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ACRONYMS ANI) 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

— IRA interim remedial action

IRP Installation Restoration Program

1-30 Interstate Highway 30

Jacobs Jacobs Engineering Group Inc.

JRB Joint Reserve Base

LNAPL light nonaqueous phase liquid

mg/kg milligrams per kilogram

NAS Naval Air Station

NAS Fort Worth Naval Air Station Fort Worth Joint Reserve Base, Carswell
Field

rid not detected

NE northeast

NW northwest

PAR polycyclic aromatic hydrocarbon

ppb parts per billion

ppm parts per million

QC quality control

SE southeast

St. Dev. standard deviation

SW southwest

TNRCC Texas Natural Resource Conservation Commission

TPH total petroleum hydrocarbons

UST underground storage tank
> greater than

less than

pg/kg micrograms per kilogram
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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

system 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 F4 1 624-94-D-8 116, Delivery
— 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 offsite analytical laboratory procedures are also discussed

in this section. Section 3.0 presents a 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 iminunoassay 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 Technical Report (Jacobs 1 995a) that is a companion document to

this Environmental Site Characterization Summary. Each report has been prepared as

H:ACARSWE1LScSEDOC IVI95 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, and 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 areas at the interchange of Interstate

Highway 1-30 (1-30) 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 1-30. 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 Oifsite Weapons Storage Area is primarily rural, although a residential

development is located south of White Settlement Road.

H:WPAR3WELLE$SR.DOC i2/$I9 1-2
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NAS Fort Worth was originally a modest dirt runway built to service the aircraft

manufacturing plant now called Air Force Plant 4. The installation was established in

1942 and was refen-ed to as the Tan-ant 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-52s 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 raise planning process. Drawdown activities were initiated in 1992, and

all aircraft were relocated by Januazy 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 RISTORY OF TUL 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 Installation 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. Kearney, Inc.

H\WPR5LE3cSLDOC 12/V95 1-4



—

1989) and a 1990 investigation by Maxim Engineers, Inc. on a potential JP-4 fuel leak

called wSpot 35$ (Maxim Engineers, Inc. 1990). The latter study documented that

both soil and groundwater had been contaminated and that additional investigations

would be necessaiy to delineate the extent of contamination. No other investigations

have been conducted under the IRP of the fuel hydrant system.

Interim remedial action (IRA) 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 IIYDROGEOLOGY

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

Th\WAC3LLESCSR.DOC 121W 1-5
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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 Quaternaiy m 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

Walnut 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 S 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 flighiline area

groundwater flows toward Farmers Branch (Radian 1991). The area north of the

flighthne area has not been investigated. Hydraulic conductivities determined from

pump tests conducted in groundwater monitoring wells LFO4-02 and LFO4-03

averaged 784 feet per day. This value is within the typical range for clean sand and

gravel deposits (U.S. Geological Survey 1989).

EwpcAR3wEW.Ssc5LDOC Ifl95 1-6



tL.

1.4 PROJECI' OBJECflVES

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:

• 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 polycycic aromatic hydrocarbons (PAHs), and identif' potential areas of
concern requiring further investigation and delineation;

• 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;

• 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

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

JyswELLE5csR.D 1-7



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 ACHVI1LtS

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 immtznoassay

analytical techniques.

2.1.1 Geoprobe Description

The soil probe rig consisted of a Geoprobe unit mounted on the rear of a Kawasaki

wMuleII 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 and 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

aP\CswEii\EScSLDoc 12W 2-1



iL

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 ProbeLocations, 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, drive-point samples 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.

Drive-point locations are shown on Plate 1. At least one iinmunoassay BTEX sample

was collected at every drive-point location. Immunoassay PAN samples were

collected at every other drive-point location, and at changes in pipeline direction.

Immunoassay PAR 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, gross lithology, and stratigraphy. The plastic liner was then

cut into 6-inch or smaller segments for immunoassay BTEX and PAN analysis. After

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-

H:\WMFCARZWLEScSRDOC iz'w 2-2
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—
ounce glass jars. The jars were completely filled; however, because of the stifl 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 chive-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 AenvI111S

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

Din I994aspartoftwolRAs.
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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 distzibution 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 lon& 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 corners

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.
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it

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 evezy 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 a 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.

M:WFtkP')5ScSR.DOC 2-7



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 sampleswere sent to an

offsite laboratory for confirmatory analysis of BTEX by Method SW8020 and PAHs

by Method SW83 10. Samples collected from the UST excavation were analyzed by

the offsite laboratory for ETEX, PANs, and TPH (EPA Method E4 18.1). 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 certitied by the manufacturer as a

qualified analyst. Extractions and analyses were perfoTmed according to the

manufacture?s procedures as given in Appendix A of the Sampling and Analysis Plan

(Jacobs 1 995b), 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 sample collection, and analyzed 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

B:\WJW'CARSWELL\EScSP.DOC 12/95 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, three 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 PAN proficiency samples. Expired PAl-I proficiency samples

were used for analytical batch I (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 3-2). Measured concentrations of PAN 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 PAR proficiency samples A

and B, the problem is believed to be specific to PAl-I proficiency sample C, rather than

to operator or instrument error, which would affect all sample results.

R:\WPAFAR3WEWEScSR.DOC i,vs 3-2
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TABLE 3-1
Analytical Results of BTEXProficiency Samples (ppm)

ppm parts per million
St.De%l. Standard Deviation

Page 1 or 1

3-3

Une Number Sample A Value Sample B Value Sample C Value
I BTEXO1- 34 0.26 BTEXOI- 35 1.05 BTEXOI- 36 4.08
2 BTEXOI- 37 0.22 BTEXOI- 38 1.57 BTEXO1- 39 2.90
3 BTEXO2- 1 0.12 RTEXO2- 2 0.58 BTEXO2- 3 2.15
4 BTEXO2- 22 0.06 BTEXO2- 23 0.47 BTEXO2- 24 1.97
5 BTEXO3- 1 0.14 BTEXO3- 2 0.49 BTX03- 3 1.86
6 BTEXO3- 26 0.35 BTEXO3- 27 1.00 BTEXO3- 28 3.69
7 BTEXO4- 1 0.19 BTEXO4- 2 0.53 BTEXO4- 3 2.58
8 BTEX04 27 0.21 BTEXO4- 28 0.78 BTEXO4- 29 2.52
9 BTEXO5- 1 0.18 BTEXO5- 2 0.63 BTEXO5- 3 206
10 BTEX06 1 0.14 BTEXO5- 31 0.88 BTEXO6- 3 2.42
11 BTEXO7- 1 0.23 BTEXO6- 2 0.57 BTEXO6- 32 2.52
12 STEXOS. 1 0.28 BTEXO6- 31 0.71 BTEXO7- 3 2.96
13 BTEXO8- 32 0.42 BTEXO7- 2 0.79 BTEXOB- 3 2.37
14 BTEXO9- 1 0.15 BTEXO8- 2 0.75 BTEXO8- 34 2.57
15 BTEX1D- 1 0.17 BTEXO8- 33 0.91 BTEXO9- 3 2.15
18 BTEXII- 1 0.16 BTEXO9- 2 0.65 BTEXID- 3 2.27
17 BTEX12- 1 0.13 BTEX1O- 2 0.72 BTEX11- 3 2.81
18 BTEXI2- 28 0.23 BTEXII- 2 0.62 BTEXI2- 3 1.97
19 BTEX14- 1 0.22 BTEX12- 2 0.57 BTEX12- 30 2.32
20 BTEXI4- 22 0.20 BTEXI2- 29 0.82 BTEX14- 3 2.23
21 BTEXI5- 1 0.22 BTEXI4- 2 0.69 BTEX14- 24 2.38
22 BTEX15- 28 0.32 BTEX14- 23 0.79 BTEX15. 3 2.26
23 BTEX16- 1 0.27 BTEX15- 2 0.71 BTEXIS- 30 2.83
24 BTEX16- 37 0.30 BTEXI5- 29 0.95 BTEXI6- 3 2.47
25 BTEXI6- 2 0.79 BTEXIB- 39 2.62
26 BTEXI6- 38 1.01

