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EXECUTIVE SUMMARY

PRC Environmental Management, Inc. (PRC) conducted a bioventing and biosparging study at
Moffett Federal Airfield (MFA) Site 5 as part of Phase I Corrective Actions. The pilot testing was
conducted to evaluate potentially useful remedial technologies for the cleanup of soils and
groundwater contaminated by petroleum hydrocarbons at Site 5. ‘Both soils and groundwater at Site 5
have been contaminated by releases of JP-5 jet fuel during operation of fuel storage tanks at the fuel

farm.

A remedial system consisting of a biovent trench, biosparge air injection points, monitoring wells,
and related equipment was designed by PRC in 1994 and constructed by International Technologies
Corporation (IT) in 1995. PRC initiated bioventing and biosparging tests in August 1995, and a long-
term biovent test (approximately 6 months) was completed in May 1996. Activities included
collecting soil and groundwater samples, and testing air permeability, in situ respiration, biosparge

feasibility, and long-term effects on the potential for biodegradation of the petroleum contaminants,

Results from the long-term test indicate that the bioventing operation significantly reduced total
petroleum hydrocarbon (TPH) concentrations in soil in the pilot test area. Based on analytical results
of soil samples collected before and after the 6-month test, the average soil TPH concentrations were
reduced approximately 1,150 milligrams per kilogram (mg/kg), or 82 percent. However, the radius
of influence (ROI) of the bioventing system was small due to the low permeability of Site 5 soils.
Reductions in groundwater TPH concentrations were not quantified, although dissolved oxygen (DO)
concentrations in groundwater increased in nearby wells after biosparge testing. The ROI of the
biosparge system was also small due to the relatively low permeability of the saturated soils in the test
area. Data collected during the pilot test and in prior investigations indicate that previous and
ongoing natural attenuation of TPH contaminants has occurred in both soils and groundwater at

Site 5.

Based on findings that the biovent and biosparge operations have small ROIs and would require
numerous trenches and biosparge points to remediate the Site 5 area, bioventing and biosparging

would not likely be cost-effective remedial options. On the other hand, data suggest that an intrinsic

remediation program would be capable of effectively addressing petroleum contaminants at Site 5.

ES-1 044-0235ierdpSunoffetiMochumemo,s5\08-15-96\jem






1.0 INTRODUCTION

PRC Environmental Management, Inc. (PRC) investigated the potential effectiveness of bioventing
and biosparging technologies for remediating petroleum-contaminated soils and groundwater at
Moffett Federal Airfield (MFA) as part of Phase I corrective actions at Site 5. Test activities and
system operation were conducted from August 1995 through May 1996 under contract task order
0235. This corrective action study was part of the Comprehensive Long-term Environmental Action
Navy (CLEAN) program for the environmental restoration of Navy facilities.

Three primary conclusions can be drawn from results collected during pilot testing:

(1) Bioventing operation appeared to result in significant reductions in soil contamination in the
pilot test area.

(2)  Both bioventing and biosparging affected only relatively small areas around air injection points,
suggesting that these technologies may not be cost-effective.

(3)  Significant evidence of ongoing intrinsic bioremediation was found at Site 5, indicating that a
program of intrinsic remediation would likely be successful in remediating petroleum
contamination.

This technical memorandum describes testing and field activities, reports and evaluates test resuts,
and presents options and recommendations for full-scale remediation of soil and groundwater. This
introductory section discusses project purpose and site background, and provides an assessment oOf the
potential effectiveness of bioremediation at Site 5. Section 2.0 summarizes field activities associated
with the test, including system construction, soil sampling and lithologic characterization, and biovent
and biosparge testing. Section 3.0 presents chemical and geotechnical soil data. Section 4.0 presents
groundwater analytical results. Section 5.0 presents results of the biovent and biosparge tests.
Section 6.0 presents conclusions, describes Iiotential remedial alternatives considered for
implementation at Site S, and presents recommendations for full-scale remediation. Finally,

references are listed in Section 7.0.

1.1 SITE BACKGROUND

This subsection briefly discusses the history, physical setting, and hydrogeology of MFA and Site 5,
and describes previous investigations conducted at Site 5. Much of the information presented here

was obtained from the Additional Petroleum Sites Investigation Technical Memorandum (PRC 1995a)
and the Petroleum Sites Corrective Action Plan (CAF) (PRC 1994a).

1 044-0235irrdpSumoffettitechmemo, s5108-15-06\jem



1.1.1 Physical Setting

MFA is located near the southwestern edge of San Francisco Bay in Santa Clara County, California
(Figure 1). It bordered by salt evaporation ponds on the north, Lockheed Missile and Space
Company’s Lockheed Aerospace Center on the east, U.S. Highway 101 on the south, and Stevens
Creck on the west. MFA also borders the cities of Mountain View and Sunnyvale, California.
Sunnyvale is located east of Mountain View, and both cities are adjacent to the southern portion of
MFA. The National Aeronautics and Space Administration (NASA) Ames Research Center is located
west and north of MFA. '

Historically, tidal salt marsh and mud flats covered extensive areas of the southera portion of San
Francisco Bay near MFA; most of these areas, however, have been eliminated or greatly altered by
fill material. The large area north and northeast of MFA was diked and is now used as commercial
salt water evaporation ponds. Coyote Creek and Guadalupe Slough drain into San Francisco Bay east
of MFA, and Stevens Creek drains into the bay to the west. About 40 acres of wetlands located
along the northern portion of MFA are the only natural surface water features at MFA: Another
wetland area consisting of approximately 80 acres lies north of the Ames Research Center, These

areas provide habitat for various mammals, birds, and other species.
1.1.2 Installation History

MFA was continuously operated by the U.S. military since it was commissioned in April 1933 to
support the West Coast dirigible program. In October 1935, the station was transferred to the Army
Air Corps for use as a training base. Ames Aeronautical Laboratory was granted a permit in 1939 to
use part of the station.

In April 1942, the base was returned to Navy control and was renamed Naval Air Station (NAS)
Moffett Field. In 1949, the station became home to the Military Air Transport Service Squadron. By
1950, NAS Moffett Field was the largest naval air transport base on the West Coast and became the
first all-weather naval air station. In 1953, the station became home to all Navy fixed-wing,
land-based antisubmarine aircraft. A weapons department was formed on the base in 1954, In
February 1966, the base activated its high-speed refueling facilities. During reorganization of the
station in 1973, it became the headquarters of the Commander Patrol Wings, U.S. Pacific Fleet.

2 044-02SirvdpS\maffett\techmeme,sS\08-15-96Yem
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During the 1980s and early 1990s, the mission of NAS Moffett Field was to support antisubmarine
warfare training and patrol squadrons. The station supported more than 70 tenant units, including the
Commander Patrol Wings, U.S. Pacific Fleet, and the California Air National Guard. At one point,
NAS Moffett Field was the largest P-3 base in the world, with nearly 100 P-3C Orion patrol aircraft.
These aircraft were assigned to nine squadrons supported by 5,500 military, 1,500 civilian, and 1,000
reservist personnel. No heavy manufacturing or major aircraft maintenance was conducted at NAS
Moffett Field, but a significant amount of unit- and intermediate-level maintenance occurred. In April
1991, the station was designated for closure as an active military base under the Departmentf of
Defense Base Realignment and Closure program. NAS Moffett Field was closed as an active military
base and transferred to NASA in July 1994. At that'time, NAS Moffett Field was rehamed Moffett
Federal Airfield. The Navy will continue environmental restoration activities and remain responsible
for remediating contamination caused by Navy operations in accordance with a memorandum of
understanding between the Navy and NASA. )

1.1.3 Nature and Extent of Contamination

The following information regarding the nature and extent of contamination at Site 5 has been adapted
from the Additional Petroleum Sites Investigation Technical Memorandum (PRC 1995a).

Soilg

Site 5 encompasses the areas adjacent to and including the active fuel farm on the eastern side of
MFA (see Figure 2), The majority of fuel-contaminated soils are adjacent to four large underground
storage tanks (USTs) in the northern portion of Site 5. These 567,000 gallon tanks have historically
contained JP-5 jet fuel, though they now (since June 1995} contain JP-8 fuel. Subsurface soils and
groundwater at Site 5 have been contaminated by fuel/water mixtures disposed of in dry wells (also
known as french drains) and possibly from fuel spills and leaking pipes and USTs. (Recent pressure
tests and other leak detection tests indicate that all remaining pipes and tanks are intact and free of
leaks.) Contamination primarily resides in the capillary fringe zone at depths of about 6 to 10 feet
below ground surface (bgs). Figure 3 shows the estimated extent of soil contamination above cleanup
levels at Site 5.

As indicated in Figure 3, most contaminated soils at Site 5 lie just north and northwest of Tanks 10
through 13. Numerous soil samples in this vicinity exhibit total petroleum hydrocarbon (TPH)
concentrations in excess of 1,000 milligrams per kilogram (mg/kg), including a sample containing
2,000 mg/kg total petroleum hydrocarbons as extractables (TPH-¢) at boring SB5-35 and 1,970 mg/kg
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1.1.5 Hydrogeology

Hydrogeologic information provided below has been adapted from the Petroleum Sites CAP

(PRC 1994a), which was compiled from the Geology and Hydrogeology Technical Memorandum
(PRC and MW 1992a), the Operable. Unit 4 (OU4) Feésibility Study (FS) report (PRC 1992b), and
the OUS FS report (PRC 1995b). These documents provide additional information regarding MFA
hydrogeology. '

The hydrogeologic setting at MFA consists of alluvial sand and gravel aquifers separated by low
permeability silt and clay aquitards. In the interior part of the Santa Clara Valley, the numerous
aquifers have been divided into two broad zones or sequences: the upper-aquifer sequence (A and
B aquifers) and the lower-aquifer sequénce (C aquifer). The upper aquifer sequence is generally
unconfined, although it is semiconfined locally. The lower aquifer sequence is confined under a
laterally extensive clay aquitard at depths of 140 to 200 feet bgs. Water bearing materials in the
upper zone are generally thin and discontinuous. Aquifer materials range from silty to fine sand to

coarse gravel.

The A aquifer has been divided into two zones: a shallow 5- to 35-foot-deep zone referred to as the
Al-aquifer zone, and the deeper 35- to 65-foot-deep zone referred to as the A2-aquifer zone.
Predominant lithologies include fine-grained silt and clay within these zones. Permeable units that
comprise the productive parts of these aquifer zones are thin (3 to 20 feet thick), discontinuous
channels and lenses of sand and gravel. These sediménts were deposited by a branching fluvial
channel system that traversed alluvial plain and marsh environments, creating discontinuous, lenticular

sand bodies surrounded by finer-grained deposits.

Groundwater in the A and B aquifers generally flows northward toward San Francisco Bay. The
horizontal groundwater flow gradient averages about 0.004 to 0.005 feet per foot in the A and B
aquifers (PRC 1992a). Hydraulic conductivity values estimated from aquifer tests (PRC 1995b) are
greater in the A aquifer (ranging from 5.7 to 240 feet per day {ft/day]) than in the B aquifer (0.35 to
36 ft/day). This is consistent with the overall coarsening upward of sediment grain size observed
from the B aquifer to the A aquifer. The vertical gradients between the B and overlying A aquifers

are variable but are generally upward.
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~ Site 5 hydrogeology is consistent with general hydraulic conditions observed at MFA. However,

sediments of the Al-aquifer zone considered "permeable” were not encountered during Phase I
corrective action activities. Petroleum contamination at Site 5 appears to be limited to the Al-aquifer

zone; therefore, all monitoring wells and sparge wells at Site 5 were installed in the Al-aquifer zone.
1.2 TECHNOLOGY ASSESSMENT

This section assesses the potential effectiveness of bioventing and biosparging technologies for
remediating petroleum-contaminated soils and groundwater at Site 5. This information provides a
framework for the discussion of the pilot test presented in the remainder of the report. Several
criteria, which include contaminant properties, soil matrix characteristics, and site characteristics, are
discussed below in relation to remediation of Site 5 soils and groundwater, The Final Petroleum Sites
CAP (PRC 1994a) contains details regarding technology screening conducted before Phase I testing
began. |

1.2.1 Contaminant Properties

The potential effectiveness of bioremediation technologies, including bioventing and biosparging,

“depends largely on the biodegradability of the contaminant. Some contaminants, such as chlorinated

hydrocarbons or polychlorinated biphenyls (PCBs), are not readily amenable to aerobic degradation
due to toxicity effects or other biorefractory characteristics such as a complex, tightly-bonded
molecular structure. However, most petroleum products and wastes are readily biodegradable
aerobically and provide an excellent substrate (food source) for microorganisms under the proper

conditions.

The primary contaminant of concern at Site 5 is JP-5 jet fuel. JP-5 fuel generally consists of middie
and heavier range petroleum compounds, including branched and straight-chain hydrocarbons. Most
aliphatic hydrocarbons in JP-5 fall within the 10 (C10) to 16 (C16) carbon range. Unlike gasoline,
IP-5 is relatively low in volatility, very low in benzene, toluene, ethylbenzene, and xylene (BTEX)
content, and appears to be relatively nontoxic to microbes, JP-5, as well as other heavier fuels such

as kerosene and diesel, has been shown to be readily biodegradable in soils and groundwater (Hinchee

and Ong 1992; AFCEE 1992; Anderson 1995) when adequate nutrients are available.
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1.2.2 Soil Matrix Characteristics

Permeability, porosity, and moisture content are among the soil matrix characteristics that can
strongly influence the effectiveness of bioventing and biosparging technologies. Homogeneous,
permeable soils are most amenable to remediation using bioventing and biosparging. In this
discussion, permeability describes the ability of air to flow through a soil matrix and transport oxygen
to soil microbes. Previous investigations at Site 5 indicate that the soil is of refatively low
permeability, although some coarser, more permeable regions exist at the site. Soil heterogeneities,
or areas of differing permeabilities, can result in preferential air flow to the more permeable zones at
a bioventing or biosparging site. Although remediation of more permeable soils is generally quicker
than remediatioﬁ of less permeable soils, bioventing may still be effective in treating low-permeability
soils by diffusion of oxygen from air flow in coarser sediments adjacent to the less permeable
material.

Soil porosity affects the ability of a bioventing system to deliver oxygen to contaminated soil regions.
In general, the higher the effective (interconnected) porosity, the greater the potential for air to flow
through subsurface soils. Since soil moisture occupies a percentage of the soil pores, increased soil
moisture typical of the capillary fringe acts to decrease air flow near the water table. For air to flow
through the saturated zone, high-porosity soils with large pore spaces are ideal. In general, the
smaller the pore spaces in the soil medium, the higher the pressures required for injecting air into the

vadose and saturated zones.
1.2.3 Site Characteristics

Site-specific factors that influence the effectiveness and implementability of bioventing and
biosparging include the presence and location of surface and subsurface features and the distribution
of contamination relative to these features. The contaminated soil and groundwater regions of Site 5
are primarily overlain by unpaved, grassy areas with relatively few buildings and aboveground
structures. However, the most contaminated region is adjacent to four 567,000 gallon active fuel
tanks and a network of fuel transfer pipes. Other subsurface utilities, including water and electrical
power lines, exist in the contaminated regions of Site 5. Because of the presence of active USTs and
subsurface utilities, much of the contaminated soils would not be easily excavated for removal or ex
situ treatment. Furthermore, since most shallow groundwater at Site 5 resides in relatively
impermeable lithologies, groundwater extraction rates would be very low in most regions, making
pump and treat options expensive and time consuming. Therefore, use of in situ treatment methods
such as bioventing and biosparging or natural attenuation is preferred over ex situ methods.
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Implementaﬁon of full-scale in situ remedial systems could be achieved with minimal or no impact to
existing fuel operations, and with less impact to potentially sensitive birds and mammals than ex situ
methods. Because of these factors, in situ bioremediation technologies were deemed viable and
bioventing and biosparging were pilot tested. A horizontal vent well was used for the bioventing pilot
test to improve the potential to intersect coarser grained soils and sand stringers, thereby improving
air distribution into the formation during testing. Since contaminated soils are relatively shallow at
Site 5, construction of a horizontal vent well was technically and economically feasible.

2.0 FIELD ACTIVITIES SUMMARY

This section describes field activities associated with test system construction, soil sampling and.
lithologic characterization, groundwater sampling, and biovent and biosparge testing. Initial test
activities were conducted from August 13 to 24, 1995; additional testing was conducted on September
11 and 12, 1995; and long-term biovent testing was completed on May 16, 1996. Analytical and
other test results are presented in Sections 3.0, 4.0, and 5.0. '

2.1 SYSTEM CONSTRUCTION

International Technology Corporation (IT) constructed the bioventing and biosparging test system in

7:accordance with design drawings and specifications prepared by PRC for the Navy in September
1994, IT submitted a work plan for construction activities to the Navy in November 1994 (IT 1994),
and began system construction in December 1994. Figure 5 presents a layout of the test site area.

2.1.1 Field Activities

Construction activities involved installation of a horizontal biovent injection trench, two biosparge
injection wells, four monitoring well clusters, two vadose-zone monitoring wells, and temporary
chain-link fencing around the area. Test equipment included a positive displacement blower and

associated piping and instrumentation.

A trench was excavated to approximately 7 feet bgs for installation of the 50-foot-long horizontal
biovent injection well. The trench was excavated with vertical side walls. A permeable geotextile
fabric was then placed in the bottom of the trench and covered by approximately 1 foot of gravel.
The injection well, which consisted of 4-inch-diameter schedule 40 polyvinyl chloride (PVC) pipe
with 0.040-inch slotted screen, was placed horizontally in the trench at approximately 6 feet bgs and
extended to the surface with a vertical section of 4-inch schedule 40 PVC pipe. Additional gravel fill
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was placed over the well screen, and the edges of geotextile fabric were wrapped around the gravel.
The trench was backfilled with excavated soils and compacted to approximately 12 inches bgs,
covered with an impermeable PVC geomembrane liner to prevent shbrt»circuiting of air from the vent
to the surface, and then covered with compacted soils to ground surface.

The air injection system consisted of a positive displacement blower connected with piping to the
vent, an air filter, a silencer, a pressure gauge, and an in-line globe valve and bleed line with globe

valve to enable regulation of air flow into the trench.

Four monitoring well clusters (BW5-1, BW5-2, BW5-3, and BW5-4) were constructed for observation
of subsurface pressure. Each cluster consisted of three monitoring wells, one each screened from 5 to
7 feet bgs, 9 to 11 feet bgs, and 13 to 15 feet bgs. Boreholes for the wells were drilled using a 6- '
inch-diameter hollow-stem auger to depths of approximately 7.5, 11.5, and 15.5 feet bgs. Each well
was constructed of 2-inch-diameter schedule 40 PVC casing. Screened well sections consisted of
0.020-inch slot schedule 40 PVC in 2-foot lengths. Filter material surrounding the screened portions
of the wells was composed of 8-12 mesh silica sand placed to approximately 6 inches above the top of
the screen. A 2-foot bentonite seal, using 1/4-inch-diameter bentonite pellets, was placed over the
filter pack. The remaining annular space of the borehole was filled with cement-bentonite grout 24
hours after the bentonite was hydrated, and a concrete well box was installed at grade over each well,
Two single vadose-zone monitoring wells (BW5-5A and BW5-6A) were also installed and screened
from 5 to 7 feet bgs and were also completed as described above. Appendix A contains the well
construction logs for all monitoring wells.

The three discrete wells in each cluster were designated as "A" for the shallowest (5 to 7 feet bgs)
screened well, "B" for the intermediate (9 to 11 feet bgs) screened well, and "C" for the deepest

(13 to 15 feet bgs) screened well. The A-level wells were screened across vadose zone soils, while
the B- and C-level wells were screened entirely in the saturated zone, The screened intervals of the
A-level wells were intended to correspond to the depth of the horizontal trench pipe, and those of the

' B- and C-level wells were intended to correspond to the same lithologic unit as sparge wells BS5-1

and BS5-2 (described below).

The two biosparge wells (BS5-1 and BS5-2) used during testing were each constructed of
1-inch-diameter schedule 80 PVC casing with a top-threaded tee connection. Boreholes for the wells
were drilled using a 6-inch-diameter hollow-stem auger to depths of approximately 11.5 and

15.5 feet. Spargepoint Microporous fine bubble diffusers were installed in the bottom 30 inches of
each well. Filter material surrounding the bubble diffusers was cbmposed of 20-40 mesh silica sand
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placed to approximately 6 inches above the diffuser. A 2-foot bentonite seal was placed over the
filter pack, and the remaining annular space of the borehole was filled with cement-bentonite grout.

A concrete well box common to both sparge wells was installed at grade.

Some problems were encountered during system construction prior to pilot testing. Due to unusually
heavy precipitation during December 1994 and January 1995, some excavated soils became saturated
and had to be mixed with dry, off-site soils to achieve 85 percent compaction during backfilling,
Furthermore, although the water table had risen to above the vent pipe, the blower was turned on
during system startup testing with the pressure bleed valve fully closed. This resulted in a surge of
high pressure air up through trench backfill materials (as evidenced by air bubbles near the riser
pipe), a torn liner near the surface, and possibly vertical soil fractures in and adjacent to the trench
excavation. Because the ground surface was covered with water and surficial soils appeared
saturated, the extent of damage was difficult to assess. Therefore, the system was not repaired until
May 1995 when the water table level had receded to below the vent pipe and surface soils were dry.
The repair consisted of removing some soil near the riser pipe, adding grout to a cardboard annular

tube placed around the riser pipe, reconnecting the impermeable liner, and backfilling soils by hand.
2.2 SOIL SAMPLING AND LITHOLOGIC CHARACTERIZATION

Soil samples were collected during test site construction for geotechnical and chemical analyses.
Characterization of test site soils assists in interpreting test results and assessing the effectiveness of

bioventing and biosparging technology at Site 5,

2.2.1 Construction Sampling

Five soil samples were collected from the biovent trench sidewall at the anticipated depth of the
horizontal vent pipe and analyzed at an off-site laboratory for grain size distribution. Lithologic
characteristics of the trench were also observed and logged by a field geologist.

