTEX10- 11 <14
DP 1138 205 - 21.0 BTEX10- 12 <1.4
DP 114A £§5 - 6.0 BTEX10- 13 <1.4
DP 1148 195 - 200 8TEX10- 14 <1.4
DP 115A 55 - 8.0 BTEX10- 15 168
DP 1158 11.0 - 120 BTEX10- 16 >30 PAHOS- 11 >5.0
DP 115C 190 - 200 BTEX10- 17 >30 PAHO6- 12 >5.0
DP 115CFD 19.0 - 200 BTEX10- 18 >30 PAHOE- 13 >5.0
DP 116A §5 - 6.0 BTEX10- 19 <1.4
DP 116B 185 - 200 BTEX10- 20 <1.4
DP 117A 55 - 60 BTEX10- 21 <1.4 PAHO6- 14 <10
DP 1178 195 - 200 BTEX10- 22 <1.4 PAHO6- 15 <10
DP 118A 55 - 60 BTEX10- 23 <14
DP 118B 185 - 190 BTEX10- 24 <1.4
DP 118A 50 - 6.0 BTEX14 14 <14 PAHOE- 24 <1.0
DP 1158 110 - 120 BTEX14- 15 <14 PAHO8- 25 <10
DP 115C 200 - 210 BTEX14 16 >30 PAHOD8- 26 >5.0
DP 120A §5 - 60 BTEX10- 25 <14
DP 120B 180 - 190 BTEX10- 26 <14
DP 121A 55 - 60 BTEX10- 27 <1.4 PAHOG- 16 <1.0
DP 121B 185 - 190 BTEX10- 28 <1.4 PAHOG- 17 <1.0
DP 122A §5 - 6.0 BTEX10- 20 <1.4 PAHO6- 18 <1.0
DP 122B 110 - 120 BTEX10- 30 15.7 PAHOG- 19 23
DP 122BFD 110 - 120 BTEX10- 32 165 PAHO8- 20 26
DP 122C 180 - 200 BTEX10- 33 225 PAHO6- 21 47
DP 123A §5 - 60 BTEX10- 34 <1.4
DF 1238 185 - 200 BTEX10- 35 <1.4
DP 124A §5 - 6.0 BTEX10- 36 <1.4 PAHO6- 22 <1.0
DP 1248 190 - 210 BTEX10- 37 «1.4 PAHO6- 23 <1.0
DP 125A 50 - 55 BTEX09- 32 <1.4 PAHO6- 24 <1.0
DP 1258 115 - 120 BTEX09- 33 <1.4 PAHOG- 25 36
DP 126A §5 - 60 BTEX09- 34 <14
P 127A 50 - 60 BTEX0S- 35 <14
DP 127AFD 50 - 6.0 BTEX09- 36 27
DP 1278 205 - 21.0 BTEX0S- 37 <14
DP 128A 50 - 60 BTEX11- § <14 PAHO7- § <1.0
DP 128AFC 5.0 - 60 BTEX11- 6 <1.4 PAHO7- 6 <1.0
DP 1288 205 - 21.0 BTEX11- 7 <14 PAHO7- 7 <1.0
DP 120A 50 - 55 BTEX11- 8 <1.4
DP 130A 40 - 45 BTEX11- 9 <14
DP 130AFD 4.0 - 45 BTEX11- 10 <1.4
DP 131A 45 - 50 BTEX11- 1 <1.4 PAHO7- 8 <1.0
DP 132A 45 - 50 BTEX11- 12 <14
DP 132B 115 - 120 BTEX11- 13 <1.4
DP 133A 55 - 65 BTEX11- 14 <1.4 PAHO7- 9 <1.0
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Appendix A Immunoassay Results
Somple#  Deoth ffeel) BIEXLabPatch# BYEX(ppm) PAHLlabBatch#  PAH (ppm)