Average 0.22 0.77 2.52
St.Dev. 0.08 0.23 0.51

BTEX benzene, toluene, eth4benzene, .nd xØene
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TABLE 3-2
Analytical Results of PAH Proficiency Samples (ppm)

Une Number Saip A Value Sample B Value Sam pe C Value
* PAHOI- 25 30.3 PAHOI- 26 44.5 PAHOI- 27 239

2 • PAHOI- 28 407 PAHO1- 29 683 PAHO1- 30 855
3 PAHO2- 1 3.04 PAHO2- 2 14.6 PAHO2- 3 281
4 PAHO2- 30 1.61 PAHO2- 32 15.0 PAHO2- 33 28.5
5 PAHQ2- 31 3.43 PAHO2- 37 14.1 PAHO2- 38 26.9
6 PAHO2- 36 2.93 PAHO3- 2 13.8 PAHO3- 3 39.2
7 PAHO2- 36 2.93 PAHO3- 29 12.3 PAHO3- 30 32.9
8 PAHO3- 1 5.43 PAHO4- 2 17.9 PAHO4. 3 32.6
9 PAHO3- 28 1.50 PAHO4- 29 18.6 PAHO4- 30 432

10 PAHO4- 1 4.06 PAHO5- 2 32.8 PAHO5- 3 39.8
11 PAHO4- 28 5.06 PAl-lOS- 28 32.8 PAHO5- 29 60.1
12 PAHO5- 1 10.0 PAHO6- 2 22.1 PAl-LOG- 3 50.5
13 PANO5- 27 7.99 PAHO6- 28 25.8 PAHO6- 29 52.6
14 PAHO6- 1 4,69 PAHO7- 2 22.9 PAHD7- 3(e) 1.04
15 PAHO6- 27 5.07 PAHO7- 35 24.1 PAHO7- 36 61.7
16 PAHO7- 1 4.43 PAHO8- 2 22.7 PAHO6- 3 81.6
17 PAHOB- 1 5.72 PAHOB- 32 25.0 PAHOB- 33 76.5
18 PAHO7- 34 5.06 PAHO9- 2 24.3 PAHO9- 3 79.8
19 PAHO8- 31 5.23 PAHO9- 25 25.7 PAHO9- 26 89.2
20 PAHO9- 1 3.75
21 PAHO9- 24 5.02

Average 4.6 21.4 51.4
St.Dev. 2.0 6.3 21.1

PAH • poycyck arornic hydrocwtion

ppmp.rmILon
St.Dsv. • Standard Deviatton

= LIss I and 2 ire .xcuded from calculations (PAIl batch I)

(e) ppettug error during pro.g of profic4.nci sample;.- — from

ivs Page 1 of I
3-4
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FIGURE 3-1
Measured BTEX Concentrations in Proficiency Samples
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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
—

of0.00 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 identied.

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-A1 02206), 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.

H:\WppCARSWEU.Esc5LDOC nw 3-7



TABLE 3-3

Analytical R.sutts from Station C Excavation

Total P.trolsum
Hydrocarbons

Total BTEX
(Method $020)

Polynucisark
Hydrocarbons
(Method $310)

Sample Plumb..-
FW-A 101901

Location -
Tank4

(Method 418.1) mg!kg
rid

.JL
rid

p91kg
rid

FW-A 101902 Tank 5 nd nd Antiwacene - 200
Denzo (a)
Mthracene -210
Fkaoranlhene - 850
Pwene - 620

FW-A 101903 Tank 6 rid rid Benzo (a)
Anthracene - 570
Fkioranthene- 1200
Pyi-ene - 750

FW-A 101904 Tank 1 66 nd Pyrene - 380
FW-A 101905 Tank 2 440 rid rid
FW-A 101906 Tank 3 rid rid Fk,oq.nthene -84
FW-A 101907 Excavation NE Sidewall rid rid nd
FW-A 101908 Excavation NE Sidewall rid rid nd
FW-A 101909 Excavation North Corner nd rid nd
FW-A 102201 Excavation NW Sidewall rid rid rid

FW-A 102202 Excavation NW Sidewall 110 rid

Fkjoranthene - 400
Napthalene - 380
Pyrene - 240

FW-A 102203 Excavation West Corner rid nd nd
FW-A 102204 EXCIVS1IOn SW Sidewall rid rid rid
FW-A 102705 Excavation SW Sidewall nd rid rid
FW-A 102206 Excavation South Corner nd rid Napthalene - 4100
FW-A 102207 Excavation SE Sidewall 330 rid rid
FW-A 102208 Excavation SE Sidewall rid nd nd
FW-A 102209 Excavation East Corner rid rid rid

Notes:
nd • not detected
NE north.a.t

NW = noresst
SE
SW souew.st

mgIlcQ = migramsflcIogram
pg/kg • microgams per kogram

iviii Page 1 of I
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3.1.2.2 Soil Stocknile 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 3-4
Analytical Results

from Soil Stockpile Number I

Sample Number
—

Total Petroleum
Hydrocarbons
(Method 418.1)

mg/kg

BTEX
Method (SWBO2O)

&gIkg
FW-A 101601 353 rid

FW-A 101602 nd rid
FW-A 101603 nd rid
FW-A 101604 111 rid
FW-A 101605 rid rid
FW-A 101606 rid rid
FW-A 101607 rid rid
FW-A 101608 794 rid
FW-A 101701 92 rid

FW-A 101702 rid rid

Notes:
mg/kg = milligrams per kilogram

rid not detected
= micrograms per kilogram

KWAFCAR3WEU.'E3C3LDOC 12111195 3-9



TABLE 3-5
Analytical Results

from Soil Stockpile Number2

Total Petroleum
Hydrocarbons BTEX
(Method 418.1) Method (8W8020)

Sample Number mgllcg gIkg
FW-A 101703 1200 nd
FW-A 101704 200 nd
FW-A 101705 41 rid
FW-A 101706 763 nd
FW-A 101707 184 nd
FW-A 101708 497 nd
FW-A 101801 264 rid
FW-A 101802 682 nd

FW-A 101803 nd nd

FW-A 101804 225 nd

FW-A 101805 394 nd
FW-A 101806 498 nd

TABLE 3-6
Analytical Results

from Soil Stockpile Number 3

Total Petroleum
Hydrocarbons BTEX
(Method 418.1) Method (SW8020)

Sample Number mglkg pg/kg
FW-A 102301 nd rid
FW-A 102302 220 nd
FW-A 102303 170 nd
FW-A 102304 110 rid
FW-A 102305 130 nd
FW-A 102306 220 rid
FW-A 102307 460 nd
FW-A 102308 450 rid
FW-A 102309 240 nd
FW-A 102401 39 nd
FW-A 102402 610 rid
FW-A 102403 280 nd

H:\W!'hAP'CARWELLESCSRDOC 12/11195 3-10
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3.1.2.3 Geonrobe Results

An offsite analyticaj laboratory was used for confirmation of the immunoassay field

screening results. BTEX (SW8020) and PAR (SW83 10) 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:

• Equipment Blanks - analyzed for BTEX and PAHs; and

• 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 (SWS3 10) 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.

l4:\wPW'3WaLEScSR.Doc I219 3-11



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 BTEXand PAH compounds in soil samples.