Split-spoon samples collected during monitoring well and air sparge well construction were logged for
lithologic characteristics in accordance with the Unified Soil Classification System. Contents of each

split spoon were screened with a photoionization detector (PID) to assess relative contaminant

concentrations along the entire length of the borehole. Appendix B contains soil borehole logs.
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One sample from each of five selected soil borings was sent off site for laboratory gmtechnical

* analysis including grain-size distribution, porosity, and moisture content. Borehole geotechnical
sample collection depths of approximately 7, 11, and 15 feet bgs were selected to coincide with the
three proposed monitoring well screened intervals. Two of the five samples were also analyzed for
nutrients (orthophosphate, ammonia, nitrate, and total organic carbon {TOC]), and heterotrophic and

hydrocarbon-utilizing microbe plate counts.

All soil samples were collected in accordance with procedures specified in the basewide quality
assurance project plan (PRC and MW 1992b). Appendix C contains soil chemical analytical results,
soil geotechnical analysis results are contained in Appendix D, and soil sample results are presented

in Section 3.0.

Figures 6 and 7 are cross-sections derived from borehole logs and trench observations, and depict the
relationship among subsurface stratigraphy, monitoring well and sparge well screened intervals, and
horizontal biovent placement. Layering of soil shown in the figures is generalized and based on the
dominant lithology of the ranges shown. Minor lithologic variatic;ns present in the layers are not

shown.'
2.2.1.1 Work Plan Deviations

No significant deviations from the work plan were noted during soil sampling and lithologic

~ characterization activities. The alignment of the biovent trench and monitoring well system differed
slightly from design drawings. The original design intended the system to be aligned around an east- '
west-trending trench. Final alignment of the trench and monitoring well system was in the northeast-

southwest direction approximately 10 degrees from directly east-west.
2.2.2 Baseline Sampling

Twenty soil samples were collected to evaluate pretest contaminant concentrations within the system’s
estimated maximum zone of aeration and fo serve as a comparative baseline. All baseline samples
were analyzed for the presence of TPH-e. Confirmation samples were collected and analyzed at the
end of the Phase I test as discussed in Section 2.2.3. Analytical results from confirmation samples

are compared with the baseline results in Section 3.0 to assess system effectiveness.
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Baseline samples were collected from locétions along four lines parallel to the centerline of the trench.
Two lines were on each side of the trench approximately 4 feet and 10 feet from the centerline.
Figure 8 shows the locations of the baseline samples. Samplés were collected from the zone of
highest apparent contamination, approximately 6 to 7 feet bgs, using a Geoprobe sampling system.
Lithologic descriptions of the sampled intervals are consistent with those presented in the borehole

logs (Appendix B).
2.2.2.1 Work Plan Deviations

'The work plan states that baseline samples will be collected based on a radius of influence (ROI)
calculated after the air permeability test is completed. However, conditions in the subsurface
preciuded an accurate estimation of the effective ROI after the air permeability test was performed.
Anticipating that a ROI could be calculated after further testing, baseline sampling was postponed

until after the biosparge test.

The work plan states that baseline samples will be collected based on visual observation and
headspace analysis of portions of each sample core. Because of strong fuel odor and obvious staining

in the sampling zone, headspace analysis was not necessary.

2.2.3 Confirmation Sampling

Confirmation samples were collected at the conclusion of the Phase I test (May 15 to 16, 1996) to
evaluate the performance of the bioventing system. Samples were collected near the baseline sample
locations, offset approximately 6 inches, and at the same approximate depth using the same collection
methodology as used for the baseline samples. Analytical resuits from these samples are compared to
baseline sample analyses to evaluate any decrease in TPH concentrations due to system operation, and
these results are presented in Section 3.0.

2.2.3.1 Work Plan Deviations

No work plan deviations occurred during confirmation soil sampling.
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2.3 GROUNDWATER SAMPLING

Though not indicated in the field work plan, groundwater samples were collected for chemical and

biological analysis to better evaluate biosparging feasibility.
2.3.1 Field Activities

Groundwater samples were collected from each of the shallow B-level wells to better assess the
feasibility of groundwater bioremediation at Site 5. Samples were collected on August 14, 1995 and
analyzed for TPH-¢, total Kjeldah! nitrogen (TKN), nitrate, phosphate, and hydrocarbon-utilizing
plate counts. All quality control procedures specified in the Draft Phase I Corrective Action Field
Work Plan (PRC 1994b) and the basewide quality assurance project plan (PRC and MW 1992b) were

followed during groundwater sampling,

Nitrogen and phosphate are nutrients required for microbial metabolism and are useful indicators of
general nutrient status for bioremediation. The hydrocarbon-utilizing plate count analysis yields an
indication of indigenous microorganisms that are capable of degrading hydrocarbons. These data, in
conjunction with the sparge test data, are useful in evaluating the potential for successful

bioremediation of Site 5 groundwater,
2.3.2 Work Plan Deviations

Since groundwater sampling was not specifically indicated in the work plan, all groundwater sampling
activities are considered work plan deviations. As indicated in Section 2.3.1 above, the purpose of

“this additional field work was to better evaluate the feasibility of biosparging.

2.4 AIR PERMEABILITY TESTING

This section discusses activities that were conducted to evaluate the air permeability of subsurface
soils at the pilot test area. Collection of air permeability test data was also intended to assess the

feasibility of injecting air into subsurface soils and to evaluate the ROI of the biovent system. The air
permeability tests were conducted on August 14, 21, and 22, and September 11 to 12, 1995.
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2.4.1 Field Activities

Initial field activities included installation of barbed brass fittings in monitoring well caps and the
connection of tubes and Magnehelic gaugés to these fittings for pressure measurement, A
thermometer was also installed in the biovent riser pipe for blower monitoring and temperature
corrections to flowrate calculations. To assess depth to groundwater, water level measurements were

taken at all B- and C-level wells prior to testing.

A system check was then conducted to verify proper system operation. The blower was turned on
with the bleed valve fully open and pressure and flowrate were measured while air flow was slowly
increased to the biovent trench. Pressure at A-zone monitoring wells was monitored for a few
different flowrates. Although the biovent system equipment appeared to be in proper working order,
only a slight increase in pressure was detected at any A-zone monitofing wells during the system
check.

On August 14, 1995, air permeability testing was initiated using a flowrate of approximately 11
standard cubic feet per minute (scfm). Eight different flowrates were used for run times of up to
approximately 30 minutes each. Pressure was monitored at A-zone wells and at the biovent inlet pipe
during each run, Only slight increases in pressure were detected in any monitoring wells, and
pressure at the biovent inlet pipe appeared to be very low considering the relatively low permeability
of soils at the injection depths, Leaks or short-circuiting of injected air to the ground surface was
suspected, and this initial phase of air permeability testing was discontinued after approximately 2 1/2
hours. Testing conducted to evaluate potential vertical soil fractures or other system leaks is

discussed in Section 2.5,

- Since creation of vertical fractures at the biovent trench (which could result in short-circuiting of
injected air toward the ground surface) during system construction was suspected, a decision was
made to use a vertical A-zone monitoring well as a biovent injection point for further air permeability
testing. Based on its location relative to other A-zone monitoring points, biovent monitoring well

BW35-2A was selected as a biovent air injection well.

Before initiating testing at well BW5-2A, three additional vadose-zone monitoring points were
installed for better evaluation of ROI. These temporary monitoring points (T1, T2, and T3) were

installed using a Geoprobe at locations as shown in Figure 9. The 3/4-inch diameter PVC casings
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(screened at 5 to 7 feet bgs) were inserted into 2 1/2-inch diameter holes cored with a Geoprobe.
Sand was then backfilled into the annular space to approximately 5 feet bgs, and the remainder of the
corehole was backfilled with cement grout to ground surface. Casings were then fitted with air-tight
PVC caps and barbed brass fittings for subsequent pressure monitoring. These temporary points were
located to be used as monitoring points for air permeability testing at BW5-2A as well as for further
testing at the biovent trench. 4

Air injection into well BW5-2A was initiated on August 21, 1995 using an air compressor.

Numerous air flow rates up to approximately 4.5 scfm were used while monitoring pressures at
nearby A-zone wells and at the wellhead. Since the compressor was not capable of supplying more
than approximately 4.5 scfm, the blower was then set up for use as an air injection source. The
globe valve on the biovent line was completely shut off, the original bleed line was fully opened and
connected to well BWS-2A, and an additional bleed valve was installed in this line to regulate flow to
the new injection well (see Figure 10). The system blower was used to inject air at numerous
flowrates into the well while recording pressures at nearby monitoring wells and at the wellhead.
This temporary test system was then disconnected and the system was restored to its original
configuration.

On August 22, 1995, additional pressure data were collected from temporary points T2 and T3 during
blower operation. Although these points were sampled during leak testing field activities (see Section
2.5), these data are also useful in evaluating air permeability.

Based on test results at the biovent trench, IT was mobilized to complete additional modifications to
the biovent trench system in an attempt to reduce or eliminate potential vertical air flow to ground
surface. Soils were excavated from an area approximately 4 feet in diameter around the riser pipe to
5 feet bgs (top of gravel pack). The riser pipe was checked, and the hole was backfilled to surface
with cement grout. Topsoils were removed to a 3-foot depth over an area of approximately 8 by

56 feet centered over the trench. Soils were then backfilled and compacted to 1 foot bgs, and a 12 by
60 foot liner was reinstalled and reconnected to the riser pipe. Finally, the remaining 12 inches of

~ soil was backfilled and compacted to grade. This repair work was conducted from September 5 to
11, 1995.

Further air permeability testing was conducted on September 11 and 12, 1995 to evaluate subsurface

_ air flow after the modifications had been completed. As before, the blower was turned on and testing
was conducted using numerous flowrates and injection pressures. Pressures were recorded at the vent
and at A-zone monitoring wells, and temperature and flow velocities were also recorded. The results
of all air permeability testing are presented in Section 5.1,
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2.4.2 Work Plan Deviations

Several deviations from the field work plan occurred during air permeability testing. In general, the
deviations were due to suspected system leaks and attempts to continue to gather useful data for

system evaluation.

None of the air permeability tests were continued for the 4- to 8-hour periods originally intended.

However, the system stability criterion (no more than 10 percent pressure change at BW5-3A over 1

hour) to stop testing was met as specified in the field work plan, since no pressure increase was ever

observed at well BW5-3A. Pressure versus time data were not plotted during testing since change in

pressure over time was insignificant at the wells where pressure was detected.

All test activities at well BW5-2A are considered deviations from the field work plan since this testing
was not planned. These activities included the installation of temporary monitoring points. This
impromptu testing at a vertical well was done to compensate for lack of complete data due to biovent

trench system leakage.
2.5 LEAK TESTING

Because of suspected leaks of biovented air upward toward the ground surface, leak testing was
conducted in an attempt to locate potential leak areas. Leak tests were conducted on August 16 and
22, and on September 12, 1995,

2.5.1 Field Activities

Initial leak testing involved the use of puddled water on surface soils above the biovent trench area.
On August 16, small berms were made with shovels to enclose areas of approximately 10 square feet,
and these areas were then filled with water. With the biovent system running, puddles were closely
watched for the presence of air bubbles that would indicate the location of a vertical leak. Numerous

bermed puddles were made and observed along the length of the trench area.

Since observation of puddles appeared to be useful only for detection of the largest leaks, helium gas
was then used for finer resolution leak detection. On August 22, a compressed helium gas tank was

connected to the biovent inlet pipe and flow was regulated to achieve an approximate 5 percent
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mixture by volume of helium to air. The system was run for about 2 1/2 hours while numerous
surface areas were scanned (within about 2 inches of ground surface) with a Marks 9821 helium
detector. This helium detector is capable of measuring down to 0.01 percent helium. Helium

concentration data and corresponding location information were recorded.

Leak testing using helium was also conducted after trench system repair. On September 12, 1995,

- compressed helium gas was connected to the biovent inlet and numerous surface areas were scanned
as before using a helium detector. All helium concentration data and location information were
recorded over a 1 1/2 hour testing timeframe. Results of all leak tests are presented in Section 5.2.

[

2.5.2 Work Plan Deviations

Since system leak testing was not anticipated, leak testing was not specified in the field work plan.
Therefore, all leak testing activities are work plan deviations. This additional testing was necessary to

evaluate the nature of vertical components of the bioventing air flow through subsurface soils.
2.6 RESPIRATION TESTING

This section discusses testing activities conducted to evaluate the presence and degree of microbial

degradation of petroleum hydrocarbons at Site 5. Microorganisms use oxygen as an electron acceptor
to metabolize or biodegrade organic contaminants (reduced carbon source), producing carbon dioxide
(CO,) (oxidized carbon byproduct) in the process. Since the biodegradation rate is directly related to
oxygen consumption and CO, production rates, in situ biodegradation rates can be estimated based on

concentration changes in oxygen and CO, levels (respiration) observed in the field.

Respiration results are useful for assessing the presence of naturally occurring microbes capable of
degrading petroleum contaminants, evaluating the feasibility of bioremediation of soils, assessing
nutrient status, and estimating the time in situ biodegradation would require to achieve cleanup goals.

Respiration test activities were conducted from August 15 to 23, 1993,
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2.6.1 Field Activities

On August 13, 1995, before respiration and biovent testing began, background gas saniples were
collected and field analyzed for oxygen and CO, concentrations. These background concentrations

serve as baseline values representing pretesting soil respiration conditions.

On August 15, an air/helium injection system was set up using an air compressor, compressed helium
tanks, regulators, flow gauges, and fubing, as seen in Figure 11. The intent of the system was to
supply equal amounts of oxygen to a vadose-zone well with soil contamination (BWS5-5A) and a
background, "clean" well (W5-20) to increase oxygen concentrations in the subsurface and stimulate
biodegradation for respiration testing. This background well, screened partially in the vadose zone,
was used to measure any respiration in clean soils caused by naturally occurring soil organic matter or
oxygen depletion due to chemical oxidation of naturally occurring minerals. An approximate 2
percent mixture 6f helium in air was used as a tracer gas to evaluate potential loss of injected gases

(including oxygen) from the wells via advection or diffusion.

Injection of the air/helium mixture began on August 16 into wells BW5S-5A and W5-20. Flowrates
varied from approximately 60 to 75 standard cubic feet per hour (scth) with helium concentrations
ranging between 1.9 and 2.8 percent. The air compressor malfunctioned twice during the first 2 days
of injection, requiring field repairs, although total system downtime was minimized (1 hour 45
minutes on August 16, 1995, 2 hours 40 minutes on August 17, 1995) and relatively continual air
injection conditions were maintained over the injection period. On August 18, air and helium

injection into the two wells was stopped after a total of approximately 43 hours.

Within 5 minutes of shutting off the air compressor and helium tanks, respiration measurements were
initiated by sampling the two wells for oxygen and CO,. Measurements were made every 2 hours for
the first 8 hours, every 8 hours for the next 2 days, then twice a day. Data were collected until the
morning of August 23, for a total monitoring period of 5 days. These respiration results are

presented and discussed in Section 5.3.
2.6.2 Work Plah Deviations

Only minor deviations from the work plan occurred during respiration testing. The total injecﬁon

time (43 hours) was slightly less than the 48-hour injection time specified in the work plan, partially
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due to equipment problems. However, as evidenced by respiration data (Section 5.3), the period of
injection time was sufficient to obtain good results and meet the objectives of testing. Furthermore,
the injection time used exceeded time periods reported at other successful biovent pilot test sites
(AFCEE 1992},

Monitoring well BW5-5A was used for air injection during respiration testing rather than well BW3-
1A as indicated in the field work plan. This change was made because monitoring well BW5-5A
appeared to be located in a soil area more contaminated with TPH-e than the area around well BW5-

1A, possibly enabling more readily quantifiable respiration rate estimates.

Another minor work plan deviation relates to sampling frequency. Since a relatively steady decline in
oxygen and increase in CO, were observed at well BW5-5A during the first 3 days, sampling
frequency was reduced to once every 12 hours for the last 2 days rather than once every 8 hours as
specified in the plan. The data obtained were fully satisfactory and sufficient for meeting all test

objectives.
2.7 BIOSPARGE TESTING

This section discusses testing used to assess the feasibility of using biosparging for groundwater
remediation at Site 5. This testing consisted primarily of air injection at two sparge wells (BS5-1 and
BS5-2) screened at different intervals and measurement of pressures at nearby monitoring wells.

Biosparge testing was conducted on August 22 and 23, 1995.
2.7.1 Field Activities

Before air was injected, groundwater levels were measured to compare with later changes in the static .
water table elevation due to sparging activities. Water level data were collected at both sparge wells

and at all B- and C-level monitoring wells.

Air injection into biosparge well BS5-1 (screened 9 to 11 feet bgs) was initiated on August 22, 1995
using an air compressor., No measurable air flow was obtained until pressure was applied at
approximately 4.5 pounds per square inch (psi). Injection pressures were increased up to 12 psi with
corresponding flow rates up to 4.6 scfm, while response pressures were monitored at A- and B-level

wells. Water levels at nearby wells were also recorded during air injection, and helium gas was also
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injected for approximately 35 minutes to evaluate air flow including potential vertical flow.
Biosparge testing at BS5-1 was concluded on August 23 after a total of approximately 3 1/2 hours of

air injection,

Air injection into biosparge well BS5-2 (screened 13 to 15 feet). was initiated on August 23, 1995
using the air compressor. Pressures exceeding 7 psi were required to obtain any measurable air flow.
Injection pressures up to 12.5 psi were used at flowrates up to 13.0 scfm; pressures above 8.0 psi
were obtained by using the blower as an air injection source. As with testing at sparge well BS5-1,
data collected included response pressures, water levels, and helium conceﬁtrations at nearby
monitoring wells, Biosparge testing at BS5-2 was stopped on August 23 after approximately 1 1/2
hours.

Dissolved oxygen (DO) concentrations were then measured and recorded from groundwater samples
taken from monitoring wells BWS-1B, -1C, -2B, and -2C to compare with pre-sparge testing DO
data. Field DO measurements were made using a Hach test kit model OX-2P. All biosparge test

results are presented in Section 5.4.
2. 7.2 Work Plan Deviations

‘Some deviations from the field work plan occurred during biosparge testing. Injection pressures used
at both sparge wells were higher than indicated in the work plan due to the need to overcome
formation resistance and achieve air flow. In addition, sparge tests at both injection wells were run
for less time than indicated in the work plan. The test times were shortened because measured ROIs
were low (less than 5 feet) for both sparge wells even at relatively high injection pressures, likely due
to very low soil permeability. Final DO concentrations were not measured at wells BW5-3C and -4C
because both of these wells were far outside the sparging ROI. Finally, a combined
biovent/biosparge system test was not run because independent system ROIs did not overlap, most
likely due to the relatively impermeable saturated and vadose zone lithologies of the test area.

2.8 LONG-TERM BIOVENT TESTING
2.8.1 Field Activities
The long-term biovent test was initiated on September 12, 1995, after the last stage of air

permeability testing was completed. The biovent system was left running with a flowrate of

approximately 30 scfim at 3.5 inches of water pressure. Except for a 2-day shutdown for respiration
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testing in November 1995, the blower was running continuously from September 12, 1995 to about
January 14, 1996. Sometime between January 12 and 14, the blower malfunctioned and stopped
injecting air into the biovent trench. The blower was removed, inspected, and then replaced, and the
system was restarted on February 16, 1996 with a flowrate of 29 scfm at 11 inches of water pressure.
One month later, the blower again malfunc_tioned and a decision was made to discontinue system
operation and conclude the long-term test. The total system run time was approximately 5 1/2
months, and long-term test results are presented in Section 5.5. To complete the biovent system
evaluation, 20 confirmation soil samples were collected and analyzed as discussed in Section 2.2.
Soil sampling results are presented in Section 3.0.

2.8.2 Work Plan Deviations

Because of scheduling and equipment problems, monitoring well oxygen data were collected roughly
every 8 weeks throughout the long term test, rather than every 6 weeks as stated in the field work
plan. Hydrocarbon data were not collected throughout long-term testing since PID readings were
zero for all wells except BW5-5A (22.9 parts per million [ppm]) during baseline soil gas sampling.
The final in situ respiration test was not conducted since no monitoring wells appeared to indicate
significant increases in oxygen during long-term testing and therefore would likely not be subject to
significant microbial acclimation and respiration improvements during the 5 1/2-month period.