DP DO1A 40 . 60 BTEXO01- 1 <14 PAHO1- 1 <10
DP 133AFD 55 - 65 BTEX11- 15 <1.4 PAHO7- 10 <1.0
DP 134A 60 - 65 BTEX11- 16 <14

DP 1348 115 - 120 BTEX11- 17 <14

DP 1354 60 - 65 BTEX11- 18 <14 PAHO7- 11 >5.0
DP 1358 85 - 90 BTEX11- 19 <14 PAHO7- 12 <10
DP 136A 55 - 6.0 BTEX11- 20 <14 PAHO7- 13 <10
DP 136B 95 - 100 BTEX11- 21 <14 PAHO7- 14 <10
DP 137A 40 - 50 BTEX11- 22 <14

DP 137AFD 4.0 - 50 BTEX11- 23 <1.4

DP 137B 85 - 10.0 BTEX11- 24 <14

DP 138A 45 - 50 BTEX11- 25 1.4 PAHO7- 15 <1.0
DP 138B 85 - 100 BTEX11-26 <14 PAHO7- 16 <10
DP 139A 55 - 60 BTEX11- 27 <14

DP 1398 105 - 1.0 BTEX11- 28 <1.4

DP 140A 40 - 50 BTEX11- 29 <1.4 PAHO7- 17 <10
DP 140AFD 40 - 50 BTEX11- 20 <1.4 PAHO7- 18 <10
DP 1408 105 - 11.0 BTEX11- 31 <1.4 PAHO7- 19 <1.0
DP 140C 145 - 150 BTEX11- 32 <1.4 PAHO7- 20 <1.0
DP 141A 55 - 6.0 BTEX11- 33 <14

DP 141B 115 - 120 BTEX12- 5 <1.4

DP 141B 115 - 120 BTEX15- 5 <14

DP 142A 55 - 60 BTEX12- 6 <1.4 PAHO7- 21 <1.0
DP 142A 55 - 6.0 BTEX15- 6 <1.4

DP 142B 1.5 - 120 BTEX12- 7 <1.4 PAHO7- 22 <10
DP 142B 115 . 120 BTEX15- 7 <14

DP 143A 55 - 60 BTEX12- 8 <1.4

DP 143A 55 - 60 BTEX15- 8 <14

DP 143B 115 - 120 BTEX12- 9 <1.4 PAHOT7- 23 <10
DP 1438 11.5 - 120 BTEX15- 9 <14

DP 144A 55 - 60 BTEX12- 10 <14

DP 144A 55 - 6.0 BTEX15- 10 <14

DP 144B 100 - 105 BTEX12- 11 <1.4

DP 144B 100 - 105 BTEX15- 11 <14

DP 145A 55 . 6.0 BTEX12- 12 <14 PAHO7- 24 <10
DP 145A 55 - 60 BTEX15- 12 <14

DP 145B 11.0 - 120 BTEX12- 13 <1.4 PAHO7- 25 <1.0
DP 1458 110 - 120 BTEX15- 13 <14

DP 145BFD  11.0 - 120 BTEX12- 14 <1.4 PAHO7- 26 <10
DP 145BFD  11.0 - 12.0 BTEX15- 14 <1.4

DP 146A 50 - 60 BTEX12- 15 <14 PAHO7- 27 <10
DP 146A 50 - 6.0 BTEX15- 15 8.4

DP 1468 105 - 1.0 BTEX12- 16 <1.4 PAHO7- 28 >5.0
DP 146B 105 - 11.0 BTEX15- 16 >30

DP 147A 55 - 60 BTEX13: 17 <14 PAHO7- 20 <10
DP 147A 55 - 6.0 BTEX15- 17 <1.4

DP 147B 105 - 11.0 BTEX12- 18 <14 . PAHD7- %0 <10
DP 147B 105 - 11.0 BTEX15- 18 <1.4

DP 148A 55 - 6.0 BTEX12- 19 <14 PAHO7- 31 5.0
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Appendix A Immunoassay Results