Table 3-7 compires BTEX and PAH immunoassay results with results fromthe offsite

laboratory. Table 3-7 shows that on a qualitative level there is good comparability

between the unmunoassay 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 PAils detected in these

samples. HNu readings for these sample intervals did indicate the presence of

ionizable compounds.

lmmunoassay 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 1 50B, DP 11 2C, and DP I 72B 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

I 72B, 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.

H:WP%.U'CAR5WL\EScSk.DOC 12119 3-12
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::,1 .

—
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 vanation 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 1 lB

and DP I IFD (field duplicate) for which BTEX was reported as not detected and 0.18

ppm, respectively.

—

BTEX Results (ppm) PAH Results (ppm)

Sample
Number

Immunoassay Offsite
Laboratory

Immunoassay Offsite
Laboratory

1725 <1.4 3.99 >5.0 8.03

I72BFD nd 1.94

BTEX and PA.H 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:

• 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

• verifying that comparable moisture content was present in both the sample and
duplicate by visually screening the soil in the drive-point sample sleeve.
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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 I 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 I are DP I through Dl' 13, Dl' 48, Dl' 50

through DP 54, and Dl' 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.

1vw 3-16



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 flieS pipeline and pumping station E that serviced the

Alert Apron.

Areas 5 through 8 are pumping stations A, B, C, and D.

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

—
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 PAll was detected at soil probe locations DP 3 and

DP 176 at depths of 18 to 18.5 and 4.5 to 5.0 feet bgs, respectively. The PAN

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 fuel 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

B:W3LUEScSPDoC ni 3-17
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hoiizon. 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 I and 2. HNu readings taken on samples collected from soil probes in Area 2

ranged from I 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 poorly 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 relatively 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

2010 22 feet bgs to the southeast of the bedrock high. Northwest of the bedrock high
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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 }INu results, and stratigraphy for Area 3 are

depicted on Plates I 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)

— The Aiert 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 I 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 PAils. 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 PAl-Is in

DP 161 at 2.1 ppm. Positive detections for the Alert Apron are illustrated in

Figure 3-3. Complete analytical results are presented 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 R.ainp 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 corner

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 5 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 (Lealdng Petroleum Storage Tank No. 1OS712)

Station B is located approximately 700 feet northwest of station A. Pumping stationB

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 horizon, 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 PAils were detected by unmunoassay in probe DP 105 at 21.5 to

22 feet bgs. The concentrations of BTEX and PAils 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 collected 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 USIa, 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 S 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 0-0', 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 iminunoassay 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 DPIO8, DP 109, 1)P 168, and DP 169. 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 presents preliminary conclusions based on the findings detailed in
— Section 3.0.

4.1 UNDERGROUND STORAGE TANK REMOVAL EXCAVATION
CONCLUSIONS

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 1 - 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 PARs, 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.
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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 joints 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 Area 2- 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 1)0, DP

J 12, 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

Marme 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 5- 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 likely 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 PAils 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 PANs on the northwest side and north corner 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 corner 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 corner and the southeast sidewall of the tank

excavation also contained detectable concentrations of TPH and PAHs. Results from
—

sanplescollècted 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 corner of the tank removal excavation.

HNu readings 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 signicant.

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 PAils may not be

detectable as constituents of the fuel as it exists in the environment. Examples of this

occuning 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 IlNu 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 Area 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
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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 release 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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Appendix A Immunoassay Results

D.cth ul'eeO BTEX Lab Batch # BTEX (oqr) PAH Lab Batch # PAH (pccn)

DP OOIA 4.0 - 6.0 BTEXO1-1 <1.4 P4HO1- 1 <1.0

OP OOIB 13.5 14.0 8TX01- 2 <1.4 PAHOI- 2 <1.0

OP OOIC 22.5 - 23.0 BTEXO1- 3 <1.4 PAHOI- 3 <1.0

OP 002A 6.5 - 7.0 BTX01- 4 <1.4

DP 0026 11.5 - 12.0 BTE.X01 - 5 ci .4
OP 002C 16.5 - 17.5 BTEXO1- 6 <1.4

DP 003A 6.5 - 7.0 BTE.X01- 7 <1.4 PAHOI- 4 <1.0

DP OB 12.0 - 1Z5 BTEXOI- 8 <1.4 PAHOI- 5 <1.0

OP 003C 18.0 - 18.5 BTEXO1- 9 <1.4 PAHOI- 6 >5.0

OP 004A 6.5 - 7.0 BTEXO1- 10 <1.4

OP 0048 16.5 - 17.0 BTEXO1- 11 "1.4
DP 005A 6.5 - 7.0 BTEXO1- 12 "1.4 PAHO1- 7 "1.0
OP 006A 5.0 - 6.5 BTEXO1- 13 <1.4 PAHO1- 8 <1.0

OP 006B 11.0 - 12.5 BTEXO1- 14 <1.4 PAHO1- 9 <1.0

OP 007A 5.0 - 7.0 BTEXO1- 15 <1.4

OP 007B 11.5 - 12.0 BTEXO1- 16 <1.4

DP 008A 6.5 - 7.0 BTEXO1- 17 <1.4 PAHO1- 10 <1.0

DP 0086 11.5 12.0 BTEXOI- 18 <1.4 PAHO1- 11 <1.0

OP 009A 6.5 - 7.0 BTEXOI- 19 <1.4 PAHOI- 12 <1.0

OP OIOA 5.0 - 5.5 BTEXO1- 20 <1.4

DPO1OB 11.0 -11.5 BTEXOI-21 <1.4

DPOIOC 11.0-11.5 BTEXO1-22 <1.4

DP O11A 5.0 - 5.5 BTEXO1- 23 <1.4 PAHOI- 13 "1,0

DP 0118 12.5 - 13.0 BTEXO1- 24 <1.4 PAHO1- 14 <1.0

OP O1IBFD 12.5 - 13.0
DP 012A 4.0 - 6.0 STEXOS- 8 <1.4

DP 0128 12.5 - 13.0 BTEXO5- 9 <1.4

DP 013A 6.5 - 7.0 BTEXOI- 25 <1.4

DP 013B 21.5 - 22.0 BTEXO1- 26 '1.4
DP 014A 5.0 - 5.5 BTEXOI. 27 <1.4 PAHO1- 15 <1.0

OP 014B 22.5 - 23.0 BTEXO1- 28 '1.4 PAHO1- 16 <1.0

OP 015A 5.0 - 6.0 BTEXOI- 29 <1.4

OP 0158 21.5 - 22.0 BTEXOI- 30 <1.4

OP 016A 5.0 6.0 BTEXO5- 4 7.6 PAHO3- 4 >5.0

DP O16AFD 5.0 - 6.0 BTEXO5- 5 <1.4 PAHO3- 5 1.4

DP 016B 13.0 - 14.0 BTEXO5- 6 16.6 PAHO3- 6 >5.0

OP 016C 19.0 - 19.5 BTEXO5- 7 22.7 PAHO3- 7 '5.0
DP 017A 6.5 - 7.0 BIEXOI- 31 <1.4 PAHOI- 17 1.2

OP 0178 6.5 - 7.0 BTEXO1- 32 <1.4 PAHOI- 18 '1.0
OP 017C 13.5 14.0 BTEXOI- 33 <1.4

OP 018A 6.5 - 7.0 BTEXO2- 4 <1.4 PAHO1- 19 '1.0
DP 018B 18.5 - 19.0 BTEXO2- 5 <1.4 PAHO1- 20 '1.0
OP 019A 5.5 - 6.0 BTEXO2- 6 <1.4 PAHO1- 21 <1.0