3.0 SOIL ANALYTICAL RESULTS

This section presents soil chemical and geotechnical analytical results for samples collected from the
Site 5 biovent trench and monitoring well boreholes. |

3.1 SOIL NUTRIENTS

Two of the five samples collected from biovent monitoring wells were analyzed for nutrients and
microbial plate counts. Specific nutrient analyses included ortho-phosphate (phosphate as
phosphorus), ammonia, nitrate (nitrate as nitrogen), and TOC. Microbial plate count analyses
consisted of a heterotrophic plate count and a hydrocarbon-utitizing plate count using diesel as a fuel
substrate. These analyses were conducted to assist in evaluating the biodegradation potential for the

" bioventing system at Site 5. Table 1 summarizes the soil nutrient analytical results. Complete

laboratory analytical results are contained in Appendix C.
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MOFFETT FEDERAL AIRFIELD
SITE § PILOT TEST
SOIL NUTRIENT ANALYTICAL RESULTS

TABLE 1

Total Organic
Carbon (mg/kg) 1,210 <122
j| Total Solids (percent by
weight) 82.5 81.9
Heterotrophic Plate Count
(CFU/gram) 125,000 30,000
Diesel-Utilizing Plate Count
(CFU/gram) 29,000 3,000
Nitrate as N (mg/kg) 0.55 0.41
Phosphate
as P (mg/kg) 1.1 1.2
Ammonia (mg/kg) ND! ND! |1
Notes: |
1 Detection limit was 1.0 mg/kg
mg/kg Milligrams per kilogram
CFU Colony forming units
N Nitrogen
P Phosphorus
ND Not Detected
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As seen in Table 1, significant concentrations of both heterotrophic and hydrocarbon-utilizing
microorganisms were present in both soil samples, indicating that biodegradation of fuel contaminants
may already be occurring. Nitrogen sources, as measured by nitrate and ammonia, appear to be in
relatively low concentrations in the two soil samples collected (up to 0.55 mg/kg nitrate). Phosphate
concentrations were 1.1 and 1.2 mg/kg as phosphorus for the two samples. Since nitrogen is
estimated to be used by microbes for degradation at a ratio on the order of 10:1 nitrogen to
phosphorus (Baker and Herson 1994), it appears that, in addition to oxygen, nitrogen may be a
limiting nutrient for biodegradation of hydrocarbons in Site 5 soils, based on the two soil samples.
However, some research indicates that microbes may be able to utilize other sources of nitrogen
through processes such as nitrogen fixation of atmospheric nitrogen into ammonia (Anderson 1995).
Therefore, supplemental nitrogen may not necessarily be required for successful implementation of a
bioventing system.

TOC values were 1,210 mg/kg in one sample and less than 122 mg/kg in the other sample. It is
likely that some portion of the carbon constituting these TOC values is derived from petroleum
contamination. These TOC concentrations are relatively low for robust biodegradation, as they do
not represent significant food sources for microbes. However, higher concentrations of TPH in soils
were present in the pilot test area, with levels up to 3,500 mg/kg TPH-e detected in baseline soil
samples (see Section 3.3).

Based on the soil nutrient and microbiological results presented here, conditions appear to be
favorable for biodegradation in soils at Site 5 provided that there is an adequate supply of oxygen to
support microbial activity. It is possible that supplemental nitrogen would enhance biodegradation
rates, and this addition should be considered if a full-scale bioventing system is implemented.

3.2 GEOTECHNICAL RESULTS

Sémples collected from the biovent trench sidewall were analyzed for grain size distribution to
confirm the observed lithologic description of the trench. Samples were also collected from selected
borings and analyzed for the geotechnical properties of grain size distribution, porosity, and moisture
content. Table 2 summarizes results of geotechnical analyses of samples collected from the trench
and boreholes. Complete geotechnical analytical results are presented in Appendix D.

Results presented on Table 2 indicate that the majority of soil samples were characterized as sandy
clayey silts or clayey sandy silts. Figures 6 and 7 provide cross-sections that depict lithologic
characteristics of the pilot test area based on field observations. Visual observation of soils indicate
that the trace sands or gravels present were discontinuous and that individual grains were separated by
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TABLE 2

MOFFETT FEDERAL AIRFIELD
SITE 5 PILOT TEST
SOIL GEOTECHNICAL ANALYTICAL RESULTS

" (5.5-6.5)

Silty gravelly sand

GTT5-1 Trench NA NA
GTT5-2 Trench (5.5-6.5) Silty sand NA NA {
GTT5-3 Trench {4.5-5.5) Silt with sand NA NA
GTT54 Trench (4.5-5.5) Sandy clayey silt NA NA
GTT5-5 Trench (5.0-5.5) Clayey silt NA NA
GTB5-1B | BW5-1B (10.5-11.0) Clayey silt with sand NA NA
GTB5-1C | BW5-1C (14.5-15.0) Clayey silt with sand NA NA
GTB5-2A | BW5-2A (6.5-7.0) Sandy clayey silt 40.7 25.1
GTB54A | BW54A (6.5-7.0) Clayey sandy silt 39.6 24.0
GTB5-6A | BW5-6A (6.5-7.0) Clayey sandy silt 37.7 22.2

Notes:

NA Not Analyzed

bgs Below ground surface
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relatively large intervals of less permeable materials. In general, visual characterization and
geotechnical analyses indicate that both vadose zone and saturated zone soils in the pilot test area
exhibit a relatively low permeability and are not conducive to air flow. Analysis of other Site §
borehole logs outside of the pilot area also indicates that, in general, Site 5 soils are relatively fine
grained and likely have a low air permeability. Therefore, in situ remedial actions for soils or
groundwater at Site 5 may require fracturing or other permeability enhancements for successful
implementation.

3.3 BASELINE CHEMICAL DATA

Twenty soil samples were collected from boreholes aligned in a grid established along four lines
parallel to the biovent trench, as shown in Figure 8. Two lines were positioned on each side of the
trench approximately 4 and 10 feet from its centerline. Samples were collected from the zone of
highest apparent contamination in each borehole. Field observations and analytical results show that
this zone lies betwéen 6 and 7 feet bgs, coinciding with the approximate high level of groundwater in
the area. Analytical results also show that, in general, the highest TPH-e concentrations are found in
the eastern portion of the pilot test area, TPH concentrations in baseline samples ranged from not
detected in three western samples to 3,500 mg/kg TPH-e in sample GB5-15 (eastern region of the
sample grid). Figure 12 shows the locations and detected concentrations of TPH for all baseline
samples. Table 3 summarizes analytica! results from baseline soil samples. Complete analytical
results for baseline samples are presented in Appendix C. |

3.4 CONFIRMATION DATA

Confirmation soil sampling was performed at the end of the Phase I bioventing test in May 1996 as
described in Section 2.2. As with the baseline samples, all 20 confirmation samples were collected in
a grid pattern offset approximately 6 inches from the original baseline sample locations. The
intention of this confirmation sampling was to compafe soil sample TPH-e concentrations before and
after long-term biovent testing to assess any changes due to bioventing operations. All attempts were
made to collect the confirmation samples using the same sampling equipment, sample depths,
collection methodologies, and analytical procedures as were used for the baseline samples. To reduce
chances for any analytical differences between laboratories, the same laboratory (Anametrix) was used
to analyze both sets of samples. Results of TPH-e analysis of confirmation soil samples are shown in
Table 4. For comparison purposes, analytical results of baseline samples are shown adjacent to the
corresponding confirmation sample result in Table 4, as well as the percent reductions in TPH-¢
concentrations from baseline to confirmation samples.
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TABLE 3

MOFFETT FEDERAL AIRFIELD
SITE 5 PILOT TEST
BASELINE SOIL SAMPLE ANALYTICAL RESULTS
TOTAL EXTRACTABLE PETROLEUM HYDROCARBONS

(mg/kg)
(6.0-7.0) 561
(6.8-7.0) 2,600
(6.1-6.5) 1,100
6.4-7.0) 1,500
(5.3-5.6) 3,300
6.5-7.0) ND
(6.4-7.0) 1,200
(6.6-7.0) 1,100
(6.0-6.8) 880
6.0-7.0) 1,600
(6.0-7.0) ND
6.6-7.0) 660
6.5-7.0) 2,000
(6.5-7.0) 1,400
6.4-6.7) 3,500
(6.5-7.0) ND
6.7-7.0) 500
(6.4-6.7) 880
(6.4-6.8) 880
6.0-7.0) 2,000

Notes:

1 This sample was non-detect for TPH extractable as JP-5, but had a detection guantified as

56 mg/kg TPH extractable as motor oil.

mg/kg Milligrams per kilogram
bgs Below ground surface
ND Not detected, detection limits ranged from 11 fo 12 mg/kg
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TABLE 4

MOFFETT FEDERAL AIRFIELD
SITE 5 PILOT TEST
CONFIRMATION SOIL SAMPLE ANALYTICAL RESULTS
TOTAL EXTRACTABLE PETROLEUM HYDROCARBONS

(mg/kg)
GCB5-1 | (6.0-7.0) ND 562 78.6°
GCB5-2 | (6.8-7.0) 260 2,600 90.0
GCB5-3 | (6.1-6.5) 110 1,100 90.0
GCB5-4 | (6.4-7.0) 230 1,500 | 84.7
GCB5-5 | (5.35.6) | 1,500 3,300 54.5
GCB5-6 | (6.5-7.0) ND ND | NA
GCB5-7 | (6.4-7.0) 73 1,200 93,9
GCB5-8 | (6.6-7.0) 480 | 1,100 56.4
GCB5-9 | (6.0-6.8) 100 880 88.6 "
GBC5-10| (6.0-7.0) 140 1,600 91.3 |
GCB5-11 | (6.0-7.0) ND ND NA |
GCB5-12| (6.6-7.0) 170 660 74.2
GCB5-13 | (6.5-7.0) 170 2,000 91.5
GCB5-14 | (6.5-7.0) 290 1,400 79.3
GCB5-15 | (6.4-6.7) 300 3,500 91.4
GCBS5-16 | (6.5-7.0) 25 ND Increase®
GCB5-17| (6.7-7.0) 761 500 | 985
GCB5-18 | (6.4-6.7) 300 830 65.9
GCBS5-19 | (6.4-6.8) 210 880 76.1
GCB5-20 | (6.0-7.0). 140 2,000 93.0 |

Notes:

1 Ppercent reduction = [(baseline-confirmation)/baseline] x 100

2 This sample was non-detect for TPH extractable as JP-5, but had a detection quantified as
56 mg/kg TPH extractable as motor oil.

3 This percent reduction was calculated assuming that the confirmation value was at the
detection limit of 12 mg/kg; actual reduction is probably greater than 78.6 percent.

4 Confirmation sample TPH value was higher than the corresponding baseline sample
(detection limit was 11 mg/kg) '

bgs Below ground surface
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TABLE 4 (continued)

MOFFETT FEDERAL AIRFIELD
SITE 5 PILOT TEST
CONFIRMATION SOIL SAMPLE ANALYTICAL RESULTS
TOTAL EXTRACTABLE PETROLEUM HYDROCARBONS

(mg/kg)
ND Not detected, detection limits ranged from 11 to 12 mg/kg
NA Not available
J Estimated value
mg/kg Milligrams per kilogram
TPH ~ Total petroleum hydrocarbons
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As seen in Table 4, nearly all sets of samples showed significant reductions in TPH-e concentrations
when comparing confirmation to baseline resuits. Percent reductions in TPH-e concentrations ranged
from 54.5 to 98.5 percent, with an average reduction of 82.2 percent. Two sample pairs indicated no
detections of TPH-¢ in soil samples analyzed before and after the bioventing study. Only one sample
pair (GB5-16 and GCB35-16) of the 20 sample pairs showed an increase, from not detected in the
baseline sample to 25 mg/kg TPH-e in the confirmation sample. This increase could be due to soil
heterogeneities and resulting local differences in contaminant distribution. Although variations in
contaminant\ distribution between nearby soil sample pairs could account for some of the lower
concentrations in confirmation samples, there appears to be a significant overall trerd in contaminant
reduction after the long-term biovent test. Based on these results, it is likely that the injection of air
into contaminated soils by the bioventing system resuited in significant biodegradation of TPH
contaminants in test area soils.

4.0 GROUNDWATER ANALYTICAL RESULTS

This section presents groundwater analytical results and discusses their implications for the feasibility
of successful bioremediation. All groundwater samples were collected on August 14, 1995 from the
B-level wells screened from 9.0 to 11.0 feet bgs.

Table 5 presents analytical results for nutrients and TPH-e. Nitrate concentrations ranged from 3.0 to
4.9 milligrams per liter (mg/L), with the highest concentrétion measured in a sample collected from
monitoring well BW5-3B. TKN concentrations, which sum organic and ammonia nitrogen forms,
were all approximately 0.4 mg/L.. These TKN and nitrate analytical results indicate that sufficient
dissolved nitrogen is available to degrade significant amounts of TPH contamination in groundwater
(greater than 10 mg/L TPH), assuming that other conditions are favorable for biodegradation.

Phosphate was not detected in any groundwater samples at detection limits ranging from 0.05 to 0.25
mg/L. Phosphate is an essential nutrient and the lack of detections may be indicative of phosphate-
limited conditions for biodegradation. However, if other conditions are favorable for degradation,
microbes may be capable of utilizing or making bioavailable other sources of phosphorus including
sorbed or precipitated forms in the soil or groundwater matrix. Phosphate was present in both soil
samples collected just above the water table (see Section 3.1), and phosphorus was also detected in
the 0.1 to 0.2 mg/L range in four groundwater samples collected approximately 80 feet downgradient
at the oxygen-releasing compound (OKC) pilot test study (PRC 1996).
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MOFFETT FEDERAL AIRFIELD

TABLE 5

SITE 5 PILOT TEST
GROUNDWATER ANALYTICAL RESULTS

(Sampled August 14, 1995)

BW5-1B | 4.3 ND! ND 0.41 1680

BW5-2B | 4.0 ND? ND 0.41 20

BW5-3B | 4.9 ND! ND 0.41 10

BW54B | 3.0 ND! ND 0.40 510
Notes:

1

Detection limit was 0.05 mg/L

2 Detection limit was 0.25 mg/L
Detection limit was 0.1 or 0.11 mg/L.

mg/L
TPH-e
TKN
CFU/mL
ND

Milligrams per liter

Total petroleum hydrocarbons as extractables

Total Kjeldahl nitrogen (organic nitrogen plus ammonia)
Colony forming units per milliliter

Not detected
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All four water samplés were analyzed for TPH-¢, although no TPH-¢ contaminants were detected in
any samples at detection limits of approximately 0.1 mg/L.. Hydrocarbon-utilizing plate counts
ranged from 10 to 1,680 colony forming units per milliliter (CFU/mL), with the highest concentration
in the sample collected from monitoring well BW5-1B. While these concentrations are relatively low,
the presence of hydrocarbon utilizers is an indication that microbial biodegradation is possible given
adequate putrients and contaminant substrates (organic food sources). Furthermore, the low plate
counts are likely due to an insufficient food source for metabolism (TPH-e was not detected in any
groundwater samples) and low dissolved oxygen. Laboratory groundwater analytical results are
presented in Appendix E.

Dissolved oxygen was measured in groundwater samples as a part of biosparge testing (see

Section 5.0). Howe{rer, DO results are also summarized in this section to aid in the evaluation of
nutrient status of groundwater in the pilot test area. Table 6 presents DO values of groundwater
samples collected from B- and C-level wells screened at 9 to 11 and 13 to 15 feet bgs, respeétively.

DO values ranged from 1.6 to 2.2 mg/L and 0.6 to 1.6 mg/L in samples collected from the B- and C-
level wells, respectively. These rélatively low DO levels are indicative of oxygen limitation relative
to biodegradation, as DO levels less than 2.0 mg/L are not conducive to significant biodegradation of
contaminants (Brown 1994, Salanitro 1993). In the pilot test area, both oxygen and fuel (TPH-e) are
present in concentrations that appear to be too low for significant biodegradation. However, based on
the grounciwater analytical results presented above, it appears likely that biodegradation of petroleum
contaminants in groundwater would occur at Site 5 given adequate oxj'gen supply and sufficient fuel
contamination for microbial metabolism.

5.0 BIOVENTING AND BIOSPARGING TEST RESULTS

'This section presents and discusses results of all bioventing and biosparging test activities conducted
during Phase I pilot testing at Site 5. These tests, conducted from August 13, 1995 to May 16, 1996,
included air permeability testing, leak testing, respiration testing, biosparge testing, and long-term
biovent testing, '

5.1 AIR PERMEABILITY TESTING
Air permeability testing using air injection was conducted using two different injection locations: the

biovent trench pipe and vadose zone monitoring well BW5-2A. The additional, unanticipated testing
' - at well BW5-2A was done to gather more air permeability data for evaluating bioventing at Site 5
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MOFFETT FEDERAL AIRFIELD
SITE 5 PILOT TEST
. BACKGROUND DISSOLVED OXYGEN RESULTS

TABLE 6

BWS5-1B 2.0
BW5-1C 0.8
f BW5-2B 2.2
BW5-2C 0.6
BW5-3B 1.8
BWS5-3C 1.6
BW5-4B 1.6
BW5-4C 0.8

Notes:

1. All water samples were collected with bailers and field analyzed for DO using a Hach OX-

2P test kit.

2. All B-level wells screened at 9.0 to 11.0 feet bgs and sampled on August 14, 1995,

3. All C-level wells screened at 13.0 to 15.0 feet bgs and sampled on August 20, 1995.

mg/L
DO

Milligrams per liter
Dissolved oxygen
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since biovent trench data were limited by suspected vertical flow leakage from the biovent trench.
Sections 5.1.1 and 5.1.2 present biovent and monitoring well air permeability test results. Section
5.1.3 summarizes these results and discusses the potential for successful bioventing at Site 5 based on

these results.
5.1.1 Biovent Trench Permeability Testing

Prior to biovent system operation, water level data were collected to verify that the water table was
below the targeted zone of injection (which corresponds to the biovent trench gravel pack at 5 to
7 feet bgs), Table 7 presents the results of water level measurements taken on August 13, 1995 at all

B- and C-level monitoring wells.

As seen in Table 7, depths to groundwater ranged from 6.95 to 7.23 feet bgs, which is at or below
the bottom of the bioventing trench gravel pack. Therefore, conditions were deemed acceptable for

bioventing operation.

A brief system check was run on August 14, 1995 to verify system operation. The blower was
turned on and air flow into the trench was set at approximately 5 scfm. This combination resulted in
an injection pressure of 0.4" water (inches of water pressure) and an air temperature of approximately
110° F. The system was run at this flowrate for about 20 minutes. No pressure response was
detected at any monitoring wells except for a slight response at well BW5-4A. The system appeared

to be in working order and ready for biovent testing.

The biovent air permeability testing was initiated on August 14, 1995 immediately following the
system check. Flowrates, temperatures, injection pressures, and pressure responses at vadose zone
monitoring wells were measured every few minutes as flowrates were gradually increased, Table 8

presents these biovent air permeability results.

As seen in Table 8, injected air flowrates were increased from 10.9 to 83.4 scfm. Biovent injection
pressures also increased from 1.1" to 6.8" water. Pressure responses at all A-level vadose zone
monitoring wells were slight to none, with small responses only detected at well BW5-1A in the 0.1"
to 0.15" water range. The low vent pressures and low pressure responses at monitoring wells
corresponding to the relatively high flowrates indicate system leaks or vertical air flow rising

relatively unimpeded from the biovent pipe to the ground surface. Although it is possible that large,
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TABLE 7

MOFFETT FEDERAL AIRFIELD
SITE 5 PILOT TEST
PRE-PERMEABILITY TESTING WATER LEVEL RESULTS
August 13, 1995

[ BW5-1B 7.09
| BW5-1C 7.10
BW5-2B 7.23
I BW5-2C 7.23
BW5-3B . 6.95
BW5-3C . 695
BW5-4B 7.19
BW5-4C ' 7.17

bgs Below ground surface
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TABLE 8

MOFFETT FEDERAL AIRFIELD
SITE 5 PILOT TEST
INITIAL BIOVENT AIR PERMEABILITY TEST RESULTS
August 14, 1995

. 1606 150 10.9 1.1 None
1622 220 16.0 1.8 None
1643 300 219 2.45 None
1709 400 ' 292 3.25 None
1729 500 36.6 4.55 None
1753 600 44.0 5.0 0.1 at BW5-1A
1800 1,000 73.6 6.5 0.14 at BW5-1A
1807 1,200 83.4 . 0.15 at BW5-1A
Notes:
1 Flowrate is corrected to standard conditions (14.7 psi pressure and 20°C temperature) using

recorded vent pressures and temperature (approximately 43.3°C throughout this test).

2 Only pressure responses of at least 0.1 inches water were recorded because of instrument
sensitivities to wind and motion when using the 0 to 1 inch water Magnehelic pressure gauges.

fpm Feet per minute (actual)

scfm Standard cubic feet per minute
psi Pounds per square inch

°C Degrees celsius
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highly permeable channels intersecting the trench area may be capable of diverting injected air flows
with similar pressure responses measured during testing, no such channels or any other highly

permeable lithologic units were observed during construction.

Since no aboveground system leaks were detected, it was assumed that the .majority of the injected air
was flowing vertically through soil fractures with a relatively lower component of horizontal air flow
into the formation, During leak testihg on August 22, 1995, pressure responses were detected at
temporary.monitoring points T2 (0.25" water) and T3 (1.5" water), both located about 3 feet away
from the trench. Since instruments at well BW5-1A did detect a slight pressure increase and this well
is situated approximately 7 feet away from the biovent pipe, it is estimated that the ROI was
approximately 7 feet in the general direction of well BW5-1A. In the areas near wells BW5-4A (east
of the trench) and BW5-6A (southwest end of trench), little to no pressure increase was detected and
ROIs in these areas were assumed to be less than 7 feet. While some soil zones near the trench may
have higher local permeabilities and therefore correspondingly higher localized ROIs due to
bioventing, it is unlikely that ROIs extended more than 15 feet in any direction based on test results

and observed lithology in the test area.