Sample#  Depth (feet) BTEXLabBatch# BTEX(pom) PAHLabBatch#  PAH (ppm)
DP 001A 40 - 6.0 BTEXO1- 1 <1.4 PAHO1- 1 <10
DP 148A 55 - 60 BTEX15- 19 >30
DP 148B 100 - 11.0 BTEX12- 20 <14 PAHO7- 32 >5.0
DP 148B 100 - 11.0 BTEX15 20 >30
DP 149A 55 - 60 BTEX12- 21 <14 PAHO?- 33 >5.0
DP 149A 55 - 6.0 BTEX15 21 >30
DP 149B 10.0 - 11.0 BTEX12- 22 <14 PAHOB- 5 3.2
DP 1458 100 - 110 BTEX15 22 <1.4
DP 150A 55 - 60 BTEX12- 23 <14 PAHOB- 6 <1.0
DP 150A 55 - 60 BTEX15- 23 >30
DP 1508 105 - 1.0 BTEX#2- 24 <14 PAHOB- 7 <10
DP 150B 105 - 11.0 BTEX15- 24 <1.4
DP 151A $5 - 60 BTEX12- 25 <14
DP 151A 55 - 6.0 BTEX15- 25 48
DP 151B 95 - 100 BTEX12- 26 <1.4
DF 151B 85 - 100 BTEX13- 33 72
DP 151B 85 - 100 BTEX15- 26 79
DP 152a S5 - 6.0 BTEX13- 5 <14
DP 1528 95 - 100 BTEX13- 6 <14
DP 153A S0 - 60 BTEX13- 7 <1.4 PAHOSB- B <10
DP 153AFD S0 - 6.0 BTEX13- 8 <14 ' PAH0B- @ <1.0
DP 153B 100 - 11.0 BTEX13- 9 85 PAHOSB- 10 3.3
DP 1584A 55 - 60 BTEX13- 10 <14
DP 1548 100 - 110 BTEX13- 11 <14
DP 155A S0 - 60 BTEX13- 12 <14
DP 155AFD 50 - 60 BTEX13- 13 <14
DP 1558 105 - 11.0 BTEX13- 14 <14
DP 158A 55 - 60 BTEX13- 15 <1.4
DP 156B 95 - 100 BTEX13- 16 <14
DP 157A 55 - 6.0 BTEX13- 17 <14
DP 1578 85 - 100 BTEX13- 18 <1.4
DP 138A 55 - €0 BTEX13- 19 <14
DP 158B 100 - 110 BTEX13- 20 <14
OP 158BFD 100 - 11.0 BTEX13- 21 <1.4
DP 159A 55 - 6.0 BTEX13- 22 <14
DP 159B ?7 -7 BTEX13- 23 <14
DP 160A 105 - 11.0 BTEX13- 24 <14 PAHOB- 11 <1.0
DP 161A 55 - 6.0 BTEX13- 25 <14 PAHO08- 12 21
DP 161B 105 - 11.0 BTEX13- 26 <14 PAHO08- 13 <1.0
DP 162A 55 - 6.0 BTEX13- 27 <14 PAHOB- 14 <1.0
DpP 162B 100 - 11.0 BTEX13- 28 <14 PAHOB- 15 <1.0
DP 162BFD 100 - 11.0 BTEX13- 29 <14 PAHO8- 16 <1.0
DP 163A 55 - 6.0 BTEX13- 30 <1.4 PAHO8- 17 <1.0
DP 163B 105 - 11.0 BTEX13- 31 <14 PAHOB- 18 <1.0
DP 164A 55 - 6.0 BTEX14- 5 <1.4 PAHOB- 18 <1.0
DP 164B 100 - 110 BTEX14- 6 <14 PAHOB- 20 <10
DP 164BFD 100 - 11.0 BTEX14- 7 <14 PAHOE- 21 <1.0
DP 165A 55 - 6.0 BTEX14- 8 <14
DP 165B 105 - 110 BTEX14- 9 64
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Appendix A Immunoassay Results
Sample#  Deplh (feel) BIEXlabBaich# BTEX(om) PAHLabBatch#  PAH (ppm)