DP 019B 11.5 - 12.0 BTEXO2- 7 <1.4 PAHO1- 22 1.2

DP 019C 17.5 - 18.0 BTEXO2- 8 4.9 PAHO1- 23 3.8

DP 020A 5.5 - 6.0 BTEXO2- 9 <1.4

OP 0206 18.5 - 19.0 BTEXO2- 10 - <1.4

DP 021A 7.5 - 8.0 BTEXO2- 11 <1.4

DP 021B 23.5 24.0 BTEXO2- 12 <1.4
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Appendix A Immunoassay Results
Samc4e I Deoth ffeet STEX Lab Batcfi I BIEX (om PAH Lab 8atch # ijjppj

DP OOIA 4.0 - 6.0 BTEXOI- 1 <1.4 PAHO1- 1 <1.0

OP 022A 5.0 5.5 BTEXO2- 17 <1.4 PAHO2- 7 <1.0

OP O22AFD 5.5 - 6.0 BTEXO2- 18 '1.4 PAHO2- 8 '1.0
OP 022C 23.5 - 24.0 BTEXO2- 16 <1.4 PAHO2- 6 "1.0
OP 023A 4.0 - 6.0 BTEXO2- 13 <1.4 PAHO2- 4 <1.0

OP 0238 18.0 - 18.5 BTEXO2- 14 '1.4 PAHO2- 5 '<1.0

OP 024A 8.5 - 9.0 BTEXO2- 15 <1.4

OP 024B 23.5 - 24.0 BTEXO2- 19 <1.4

OP 025A 5.5 - 6.0 BTEXO2- 20 .4

OP 025B 20.5 - 21.0 BTEXO2- 21 <1.4

OP 026A 5.0 - 5.5 BTEXO3- 4 <1.4 PAHO2- 9 <1.0

OP 026B 20.5 - 21.0 BTEXO3- 5 <1.4 PAHO2- 10 <1.0

OP 027A 5.5 - 6.0 BTE.X03- 6 <1.4

OP 0278 18.5 - 19.0 BTEXO3- 7 <1.4

DP 028A 5.0 - 6.0 BTEXO3- 8 <1.4

OP 0268 5.0 - 6.0 BTEXO3- 9 "1.4

DP 028C 17.0 - 18.0 BTEXO3- 10 <1.4

OP 029A 5.5 - 8.0 BTEXO3- 11 <1.4

OP 0298 18.0 - 19.0 BTEXO3- 12 '1.4
OP 030A 5.5 - 6.0 BTEXO3- 13 3.7 PAHO2- 11 <1.0

OP 030B 19,0 - 20.0 BTEXO3- 14 <1.4 PAHO2- 12 <1.0

OP 031A 5.5 - 6.0 BTEXO3- 15 "1.4
OP 031B 19.0 - 20.0 BTEXO3- 16 1.4

OP 032A 5.5 - 6.0 BTEXO3- 17 1.5

OP 032B 23.0 - 23.5 BTEXO3- 18 2
DP 033A 5.5 - 6.0 BTEXO3- 19 <1.4 PAHO2- 13 '1.0
OP O33AFD 5.5 - 6.0 BTEXO3- 20 2.5 PAHO2- 14 <1.0

DP 033B 17.0 - 18.0 BTEXO3- 21 <1.4 PAHO2- 15 '<1.0

OP 034A 5.5 - 6.0 BTEXO3- 22 <1.4 PAHO2- 16 <1.0

DP 035A 5.5 - 6.0 BTEXO3- 23 <1.4

DP 035B 12.0 - 14.0 BTEXO3- 24

DP 035C 22.0 - 23.0 BTEXO3- 25 <1.4

OP 036A 5.5 - 6.0 BTEXO4- 4 <1.4 PAHO2. 17 <1.0

OP 0368 22.0 .. 23.0 8TEXO4- 5 '<1.4

OP 037A 5.0 - 6.0 BTEXO4- 6 <1.4 PAHO2- 18 <1.0

OP 037AF0 5.0 - 6.0 BTEXO4- 7 <1.4 PAHO2. IS <1.0

DP 037B 22.0 - 23.0 BTEXO4- 8 <1.4 PAHO2- 20 <1.0

OP 038A 4.0 - 6.0 BTEXO4- 9 <1.4

DP 0388 22.0 - 23.0 BTEXO4- 10 <1,4

OP 039A 5.5 - 6.0 BTEXO4- II <1.4 PAHO2- 21 <1.0

OP 0398 24.0 - 25.0 BTEXO4- 12 <1,4

OP 040A 5.5 - 6.0 BTEXO4- 13 <1.4 PAHO2- 22 <1.0

OP 040B 22.5 - 23.5 BTEXO4- 14 <1.4 PAHO2- 23 <1.0

OP 041A 5.5 - 6.0 BTEXO4- 15 '1.4
OP O4IAFD 5.5 - 6.0 BTEXO'4- 16 <1.4

OP 041B 22.5 - 23.0 BTEXO4- 17 "1.4
OP 042A 5.5 - 6.0 BTEXO4- 23 <1.4 PAHO2- 26 '1.0
OP 042B 21.0 - 22.0 BTEXO4- 24 <1.4 PAHO2- 27 <1.0

OP 043A 5.5 - 6.0 BTEXO4- 18 <1.4 PAHO2. 24 "1.0
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Appendix A Immunoassay Results
SamSe # Deoth IfS) BTEX Lab BMcti # BTEX (oocn) PAH Lab Batch # PAH (porn)