Because it was suspected that vertical soil cracks (either naturally occurring or created during system
construction) were contributing to system short-circuiting (nonhorizontal flow), the system was
modified as described in Section 2.4.1 in an attempt to improve system performance. Following the
modifications, further biovent air permeability testing was conducted on September 11 and 12, 1995.
Water levels were measured in B-level wells and results are presented in Table 9. All water

levels were lower than measured in August 1995 before initial permeability testing began. Table 10

presents the biovent air permeability test results collected after the system was modified.

Injected air flows ranged from 5.5 to 79.2 scfm, with injection pressures in the 1.0" to 9.75" water
range. A review of results presented in Table 10 indicates that pressure responses at wells and
injection pressures were not significantly different after system modifications than before. More air
appeared to be flowing toward well BW5-4A after the system modifications, and at one point smail
pressure responses were noted at wells BW5-1A, -4A, and -6A simultaneously. In general, pressure
responses appeared to be slightly stronger after system modifications than before, indicating that
horizontal air flow was somewhat improved due to the modifications. However, the resuiting ROI

‘was still estimated to be no greater than 7 to 10 feet.
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TABLE 9

MOFFETT FEDERAL AIRFIELD
SITE § PILOT TEST
POST-MODIFICATION WATER LEVEL RESULTS
September 11, 1995

BWS5-1B | 7.27

BWS5-2B | 740 |
BWS5-3B 715 |
BW5-4B 736 I

Note:

' bgs Below ground surface
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TABLE 10

MOFFETT FEDERAL AIRFIELD
SITE 5 PILOT TEST
POST-MODIFICATION BIOVENT AIR PERMEABILITY TEST RESULTS
September 11 and 12, 1995

None

1629 150 11.1 100 1.3 0.1 at BW54A A
17053 220 16.4 100 2.5 Slight response at BW5-4A
0817 250 18.8 65 2.25 None

0825 400 31.5 70-80 4.5 0.1 at BW5-4A f
1054 500 38.5 85 7.0 0.2 at BW5-4A f
11254 1,000 76.3 90-96 9.0 0.36 at BW54A, I

slight responses at BW3-1A
and -6A

5.1 | 9

600

0.14 at BW54A
1500 600 44.8 100 5.25 0.9 at BW5-4A, slight
response at BWS-1A
1506 1,050 79.2 100 9.75 Slight response at BW5-1A,
slight vacuum at BW5-4A
1521° 400 29.6 102 3.5 0.24 vacuum at BW5-4A
Notes:

Flowrate is corrected to standard conditions (14.7 psi pressure and 20°C temperature) using
recorded vent pressures and temperature (approximately 43.3°C throughout this test).

2 Only pressure responses of at least 0.1" water were recorded because of instrument sensitivities
to wind and motion when using the 0 to 1" water Magnehelic pressure gauges.

3 This run was continued until 1812.

4 This run was continued until 1235.

3 The system was left running at these conditions for the long-term biovent test.

* The first three table entries listed above describe test conditions on September 11, 1995. All
remaining data presented in this table were collected on September 12, 1995,

fpm Feet per minute (actual)

scfm Standard cubic feet per minute

psi  Pounds per square inch

°F  Degrees Fahrenheit

°C  Degrees Celcius
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5.1.2 Monitoring Well BW5-2A Air Permeability Testing

Air permeability testing at vadose zone monitoring well BW5-2A was conducted on August 21, 1995
using the test configuration shown in Figure 10. An air compressor was used initially as an injection
air source and pressure responses were measured at three temporary monitoring points (T1, T2, and
T3) and monitoring wells BW5-1A, -3A, and -4A. Test results are presented in Table 11.

As can be seen from results presented in Table 11, high injection air pressures were required to
obtain relatively small air flows. Flowrates tested using the air compressor ranged from 1 to 4.6
scfm at pressures of 3.5 to 7.2 psi. Pressure responses were detected only at temporary monitoring
point T1 (up to 0.44" water) located approximately 4.2 feet away from injection well BW5-2A (see
Figure 9).

Because the air compressor was incapable of supplying higher air flows and pressures, the system
blower was then connected and used as an air injection source at well BW5-2A as shown in

Figure 10. Table 12 presents the air permeability test results collected at BW5-2A using the blower.

Flows ranged from 12 to 26 scfm at injection pressures of 7.7 to 9.0 psi. Pressure responses were
detected and measured at monitoring wells BW5-1A, T1, and T2, with up to 2.5" water recorded at
T1. Pressures at BW5-1A (7 feet away) and T2 (11 feet away) were of very similar magnitude, with
up to 0.2" water at both wells, No measurable responses were observed at wells BW5-3A, ~4A, or
T3.

'5.1.3 Summary

Based on air permeability test results presented above and the soil analytical results presented in
Section 3.0, it is clear that contaminated subsurface soils in the pilot test area are fine-grained and
have a relatively low permeability to air flow. This low permeability is partial'ly due to the high
degree of soil saturation in the targeted zone (5 to 7 feet bgs) which reduces theieffective (air-filled)
porosity of these soils, This high degree of saturation is a natural condition of soils residing in the
capillary fringe just at and above the water table.

Measured ROIs appeared to be somewhat larger at well BW5-2A (likely due to more permeable soils
and fess vertical air flow) than at the biovent trench, but much higher pressures and flowrates per
length of vent screen were required at BW5-2A. However, ROIs at both injection sources did not

appear to exceed 10 feet in the directions measured.
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TABLE 11

MOFFETT FEDERAL AIRFIELD
SITE § PILOT TEST
MONITORING WELL BW5-2A
AIR PERMEABILITY TEST RESULTS
(Using an air compressor injection source)

II' 1017 1 3.5 None - ]|
(i 1027 1 3.5 None
1035 2 5.5 0.13
1049 2.1 5.0 0.12
1100 2 5.0 ' 0.11
1110 2 49 0.11 {
1120 2.1 5.0 0.16
1130 21 4.8 0.12
1145 3.1 7.0 0.26
1155 33 6.0 0.28
1200 4.4 7.2 - 0.41
1 1210 | 45 6.5 0.41
I 1215 4.6 6.5 0.44
I 1226 4.5 6.5 _0.44
Notes:
1. No pressure responses greater than 0.1" water were measured at monitoring wells T2 and T3

and BW5-1A, -3A, and 4A.

2. Testing was conducted on August 21, 1995 using an air compressor to inject air into
monitoring well BW5-2A.,

scfm Standard cubic feet per minute
psi  Pounds per square inch
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TABLE 12

MOFFETT FEDERAL AIRFIELD
SITE § PILOT TEST
MONITORING WELL BW5-2A
AIR PERMEABILITY TEST RESULTS
(Using the system blower as an injection source)

1445 [ 12.0 8.0 1.05 0.10 ~ None
1446 12.5 7.8 1.05 0.10 None
1450 12.8 1.7 NA NA NA
1455 14.0 8.2 1.24 0.11 0.10
1457 14.2 8.1 1.23 0.11 0.10
1501 14.6 8.0 1.25 0.11 0.10
1505 15.0 7.9 1.30 0.11 0.12
1515 15.2 7.9 1.32 0.12 0.10
1523 19.0 8.5 1.70 0.14 0.14
1533 19.2 8.4 ) 1.72 0.14 0.14
1543 20.5 8.5 1.82 0.15 0.16
1553 22.0 9.0 2.0 0.17 0.18
1603 23.0 8.5 2.1 0.17 0.17
1615 26.0 9.0 2.4 0.19 0.19
1630 26.0 8.3 2.5 0.20 0.20

Notes:

1. No pressure responses greater than 0.1" water were measured at monitoring wells T3, BW5-

3A, and 4A.

2. . Testing was conducted on August 21, 1995 using the system blower to inject air .into
monitoring well BWS-2A,

scfm Standard cubic feet per minute
psi Pounds per square inch

" water Inches of water pressure -
NA Not available
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To successfully remediate contaminated soils at Site 5 using in situ bioventing, it appears based on
these test results that relatively close vent well spacings or soil permeability improvements would be
required. Two potential methods for permeability improvement are soil fracturing (pneumatic or
hydraulic) and in situ soil warming. While both of these methods have been shown to improve ROIL
at other sites, implementation of these technologies would significantly increase the overall cost of
remediation. Installation of closely spaced vent wells also increases the cost relative to wider vent

spacings typical at sites with more permeable soils,
5.2 LEAK TESTING

Leak testing was conducted at three different times during pilot testing. Initially, potential leaks were
evaluated using water puddled into bermed soil areas, and these results are presented in Section 5.2.1.
Later, leaks were evaluated using helium as a flow tracer gas, and these results are presented in
Section 5.2.2. Finally, leak testing was conducted after the biovent system was modified and these

results are presented in Section 5.2.3. Section 5.2.4 summarizes all leak test results.
5.2.1 Water Puddle Testing

On August 16, 1995, leak testing was conducted by pouring water into small bermed areas at
numerous surface locations near the trench. The biovent system was turned on and puddles were
watched closely for the presence of water bubbles at 10 bermed locations, including along the edges
of the trench liner and at the vertical riser pipe. Significant bubbling was observed at two locationsﬁ
large, continuous bubbles at the south and east edges of the riser pipe, and smaller bubbles every 2 to
3 seconds at a point along the south edge of the trench about 10 feet west of the vent pipe. No other

significant bubbling was observed at other test locations.
5.2.2 Helium Tracer Testing

On August 22, 1995, leak testing was conducted by turning on the blower system with an
approximate 5 percent mixture of helium to air and measuring helium concentrations at numerous
surface locations around the bioventing trench. Roughly 60 locations were sampled over an area
encompassing a 15 to 20 foot radius around the trench. Helium concentrations ranged from 0.1
percent (the lower detection limit of the Marks 9821 helium detector) to 1.8 percént, with the highest
detection measured at the ground surface adjacent to the vent riser pipe. The majority of the points

measured had low helium detections greater than 0.01 percent. The helium concentration at the point
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farthest from the trench where helium was detected was 0.14 percent. This point was located about
22 feet southwest of the southwest corner of the trench. There appeared to be no patterns in
concentration distributions other than a general trend toward higher helium detections closer to the
trench edges and higher detections over large, visible cracks at the soil surface,

5.2.3 Post-Modification Helium Tracer Testing

On September 12, 1995, after system modifications had been completed and additional air
permeabilfty testing had been performed, another helium tracer leak test was conducted. As before, a
helium tracer was connected to the biovent pipe and the mixture was set at approximately 7 percent
helium to air, Roughly 50 surface locations were sampled throughout the test area, with helium
detected at the majority of locations. Helium concentrations ranged from 0.01 to 7.4 percent at a
large 1/2 inch wide crack approximately 10 feet west of the west end of the trench. Two other
helium detections greater than 6 percent were measured 20 feet west and 10 feet north of the west end
of the trench, both directly over visible cracks. Numerous detections greater than 1.0 percent were
measured at the bases of concrete pads around monitoring wells BW5-1A, 4A, and -6A, and a large
detection (6.8 percent) was also measured at the base of the biovent riser pipe. The farthest location
where helium was detected (0.08 percent) was at a point approximately 28 feet south of the west end
of the trénch.

In general, helium detections were measured significantly farther from the trench than during testing
prior to system modifications, with many detections 6 to 10 feet away from the trench. Very few
helium detections were made immediately above the trench, contrary to the many detections measured
above the trench prior to system modifications. As before, the highest helium detections were

measured at points just above visible surface cracks.
5.2.4 Summary

Based on the leak test results presented above, it appears likely that significant portions of the injected
biovent air were short-circuiting (via cracks or other pathways) vertically toward the ground surface.
It is not clear from the data collected how much of the vertical flow can be attributed to natﬁraliy
occurring soil cracks versus potential fractures created during system construction, although it is
possible that both pathways are present. Shallow vertical soil cracks and fractures, extending down to

3 to 5 feet bgs or more, are not uncommon in fine-grained soils.
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The system modifications made in September 1995 (described in Section 2.4.1) appear to have
improved the ratio of horizontal to vertical flow componenfs, as higher helium concentrations were
measured farther out from the trench afterward, This should result in a larger supply of air flowing
horizontally outward. However, vertical leaks appeared to be occurring along the side of the riser
pipe both before and after system modifications. Although alternative designs or construction
methods may reduce vertical air flow, it is likely that there would always be some vertical air flow or
system leakage when applying bioventing to a site with such shallow soil contamination.

5.3 RESPIRATION TESTING

This section presents results collected from in situ respiration testing conducted during August 1995.
Section 5.3.1 presents background oxygen and CO, soil gas data collected from wells prior to
respiration testing. Section 5.3.2 presents respiration test results at background (uncontaminated) well
W5-20 and from monitoring well BW5-5A (installed in contaminated soils). Finally, Section 5.3.3
summarizes respiration results and discusses the implications for successful bioremediation.

5.3.1 Background Soil Gas

On August 13, 1995, before system operation and respiration testing began, background soil gas.
samples were collected and field analyzed for oxygen, CO,, and hydrocarbons. Table 13 presents the
results of this background soil gas sampling.

At sea level, the ambient concentrations of oxygen and CO, in air are roughly 21 percent and 0.035
percent, respectively. As seen in Table 13, oxygen levels are significantly lower and CO, levels are
significantly higher than ambient levels in most sampling locations. The two wells installed in the
areas of highest apparent contamination (BW5-4A and -5A) yielded soil gas samples with the lowest
oxygen and highest CO, values. These baseline results strongly suggest that microbial respiration of
hydrocarbons is already occurring without intervention at Site 5.

5.3.2 Respiration Testing

Following 2 days of air injection, respiration data were collected over a 5-day period from August 18
to 23, 1995, The respiration data included field measurements of oxygen, CO,, and helium from
wells W5-20 and BW5-5A. Table 14 presents these in situ respiration test results. Figure 13 shows a
_plot of oxygen concentrations over time for both wells and Figure 14 shows a plot of CO,

concentrations over time at both wells,

57 044-0235irveip Simofetthiechmemo.a\08-15-96\jem



TABLE 13

MOFFETT FEDERAL AIRFIELD
SITE § PILOT TEST
" BASELINE SOIL GAS SAMPLE RESULTS
August 13, 1995

Trench 8.5 6.5 11.6
BW5-1A 15.0 55 0.0 '
BW5-2A 18.2 7.0 0.0
BWS5-3A 18.7 6.5 0.0
BW5-4A 7.7 9.0 0.0
BW5-5A 8.8 12.2 229
BW5-6A 19.8 1.2 0.0

W5-20 19.5 75 0.0

FP5-1 19.3 1.8 0.0

‘Notes:

1. Samples collected and analyzed on August 13, 1995 using a Gastech 3252 OX for 0,/CO, and
a MicroTip PID for hydrocarbons.

2. Gas samples were collected from the 5 to 7 foot bgs depth using 1/4 inch diameter Tygon tubes
suspended in the screened interval.

PID Photoionization detector
ppm Hydrocarbon concentration, parts per million
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As seen in the table and figures, both oxygen (20.1 to 20.5 percent) and CQ, (0.05 to 0.2 percent)
concentrations were fairly consistent and unchanged at the background well throughout the 5-day test
period. This is indicative of little to no natural, background respiration or oxygen consumption in
soils near the background well at the depth measured. However, data collected from well BW3-5A
show significant trends in steady oxygen depletion and CO, production. Oxygen concentrations at
well BW5-5A started at 20.6 percent and decreased to 18.1 percent during the test period. CQ,
concentrations at well BWS-SA started at 0.10 percent and increased to 2.9 percent over the same
period. With these respiration results, biodegradation rates were estimated using formulas based on
oxygen consumption and CO, production rates (AFCEE 1992). Using (by common convention)
hexane as the representative hydrocarbon, calculated biodegradation rates at the test wells were 0.22
mg/kg/day (milligrams per kilogram per day) and 0.52 mg/kg/day based on oxygen consumption and
" CO, production, respectively. While these biodegradation rates are somewhat low, they are within

ranges reported at other bioventing sites (Hinchee and Ong 1992).

Helium data are also reported in Table 14, Helium declingad steadily and rapidly in samples from the
background well, from 1.7 to 0.11 percent during the test. As seen in Table 14, helium
concentrations were more erratic for well BW5-5A. Concentrations varied from high to low values
three times before finally becoming not detected after 56 hours. Although initially intended as a way
to estimate gaseous diffusion, the variable results at well BW5-5A and rapid losses at well W5-20
were inconclusive and not used to factor out an overall diffusion or system leak rate. Due to helium’s
smaller molecular weight, it is conceivable that system leaks of helium occurred that did not

necessarily indicate similar leaks of oxygen and CO,.
5.3.3 Summary

Based on these respiration results and data presented in Section 3.1, two conclusions can be made.
First, microbial respiration is already occurring naturally at Site 5, which results in some degradation
of petroleum hydrocarbons. Second, injection of air into contaminated soils at Site 5 appeared to
result in significant, measurable degradation of petroleum hydrocarbons. Although respiration rates
appeared to be low relative to other bioventing sites (Hinchee and Ong 1992}, this may be attributable
to lower soil TPH concentrations at Site 5 relative to other sites, as higher concentrations provide
more food substrate and allow higher microbial respiration and activity. In addition, the more
"weathered" character of the TPH suggests that the remaining hydrocarbons require more metabolic

energy to reduce their presence. Low nutrient status and relatively impermeable soils may be other
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contributing factors. However, these respiration results suggest that bioremediation of hydrocarbons

will occur at Site 5 when oxygen is supplied to contaminated soils, and that some degradation (albeit

at a lower rate) may also occur naturally without the addition of air.

5.4 BIOSPARGE TESTING

Biosparge testing was conducted on August 22 and 23, 1995 using sparge injection wells BS5-1
(screened 9.0 to 11.0 feet bgs) and BS5-2 (screened 13.0 to 15.0 feet bgs). Before sparge testing
began, water levels in the injection wells and all B- and C-level wells were measured to evaluate
potential changes in water levels due to sparging. Table 15 presents the data collected prior to sparge

testing.

Background DO results prior to sparging were also recorded and these data are presented in Table 6 |
in Section 4.0. Section 5.4.1 presents sparge test results at injection well BS5-1, and Section 5.4.2
presents results at well BS5-2,

5.4.1 Injection Well BS5-1 Results

Biosparge testing at well BS5-1 was conducted by using an air compressor as an injection air source
and measuring pressure responses at nearby A- and B-level wells, Table 16 presents these test

results.

As can be seen from the results presented in Table 16, pressure responses were detected at monitoring
points T1 and BW5-2A (both 7A—level) during testing. However, no responses were detected in any of
the B-level wells, including wells BW5-1B and BW5-2B (located about 3 feet and 5 feet away from
BS5-1, respectively). Helium was mixed into the injection air during sparging (5 percent), and was
detected at the ground surface at the outside edge of the well box around well BS5-1 (1.9 percent).
Slight detections were also noted inside the well box, at the injection piping threads, and at some
surface points within 3 feet of well BS5-1. It appears that air flow was directed somewhat vertically
with some horizontal flow components in the vadose zone, with minimal horizontal flow at the depth
of injection through groundwater. Groundwater levels did not appear to change in any monitoring

wells due to sparging.
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TABLE 15

MOFFETT FEDERAL AIRFIELD
SITE 5 PILOT TEST
PRE-SPARGING WATER LEVEL RESULTS -
August 22, 1995

BS5-2 6.99
BWs-1B - 7.19
BW5-1C 7.21
BW5-2B © 7.34
BW5-2C - 7.34
BW5-3B 7.06
BW5-3C 7.06
BW5-4B _ 7.30
BW5-4C 7.28

‘Note

bgs Below ground surface
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TABLE 16

MOFFETT FEDERAL AIRFIELD
SITE 5 PILOT TEST
BIOSPARGE TEST RESULTS AT INJECTION WELL BS5-1

8-22-95 | 1554 4.5 1.4 NA NA
- [T1645 5.0 2.2 NA NA
1718 7.5 NA None None

1720 8.9 3.2 None None

1740 9.0 3.7 None None

1755 10.2 4.1 None . None

1805 11.0 4.7 None None

82395 | 0820 9.0 - 10.0 2.1 0.36 0.1
0857 12.0 3.0 Slight Slight

0910 12.0 4.0 NA NA

0917 12.0 4.6 1.0 Slight .

Notes:

1. Testing was conducted on August 22 and 23, 1995 using an air compressor as an 'injection

source,

2. No pressure responses were detected at any B-level wells or at any other A-level wells other
than those listed above.

3. "Slight" listed in the table above refers to an apparent pressure increase though less than 0.1"
water.

psi  Pounds per square inch
scfm Standard cubic feet per minute
NA  Not available
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5.4.2 Injection Well BS5-2 Results

Biosparge testing at injection well BS5-2 was conducted on August 23, 1995 using both an air
compressor and the system blower as air injection sources, Table 17 presents the results of this

testing.