DP O01A 40 - 60 BTEXO1- 1 <1.4 PAHO1- 1 <1.0
OP 166A 55 - 60 BTEX14 10 <14 PAHOB- 22 <10
DP 1668 100 - 110 BTEX14- 11 <1.4 PAHO8- 23 <10
DP 167A 55 - 60 BTEX14 12 <1.4
DP 167B 105 - 110 BTEX14- 13 <14
DP 168A 55 - 6.0 BTEX14- 25 <14 PAHOS- 4 <1.0
DP 1688 110 - 115 BTEX14 26 <1.4 PAHOS- 5 <1.0
DP 168C 190 - 195 BTEX14- 27 <1.4 PAHOS- & <1.0
DP 169A 55 - 60 BTEX14- 28 <14
DP 168B 115 - 120 BTEX16- 4 1.7
DP 17CA 40 - 60 BTEX16- 5 <14 PAHOS- 7 <1.0
DP 170AFD 40 - 60
DP 1708 11.0 - 120 BTEX16- 6 <14 PAHOS- 8 <1.0
DP 170BFD 110 - 120 BTEX16- 7 <14 PAHDS- 9 <1.0
DP 170C 215 - 220 BTEX16- 8 <1.4 PAHOS- 10 <1.0
DP 171A 50 - 60 BTEX16- 9 <1.4
DP 171AFD 50 - 60 BTEX16- 10 <1.4
DP 1718 115 - 120 BTEX16- 11 <1.4
DP 171C 215 - 220 BTEX16- 12 <1.4
DP 172A 55 - 60 BTEX16- 13 <1.4 PAHOS- 11 >5.0
DP 172AFD 55 - 6.0 BTEX16- 14 <1.4 PAHOS- 12 >5.0
DP 1728 100 - 120 BTEX16- 15 <14 PAHOS- 13 >5.0
DP 172BFD 100 - 120
DP 172C 205 - 21.0 BTEX16- 16 s PAHOS- 14 >5.0
DP 173A 40 - 50 BTEX16- 25 <1.4
DP 173AFD 40 - 50 BTEX16- 26 <14
DP 173B 95 - 100 BTEX16- 27 <14
DP 174A 50 - 60 BTEX16- 22 <14 PAHOS- 18 <1.0
DP 174AFD 50 - 60 BTEX16- 23 <1.4 PAHO9- 19 <10
DP 174B 95 - 100 BTEX16- 24 <14 PAHO09- 20 <1.0
DP 175A 55 - 60 BTEX16- 20 <1.4
DP 1758 75 - 80 BTEX16- 21 <1.4
DP 176A 45 - 50 BTEX16- 17 <1.4 PAHO9- 15 13
DP 1768 8.0 - 100 BTEX16- 18 <1.4 PAHOZ- 15 <1.0
DP 176BFD 9.0 - 100 BTEX16- 19 <1.4 PAHOS- 17 <1.0
DP 177A 55 - 60 BTEX16- 28 <1.4
DP 178A 40 - 45 BTEX16- 29 <14 PAHO9- 21 <1.0
DP 179A 50 - 60 BTEX16- 30 <1.4
DP 179AFD 50 - 6.0 BTEX16- 31 <1.4
DP 1798 215 - 220 BTEX16- 32 <14
DP 180A 55 - 60 BTEX16- 33 <1.4
DP 180B 210 - 220 BTEX16- 34 <1.4
DP 180BFD 210 - 220 BTEX16- 35 <14
GRAB1 00 -10 BTEX07- 4 17 PAHO4- 9 >5.0
GRAB-2 00 -10 BTEX07- 5 3.1 PAHO4 10 >5.0
GRAB3 00 -10 BTEX07- 6 <14 PAHD4- 11 13
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