OP OOIA 4.0 - 6.0 BIEXOI- 1 <14 PAHOI- 1 <1.0

DP 0436 20.5 - 21.0 BTEXO4- 19 <1.4 PAHO2- 26 <10

OP 044A 5.5 - 6.0 BTEXO4- 20 <1.4

OP 0446 11.0 - 13.0 BTEXO4- 21 <14

OP 044C 21.0 - 22.0 BTEXO4- 22 <IA
OP 045A 5.5 - 6.0 BTEXO4- 25 <1.4 PAHO2- 26 <1.0

DP 0458 22.5 - 23.0 BTEXO4- 26 <1.4 PAHO2- 29 <1.0

DP 046A 5.5 - 6.0 BTEXO5- 10 <1.4 PAHO3- 8 <1.0

DP 0466 10.0 - 10.5 BTEXOS- 11 <1.4 PAHO3- 9 <1.0

DR 047A 5.0 - 5.5 BTEXOS- 12 <1.4

OP 0478 19.0 - 20.0 BTEXOS- 13 <1,4

DR O47BFD 19.0 - 20.0 BTEXOS- 14 '<1.4

DR 048A 5.5 - 6.0 BTEXOS- 15 <1.4 PAHO3- 10 <1.0

OP 0486 19.5 - 20.0 BTEXO5- 16 <1.4 PAHO3- II <1.0

OP 049A 5.5 - 6.0 BTEXO5- 17 <IA PAHOS- 12 <1.0

OP 0498 21.5 - 22.0 BTEXOS- 18 <lA PAHOS- 13 <1.0

OP OSOA 4.5 - 5.0 BTEXO5- 19 <lA PAHOS- 14 <1,0

OP 0508 9.5 - 10.0 BTEXO5- 20 <lA P4AHOS- 15 '<1.0

OP OSIA 4.5 - 5.0 BTEXO5- 21 <lA
OP 0518 8.0 - 9.0 8TEXO5- 22 <lA
OP 051 BFO 8.0 - 9.0 BTEXO5- 23 <1.4

OP 052A 5.5 - 6.0 BTEXO5- 24 <lA PAHO3- 16 <1.0

OP 053A 3.0 - 3.5 BTEXO5- 25 <lA PAHO3- 17 '<1.0

OP 0538 5.5 - 6.0 BTEXO5- 26 <lÀ
OP 054A 5.5 - 6.0 BTEXO5- 27 1.5 PAHO3- 18 <1.0

OP 0548 11.5 - 12.Ô BTEXO5- 28 <lÀ PAHO3- 19 <1.0

OP 055A 5.0 - 6.0 BTEXOS- 29 <1.4

DR 0556 21.5 -22.0 BTEXO5-30 <lÀ
OP 056A 5.0 - 6.0 BTEXOG- 4 <1.4

OP OS6AFO 5.0 - 6.0 BTEXO6- 5 <1.4

OP 0568 21.5 - 22.0 BTEXO6- 6 <lA
DP 057A 5.5 - 6.0 BTEXO6- 7 '<1.4

OP 0576 21.0 - 21.5 BTEXO6- 8 <IA
OP 058A 5.5 - 6.0 BTEXO6- 9 <lA PAHO3- 20 <1.0

DP 0586 21.5 - 22.0 BTEXO6- lO '<1.4 PAHO3- 21 <1.0

OP 059A 5.5 - 6.0 BTEXO6- 11 <1.4

OP 0596 21.5 - 22.0 BTEXO6- 12 <lÀ
OP 060A 5.0 - 6.0 BTEXO6- 13 <1.4 PAHO3- 23 <1.0

OP O6OAFO 5.0 - 6.0 BTEXO6- 14 <1.4 PAHO3- 24 <1.0

OP 0606 21.5 - 22.0 BTEXO6- 15 '<lÀ PAHO3- 25 <1.0

OP 061A 4.0 - 6.0 BTEXO6- 16 • <lA PAHO3- 26 <1.0

OP 061 AFO 4.0 - 6.0
OP 0616 21.5 - 22.0 BTEXO6- 17 <lÀ PAHO3- 27 <1.0

OP 062A 5.5 - 6.0 BTEXO6- 18 <IA

OP 0628 21.5 - 22.0 BTEXO6- 19 <lÀ

OP 063A 5.5 - 6.0 BTEXO6- 20 <1.4

OP 0638 21.5 - 22.0 BTEXO6- 21 <1.4

DR 064A 5.5 - 6.0 BTEXO6- 22 <1.4

OP 0648 21.5 - 22.0 BTEXO6- 23 <lÀ
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Appendix A Immunoassay Results
Same I Death (ted) BTEX lab Batch I BTEX (DDm' PAH lab Batch # EA]:UPPrn)

DP OO1A 4.0 - 6.0 BTEXO1- 1 <1.4 PAHOI- I <1.0

OP 065A 5.5 - 6.0 BTEXO6- 24 <1.4 PAHO4- 4 <1.0

DP 0658 21.5 22.0 BTEXO6- 25 <1.4 PARO4- 5 <tO
OP 066A 4.0 - 4.5 BTX06- 26 '1.4
OP 0668 21.5 - 22.0 BTEXO6- 27 <1.4

OP 067A 4.5 - 5.0 BTEXO6- 28 <1.4 PAHO4- 6 '1.0
OP 0678 21.0 - 22.0 BTEXO6- 29 <1.4 PAHO4- 7 <1.0

OP 0678F0 21.0 - 22.0 BTEXO6- 30 <1.4 PAHO4- 8 <1.0

OP 06&. 4.5 - 6.0 BTEXO7- 7 <1.4

OP 0688 22.0 - 22.5 BTEXO7- 8

OP 069A 4.5 - 5.0 BTEXO7- 9 '1.4 PAHO4- 12 <1.0

DR 069B 21.5 - 22.0 BTEXO7- 10 <1,4 PAHO4- 13 <1.0

OP 070A 5.5 - 6.0 BTEXO7- 11 <1.4 PAHO4- 14 <1.0

DP 070B 23.0 - 24.0 BTEXO7- 12 <1.4 PAHO4- 15 <1.0

OP O7OBFD 23.0 - 24.0 BTEXO7- 13 <1.4 PAHO4- 16 <1.0

OP 071A 6.0 - 6.5 BTEXO7- 14 <1.4 PAHO4- 17 <1.0

OP 0718 25.5 - 26.0 BTEXO7- 15 <1.4 RAHO4- 18 '1.0
OP 072A 5.5 - 6.0 8TEXO7- 16 <1.4

OP 072B 22.5 - 23.0 BTEXO7- 18 <1.4 PAHO4- 19 <1.0

OP 073A 5.5 - 6.0 BTEXO7- 21 <1.4 PAHO4- 22 '1.0
OP 073B 6.5 - 8.0 BTX07- 22 <1.4 PAHO4- 23 '1,0
DR 073C 21.0 - 23.0 BTEXO7- 23 <1,4 PAHO4- 24 <1.0

OP 074A 5.5 - 6.0 BTEXO7- 24 <1.4

DP 074B 22.5 - 23.0 BTEXO7- 25 <1.4

OP 075A 5.5 - 6.0 BTEXO7- 17 <1.4

OP 075B 22.5 - 23.0 BTEXO7- 19 <1.4 PAHO4- 20 <1.0

OP O75BFD 22.5 - 23.0 BTEXO7- 20 <1.4 PAHO4- 21 <1.0

OP 076A 5.0 - 5.5 BTEXO7- 26 <1.4 PAHO4. 25 <1.0

DR 076B 21.5 - 22.0 BTEXO7- 27 <1.4 PAHO.4-. 26 <1.0

OP 077A 5.5 - 6.0 BTEXO7- 28 <1.4

OP 077B 22.5 - 23.0 BTEXO7- 29 <1.4

OP 078A 5.5 - 6.0 RTEXO7- 30 <1.4

OP 078B 21.5 - 22.0 BTEXO7- 31 <1.4

OP O78BFD 21.5 - 22.0 BTEXO7- 32 <1.4

DR 079A 5.5 6.0 BTEXO7- 33 <1.4 PAHO4- 27 <1.0

OP 080A 5.5 - 6.0 BTEXO8- 4 <1.4 PAHO5- 4 <1.0

OP 081A 5.5 - 6.0 BTEXO8- 5 <1.4 PAHO5- 5 <1.0

DR 082A 5.0 - 6.0 BTEXO8- 6 '1.4
OP O82AFD 5.0 - 6.0 BTEXO8- 7 <1.4

OP 083A 5.5 - 6.0 BTEXO8- 8

DR 084A 4.5 - 5.0 BTEXOB- 9 <1.4

OP 085A 5.5 - 6.0 BTEXO8- 10 <1.4 PAHO5- 6 <1.0

OP 086A 4.5 - 5.0 BTEXO8- 11 <1.4

OP 087A 4.5 - 5.0 BTEXO8- 12 <1.4

OP 088A 4.5 - 5.0 BTEXO8- 13 <1.4 PAHOS- 7 '1.0
OP 089A 4.5 - 5.0 BTEXO8- 14 <1.4

OP 090A 4.5 - 5.0 BTEXO8- 15 <1.4 PAHOS- 8 <1.0

DR 091A 4.0 - 5.0 BTEXO8- 16 <1,4

OP O91AFD 4.0 - 5.0 BTEXO8- 17 <1.4
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Appendix A Immunoassay Results
SWTde# Decl(tI (feet) BTEX Lab Batth # IJRP PAH Lab Batch S PAH (oqn)