As seen in Table 17, relatively large ﬁressures (up to 12.5 psi) and flowrates (up to 13 scfm) were
used with relatively small pressure responses at monitoring wells. C-level wells BWS-1C and -2C
exhibited small responses, although they were located only 2 feet and 5 feet away, respectively. As
with sparge well BS5-1, air flow appeared to be moving up and laterally, with minimal horizontal
movement at the injection depth. The sparge ROI appeared to be greater for injection Well BS5-2 at
the flows tested than for well BS5-1, As with testing at well BS5-1, helium tracer measurements
indicate that some vertical leakage occurred at the outside edge of the well box, at the sparge pipe
threads, in the well box, and at nearby surface locations. Just before air injection was stopped, water
levels were measured to check for signs of mounding. The water level at well BW5-1B increased
significantly to 5.35 feet bgs, an increase of approximately 1.8 feet, although no other wells showed

measurable level increases. DO was also measured in the nearby groundwater monitoring wells that

‘'showed pressure responses during testing. As seen in Table 18, DO did increase significantly in

wells BW5-1B and BW5-2C due to biosparging.” These data, in conjunction with the pressure data

presented above, are an indication that sparged air traveled at least 5 feet in the saturated zone.
5.4.3 Summary

In general, relatively high pressures were required to achieve small flowrates and ROIs at both sparge
injection wells, Results at well BS5-2 (deeper well} were somewhat more favorable to sparging than
at well BS5-1, based on pressure response and water table data, During both tests, there appeared to -
be a significant vertical component of flow, indicating that soils at the zone of sparge injection were

less permeable to flow than overlying soils {or that cracks and pathways existed within the overlying

- soils). These sparge test results, along with soil borehole log data, indicate that saturated soils in the

test area, similar to the unsaturated zone, are relatively impermeable to air flow.

Although more permeable saturated soils and channels exist at Site 5, the soils in the pilot test are

_ fairly representative of the majority of Site 5 soils. To apply biosparging at Site 5 for the remediation
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TABLE 17

MOFFETT FEDERAL AIRFIELD
SITE 5 PILOT TEST
BIOSPARGE TEST RESULTS AT INJECTION WELL BSS-2
(August 23, 1995)

1005 7.2 1.7 Slight None None None None | None
1015 7.0 34 | Slight | Slight | None None | None | None [
1030 6.1 33 None None None None None | None
1034 8.0 4.9 0.5 Slight None 0.54 | None | None
1112 12.5 9.5 Slight Slight 1.5 Stight | 0.58 | Nome
1117 11.6 11.0 | None None 1.5 None | Nome | None |
1127 10.5 13.0 | None None 1.5 None | Nome | 03 |
Notes:

1. Testing was conducted on August 23, 1995 initially using an air compressor as an injection
source. The air compressor was shut off at 1052; the blower was turned on starting at 1112
and shut off at 1142,

2. No pressure responses were detected at wells BWS-2B, -3B, -3C, -4B, 4C, nor point T3.

3. “Slight" listed in the table above refers to an apparent pressure increase though less than 0.1"
water. '

psi  Pounds per square inch
scfm  Standard cubic feet per minute
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- TABLE 18

MOFFETT FEDERAL AIRFIELD
SITE 5 PILOT TEST
POST-SPARGING DISSOLVED OXYGEN RESULTS
August 23, 1995

BW5-1C 0.8 0.8 |
BW5-2B 2.2 1.8 |

BW5-2C 0.6 1.7 “

Notes:

1. All water samples were collected with bailers and field analyzed for DO using a Hach OX-
2P test kit. '

mg/L Milligrams per liter
DO Dissolved oxygen

s

68 054-0235irrdpS\moffor\techmemo, s5\08-15-96em



of groundwater, it would likely be necessary to implement in situ soil fracturing (either hydraulic or
pneumatic) to improve horizontal air flow and make the remedial system more effective. Otherwise,
high injection pressures and a large number of closely spaced sparge wells would be required for
remediation based on these pilot test results.

5.5 LONG-TERM BIOVENT TESTING

Long-term biovent testing was conducted from September 1995 to May 1996. During this test
period, soil gas oxygen concentrations were measured periodically at A-zone monitoring wells and
these data are presented in Table 19. Initial background soil gas results are also shown in the table
for comparison. Confirmation soil samples were collected and analyzed after the long-term biovent
test was completed, and these results are presented in Section 3.4.

As seen in Table 19, wells BW5-1A, BW5-5A, and the trench showed increased oxygen levels
relative to background levels, presumably due to bioventing operation. Significant air flow did not
appear to be occurring in the vicinity of wells BW5-2A, -3A, -4A, and -6A based on these results,
However, these oxygen data are not the only indicators of system performance, and results from air
permeability tf:sting and soil sampling were'also used to evaluate performance. All oxygen results
collected in January 1996 appear to be lower than during other periods, possibly due to a higher
water table and therefore less air flow into the targeted zone.

6.0 RECOMMENDATIONS

~This section discusses potential full-scale remedial alternatives for TPH contamination in both soil and

groundwater at Site 5, describes the rationale for selection of the recommended alternative, and
presents recommendations for full-scale implementation.

After data obtained during Phase I testing was analyzed, bioventing and biosparging technologies were
assessed in comparison to other viable remedial options for site soils and groundwater to determine an
optimum approach to achieving cleanup of JP-5 contamination at Site 5. Technologies evaluated for
soil remediation include bioventing, excavation, and intrinsic remediation, and these alternatives are
discussed in Section 6.1. Technologies evaluated for groundwater remediation include biosparging,
bioremediation using ORC, and intrinsic remediation, and these are discussed in Section 6.2.
Considerations involved in determining the recommended alternative included effectiveness in meeting
cleanup levels, capital and operating costs, ease of implementation, and required cleanup time. The
recommended remedial alternative is presented in Section 6.3.
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TABLE 19

MOFFETT FEDERAL AIRFIELD
SITE 5 PILOT TEST
LONG-TERM BIOVENT TEST OXYGEN RESULTS
(ppmv)

BW5-1A
| BW52A NA 13.9 14.9 18.2 |
BW5-3A ~ NA 15.3 15.8 18.7 |
BWS5-4A 2.5 0.4 2.6 7.7 |
BWS5-5A 13.5 1.8 13.2 8.8
BWS-6A 20.1 18.6 19.4 19.8 "
Trench 21.2 207 | 14.6 85 |

Notes:

1. Background oxygen samples were collected on August 13, 1995 prior to any biovent air
injection. '

ﬁpmv Parts per million by volume
NA Not analyzed
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6.1 SOIL REMEDIATION ALTERNATIVES

This section provides a discussion of bioventing, excavation, and intrinsic remediation as potential

remedial alternatives for Site 5 soils,
6.1.1 Bioventing

The Phase I test results indicate that bioventing should be effective in reducing JP-5 contamination in
vadose-zone soils at Site 5. However, due fo the relatively low permeability of soils typically found
throughout Site 5, this site does not represent ideal conditions for implementation of a bioventing
system. To remediate soils in an effective manner using bioventing, additional engineering methods
such as soil fracturing and surface sealing would likely be required. If soil fracturing or other
permeability enhancements were not used, then relatively close vent well spacings (approximately 20
to 30 feet apart based on the area studied) would be required to supply oxygen to the majority of
contaminated soils, resulting in large construction costs. With a large number of trench or well
points, expected operation and maintenance costs would be relatively high. Therefore, overall costs

to achieve cleanup using bioventing would also be relatively high.

The time required to meet soil cleanup levels using bioventing is variable and depends on factors such
as lithology, system performance, soil nutrient status, and contaminant distribution relative to the
bioventing system configuration, Using in situ respiration results presented in Section 5.3,
biodegradation rates during testing were estimated to be roughly 0.5 mg TPH/kg/day. Using the
before and after test data obtained during soil sampling, the average TPH reduction was
approximately 1,150 mg/kg (see Table 4) over the 266-day period between sampling events, yielding
an average TPH reduction of approximately 4.3 mg/kg/day. Assuming that these estimates represent
an approximate range of degradation rates to be expected during full-scale remediation, cleanup (to
less than the 400 ing/kg cleanup level) of Site 5 soils using bioventing would require from about 1.1
to 9.3 years to complete, Soil fracturing would likely improve bioventing system performance and
result in shorter overall cleanup times.

6.1.2 Excavation
Soil excavation and ex situ treatment or disposal were considered as an alternative for Site 3 soils.
Advantages of excavation include the fast removal of soils potentially contaminating groundwater and

the complete removal of contaminants that otherwise may be difficult or time consuming to degrade in
situ. Disadvantages are the relatively high cost, increased potential risks due to worker exposure and
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soil transport, possible destruction of burrowing owl habitat, and the difficulty of removing
contaminated soils located below the water table. In addition, the fact that Site 5 is an active fuel
farm with remaining USTs and fuel lines would further complicate the removal of soils, since the soil
with the highest TPH contamination is located adjacent to these structures and care would be required
to avoid damaging existing utilities. ’

Once soils are excavated, they could be treated on site using ex situ bioventing or other forms of
bioremediation (such as compost piles), chemical oxidation, or thermal desorption. However, due to
the current demand at California landfills for fill material, off-site disposal of TPH-contaminated soils
at Class II and III landfills is relatively inexpensive and would likely be the preferred alternative for
excavated soils disposal. Excavation and off-site disposal, though relatively expensive, would likely
be the fastest method to remove or reduce contaminated soils from Site 5.

6.1.3 Intrinsic Remediation

Intrinsic remediation, also known as natural attenuation, entails the ongoing reduction of soil
contamination that occurs naturally without any human intervention. A recent report by Lawrence
Livermore National Laboratory (LLNL 1995) indicates that the majority of ieaking USTs in
California result in stable soil and groundwater plumes that are subjected to significant blodegradatxon
by indigeous soil microbes. While intrinsic remediation is largely due to bioremediation in
petroleum-contaminated soils, other attenuation factors such as volatilization, diffusion, and chemical
oxidation also occur naturally in soils and also result in reduced soil contaminant levels over time.
Proper implementation of intrinsic remediation entails use of monitoring programs to ensure that
contamination is not migrating, or posing risks to human or ecosystem receptors, and to confirm

contaminant reductions over time.

Data collected from Site 5 indicate that significant intrinsic biodegradation of contaminated soils has
been and is currently occurring. Initial respiration data presented in Section 5.3 indicate background
conditions of low oxygen and high CO, in vadose zone soil gas, which is typical of hydrocarbon
contamination in soils undergoing biodegradation. Soil microbial population data (presented in
Section 3.1) show that heterotrophic microbes capable of hydrocarbon degradation are present in
soils, indicating that biodegradation is likely in progress. Furthermore, review of gas chromatograms
produced during laboratory soil sample analyses indicates that JP-5 fuels are significantly degraded,
most likely due to naturally occurring microbial degradation.
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Chromatograms of biodegraded fuel in soil samples can generally be characterized by fewer resolved
component peaks and larger unresolved hydrocarbon humps than for fresh fuel standards.
Furthermore, the increased molecular weight (due to oxidation of the alkanes) of the degraded fuel
will cause JP-5 to elute later than the undegraded standard. Figure 15 shows gas chromatograms for
two JP-5-contaminated soil samples (GP5-1 and GP5-5) and compares them with a fresh, unweathered
JP-5 fuel standard. These chromatograms were considered typical and representative of other Site 5
soil samples. As seen in Figure 15, missing alkane peaks in the soil sample chromatograms indicate
that the JP-5 has been significantly degraded. Additionally, the large unresolved hydrocarbon humps
are displaced about 2 minutes later than the corresponding envelope in the JP-5 standard. This 2-
minute displacement is roughly equal to the increase in mass expected by oxidation of the alkanes.
These results and the nearly complete loss of the lower molecular weight fraction of the fuel in the
soil samples suggest the fuel has heen substantially biodegraded.

Recent guidance from the San Francisco Bay RWQCB suggests that source removal and passive
remediation are recommended for "low-risk" fuel sites. RWQCB defines "low risk" soil sites as
having the following characteristics: “1) The leak has been stopped and ongoing sources, including
free product, removed or remediated; 2) The site has been adequately characterized; 3) Little or no
groundwater impact currently exists and no contaminants are found at levels above established MCLs
or other applicable water quality objectives; 4) No water wells, deeper drinking water aquifers,
surface water, or other sensitive receptors are likely to be impacted; 5) The site presents no
significant risk to human health; 6) The site presents no significant risk to the environment" (RWQCB
1996).

Site 5 soils meet all of the characteristics outlined above for low risk soil sites, with the possible
exception of point 3. However, MCLs have not been established for the relatively low toxicity fuel
constituents found in JP-5, and only a single well at Site 5 (1,000 pg/L TPH other heavy components
from FP5-5) currently exhibited contaminants in a groundwater sample above the 700 pg/L TPH
cleanup level. Most recent analyses of groundwater samples from all other wells at Site 5 indicate
TPH constituents were not detected or were detected below the cleanup level.

Although significant data exist to indicate that intrinsic bioremediation is occurring at Site 5, no data
are available to accurately estimate the time required to meet cleanup goals using intrinsic
remediation. However, since soil contamination is stable and not migrating, groundwater
contamination is stable and attenuating over time, and no apparent rfsks to humans or eavironmental

receptors are present, rapid cleanup of soils at Site 5 should not be required.
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6.2.2 Bioremediation Using ORC

A treatability study using ORC as an oxygen source for bioremediation was recently conducted at Site
5, and results have been reported in a treatability study technical memorandum (PRC 1996). The
treatability study was conducted at and just downgradient of monitoring well FP5-1 located
approximately 90 feet north of the biosparging pilot test area,

Results from the treatability study indicate that while DO in excess of levels required for
bioremediation was supplied by ORC in the source well (FP5-1), DO in wells 5 feet downgradient
was elevated only about 1 mg/L. Furthermore, both bromide tracer test results and DO results from
monitoring wells indicate that only slight lateral dispersion of solutes (bromide and oxygen) was
occurring in groundwater near well FP5-1. This small lateral' dispersion of solutes has implications
for use of ORC in bioremediation, since relatively close source well spacings would likely be required

to effectively increase DO concentrations throughout regions of contaminated groundwater.

Groundwater samples were collected from source and monitoring welis before, during, and after ORC
testing and analyzed for TPH-e. No significant trends or reductions in TPH concentrations were
evident based on analytical data. Based on the results summarized in this section, it does not appear

likely that ORC would result in successful bioremediation of groundwater at Site 5.
6.2.3 Intrinsic Remediation

Data collected from Site 5 during pilot testing and during routine quarterly sampling indicate that
significant natural attenuation of JP-5 in groundwater is already occurring at Site 5. Analysis of
groundwater sample chromatograms indicates that JP-5 is being degraded in situ. Furthermoré, TPH
concentrations in groundwater samples collected from Site 5 monitoring wells have been stable or
dgcreasing over time, indicative of natural attenuation. As discussed in Section 6.1.3, groundwater at

most petroleum UST sites in California is undergoing significant biodegradation by naturaily

- occurring microbes (LLNL 1995) and it appears that Site 5 groundwater is no exception.

Figure 16 shows a chromatographic comparison of degraded JP-5 in a groundwater sample (FPS-l)
versus a fresh JP-5 standard. A close comparison of these two chromatograms shows the FP5-1
chromatogram contains few equally spaced resolved peaks that are present in the laboratory standard,
indicating that the alkaneslhave been removed or altered in the degraded fuel. Additionally, the water
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6.3 RECOMMENDED ALTERNATIVE

Intrinsic remediation of both soils and groundwater is considered to be the best remedial alternative
for Site 5 for the reasons presented in Sections 6.1.3 and 6.2.3. Current risks to human and
ecosystem receptors are very low since the Al-aquifer zone is-not being used as a drinking water
source, groundwater does not exfiltrate into any surface waters at or near Site 5, contaminated soils
are predominantly found at 6 to 10 feet bgs, and groundwater velocities are very low (less than 0.5
feet/day in an area near FP5-1 with higher permeability soils for Site 5). Furthermore, due to
naturally high total dissolved solids (TDS) and metals content and the very low pumping extraction
rates attainable, it is highly unlikely that Site 5 groundwater will ever be used as a drinking water -
source. Guidance from RWQCB also supports this remedial action, as a recent memorandum states,
"Passive bioremediation shouid be the preferred remedial alternative unless there is a compelling
reason to do otherwise” (RWQCB 1996).

Use of intrinsic remediation should entail regular monitoring, particularly in the downgradient areas,
to ensure that JP-5 contamination continues to attenuate over time, Monitoring wells should be
sampled until all TPH levels meet cleanup levels or until stability is demonstrated beyond any
reasonable doubt.

Since the bioventing trench is installed in an area with soil contamination above cleanup levels, it is
recommended that the vent pipe be opened to atmosphere to serve as a passive air inlet well. The
vent opening could be modified to prevent the introduction of surface water, rain water, or animals
into the trench via the pipe. Selected vadose zone wells and groundwater monitoring wells screened
partially across the vadose zone could also be used as passive air inlet wells. Recent experiments at
other bioventing sites suggest that diurnal fluctuations in atmospheric pressure can result in significant
air flow into and out of passive wells (Foor et al. 1995). Use of passive inlet wells in this manner
would likely accelerate natural attenuation processes due to enhanced oxygen supply to

microorganisms.
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APPENDIX A

MONITORING WELL CONSTRUCTION i)IAGRAMS






CONCRETE PAD

WELL

‘ ”c Environmental Management Inc.

MONITORING WELL COMPLETION DIAGRAM

OHER 3R
. .
e gi’é

S

00
CEr:

WELL NO.: BWS5-1A THROUGH BW5-6A

BOREHOQOLE NO..

SITE: Site 5

SUBSITE: BIOVENTING SYSTEM

DATE: 07-17-86

SURFACE COMPLETION DETAILS

(TYPE OF INSTALLATION)

ABOVE GROUND

FLUSH MOUNT

O

MEASURING POINT

TOP OF CASING

GROUND SURFACE

TOP OF PROTECTIVE CASING

DRILLING INFORMATION

DRILLING COMPANY:

IT CORP.

DRILLING METHOD:

HOLLOW STEM AUGER -

DRILLING DATE(S):

12/19/94 THROUGH 12/21/94
INSTALLATION DATE(S):
12/19/94 THROUGH 12/21/94

BOTIOM OF WELL

FLUSH-MOUNTED
PROTECTIVE CASING

CEMENT/BENTONITE GROUT
FROM 00 TO 2.5 FI. BELOWGROUND

BENTONITE SLURRY

FROM 2.5 TO 4.5 FT.BELOWGROUND

PVC RISER CASING

FROM 0.0 - TO 5.0 FT. BELOWGROUND

2-INCH SCHEDULE 40 PVC

#8/12 SAND PACK

1.0 FEET:

BOREHOLE

FROM 45 TO 1.5 FT. BELOWGROUND
0.02 SLOT PVC SCREEN
FROM §0 TO 7.0 FI. BELOWGROUND

2-INCH SCHEDULE 40 PVC

WATER ADDED DURING DRILLING
YES []

NO [X]

GALLONS:

TOTAL DEPTH OF BOREHOLE: 7.5 FT.




‘ ”c Environmental Management Inc.

MONITORING WELL COMPLETION DIAGRAM

PROTECTIVE CASING
1
. -
£ iy
WELL | - .
WELL NO.: BWS5-1B THROUGH BW5-4B
CEMENT/BENTONITE GROUT
BOREHOLE NO.: FROM 00 TO 6.5 FI. BELOWGROUND
SITE: SITES BENTONITE SLURRY

SUBSITE: BIOVENTING SYSTEM FROM 65 TO 8.5 FI.BELOWGROUND

DATE: 07-17-96 PVC RISER CASING

SURFACE COMPLETION DETAILS
(TYPE OF INSTALLATION)

FROM 9.0 TO 11.6 FT. BELOW GROUND

2-INCH SCHEDULE 40 PVC
ABOVE GROUND D

FLUSH MOUNT 4
#8/12 SAND PACK
MEASURING POINT FROM 86 TO 11,5 FI. BELOWGROUND
TOP OF CASING O 0.02 SLOT PVC SCREEN
GROUND SURFACE FROM 9.0 TO 11.0 FT. BELOW GROUND
2-INCH SCHEDULE 40 PVC
TOP OF PROTECTIVE CASING [ ]
WATER ADDED DURING DRILLING
DRILLING INFORMATION
YES [] GALLONS:
DRILLING COMPANY: -
IT CORP. NO [X]
DRILLING METHOD:
HOLLOW STEM AUGER .
DRILLING DATE(S):
1219/94 THROUGH 12/21/94
INSTALLATION DATE(S):
12/19/94 THROUGH 12/21/94
BOTTOM OF WELL
11.0 FEET:

TOTAL DEPTH OF BOREHOLE: 11.5 FT.

BOREHOLE




| mc Environmental Management Inc.

MONITORING WELL COMPLETION DIAGRAM

PROTECTIVE CASING

T
o

-
i i
WELL NO.: BWSB5-1C THROUGH BWE-4C
CEMENT/BENTONITE GROUT
BOREHOLE NO.: FROM 0.0 TO 11.0 FI. BELOW GROUND
SITE: SITES BENTONITE SLURRY

SUBSITE: BIOVENTING SYSTEM FROM 11.0 TO 13.0 FT. BELOW GROUND

DATE: 07-17-96 PVC RISER CASING

SURFACE COMPLETION DETAIL.S
{TYPE OF INSTALLATION}

FROM 00 TO 13.0 FT. BELOW GROUND

2-INCH SCHEDULE 40 PVC

ABOVE GROUND D

FLUSH MOUNT X 48112 SAND PACK

MEASURING POINT . FROM 130 7O 15.¢ FT. BELOW GROUND
TOP OF CASING ] 0.02 SLOT PVC SCREEN

GROUND SURFACE X FROM 130 TO 15.0 FI' BELOW GROUND

2-INCH SCHEDULE 40 PVC

TOP OF PROTECTIVE CASING ~ []

WATER ADDED DURING DRILLING

DRILLING INFORMATION
YES [] GALLONS:

NO [X]

DRILLING COMPANY:
IT CORP

DRILLING METHOD:
HOLLOW STEM AUGER .

DRILLING DATE(S):

12/12 & 12/19 THROUGH 12/21/94
INSTALLATION DATE(S):

12/12 & 12/19 THROUGH 12/21/94
BOTTOM OF WELL

15.0 FEET:

TOTAL DEPTH OF BOREHOLE : 15.5 FT.

BOREHOLE




mc Environmental Management Inc,

SPARGE INJECTION COMPLETION DIAGRAM

CONCRETE PAD FLUSH-MOUNTED
- PROTECTIVE CASING

WELL
WELLNO.: BS6-1
CEMENT/BENTONITE GROUT
BOREHOLE NO.: FROM Q@ TO 6.0 FT. BELOW GROUND
SITE: SITE 6 BENTONITE SLURRY

SUBSITE: BIOVENTING SYSTEM FROM 6.0 TO 8.0 FI. BELOWGROUND

DATE: 07-18-96 PVC RISER CASING

SURFACE COMPLETION DETAILS
{TYPE OF INSTALLATION)

FROM 00 TO 8.5 FT. BELOWGROUND

1-INCH SCHEDULE 80 PVC
ABOVE GROUND D

FLUSH MOUNT
il #20/40 SAND PACK

MEASURING POINT FROM 8.0 TO 11.5 FT. BELOW GROUND

TOP OF CASING

1

FINE BUBBLE DIFFUSER

GROUND SURFACE FROM 8.5 TO 311.0 FI. BELOW GROUND

|

TOP OF PROTECTIVE CASING

O

WATER ADDED DURING DRILLING

DRILLING INFORMATION

YES [] GALLONS:

NO [X]

DRILLING COMPANY:

IT CORP.

DRILLING METHOD:
HOLLOW STEM AUGER

DRILLING DATE(S):
12/21/94

INSTALLATION DATE(S):
12/21/94 '
BOTTOM OF WELL

11.0 FEET: TOTAL DEPTH OF BOREHOLE : 11.6 FT,

BOREHOLE




CONCRETE PAD

WELL
WELL NO.: BSb-2
BOREHOLE NO.:
SITE: _SITE 5

SUBSITE: BIOVENTING SYSTEM

DATE: 07-18-94

SURFACE COMPLETION DETAILS

‘ ”c Environmental Management Inc.

SPARGE INJECTION COMPLETION DIAGRAM

{TYPE OF INSTALLATION)

ABOVE GROUND D

FLUSH MOUNT X

MEASURING POINT

TOP OF CASING
GROUND SURFACE

TOF OF PROTECTIVE CASING

DRILLING INFORMATION

DRILLING COMPANY:
IT CORP.

DRILLING METHOD:
HOLLOW STEM AUGER -

DRILLING DATE(S):
12/21/94

INSTALLATION DATE(S):
12121194

BOTTOM OF WELL

0O ® 0O

FLUSH-MOUNTED .
PROTECTIVE CASING

CEMENT/BENTONITE GROUT
FROM 0.0 TO 10.0 FI. BELOW GROUND

BENTONITE SLURRY

FROM 100 TO 12,0 FI. BELOWGROUND

PVC RISER CASING

FROM 0.0 TO 12.5 FT. BELOW GROUND

1-INCH SCHEDULE 80 PVC

#20/40 SAND PACK

15.0 PEET:

BOREHOLE

FROM 12.0 TO 15.8 FT. BELOW GROUND

FINE BUBBLE DIFFUSER

FROM 125 TO 15.0 FT. BELOW GROUND

WATER ADDED DURING DRILLING
YES [] GALLONS:

NO [X]

TOTAL DEPTH OF BOREHOLE : 155 FT.







APPENDIX B

SOIL BOREHOLE LOGS






 BOREHOLE LOG

%8 envVIRONMENTAL MANAGEMENT, INC.
SHEET 1 OF_I_

MOTE: NO CULTURAL FEATURES APPEAR WITHIN THE EXTENT OF THIS PLOT. ¢

“\SITE 5 TRANSFORMER AREA
oy BWE-30 o9BWS-3C

W5-2C
I BWG-28 ¢, 524

BS5-1 5-2
BW5-1B ﬁb—‘lc BWS-43
1A
BWS-4A
FUEL FARM

$BWS-0A
Ll ]

AN

HTE B VENo"

SENS-5A 20 0

_SCALE 1"=40'

JOB NO.:

044-0236 BOREHOLE DESIGNATEON: BWS-1A

§ CLIENT: U.S. Navy

SURFACE ELEVATION:

§ SITE: Moffett Federal Air Field

DEPTH TO WATER: ~6.5 feet bls

SUBSITE: Site5

LOGGED BY: Tom Lackman

DRILLING CO.: HEW Drilling Co.

DRILLING DATE(S): 12-20.-%4

DRILLING PERSONNEL/METHOD:

6" 0.D. HSA/ 5 fi. continuous coring

B'/B" 0866 5 ppm

16 ppm

5.0

5.0 13 ppm

2.5/2.6 [0903 [1.2 ppm

184
ppm

7.5

SN S IR SONpEI I FEpEEE PEpIpER SEppI SPIPEpEI SNIIPIpIYY WSIPIEGIN SRR g R SN R S PETOTRI (I SR

o < h W N

O ® 0 Nd O 0 b W N

{0.0-3.0)
SILTY CLAY. Slightly moist, roots, organic matter, black.

{3.0-4.5)

SILT AND CLAY, trace very fine sand. Slightly moist, mottied olive
brown and black,

{4.5-5.0}

SANDY SILT, trace gravel. Slightly moist, soft, light yellowish brown.
{5.0-6.5} .

AS ABOVE. Silt and clay increase with depth.

(8.5-7.5)

VERY FINE TO FINE SANDY SILT AND CLAY. Very moist, slightly
plastic, hydrocarbon ador, greenish gray (5 9Y 5/1)

Total Drilled Depth = 7.5 fest
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BOREHOLE LOG FPF8 ENVIRONMENTAL MANAGEMENT, INe.

SHEET 1 OF 1

HOTE: NO CULTURAL FEATURES APPEAR WITHIH THE EXTENT OF TWS PLOT. ¢ JOB NO.: 044-0236 BOREHOLE DESIGNATION: BW5-1B

CLIENT: U.S. Navy SURFACE ELEVATION:

“NGITE 5 TRANSFORMER AREA
BW5-38 ¢ #BW5-3C
PBWS-3A

BHS-28 o o

BSE-1 52

SITE: Moffett Federal Air Field

DEPTH TO WATER:  ~6.5 fect bls
SUBSITE: Site5 LOGGED BY: Tom Lackman

BW5-4B
Bw&f? 5_1:— 1c SBWE-BA .
NG BWeaa DN DRILLING CO.: HEW DrilingCo, | DRILLING DATE(S): 12-20.94 bl
FUEL FW\ B

DRILLING PERSONNEL/METHOD:

20 0

6" 0.D. HSA/ 5 ft. continuous coring

SCALE: 1"=40"

5 ss{0 515 0758 |Oppm | {0.0-3.0)
: 1 SILTY CLAY. Slightly moist, roots, organic matter, black.
§
E
; 2
0.5 ppm :
! 3 {3.0-4.5)
! SILT AND CLAY, trace very fine sand. Slightly moist, mottied olive
H brown and black.
; 4 4.5-5.0}
5.0 1.0 ! SANDY SILT, trace gravel, trace cobbles. Slightly moist, soft, light
. - ppm : 5 yellowish brown.
5.0 ! {5.0-6.5}
' 8 AS ABQVE. Silt and clay increase with depth.
! {6.5-7.5}
4.6/6.0 1 0B0B 1195 : VERY FINE TO FINE SANDY SILT AND CLAY. Very moist, soft,
ppm ! 7 hydrocarbon odor, greenish gray {5GY 5/1)
i {7.5-10.0)
] SILT AND CLAY, trace very fine to fine sand. Moist, slightly plastic,
T 8 stiff, mottled light and dark olive brown.
H
: 9
37 ppm {
10.0 : 10 {10.0-11.5)
X : . .
10.0 1.5/1.5 | og10 1.6 ppm ‘ 1 f:: r:?g.\?-:-‘:.i(t)hf::tme calcareous nodules. Increasing sand content
11.5 2.4 ppm !
: 2
'
i 3 Total Brilled Depth = 11.5 feet I
, 4
'
E 5
i
i 6
; 7 )
%
: 8
E
5 9 '
; 0
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" BOREHOLE LOG

SR envIRONMENTAL MANAGEMENT, INC.
SHEET 1 OF 1 _

\\SITE 5 TRANSFORMER AREA

U 3B S

5-2C
BWS-2B «, W5-2A

ass-ug:g:&z
BY5-1B 5-1G

SCALE: 1"=40’

BYWS-48

HOTE: KO CULTURAL FEATURES APPEAR WITHN THE EXTENT OF THS PLOT.. ¢

JOB NO.: 044-0236

BOREHOLE DESIGNATION: BWSs-1C

CLIENT: U.S. Navy

SURFACE ELEVATION:

SITE: Moffett Federal Air Field

DEPTH TO WATER: ~6.5 feetbls

| SUBSITE: Site 5 LOGGED BY: Tom Lackmun

| DRILLING CO.: HEW Drilling Co. DRILLING DATE(S): 12-19-%¢

! DRILLING PERSONNEL/METHOD:

6" 0.D. HSA/ 5 ft. contimuome coring

k- ssfo 5.0/5.0 | 1400 |0 ppm i (0.0-4.5)
1 1 SILTY CLAY, trace sand and gravel. Slightly moist, tight,
! roots,organic matter, black. Color change at 3.2 feet to mottled olive
! brown and black.
: 2
|
0 ppm !
, 3
|
; 4 (4.5-5.0)
1 SANDY SILT AND CLAY. Moist.
5.0 -{© ppm E 5 {5.0-7.0}
5.0 12.7 il AS ABOVE.
ppm ; 8
4.0/5.0 | 1409 :
. 7 (7.0-8.2)
147 | VERY FINE TO FINE SANDY SILT AND CLAY. Very moist, ofive
ppm [ brown and greenish gray, fuel odor.
i 8 (8.2-10.0)
i SILT AND CLAY, trace very fine sand and calcareous nodules. Tight,
; 9 mottled light olive brown and brownish gray, slight fuel odor.
I
!
10.0 25 ppm |1 10 (10.0-14.5) |
10.0 5.0/5.0 | 1418 I VERY FINE TO FINE SANDY SiLT AND CLAY, occasional calcareous
' 1 nodules. Very moist, mottled light olive brown and brownish gray.
!
I
I
B 5.4 ppm é 2
!
i 3
!
- : 4
15.0 } {14.5-15.0)
r 5 AS ABOVE except more sand.
3.1 ppm :
- t
i 6
i
: | /
| 8 Total Drilled Depth = 15.5 feet
. H
; ;
f- ,f
| : 9
i 0

C:AFO YRELOG.FRM /mjb /01.28-03 el



BOREHOLE LOG FZFCE envIRONMENTAL MANAGEMENT, INC.

SHEET 1 OF 1

HOTE: NO CULTURAL FEATURES APPEAR WITHR THE EXTENT OF THS PLOT. Q JOB NO.: 044-0236 BOREHOLE DESIGNATION: BWS-2A

f CLIENT: U.S. Navy SURFACE ELEVATION:

“NSITE 5 TRANSFORMER AREA
BW5-38 ¢ 9BWS-3C
Sows-3A

5-2C
mu.'rza * 5“”

wﬁ-m .“BW&-!C BWE-48, .

WS-14 SRWE-5A
SRE B TG BWS-A bac

FUEL FARM
N

' “EWS6A 90 0 20 40
[ = g —

SCALE: 1"=40'

SITE: Moffett Federa] Air Field DEPTH TO WATER: ~6.5 feet bls

SUBSITE: Site5 LOGGED BY: Tom Lackman

DRILLING CO.: HEW Dritting Co. DRILLING DATE(S): 12-19-94

DRILLING PERSONNEL/METHOD:

6" 0.D. HSA/ 5 1. continuous coring

5" ss|0 5'/%’ 1254 11.3 ppm

5 {0.0-3.0)

: 1 SILTY CLAY, trace sand, trace gravel. Slightly moist, roots, organic

! matter, hard, black.

i Color change at 3.0 feet.

, 2

! 3 (3.0-5.0}

' AS ABOVE except trace sand, trace gravel. Stiff, mottled olive.

4
5.0 ; 5 {6.0-6.0}

5.0 0 ppm : SILTY, CLAYEY, VERY FINE TO MEDIUM SAND, some loose gravel.
6.0 H 6 Moist, light ofive brown with light greenish gray mottling. Bottom 3
] 6.0 : inches SANDY SILT AND CLAY. Maist, light olive brown with olive
: X :))2 brown mottling.
L 7 {6.0-7.5}
75 ppm f X SILT AND CLAY with VERY FINE TO FINE SAND. Very moist, mottled

7.5 : 3 olive brown with greenish gray, hydrocarbon odor.

E

: 9

E

: 10

E

:‘ 1 Total Drilled Depth = 7.5 feet

i

: 2

'

' 3

'

3 4

!

i 5

i

i 6

i

: 7

E

5 8

E

, 9

i 0
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BOREHOLE LOG

PR eNVIRONMENTAL MANAGEMENT, INC.
SHEET 1 OF 1

HOTE: NO CULTURAL FEATURES APPEAR WITHM THE EXTENT OF THS PLOT. ¢ ’

SSITE 5 TRANSFORMER AREA

53¢
aws-:ao.f: X
BW5-26 o, 5'2‘;
B55-1
BW5-45
aNE-1B .3:-w?is-1c aw-5A
WE-4C
i BWE—4A
FUEL FARM
™~
R 4 ) 20 )
= = o — ]
SCALE: 1"=40"

1 JOB NO.:

044-0236 BOREHOLE DESIGNATION: BW5-2B

CLIENT: U.S. Navy

SURFACE ELEVATION:

H{ SITE: Moffett Federal Air Field

DEPTH TO WATER: -~6.5 fectbls

| SUBSITE: Site 5

LOGGED BY: Tom Lackman

 DRILLING CO.: HEW Drilling Co.

DRILLING DATE(S): 12-19-%4

| DRILLING PERSONNEL/METHOD:

6" 0.D. HSA/ 5 fi. continuous coring

J5' S8

|¢

5.0
5.0

10.0
1C.0

515

4.6/5.0

1.5/1.5

1129

1140

1150

6.9 ppm

13 ppm

17 ppm

1 ppm

124
ppm

0 ppm

0 ppm

(o B L R L A

o © 0 Nd o o A oW N

{0.0-2.5)
SILTY CLAY. Slightly moist, roots, organic matter, black.

{2.5-4.0}

SILTY CLAY, trace very fine to fine sand, occasicnal gravel and
cobbles. Moist, tight, mottled olive brown with black.

{4.0-5.0}

VERY FINE TO FINE SANDY SILT AND CLAY. Moist, soft, light olive
hrown.

{5.0-6.0)

SILTY, CLAYEY SAND, some gravel and cobbles. Sand is very fine to
medium grained, Moist, light olive brown.

(6.0-7.0)

SANDY SIL.T AND CLAY. Moist, mottled light olive brown.

(7.0-8.0)

SANDY SILT AND CLAY. Abrupt color change to dark greenish gray.
Hydrocarbon odor.

(8.0 10.0)

SILTY CLAY, some very fine sand. Moist, tight, hard, light olive
brown with gray sand stringers.

{10.0-11.5)

SANDY SILT AND CLAY, occasional gravel and hard gypsum clasts.
Very maist, light olive brown.

Total Drilied Depth = 11.5 feet

CAFORMS\BORELOG.FRM jmjly 01-26-93 v



BOREHOLE LOG - FEJT eNnVIRONMENTAL MANAGEMENT, INC.

SHEET 1 OF 1

JOB NO.: 044-0236 BOREHOLE DESIGNATION: BWs5-2C ’
HOTE: NO CULTURAL FEATURES APPEAR WITHIN THE EXTENT OF THIS PLOT. $ N

s US N .
S\SITE 5 TRANSEDRVER AREA CLIENT avy SURFACE ELEVATION:

BW5-30 ¢ 8 BW5-3C
Faws-3A

§ SITE: Moffeu Federal Air Field DEPTH TO WATER:  ~6.5 feet bls

BS5-14e——B55-2
pws-1p—~Y-Bws-1ic  BWS-4B

514 rl.hm
.

FUEL FARM
AN

il SUBSITE: Sitc5 LOGGED BY: Tom Lackman

| DRILLING CO.: HEW Drilling Co. DRILLING DATE(S): 12-19-%4

| DRILLING PERSONNEL/METHOD:

6" 0.D. HSA/ 5 ft. continuous coring

§5' s8]0 3.0/3.0 | 0859. ; {0.0-2.5)
: 1 SILTY CLAY, trace very fine sand, gravel, and cobbles. Slightly moist,
; tight, stiff, roots, organic matter, black.
{ (2.5 3.0) _
3.0 ; 2 AS ABOVE except color change to mottied olive {5Y 4/3) and black.
. !
3.0 ! 3 (3.0-4.0)
: AS ABOVE. except slightly more silt.
I {4.0-6.0)
; 4 Poor recovary.
|
I
. 5
: {6.0-7.0}
1 6 SILTY VERY FINE TO FINE SAND, occasional hard clasts. Moist, light .
; olive brown {2.5Y 5/4}
3.0/5.0 | 1005 i {7.0-7.5)
! 7 SILTY VERY FINE TO MED{UM SAND AND GRAVEL, Very moist to
25 ppm : wet, light olive brown mottled with greenish gray.
8.0 | (7.6-8.0)
8.0 | 8 VERY FINE SANDY SILT, seme clay. Moist to wet, light olive brown
' ! mottled with greenish gray, fuel odor.
! ) {8.0-13.0)
! VERY FINE TO FINE SANDY SILT, some clay, gypsum clasts. Wet,
i 10 light olive brown with greenish gray mottling, slight fuel odor.
|
5.0/5.0 | 1015 [1.0ppm| | 4
|
I
i 2
12.0 | {13.0-15.5)
' ! 3 SANDY SILT, some clay and gravel, very fine to fine sand stringers.
13.0 I Wet, light olive brown, mottled with dark brown and greenish gray.
| No fuel odor.
2.5/2.5 | 1025 |0 ppm : 4
I
= B
I Total Drilled Depth = 15.5 feet
15.5 !
i 6
!
I
i 7
I
I
. 8
i
! 9
I
! 0

C:AFORMS\BORELOG.FRM /mib 001-28-93 -I



BOREHOLE LOG

\SITE & TRANSFORMER AREA
BW5-38

53¢
W 5-3A

WE-2C
BWS-28 ¢ WE-2A

BS5-1¢e—E55-2

BU5-18—3*BwWEIC

W5-1A
s TRENCH BWS-4A 4G

SBWE-8A 20

BWS-4B,
SBWS-5A

FUEL FARM.
AN

o

SCALE: 1%=4¢"

20

40

SR EnVIRONMENTAL MANAGEMENT, INC.
SHEET 1 OF 1

ROTE: NO CULTURAL FEATURES APPEAR VATHEN THE EXTENT OF ‘n-IS PLOT. Q JOB NO.: 044-0236

BOREHOLE DESIGNATION: BW5-3A

1

i CLIENT: U.S. Navy

SURFACE ELEVATION:

E SITE:

Moffett Federal Air Ficld

DEPTH TO WATER: ~6.5 fest bls

| SUBSITE: sites

LOGGED BY: Tom Lackman

| DRILLING CO.: HEW Drilling Co,

DRILLING DATE(S): 12-21-%4

DRILLING PERSONNEL/METHOD:

6" 0.D. HSA/ 5 ft, contimuone coring

F ssfo 3'/8 1245 {0 ppm ; {0.0-3.0) -
| 1 SILTY CLAY. Slightly moist, roots,organic matter, stiff, black.
I
i
, 2
0.7 ppm '
} 3 {3.0-4.0) _
! AS ABOVE except mottled with olive brown.
i {4.0-5.0)
f 4 SILT AND CLAY, some very fine to fine sand. Olive brown,
5.0 ! moderately stiff.
: ; 5 {5.0-6.0)
B.0 1.6 ppm ! AS ABOVE except more moist.
! 6 (6.0-7.0)
1.511.5 | 1288 ; SILT AND CLAY, some very fine to fine sand. Very moist, slightly
sSE ¢ plastic, greenish gray, Hydrocarbon odor.
d 7 {7.0-7.5)
448 i AS ABOVE except mottled greenish gray.
7.5 ppm :
, 8
!
;’ 9
'
? 10 i
B Total Drifled Depth = 7.5 feet
]
I 1
1
5
: 2
'
: 3
|
! 4
:
: 5
i
¥ 6
|
; 7
|
E 8
i
| 9
E 0

CAFO ORELOG.FRM /mjb /01-26-g3 s



BOREHOLE LOG

“\GITE 5 TRANSFORMER AREA )
BW5-38 #BWE-3C

W5-2C IWE-JA

“':'s z:_ *&L_aws-25

160-B85-2
BW5-1 $—pws-ic BWS-

B ws-1a SBWS-5A
4G
] TRE“GH BWS-4A
FUEL FAM\

SENS-8A

20

P58 ENVIRONMENTAL MANAGEMENT, INC.
SHEET 1 OF 1

0

SCALE: 1"=40"

20

KOTE: NO CULTURAL FEATURES APPEAR WITHI THE EXTENT OF THIS PLOT. ¢

{JOB NO.:

044-0236 BOREHOLE DESIGNATION: BW5-3B

i CLIENT: U.S. Navy

SURFACE ELEVATION:

SITE: Moffett Federal Air Field

DEPTH TO WATER: ~6.5 feetbls

SUBSITE: Sites

LOGGED BY: Tom Lackman

DRILLING CO.: HEW Drilling Co. DRILLING DATE(S): 12-21-%4

DRILLING PERSONNEL/METHOD:

6" 0.D. HSA/ 5 ft. contiruous coring

J5' S8

5.0
5.0

10.0
10.0

5.0/5.0

5.0/6.0

1.6/1.8

1433

1440

1449

0 ppm

0 ppm

O ppm

576
ppm

49 ppm

38 ppm

O ©® ® N O O s W N

(0.0-3.0)
SILTY CLAY. Slightly moist, stiff, roots, organic matter, black.