DP OOIA 4.0 - 6.0 BTEXOI- 1 <1.4 PAHO1- 1 <1.0
—

DP 092A 4.5 5.0 BTEXO8- 18 <1.4 PAHO5- 9 2.0
OP 092B 18.5 - 19.0 BTEXO8- 19 <1.4 PAHO5- 10 <1.0

DR 093A 6.5 - 7.0 BTEXO8- 20 <1.4 PAHO5- 11 <1.0

OP 093B 18.0 - 18.5 BTEXO8- 21 '1.4 PAHO5- 12 <1.0

DP 094A 4.0 - 4.5 BTEXO8- 23 1.4

DP 0948 16.5 - 17.0 BTEXO8- 22 <1.4

DP 095A 3.0 - 3.5 BTEXO8- 24 <1.4

OP 0958 9.5 - 10.0 BTEXOS- 25 <1.4

DP 096A 3.5 - 4.0 BTEXO8- 26 <1.4

DR 0968 9.5 - 10.0 BTEXO8- 27 <1.4

OP 097A 2.5 3.0 BTEXO8- 28 <1.4 PAHOS- 13 <1.0

OP 097B 8.5 - 9.5 BTEXOB- 29 <1.4 PAHOS- 14 <1.0

OP O97BFD 8.5 - 9.5 BTEXO8- 30 <1.4 PAHOS- 15 <1.0

OP 098A 4.5 - 5.0 BTEXO9- 4 24.6 PAHO5- 16 >5.0

OP 0988 9.0 - 10.0 BTEXO9- 5 '30 PAHO5- 17 >5.0

DP 099A 4.5 - 5.0 BTEXO9- 6 <1.4

OP 099B 11.5 - 12.0 BTEXO9- 7 <1.4

OP bOA 2.5 - 3.0 BTEXO9- 8 <1.4 PAHOS- 18 '1,0
DP bOB 9.5 - 10.0 BTEXO9- 9 <1.4 PAHOS- 19 <1,0

DP lOlA 5.5 - 6.0 BTEXO9- 10 '1.4
DR 1OIB 21.0 - 22.0 BTEXO9- 11 >30

OP 1O1BFD 21.0 - 22.0 BTEXO9- 12 <1.4

DP 102A 5.5 - 6.0 BTEXO9- 13 <1.4a
DP 102B 21.5 - 22.0 BTEXO9- 14 <1.4

OP 103A 5.5 - 6.0 BTEXO9- 15 <1.4 PAHOS- 20 <1.0

OP 1038 14.5 - 15.0 BTEXOS- 16 <1.4 PAHOS- 21 <1.0

DP 103C 21.0 - 22.0 BTEXO9- 17 3.1 PAHOS- 22 '1.0
OP 104A 5.5 - 6.0 BTEXO9- 18 <1.4

OP 104B 14.5 - 15.0 BTEXO9- 19 <1.4

OP 104C 21.5 - 22.0 BTEXO9- 20 '1.4
OP 105A 5.5 - 6.0 BTEXO9- 25 <1.4 PAF-lOS- 25 <1.0

OP 105B 14.0 - 14.5 BTEXO9- 21 <1.4 PAHOS- 23 <1.0

OP 105C 21.5 - 22.0 BTEXO9- 22 5.5 PAHOS- 24 2.3

OP 106A 5.5 - 6.0 BTEXO9- 26 28.1

OP 106B 14,0 - 15.0 BTEXO9- 23 <1.4

OP 106C 21.5 - 22.0 BTEXO9- 24 5.2

OP 107A 4.0 - 5.0 BTEXO9- 27 '1.4 PAHO6- 4 '1.0
DP 1O7AFD 4.0 - 5.0 BTEXO9- 28 <1.4 PAHO6- 5 <1.0

DP 1078 20.0 - 20.5 BTEXO9— 29 '1.4 PAHO6- 6 <1.0

DP 108A 5.5 - 6.0 BTEXO9- 30 <1.4

OP 1089 20.0 - 21.0 BTEXIO- 4 <1.4

OP 109A 4.0 - 6.0 BTEX1O- 5 21.1 PAHO6- 7 2.5

OP I1OA 5.5 - 6,0 BTEXIO- 6 3.5 PAHOC- 9 2.3

OP 11DB 11.5 - 12.0 BTEX1O- 7 12.3 PAHO6- 9 4.3

OP hOC 21.5 - 22.0 BTEXIO- 10 <1.4 PAHO6- 10 <1.0

DP lilA 5.5 6.0 BTEX1O- 8 <1.4

OP 111B 16.5 - 19,0 BTEX1O- 9 <1.4

OP 112A 5.0 - 6.0 BTEXI4- 17 <1.4 PAHO8- 27 1.9

—
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Appendix A Immunoassay Results
Sai,w4# Oecth (fe BIEX Lab BaC1i # BTEX (Dcm) PAH Lab Batch # PAH (ppm)