{3.0-4.0)
AS ABOVE except mottied olive brown and black.

{4.0-5.0)

SILT AND CLAY, some very fine to fine sand. Slightly moist, slightly
plastic, soft.

{5.0:6.0)

AS ABOVE.

{6.0-7.5}

SILT AND CLAY, some very fine to fine sand. Very moist, slightly
plastic, mottled greenish gray and alive brown with greenish gray
streaks, fue! odor.

{7.5-10.0)

AS ABOVE except no greenish gray streaks.

{10.0-11.5})

SILT AND CLAY, trace very fine to fine sand, hard precipitate
inclusions. Moist, hard, slightly plastic, mottled olive brown and
grayish brown, fuel odor.

Total Drilied Depth = 11.5 feet

CAFORMS\BORELOG.FRM /mjb /01-26-53 J .



Bo R EHO L E L 0 G e ENVIRQNMENTAL MANAGEMENT, INC.

SHEET 1 OF 1

NOTE: NO CULTURAL FEATURES APPEAR WITHMN THE EXTENT OF YHIS PLOT. Q ‘: JOB NO.: 044-0236 . BOREHOLE DESIGNATION: BWS-3C
“\SITE 5 TRANSFORMER AREA : CLIENT: U.S. Nayy . | SURFACE ELEVATION:
S BW5-35 +oBW5-3C B . —
: e &B—E‘N&M E SITE: Moifett Federal Air Field DEPTH TO WATER: ~6.5 fect bis
*pws-2a :
o ﬁ:‘w& —_— £ SUBSITE: Site5 LOGGED BY: Tom Lackman
5-1A SEWS-BA
BUs-an T DRILLING €O.: HEW Drilling Co. DRILLING DATE(S): 1221
FUEL FARM
N DRILLING PERSONNEL/METHOD:
o BWI-BA 20 0 20 40
: e P | 6" 0.D. HSA/ 5 ft, contimaus coring
j
3.0/5.0 1330 [0 ppm Ii {0.0-3.0}
M 1 SILTY CLAY. Moist, roots, organic matter, black. Crumbly from
: 1.0-2.0 feet.
; 2
: 0 ! {3.0-5.0)
ppm i 3 Poar recovery
i
! 4
I
5.0 3.1 ppmi | 5 (5.0-6.5)
5.0 : SilLT AND CLAY, trace/some fine to very fine sand. Moist. Slightly
1 6 plastic. Mottled light olive to grayish brown.
; (6.5-7.5)
5.0/5.0 | 1340 17:] | AS ABOVE except slightly more sand. Moist to wet. Greenish gray
PP ! 7 streaking to 8.5 feet. Fuel odor.
: : {7.5-10.0)
[ SILT AND CLAY, trace sand . Hard precipitate inclusions. Moist to
H 8 wet. Light olive brown with greenish gray streaking in sandy zones.
!
L ! 9
|
LY 27 ppm |
! 10 {10.0-15.0]
H SILT AND CLAY, Trace very fine sand. Moist to wet. Olive brown
!
10 (1)0.0 5.0/6.0 | 1349 3.9 ppm ! and grayish brown. Sticky. Hard inclusions throughout.
' E 1
I
I
i 1.7 ppm i 2
- |
,, | 3 Total Drilled Depth = 15.5 feet
i |
] i 4
15.0 !
0.4 ppm i 5
: ]
= ; 6
i
. 7
: '
i 8
I |
‘1 I
: 9
‘ 0
; CAFORMSIBORELOG FAM /mib 01-26-03 e




BOREHOLE LOG HZF8E envIRONMENTAL MANAGEMENT, INC.

SHEET 1 OF 1

JOB NO.: 044-0236 BOREHOLE DESIGNATION: BW5-4A i.

HOTE: KO CULTURAL FEATURES APPEAR WITHIN THE EXTENT OF THIS PLOT. ¢

“\S(TE 5 TRANSFORMER AREA CLIENT: U.S. Navy SURFACE ELEVATION:

BWS-33 oeBW5-3C . R
5_2;“5_” SITE: Moffett Federal Air Ficld DEPTH TO WATER: ~6.5 fest bls -
BWS-2B « 52 i
Bas-1 52 . S . :
on '2:;':1”\ S BWG-4B —_— SUBSITE: Sites LOGGED BY: Tom Lackman
TETENGH mweaa TN DRILLING CO.: HEW DrillingCo. | DRILLING DATE(S): 12-20-94
FUEL Fm\
DRILLING PERSONNEL/METHOD:
sEWSsA 20 0 20 40
(™ ™ e = iine I 6" 0.D. HSA/ 5 ft, continuous coring
SCALE: 1"=40'
|5 sso 575" |1265 |0 ppm : (0.0-3.0)
: 1 SILTY CLAY. Slightly moist, roots, organic matter, tight, biack.
t
i
, 2
i 3 (3.0-4.5)
0 ppm ! SILT AND CLAY with VERY FINE TO FINE SAND. Stightly moist,
: H mottled olive brown with black.
i 4 (4.5-5.0)
5.0 ! AS ABOVE except light olive brown, calcareous nodules, softer.
! ! 5 {5.0-6.0)
5.0 1.0/1.011305 |0 ppm ! SANDY SILT AND CLAY, sand is very fine to fine. Moist to very
6.0 78 ppm i 6 moist, soft, cohesive, greenish gray, hydrocarbon ador.
6 : {6.0-7.5)
0 X :;(( . AS ABOVE except brown and greenish gray mottling. Decreasing
! 7 sand content at 7,0 feet,
1310 [81ppm | X
7.5 '
; 8
!
| 9
1
i 10 Total Drilled Depth = 7.5 feet
i
i 1
!
: 2
|
! 3
!
! 4
!
E 5
i .
i 6
i
i 7
i
E 8
E
: 9
; 0

CAFORMS\BORELOG.FRM /mijb 01-26-93 J



' BOREHOLE LOG

F3EE eENVIRONMENTAL MANAGEMENT, INC.
SHEET 1 OF 1

“NSiE 5 TRANSFORMER AREA

BHS-1B wE-ic  BWS-48

E-1A SBWE-5A
L] TRENCH BWS~4A 5-4C

- FUEL FARM
AN

20 0

SCALE: 1"=40'

HOTE: RO CULTURAL FEATURES APPEAR WITHI THE EXTENT OF THIS PLOT. Q i

. I ss|o

5.0/6.0

1047 0 ppm

0 ppm

5.0 0 ppm

5.0

92 ppm

5.0/6.0 | 1055

38 ppm

10.0 35 ppm
10.0 1.5/1.5 | 1103

11.6 5 ppm

0B NO.: 0440236 BOREHOLE DESIGNATION: BW5.4B
j CLIENT: U.S. Navy SURFACE ELEVATION:
SITE: Moffett Federal Air Field DEPTH TO WATER:  ~6.5 foxt bls
SUBSITE: Site5 LOGGED BY: Tom Lackman
DRILLING CO.: HEW Drilling Co. DRILLING DATE(S): 12-20-94
| DRILLING PERSONNEL/METHOD:
6" 0.D. HSA/ 5 ft. continuous coring
{0.0-3.0)
1 SILTY CLAY. Silightly moist, tight, roots, organic matter, black.
2 , |13.0-4.5)
SILT AND CLAY, trace very fine sand. Slightly moist, black with olive
'3 brown mottling.
4 4.5-5.0)
AS ABOVE except more sand, softer,
b {6.0-7.5) .
VERY FINE TO FINE SANDY SILT AND CLAY, Very muaist, greenish
6 gray, fuel odor.
7
(7.5-10.0)
VERY FINE TO FINE SANDY SILT AND CLAY, some sand stringers
8 and calcareous noduies. Slightly moist, stiff, mottied yeliowish brown
and grayish brown with dark brown spots.
9
10 {10.0-11.5)
VERY FINE TO FINE SANDY SILT AND CLAY, some calcareous
1 nodules. Wet, mottled yellowish brown and grayish brown.
2
3 Total Drilled Depth = 11.5 feet
4
5
6
7
8
9
0
CAFORMS\BORELOG.FAM /mjb 01-26-33 s




BOREHOLE LOG

F2F8 eENVIRONMENTAL MANAGEMENT, INC.
SHEET 1 OF 1

BOTE: ND QULTURAL FEATURES APPEAR WITHM THE EXTENT OF THS PLOT.

\GITE 5 TRANSFORMER AREA
BW5-38 »eBWS-3C

5-2c 5-3A
BwWh-28 0! :ws-zn
8551 55-2

1 W-1c ~ BWS-4B
Bws- 31"5_“‘ SBWS-5A

TG Bwsa BWEHC
FUEL FARM
N
SEWS-6A 20 0 20 40
™ S
SCALE: 1"=40"

$ JOB NO.: 0440236 BOREHOLE DESIGNATION: BWS-4C

CLIENT: U.S. Navy SURFACE ELEVATION:

SETE: Moffett Federal Air Ficld

DEPTH TO WATER: ~6.5 feetbls

SURSITE: Site5 LOGGED BY: Tom Lackman

DRILLING CO.: HEW Drilling Co, DRILLING DATE(S): 12-20.%

DRILLING PERSONNEL/METHOD:

6" 0.D. HSA/ 5 ft, continuous coring

0 5.0/5.0 ] 0940 |0 ppm

0 ppm

5.0 O ppm

5.0

4.01/6.0 |ogas 125
ppm

49 ppm

10.0 13 ppm
10.0 £5.0/6.0 | 0958

O ppm

0 ppm

15.0

0.2 ppm

S o0 W N

O © 0 N o o~ W N

{0.0-3.0}
SILTY CLAY. Slightly maoist, tight, roots, organic matter, black.

{3.0-4.5}

SILT AND CLAY, trace very fine sand. Slightly moist, mottled olive
brown with black.

{4.5-5.0)

AS ABOVE except slightly more sand.

{5.0-6.0
Poor recovery.

{6.0-8.0)
VERY FINE TO FINE SANDY SILT AND CLAY. Moist to wet, greenish
gray, fuel odor.

{8.0-9.0)

AS ABOVE except mottled greenish gray and yeliowish brown.
{9.0-10.0)

SILT AND CLAY, some fine to very fine sand stringers. Slightly moist, -~
stiff, mottled yellowish brown and grayish brown with dark brown
spots.

{10.0-15.0}

SANDY SILT AND CLAY. Sand decreases slightly with depth. Mottled
as above. '

Total Drilled Depth = 15.5 feet

CAFORMS\BORELOG.FRM /mjb 01-26-93 === -




BOREHOLE LOG

FEE envIRONMENTAL MANAGEMENT, INC.

SHEET 1 OF 1

i
i
o4

NOTE: RO CULTURAL FEATURES APPEAR WITHIN THE EXTENT OF THIS FLOT. ¢

\SITE & TRANSFORMER AREA

BWS-38

r2C
WE-2A

“5-15 :qws-lc EWG- 4&

WE-1A
Mm

w3-3C
5-3A
“5*23 L5

FUEL FARM
N
(=== ——__ N

SCALE: 1"=40"

JOB NO.: 044-0236

BOREHOLE DESIGNATION: BWS-5A

H CLIENT: U.S, Navy

SURFACE ELEVATION:

SITE: Moffett Federal Air Ficld

DEPTH TO WATER: ~6.5 feet bls

H SUBSITE: Site5

LOGGED BY: Tom Lackman

H DRILLING CO.:

HEW Drilling Co.

DRILLING DATE(S): 12-20-94

DRILLING PERSONNEL/METHOD:

6" 0.D. HSA/ 5 fi. continuous coring

pErss

o 67/5" 1341

5.0

5.0 0 ppm

2.5/2.5

467
7.6 ppm

O ppm

O ppm

81 ppm

{0.0-3.0)
1 SILTY CLAY. Slightly moist, tight, roots, organic matter, black.
2
3 {3.0-4.5)
SILT AND CLAY, trace very fine to fine sand. Slightly moist, mottled
olive brown with black.
4 (4.5-5.0)
AS ABOVE except increased very fine sand. nght olive brown,
5 {6.0-7.0)
AS ABOVE except mottled greenish gray and olive brown.
6
7 {7.0-7.5)
SILTY VERY FINE TO MEDIUM, trace clay. Wet, strong fuel odor.
8
9 o
Total Driflled Depth = 7.5 fest
10
1
2
3
4
5
6
7
8
9
0

CAFORMS\BORELOG.FRM /mib A1-26-03 o



BOREHOLE LOG | | FBRL envVIRONMENTAL MANAGEMENT, INC.

JOB-NO.: 044-0236 BOREHOLE DESIGNATION: BW5-6A o

ROTE: NO CULTURAL FEATURES APPEAR WITHIN THE EXTENT OF THIS PLOT. $

CLIENT: U.S. Nevy SURFACE ELEVATION:

\EI'I'E & TRANSFORMER AREA

BW3-3,

520
BWS-2B WE-24

BSS-1e. 52 :
g BWE-48
n\n‘a'.s--m/k"'ls_1 ¢ r “BNE-5A
TTENGH | Wb TN

FUEL FARM.
TN

BWE-3C . e
SITE: Moffes Federal Air Fickd DEPTH TO WATER:  ~6.5 foct bs

SUBSITE: Site5 LOGGED BY: Tom Lackmm

DRILLING CO.: HEW Drilling Co. DRILLING DATE(S): 1221-%4

DRILLING PERSONNEL/METHOD:

aws-eA 20 0 20 40
e — | 6" 0.D. HSA/ 5 ft. continaious coring
SCALE: 1"=40"

*ss|o 55 |ogzo [13.8 ; (0.0-5.0)
ppm ! 1 SILTY CLAY. Slightly moist, stiff, roots, organic matter, black.
1
5
; 2 (3.0-4.0)
i SILTY CLAY, some very fine sand. Shightly moist, mottied olive brown
! 3 with black.
: (4.0-5.0)
| VERY FINE TO FINE SANDY SILT, some clay, some hard clasts, Soft,
i 4 light olive brown.
5o ; {5.0-8.0)
: l‘ 5 SILT AND CLAY, some sand, calcareous nodules. Moist, mottled
5.0 1.0/1.0 [0834 [2.0 ppm| ! light and dark olive brown.
6.0 : {6.0-7.5)
6
60 0.5 ppm| | AS ABOVE.
X
. 7
1.511.8 6.2ppm| |
7.5 ;
; 8
!
: 9 Total Drilled Depth = 7.5 feet
] ~
k 10
i
E 1
?
: 2
'
: 3
!
: 4
!
! 5
!
E 6
i
g 7
i
, 8
i
, 9
i 0
CAFOAMS\BORELOG.FAM b 01-28-87




| BOREHOLE LOG

L. ENVIRONMENTAL MANAGEMENT, INC.
SHEET 1 OF 1

HOTE: NO CULTURAL FEATURES APPEAR WITHIN THE EXTENT OF THIS FLOT.

\‘Sﬂ'E 5 TRANSFORMER AREA

BWE-35 ¢ EW5-3C
w520 BV
sws-zeef o o
BS5-18e—BS5-2
m-",/g-aws-tc BR5-
W5-1

SBWS-5A
L
El

FUEL FARM
N

S*EWE-6A 20

0 20

SCALE: 1"=40"

BOREHOLE DESIGNATION: BSs5-1

® |IJOB NO.: 044.0236

CLIENT: U.S. Nevy SURFACE ELEVATION; -

SITE: Moffett Federal Air Ficld

DEPTH TO WATER: ~6.5 feet bls

SU'BSITE: Site 5 LOGGED BY: Tom Lackman

DRILLING CO.: HEW Drilling Co.

DRILLING DATE(S): 12-21-%4

DRILLING PERSONNEL/METHOD:

6" 0.D. HSA/ 5 fi. continuous coring

q—s' ss!o . 55 1021 O ppm ; ] (0.0-5.0}
i ¢ 1 See borelog for BSS-2
I
i
: 2
Oppm | i
; 3
i
:, 4
5.0 :
E ‘B (5.0-10.0)
5.0 0 ppm i Ses borelog for BS5-2
;' 6
!
: : 7
4.0/6.0 242 i
ppm '
; 8
[}
E 9
]
10.0 46 ppm : 10 {10.0-11.5)
10.0 i ) SILT AND CLAY, some very fine sand. Moist, slightly plastic, mottled
1.511.5 ! light olive brown and olive brown.
: 1
11.5 8 ppm :
_ : 2 '
E Total Drilled Depth = 11.5 fest
: 3
: !
i v 4
:
i ove | °
; 6
j
; j 7
|
1 8
E
: 9
i 0

CAFORMS\BORELOG . FAM Anijb /012657 e



BOREHOLE LOG

FZFEE ENVIRONMENTAL MANAGEMENT, INC.
SHEET 1 OoF 1

———

WOTE: MO CULTURAL FEATURES APPEAR WITHES THE EXTENT OF YHS FLOT. ‘ JOB NQ.: 044-0236 BOREHOLE DESIGNATION: BS5-2
“\GITE 5 TRASFORMER AREA CLIENT: U.S. Navy SURFACE ELEVATION:
BNS-3B 5-3C . P
y ;::,‘,',_” SITE: Moffett Federal Air Field DEPTH TO WATER:  ~6.5 fest bis
BWE~28 4 8-24
W’Wi — . SUBSITE: Site5 LOGGED BY: Tom Lackman
c:‘{g‘f?if/fg” ‘° | DRILLING CO.: HEW DritlingCo. | DRILLING DATE(S): 122194
FUEL FARN L
N DRILLING PERSONNEL/METROD: ’ 'S
sawseh 20 0 20 40 ' I
=_=_—__] 6" 0.D. HSA/ S f. contiruious coring
SCALE: 1"=40'
- §
§5'ssfo 575 |og20 foppm | | (0.0-3.0) |
! 1 SILTY CLAY. Slightly moist, roots, organic matter, stiff, black.
| .
I
!
| 2
3 ppm E 3 {3.0-4.0)
: CLAYEY SILT, traca sand, trace cobbles. Slightly moist, olive brown
] . with black streaks. ’
: 4 (4.0-5.0)
5.0 ! CLAYEY SILT with very fine to fine sand, occasional gravel. Light
: 5 5 olive brown.
5.0 1.5 ppm| | {6.0-6.0}
¢ 6 Poor recovery.
; {6.0-7.0} _
13.6 ! AS iN {4.0-5.0) ABOVE.
ppm ! 7 {7.0-8.0} :
4.0/6.0 312 : SANDY SILT AND CLAY. Moist to wet, soft, greenish gray, fuel odor.
ppm ! {8.0-10.0)
i 8 SILTY CLAY, some very fine sand. Moist, stiff, mottled light and dark
: yetiowish brown, with grayish brown, slight fuel odor
i 9
I 10 {10.0-15.0)
10.0 42 ppm I AS ABOVE. Decreasing moisture. Dark brown spots from 14.5-15.0,
10.0 I 1 :
1 ppm }
!
i 2
1.2 ppm :
| 3
I
|
; 4
15. '
0 ! 5 {16.0-16.5)
0 ppm : AS ABOVE,
I
i 8
I
!
T 7
|
i 8
|
: 2] Total Drilled Depth = 16.5 fest
!
! 0 J
. CAFORMS\BORELOG.FRM /fnjb /01.28.93 -



APPENDIX C

SOIL ANALYTICAL RESULTS






9
FORM 1 13522 CLIENT SAMPLE NO.
TPH ORGANICS ANALYSIS DATA SHEET
GB5-1 (& 5*!9--”)

Lab Name: AQUATEC, INC. Contract: 93228 ‘

Lab Code: AQUAI Case No.: 044 8AS No.: SDG No.: MF015
Matrix: {(soil/water) SOIL Lab Sample ID: 268941
Sample wt /vol: 30.3 (g/mL) G Lab File ID: 228E851729-1311
% Moisture: 17 decanted: (Y/N) N ‘ Date Received:'08/26/95
Extraction: (SepF/Cont/Sonc) SONC Date Extracted:09/06/95
Concentrated Extract Volume: 2 (mL) Date Analyzed: 09/23/95
Injection Volume: 1.0 (ul) Dilution Factor: 1.0
GPC Cleanup: (Y/N) N pH: 8.2 Sulfur Cleanup: (Y/N) N
CONCENTRATION UNITS:
CAS NO. COMPOUND (ug/L or ug/Kg) MG/KG Q
39-40-0==nmmmmmm- Diesel Fuel 12|U
39-40-2---------~ Motor Oil 56
21274-30~-0-----~JP~-5 12|10
8008-20-6-~~----- Kerosene ' 1230