OP OOIA 4.0 - 6.0 BTEXOI- 1 '1.4 PAHO1- 1 '1.0

OP II2AFD 5.0 - 6.0 BTEXI4- 18 <1.4 PAHO8- 28 <1.0

DP 112B 11.0 - 12.0 BTEX14- 19 <1.4 PAHO8- 29 <1.0

OP 112C 20.0 - 21.0 BTEX14- 20 2.3 PAHO8- 30 2.2

OP 11 3A 5.5 - 6.0 BTEXI 0- 11 <1.4

DP 113B 20.5 - 21.0 BTEXIO- 12 <1.4

DP 11 4A 5.5 - 6.0 BTEX1 0- 13 <1.4

OP 1148 19.5 - 20.0 BTEX10- 14 <1.4

DP liSA 5.5 • 6.0 BTEX1O- 15 16.6

OP 115B 11.0 - 12.0 BTEX1O- 16 >30 PAHO6- 11 >5.0

OP 115C 19.0 - 20.0 BTEX1O- 17 >30 PAHO6- 12 >5.0

OP 1I5CFD 19.0 - 20.0 BTEX1O- 18 >30 PAHO6- 13 '5.0

OP 116A 5.5 - 6.0 BTEX1O- 19 <1.4

OP 116B 19.5 - 20.0 BTEXIO- 20 <1.4

OP 117A 5.5 - 6.0 BTEXIO- 21 <1.4 PAHO6- 14 <1.0

OP 117B 19.5 - 20.0 BTEX1O- 22 <1.4 PAHO6- 15 <1.0

DP lISA 5.5 - 6.0 BTEX1O- 23 <1.4

OP 1188 18.5 - 19.0 BTEXIO- 24

OP 119A 5.0 - 6.0 BTEXI4- 14 <1.4 PAHO8- 24 <1.0

OP 1108 11.0 - 12.0 BTEX14- 15 <1.4 PAHO8- 25 '1.0

DP hOC 20.0 - 21.0 BTEX14- 16 >30 PAHO8- 26 '5.0

DP 120A 5.5 - 6.0 BTEXIO- 25 <1.4

OP 120B 18.0 - 19.0 BTEXIO- 26 <1.4

OP 121A 5.5 - 6.0 BTEXIO- 27 <1.4 PAHO6- 16 '1.0

OP 121B 18.5 - 19.0 BTEX1O- 28 <1.4 PAHO6- 17 <1.0

OP 122A 5.5 - 6.0 BTEX1O- 29 <1.4 PAHOG- 18 <1.0

DP 122B 11.0 - 12.0 BTEXIO- 30 15.7 PAHO6- 19 2.3

OP I22BFD 11.0 - 12.0 BTEX1O- 32 16.5 PAHO6- 20 2.6

DP 122C 18.0 - 20.0 STEXIG- 33 22.5 PAHO6- 21 4.7

DP 123A 5.5 - 6.0 BTEXIO- 34 <1.4

DP 1238 19.5 - 20.0 BTEXIO- 35 <1.4

OP 124A 5.5 - 6.0 BTEX1O- 36 <1,4 PAHO6- 22 '1.0

DP 1248 19.0 - 21.0 BTEXIO- 37 <1.4 PAHO6- 23 <1.0

OP 125A 5.0 - 5.5 BTEXO9- 32 <1,4 PAHO6- 24 '1.0

DP 125B 11.5 - 12.0 BTEXO9- 33 <1.4 PAHO6- 25 3.6

OP 126A 5.5 - 6.0 BTEXO9- 34 <1.4

DP 127A 5.0 - 6.0 BTEXO9- 38 <1.4

OP 127AF0 5.0 - 6.0 BTEXO9- 36 2.7

OP 1278 20.5 - 21.0 BTEXO9- 37 <1.4

OP 128A 5.0 - 6.0 BTEXI1- 5 '1.4 PAHO7- 5 <1.0

OP 128AFD 5.0 - 6.0 BTEXI1- 6 '1.4 PAHO7- 6 <1.0

DP 128B 20.5 - 21.0 BTEXII- 7 <1,4 PAHO7- 7 <1.0

OP 129A 5.0 - 5.5 BTEX11- 8 <1.4

DP 130A 4.0 - 4.5 BTEX11- 9 <1.4

OP I3OAFO 4.0 - 4.5 BTEX1I- 10 <1.4

OP 131A 4.5 - 5.0 BTEX1I- 11 <1.4 PARO7- 8 <1.0

OP 132A 4.5 - 5.0 BTEXII- 12 <1.4

OP 132B 11.5 - 12.0 BTEX11- 13 <1.4

OP 133A 5.5 - 6.5 STEXII- 14 <1.4 PAHO7- 9 <1.0

IR1RESLT.XL$
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— Appendix A Immunoassay Results
SamLe # Dectf, (feel) BTEX Lab Batc1 # BTEX (porn) PAH Lab Batch # PAH (ppm)

DP OO1A 4.0 6.0 BTEXO1- 1 <1.4 PAHOI- 1 <1.0

DP 133AF0 5.5 - 6.5 BTEXI1- 15 <1.4 PAHO7- 10 <1.0

DP 134A 6.0 - 6.5 BTEX11- 16 <1.4

DP 1348 11.5 - 12.0 BTEX11- 17 <1.4

OP 135A 6.0 - 6.5 BTEX11- 18 <1.4 PAHO7- 11 '5.0
OP 135B 8.5 9.0 BTEX1I- 19 <1.4 PAHO7- 12 <1.0

DP 136A 5.5 - 6.0 BTEX1I- 20 <1.4 PAHO7- 13 <1.0

OP 136B 9.5 - 10.0 BTEX11- 21 <1.4 PAHO7- 14 <1.0

OP 1 37A 4.0 - 5.0 BTEX1 I - 22 <1.4

OP 137AF0 4.0 - 5.0 BTEXI1- 23 <1.4

OP 1378 9.5 - 10.0 BTEX11- 24 <1.4
—

OP 138A 4.5 - 5.0 BTEX1I- 25 <1.4 PAHO7- 15 <1.0

DP 138B 9.5 - 10.0 BTEXII- 26 <1.4 PARO7- 16 <1.0

DP 139A 5.5 - 6.0 BTEX1I- 27 <1.4

DP 139B 10.5 - 11.0 BTEXII- 28 <1.4

OP 140A 4.0 - 5.0 BTEX11- 29 <1.4 PAHO7- 17 <1.0

OP 140AF0 4.0 - 5.0 BTEXII- 30 <1.4 PAHO7- 18 <1.0

— OP 140B 10.5 - 11.0 BTEX11- 31 <1.4 PAHO7- 19 <1.0

OP 140C 14.5 - 15.0 BTEX1I- 32 <1.4 PAHO7- 20 <1.0

OP 141A 5.5 - 6.0 BTEX1I- 33 <1.4

OP 141B 11.5 - 12.0 BTEXI2- 5 <1.4

OP 141B 11.5 - 12.0 BTEXI5- 5 <1.4

OP 142A 5.5 - 6.0 BTEXI2- 6 <1.4 PAHO7- 21 '1.0
DP 142A 5.5 - 6.0 BTEX15- 6 <1.4

OP 1428 11.5 . 12.0 BTEXI2- 7 <1.4 PAHO7. 22 <1.0

OP 142B 11.5 - 12.0 BTEX1S- 7 <1.4

OP 1434 5.5 - 6.0 BTEXI2- 8 <1.4

OP 143A 5.5 - 6.0 BTEXI5- 8 <1.4

OP 143B 11.5 - 12.0 BTEXI2- 9 '1.4 PARO7- 23 <1.0

OP 1438 11.5 - 12.0 BTEXI5- 9 <1.4

OP 144A 5.5 - 6.0 BTEX12- 10 <1.4

OP 144A 5.5 - 6.0 BTEXI5- 10 <1.4

OP 144B 10.0 - 10.5 BTEXI2- 11 <1.4

DP 144B 10.0 - 10.5 BTEX15- ii <1.4

OP 145A 5.5 - 6.0 BTEXI2- 12 <1.4 PAHO7- 24 <1.0

DP 145A 5.5 - 6.0 BTEX1S- 12 <1.4

OP 145B 11.0 - 12.0 BTEX12- 13 <1.4 PAHO7- 25

OP 145B 11.0 .. 12.0 BT8X1S- 13 <1.4

OP l458FD 11.0 - 12.0 BTEX12- 14 '1.4 PAHO7- 26 '1.0
DP 145BFD 11.0 - 12.0 BTEX15- 14 <1.4

OP 146A 5.0 - 6.0 BTEX12- 15 '1.4 PAHO7- 27 <1.0

OP 146A 5.0 - 6.0 STEXIS- 15 8.4

OP 1468 10.5 - 11.0 BTEXI2- 16 <1.4 PAHO7- 28 '5.0
OP 146B 10.5 - 11.0 BTEXI5- 16 '30
OP 14Th 5.5 - 6.0 BTEX1- 17 <1.4 PAHO7- 29 <1.0

OP 147A 5.5 - 6.0 BTEX15- 17 <1.4

OP 147B 10.5 - 11.0 BTEX12- 18 <1.4 PAHO7- 30 <1.0

OP 1478 10.5 - 11.0 8TEXIS- 18 <1.4

DP 148A 5.5 - 6.0 BTEXI2- 19 <1.4 PAHO7- 31 '5.0
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Appendix A Immunoassay Results
amc4e # Devth (teet BTEX Lth Batch # BIEX (Dom PAR Lab Batch # EAH (oem)

OP OO1A 4.0 - 6.0 BTEXO1- 1 <1.4 PAHO1- 1 <1.0

OP 148A 5.5 - 6.0 BTEXI5- 19 >30

OP 148B 10.0 - 11.0 BTEX12- 20 <1.4 PAHO7- 32 >5.0

OP 148B 10.0 - 11.0 BTEXI5- 20 >30

OP 149A 5.5 - 6.0 BTEX12- 21 <1.4 PAHO7- 33 '5.0
OP 149A 5.5 - 6.0 BTE.X15- 21 >30

DP 149B 10.0 - 11.0 BTEXI2- 22 <1.4 PAI-108- 5 3.2

OP 149B 10.0 - 11.0 BTEXI5- 22 <1.4

DP 150A 5.5 6.0 BTEX12- 23 <1.4 PAHO8- 6 <1.0

OP 150A 5.5 - 6.0 BTEX15- 23 >30

OP 15DB 10.5 11.0 BTEXI2- 24 <1.4 PAHO8- 7 <1.0

OP 15DB 10.5 - 11.0 BTEX1S- 24 <1.4

DP 151A 5.5 - 6.0 BTEXI2- 25
OP 151A 5.5 - 6.0 BTEXI5- 25 4.8

OP 151B 9.5 - 10.0 BTEX12- 26

Op 151 B 9.5 - 10.0 BTEXI 3- 33 7.2
OP 151B 9.5 - 10.0 BTEX1S- 26 7.9
OP 152A 8.5 - 6.0 BTEXI3- 5
DP 152B 9.5 - 10.0 BTEX13- 6 <1.4

OP 153A 5.0 - 6.0 BTEX13- 7 <1.4 PAHO8- 8 '1.0
OP 153AF0 5.0 - 6.0 BTEX13- 8 <1.4 PAHO8- 9 <1.0

OP 153B 10.0 - 11.0 BTEX13- 9 8.5 PAHO8- tO 3.3

OP 154A 5.5- 6.0 BTEXI3- 10 <1.4

OP 154B 10.0 - 11.0 BTEXI3- II <1.4

OP 155A 5.0 - 6.0 BTEXI3- 12 <1.4

OP 1S5AFD 5.0 - 6.0 BTEXI3- 13 <1,4

OP 1558 10.5 - 11.0 BTEX13- 14 <1.4

OP 156A 5.5 - 6.0 BTEXI3- 15 <1.4

OP 156B 9.5 - 10.0 BTEX13- 16 <1.4

OP 157A 5.5 6.0 BTEX13- 17 <1.4

OP 1578 9.5 - 10.0 BTEX13- 18 <1.4

OP 158A 5.5 - 6.0 BTEX13- 19 <1.4

OP 158B 10.0 - 11.0 BTEXI3- 20 <1.4

OF' I5SBFD 10.0 - 11.0 BTEX13- 21 <1.4

OP 159A 5.5 - 6.0 BTEX13- 22 <1.4

OP 159B 7 - 7 BTEX13- 23 <1.4

DP 160A 10.5 - 11.0 BTEXI3- 24 <1.4 PAHO8- 11 <1.0

OP 161A 5.5 - 6.0 BTEXI3- 25 <1.4 PAHO8- 12 2.1

OP 161B 10.5 - 11.0 BTEXI3- 26 <1.4 PAHO8- 13 <1.0

OP 162.4 5.5 - 6.0 BTEX13- 27 <1.4 PAHO8- 14 '1.0
OP 162B 10.0 - 11.0 BTEXI3- 28 <1.4 PAHO8- 15 <1.0

OP 1628FD 10.0 - 11.0 BTEX13- 29 <1.4 PAHO8- 16 <1.0

OP 163A 5.5 - 6.0 BTEXI3- 30 <1.4 PAHO8- 17 <1.0

OP 163B 10.5 - 11.0 BTEX13- 31 <1.4 PAHO8- 18 '1.0
OP 164A 5.5 - 6.0 BTEXI4- 5 <1.4 PAHO8- 19 '1.0
OP 164B 10.0 - 11.0 BTEX14- 6 '<1.4 PAHO8- 20 <1.0

OP 164BFD 10.0 - 11.0 BTEX14- 7 <1.4 PAHO6- 21 '1.0
OP 165A 5.5 - 6.0 BTEXI4- 8 <1,4

DP 165B 10.5 - 11.0 BTEX14- 9 6.4
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Appendix A Immunoassay Results
Samoe# Depth (feeti BTEX Lab Batch # BTEX (oocn) PAH Lab Batch U PAH (Dm)

OP OO1A 4.0 - 6.0 BTEXO1- 1 <1.4 PAHO1- 1 '1.0
OP 166A 5.5 - 6.0 BTEX14- 10 <1.4 PAHO8- 22 <1.0

OP 166B 10.0 - 11.0 BTEX1# 11 <1.4 PAHO8- 23 <1.0

DP 167A 5.5 - 6.0 BTEXI4- 12 <1.4

OP 167B 10.5 - 11.0 BTEXI4-. 13 <1.4

DP 168A 5.5 - 6.0 BTEXI4- 25 <1.4 PAHO9- 4 <1.0

OP 1688 11.0 - 11.5 BTEXI4- 26 <1.4 PAHO9- 5 '1.0
OP 168C 19.0 - 19.5 BTEX14- 27 <1.4 PANO9- 6 <1.0

DP 169A 5.5 - 6.0 BTEXI4-. 28 <1.4

DP 1698 11.5 - 12.0 BTEX1S- 4 1.7

OP 170A 4.0 - 6.0 BTEXI6- 5 <1.4 PAHO9- 7 <1.0

DP I7OAFD 4.0 - 6.0
OP 17DB 11.0 - 12.0 BTEX16- 6 <1.4 PAHO9- 8 <1.0

OP I7DBFD 11.0 - 12.0 BTEXI6- 7 <1.4 PAHO9- 9 <1.0

DP 170C 21.5 - 22.0 BTEX16- 8 <1.4 PAHO9- 10 <1.0

OP t7tA 5.0 - 6.0 BTEXI6- 9 <1.4

DP 17IAFD 5.0 - 6.0 BTEX16- Ia <1.4

OP 171B 11.5 - 12.0 BTEX16- 11 <1.4

OP 171C 21.5 - 22.0 BTEX16- 12 <1.4

OP 172A 5.5 - 6.0 BTEXI6- 13 <1.4 PAHO9- 11 '5.0
OP 172AFD 5.5 - 6.0 BTEXI6- 14 <1.4 PAHO9- 12 '5.0
OP 172B 10.0 - 12.0 BTEXI6- 15 '1.4 PAHO9- 13 '5.0
OP 172BF0 10.0 - 12.0
OP 172C 20.5 - 21.0 BTEXI6- 16 3.5 P.AHO9- 14a
OP 173A 4.0 - 5.0 BTEX16- 25 <1.4

OP 173AFD 4.0 - 5.0 BTEX16- 26 <1.4

OP 173B 9.5 - 10.0 BTEXI6-. 27 <1.4

DP 174A 5.0 - 5.0 BTEX16- 22 <1.4 PAHO9- 18 <1.0

OP 174AF0 5.0 - 6.0 BTEX16- 23 <1.4 PAHO9- 19 <1.0

OP 1748 9.5 - 10.0 BTEXI6- 24 <1.4 PAHO9- 20 <1.0

DP 175A 5.5 - 6.0 BTEX16- 20 <1.4

OP 175B 7.5 - 8.0 BTEXI6- 21 <1.4

OP 176A 4.5 - 5.0 BTEXI6. 17 <1.4 PAHO9- 15 1.3

OP 1768 9.0 - 10.0 BTEX16- 18 <1.4 PAHO9- 16 '1.0
OP I76BFD 9.0 - 10.0 BTEX16- 19 <1.4 PAHO9- 17 <1.0

OP 177A 5.5 - 6.0 BTEX16- 28 <1.4

OP 178A 4.0 -4.5 BTEXI6- 29 <1.4 PAHO9- 21 <10

DP 179A 5.0 - 6.0 BTEX16- 30 <1.4

OP 179AFD 5.0 - 6.0 BTEXI6- 31 <1.4

DP 179B 21.5 - 22.0 BTEXI6- 32 '1.4
OP 180A 5.5 - 6.0 BTEXI6- 33 <1.4

OP 1808 21.0 - 22.0 BTEX16- 34 <1.4

DP 18.OBFD 21.0 - 22.0 BTEXI6- 35 <1.4

GRAB-I 0.0 - 1.0 BTEXO7.. 4 17 PAHO4- 9 '50
GRAB-2 0.0 - 1.0 BTEXO7- 5 3.1 PAHO4- 10 >5.0

GRAB-3 0.0 - 1.0 BTEXO7- 6 <1.4 PAHO4- II 1.3
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APPENDIX C

Chain of Custody Forms
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