FORM I TPH



FORM 1 135240 CLIENT SAMPLE NO.
TPH ORGANICS ANALYSIS DATA SHEET
[' GBS-2 (@.&J(Lo) B

Lab Name: AQUATEC, INC. Contract: 93228
Lab Code: AQUAI Case‘No.: 044 SAS No.: SbG No.: MF015
Matrix: (soil/water) SOIL Lab Sample ID: 2689542
Sample wt/vol: - 30.1 (g/mL) G Lab File ID: 22SE951729-1321
% Moisture: 18 decanted: (Y/N) N Date Received: 08/26/95
Extraction: (SepF/Cont/Sonc) SONC Date Extracted:09/06/95
Concentrated Extract Volume: 2 (mL) Date Analyzed: 09/23/95
Injection Volume: 1.0 (uL) Dilution Factor: 100.0
GPC Cleanup: . (Y/N) N PH: 8.4 Sulfur Cleanup: (Y/N) N
CONCENTRATICN UNITS:
CAS NO. COMPOUND (ug/L or ug/Kg) MG/KG 0
39-40-0--~=----- Diesel Fuel - 1200|0
39-40-2--------- Motor ©il 120010
21274-30-0------ JpP-5 2600
8008-20-6------- Kerosene - 1200§0

FORM I TPH



FORM 1 135231 CLIENT SAMPLE NO.
TPH ORGANICS ANALYSIS DATA SHEET

GB5-3 (Q4~%.S)

Lab Name: AQUATEC, INC. Contract: 93228 ‘

Lab Code: AQUAI Case No.: 044 SAS No.: SDG No.: MF015
Matrix: {(soil/water) SOIL Lab Sample ID: 268943
Sample wt/vol: 30.3 {(g/mL) G Lab File ID: 228E951729-1331
% Moisture: 18 decanted: (Y/N) N Date Received: 08/26/95
Extraction: (SepF/Cont/Sonc) SONC Date Extracted:09/06/95
Concentrated Extract Volume: 2 {mL) Date Analyzed: 09/23/95
Injection Volume: 1.0 {uL) Dilution Factor: 50.0
GPC Cleanup: (Y/N) N pH: 8.4 Sulfur Cleanup: (Y/N) N
CONCENTRATION UNITS:
CAS NO. . COMPOUND (ug/L or ug/Kg) MG/KG Q
39-40-0rmmmmmmmn Diesel Fuel 600U
39-40-2--~v----- Motor 0il 600 |U
21274-30-0--m === JP-5 1100
B008-20-6------- Kerosene 600U

FORM I TPH



ForM 1 1990<3% CLIENT SAMPLE NO.
TPH ORGANICS ANALYSIS DATA SHEET |
I GB5-4 (G.y#%a\ |

Lab Name: AQUATEC, INC. Contract: 93228
Lab Code: AQUAI Case No.: 044 SAS No.: SDG No.: MF015
Matrix: ({(soil/water) SOIL Lab Sample ID: 268944
Sample wt/vol: 30.2 (g/mL) G : Lab File ID: 228E951729-I341
% Moisture: 18 decanted: (Y/N) N Date Received: 08/26/95
Extraction: (SepF/Cont/Sonc) SONC Date Extracted:09/06/95
Concentrated Extract Volume: 2 (mL) Date Analyzed: 098/23/95
Injection Volume: 1.0 (ul) Dilution Factor: 50.0
GPC Cleanup: (Y/N} N pH: 8.5 Sulfur Cleanup: (Y/N) N
CONCENTRATION UNITS:
CAS NO. COMPOUND (ug/L or ug/Kg) MG/KG Q
| 39-40-0---===nn- Diesel Fuel 600|U
l 39-40-2----~nuu- Motor 0il 600U
! 21274-30=0-=~--- JP-5 1500
8008-20-6--~--~-- Kerosene 600U

FORM I TPH




FORM 1 13892389 CLIENT SAMPLE NO.
TPH ORGANICS ANALYSIS DATA SHEET

GB5-5 (5-3}51«)

Lab Name: AQUATEC, INC. Contract: 93228
Lab Code: AQUAI Case No.: 044 SAS No.: SDG No.: MFO015
Matrix: (soil/water) SOIL . Lab Sample ID: 268945
Sample wt/vol: 30.3 (g/ml) G Lab File ID: 22SE951729-I1351
% Moisture: 19 decanted: (Y/N) N Date Received: 08/26/95
Extraction: (SepF/Cont/Sonc) SONC Date Extracted:09/06/95
Concentrated Extract Volume: 2 {mL) Date Analyzed: 09/23/9%
Injection Volume: 1.0(ul) . - Dilution Factor: 100.0
GPC Cleanup: (Y/N) N pH: 8.3 Sulfur Cleanup: (Y/N) N
| CONCENTRATION UNITS:
CAS NO. COMPCUND {ug/L or ug/Kg) MG/KG Q
39-40-0-m-mmmm- Diesel Fuel 12000 .
39-40-2--------- Motor ©il . 1200410
21274-30-0------ JP-5 ‘ 3300
8008-20-6------- Kerosene 12000

FORM I TPH



(B R NERD Ry §
FORM 1~ ~ CLIENT SAMPLE NO.

TPH ORGANICS ANALYSIS DATA SHEET

‘ GBS—GC(:-51?-°)”

Lab Name: AQUATEC, INC. _ Contract: 93228
Lab Code: AQUAT Case No.: 044 SAS No.: SDG No.: MFO15
Matrix: (soil/water) SOIL Lab Sample ID: 268946
Sample wt/vol: 31.1 {g/mL} G Lab File ID: 238E951245-I331
% Moisture: 19 decanted: (Y/N} N Date Received: 08/26/95
Extraction: (SepF/Cont/Sonc) SONC ' Date Extracted:09/06/95
Concentrated Extract Volume: 2 (mL) Date Analyzed: 09/24/95
Injection Volume: 1.0 (uL) Dilution Factor: 1.0
GPC Cleanup: (Y/N) N pH: 8.5 Sulfur Cleanup: (Y/N) N
CONCENTRATION UNITS:
CAS NO. COMPOUND (ug/L or ug/Kg} MG/KG Q
39-40-0--r-mmmn-n Diesel Fuel 12|U
39-40-2----r~--- Motor 0il 125U
21274-30-0-~»--- JP-5 ‘ 1240
8008-20-6---~----Kerosene 120

FORM I TPH



135238«
FORM 1 3 CLIENT SAMPLE NO.
TPH ORGANICS ANALYSIS DATA SHEET

GBS-?(C‘%{?"QQ

Lab Name: AQUATEC, INC. Contract: 93228
Lab Code: AQUAI Case No.: 044 SAS No.: SDG No.: MF015
Matrix: (soil/water) SOIL lab Sample ID: 268947
Sample wt/vol: 30.6 (g/mL) G Lab File ID: 22SE951729-I361
% Moisture: 17 decanted: (Y/N) N Date Received: 08/26/95
Extraction: (SepF/Cont/Sonc) SONC Date Extracted:09/06/95
Concentrated Extract Volume: 2 {mL) Date Analyzed: 09/23/95
Injection Volume: 1.0{ul) Dilution Factor: 50.0
GPC Cleanup: (Y/N) N pH: 8.4 Sulfur Cleanup: (Y/N) N
CONCENTRATION UNITS:
CAS NO. COMPOUND - (ug/L or ug/Kg) MG/KG Q
39-40-0~-c--=-- Diesel Fuel 590|U
39-40-2------nu- Motor 0Oil - Boolu
21274-30-0---=-- JP-5 1200

8008-20-6------- Kerosene 590 (U

FORM I TFH



FORM 1 1d0<00
TPH ORGANICS ANALYSIS DATA SHEET

CLIENT SAMPLE NO.

i GBS-B(G*S":;*Q)

Lab Name: AQUATEC, INC. Contract: 93228
Lab Code: AQUAT Case No.: 044 SAS No.: 8DG No.: MFQ15
Matrix: (soil/water) SOIL Lab Sample ID: 268948
Sample wt/vol: 30.0 (g/mL) G Lab File ID: 22SE951729-I371
% Moisture: 18 decanted: (Y/N)} N Date Received: 08/26/95
Extraction: (SepF/Cont/Sonc) SONC Date Extracted:09/06/95
Concentrated Extract Volume: 2 {mL) Date Analyzed: 09/23/95
Injection Volume: 1.0(ul) Dilution Factor: 50.0
' GPC Cleanup: (Y/N) N PH: 8.3 Sulfur Cleanup: (Y/N) N
CONCENTRATION UNITS:
CAS NO. COMPOUND (ug/L or ug/Kg) MG/KG Q
39-40-0------ ---Diesel Fuel 610|U
35-40-2--~~----- Motor 0il 610|U
21274-30-0---~~~ JP-5 1160
8008-20-6------- Kerosene 610|0

FORM I TPH



1302349

FORM 1 CLIENT SAMPLE NO.
TPH ORGANICS ANALYSIS DATA SHEET '

GB5-9(6AJ%C‘Y)

Lab Name: AQUATEC, INC. Contract: 93228 : ’

Lab Code: AQUAI Case No.: (044 SAS No.: SDG No.: MFQOL15
Matrix: (soil/water} SOIL Lab Sample ID: 268949
Sample wt/vol: - 30.6 {g/mL) G Lab File ID: 26SE951318-1041
% Moisture: 19 decanted: (Y/N) N Date Received: 08/26/95
Extraction: (SepF/Cont/Sonc) SONC Date Extracted:09/06/95
Concentrated Extract Volume: 2 (mL) Date Analyzed: 09/26/95
Injection Volume: 1.0 (uly) Dilution Factor: 10.0
GPC Cleanup: (Y/N) N pH: 8.4 Sulfur Cleanup: (Y/N} N
CONCENTRATION UNITS:
‘CAS NO. COMPOUND : (ug/L or ug/Kg) MG/KG 0
39-40-0--m--mnn Diesel Fuel 120U
39-40-2--~---—-- Motor 0il 12010
21274-30-0~~---- JP-5 880
8008-20-6-=-===-- Kerosene 12050

FORM I TPH



FORM 1  —VYv&HV CLIENT SAMPLE NO.

TPH ORGANICS ANALYSIS DATA SHEET

l GBS—lOCZJJ*?vcj.

Lab Name: AQUATEC, INC. Contract: 93228
Lab Code: AQUAI Case No.: 044 SAS No.:. SDG No.: MF015
Matrix: (soil/water) SOIL ' Lab Sample ID: 268950
Sample wt/vol: 30.1 {(g/mL) G Lab File ID: 268E951318-I051
% Moisture: 20 decanted: (Y/N) N Date Received: 08/26/95
Extraction: (SepF/Cont/Sonc) SONC Date Extracted:09/06/95
Concentrated Extract Volume: 2 (mL) Date Analyzed: 09/26/95
Injection Volume: 1.0 {(uL) Dilution Factor: 20.0
GPC Cleanup: (Y/N) N pH: 8.4 ' Sulfur Cleanup: (Y/N}) N
CONCENTRATION UNITS:
CAS NO. ' COMPOUND (ug/L or ug/Kg) MG/KG 0
39-40-0----== - Diesel Fuel 250 |U
39-40-2--------~ Motor Oil 250|U
21274-30~-0-~---~- JP-5 1600
8008-20-6~~=-=-=-- Kerosene Lo ‘ _250 U

FORM I TPH



FORM 1 135244 CLIENT SAMPLE NO.
TPH ORGANICS ANALYSIS DATA SHEET
I aes5-11 (& -Oiq"‘“)

Lab Name: AQUATEC, INC. Contract: 93228
Lab Code: AQUAI Case No.: 044 SAS No.: SDG No.: MFQ15
Matrix: (soil/water) SOIL ' ' Lab Sample ID: 268351
Sample wt/vol: 30.6 (g/mL) G Lab File ID:  238SES51245-I201
% Moisture: 17 decanted: (Y/N) N Date Received: 08/26/95
Extraction: (SepF/Cont/Sonc) SONC Date Extracted:09/06/95
Concentrated Extract Volume: 2 (mL) Date Analyzed: 09/24/95
Injection Volume: ‘1.0(uL) Dilution Factor: 1.0
GPC Cleanup: (Y/N) N pH: 8.4 Sulfur Cleanup: (Y/N) N
CONCENTRATION UNITS:
CAS NO. COMPOUND (ug/L or ug/Kg) MG/KG Q
39-40-0--------- Diesel Fuel 12|U
39-40-2--------- Motor 0Oil 12(U
21274-30-0------ JP-5 1210
8008~20~6~~wvuw- Kerosene 12(U

FCRM I TPH




FORM 1 - T CLIENT SAMPLE NO.
TPH ORGANICS ANALYSIS DATA SHEET
‘ GB5-12 CQ,-&:-’?-Q) ;

Lab Name: AQUATEC, INC. Contract: 953228
Lab Code: AQUAI Case No.: 044 SAS No.: ' SDG No.: MFO15
Matrix: (soil/water) SOIL Lab Sample ID: 268952
Sample wt/vol: 30.2 (g/mL) G Lab File ID: 23SE951245-I211
% Moisture: 17 decanted: (Y/N) N Date Received: 08/26/95 ﬂ
Extraction: (SepF/Cont/Sonc) SONC Date Extracted:09/06/95
Concentrated Extract Volume: 2 (mL) Date Analyzed: 09/24/95
Injection Volume: 1.0 (uL) : Dilution Factor: 10.0
GPC Cleanup: (Y/N) N PH: 8.3 Sulfur Cleanup: (Y/N) N
. CONCENTRATION UNITS:
CAS NO. COMPOUND (ug/L or ug/Kg) MG/KG Q
39~40-0--v=-non- Diesel Fuel 120|U
39-40-2-wnmewnnn Motoxr Oil , 1200
21274-30-0~wuwe—- JP-5 660
8008-20-6--wmwm- Xerosene 120U

FORM I TPH



FORM 1 1352405 CLIENT SAMPLE NO.
TPH ORGANICS ANALYSIS DATA SHEET

‘ GB5—13(6-517“°)

Lab Name: AQUATEC, INC. Contract: 93228
Lab Code: AQUAT Case No.: 044 SAS No.: SDG No.: MFQ15
Matrix: (soil/water) SOIL Lab Sample ID: 268953
Sample wt/vol: 30.1 (g/mL) G Lab File ID: 23SE951245-I221
% Moisture: 19 decanted: (Y/N) N Date Received: 08/26/95
Extraction: (SepF/Cont/Sonc) SONC Date Extracted:09/06/95
Concentrated Extract Volume: 2 (mh) Date Analyzed: 09/24/95
Injection Volume: 1.0(ul) Dilution Factor: 50.0
GPC Cleanup: (Y/N) N pH: 8.2 Sulfur Cleanup: (Y/N) N
CONCENTRATION UNITS:
CAS NO. COMPOUND (ug/L or ug/Kg) MG/KG Q
39-40-0-----=--- Diesel Fuel 620U
39-40-2-----——--- Motor 0Oil 620U
21274-30-0------ JP-5 2000
8008-20-6---—---- Kerosene 620U

FORM I TPH



FORM 1 AR CLIENT SAMPLE NO.

TPH ORGANTCS ANALYSIS DATA SHEET
| GR5-14 ((Q-SF'L“')

Lab Name: AQUATEC, INC. Contract: 93228
Lab Code: AQUAI Case No.: 044 SAS No.: SDG No.: MF015
Matrix: (soil/water) SOIL Lab Sample ID: 268954
Sample wt/vol: 30.6 (g/mL) G Lab File ID: 26SE951318-I081
% Moisture: 19 decanted: (Y/N) N Date Received: 08/26/95
Extraction: (SepF/Cont/Sonc) SONC Date Extracted:09/06/95
Concentrated Extract Volume: " 2(mL) Date Analyzed: 09/26/95
Injection Volume: 1.0 {(ulL) ' Dilution Factor: 20.0
GPC Cleanup: (Y/N) N pH: 8.3 Sulfur Cleanup: (Y/N) N
CONCENTRATION UNITS:
CAS NO. COMPOUND (ug/L or ug/Kg) MG/KG Q
39-40-0n-rmo-mn- Diesel Fuel | 240 |0
35-40-2-----=~--=- Motor Cil 240(U0
21274~30-0----~-~ JP-5 1400
BO08-20-6------- Kerosene 24010

FORM I TFH



ot 1 135249

TPH ORGANICS ANALYSIS DATA SHEET

CLIENT SAMPLE NO.

‘ GBS—lS((o‘i'/‘l‘(" 7)

Lab Name: AQUATEC, INC. Contract: 93228
Lab Code: RAQUAI Case No.: 044 SAS No.: SDG No.: MF01B
Matrix: (soil/water) SOIL Lab Sample ID: 268955
Sample wt/vol: 30.4 (g/mL) G Lab File ID: 23SE951245-I261
% Moisture: 20 decanted: (Y/N) N Date Received: 08/26/95
Extraction: (SepF/Cont/Sonc) SONC - Date Extracted:09/06/95
Concentrated Extract Volume: 2 (mL) Date Analyzed: 09/24/95
Injection Volume: 1.0 (uL) _ Dilution Factor: 100.0
GPC Cleanup: (Y/N) N PH: 8.4 Sulfur Cleanup: (Y/N) N
CONCENTRATION UNITS:
CAS NO., COMPOUND (ug/L or ug/Kg) MG/KG Q
39-40-0---—~-=-- Diesel Fuel | 1200{U
39-40-2--------- Motor 01l 120040
21274-30-0--~~-- JP-5 3500
8008-20-6------- Kerosene 12000

FORM I TPH



FORM 1 1du<0V CLIENT SAMPLE NO.
TPH ORGANICS ANALYSIS DATA SHEET

1 GB5-16 (.S {%‘-“}

Lab Name: AQUATEC, INC. Contract: 93228
Lab Code: AQUAI éése No.: 044 SAS No.: SbG No.: MF015
Matrix: (soil/water) SOIL Lab Sample ID: 268956 .
Sample wt/vol: 30.2 (g/nl) G Lab File ID:  23SE951245-I1271
% Moisture: 11 decanted: (Y/N) N Date Received: 08/26/95
Extraction: (SepF/Cont/Sonc) SONC Date Extracted:09/06/95
Concentrated Extract Volume: 2 (mL) Date Analyzed: 09/24/95
Injection Volume: 1.0 (uL) Dilution Factor: 1.0
GPC Cleanup: (Y/N}) N pH: 8.8 Sulfur Cleanup: (Y¥/N) N
CONCENTRATION UNITS:
CAS NO. COMPOUND (ug/L or ug/Kg) MG/KG Q
39-40-0--------- Diesel Fuel 11|U
39-40-2--ccmce-m Motor 0Oil 110
21274-30-0~=u-w- JP-5 ii U

B008-20-6------- Kerosene

FORM I TPH



R 1 135254

TPH ORGANICS ANALYSIS DATA SHEET

CLIENT SAMPLE NO.

l GB5-17 (g.?’?.a)

Lab Name: AQUATEC, INC. Contract: 93228
Lab Ceode: AQUAI Case No.: 044 SAS No.: 8DG No.: MF015
Matrix: (soil/water) SOIL Lab Sample ID: 268957
Sample wt/vol: 30.3 (g/mL) G Lab File ID:  23SE951245-I281
% Moisture: 18 decanted: (Y/N) N Date Received: 08/26/95
Extraction: (SepF/Cont/Sonc) SONC Date Extracted:09/06/95
Concentrated Extract Volume: 2 (mL) Date Analyzed: 09/24/95
Injection Volume: 1.0 (uL) Dilution Factor: 5.0
GPC Cleanup: (Y/N) N pH: 8.4 Sulfur Cleanup: (Y/N) N
CONCENTRATICON UNITS:
CAS NO, COMPOUND (ug/L or ug/Kg) MG/KG Q
39-40-0-nmnmmmmnn Diesel Fuel 60|U
39-40-2----c-mm-un Motor 0il 60|U
21274-30-0------ JP-5 500
B008-20-6------- Kerosene 60U

FORM I TPH



FORM 1 135254 CLIENT SAMPLE NO.
TPH ORGANICS ANALYSIS DATA SHEET |

| GBS-18 (@-‘1}63/

Lab Name: AQUATEC, INC. Contract: 93228 :

Lab Code: AQUAI Case No.: 044 SAS No.: SDG No.: MF015
Matrix: (soil/water) SOIL Lab Sample ID: 268558
Sample wt/vol: '30.4 (g/mL) G lLab File ID: 238E951245-1291
% Moisture: 17 decanted: (Y/N) N Date Received: 08/26/95
Extraction: (SepF/Cont/Sonc) SONC Date Extracted:09/06/95
Concentrated Extract Volume: 2 (mL) ‘Date Analyzed: 09/24/95
Injection Volume: 1.0 (uL) Dilution Factor: 20.0
GPC Cleanup: (¥Y/N) N pH: 8.2 Sulfur Cleanup: (Y/N) N
CONCENTRATION UNITS:
CAS NO. COMPOUND (ug/L or ug/Kg) MG/KG o)
39-40-0wmrcommmmn Diesel Fuel 240U
39-40-2~---——-~ Motor 0il 240|U
21274-30-0~=~--- JP-5 - 880
8008-20-6-~nw--- Kerosene . 2400

FORM I TFH



omea 135255

TPH ORGANICS ANALYSIS DATA SHEET

CLIENT SAMPLE NO.

‘ GBS-19(G>-‘7‘1C;"%)

Lab Name: AQUATEC, INC. Contract: 93228
Lab Code: AQUAT Case No.: 044 SAS No.: SDG No.: MFQ15
Matrix: (soil/water) SOIL Lab Sample ID: 268959
Sample wt/vol: 30.2 (g/mL) G Lab File ID: 238E951245-1301
% Moisture: 19 decanted: (Y/N) N Date Received: 08/26/95
Extraction: (SepF/Cont/Sonc) SONC " Date Extracted:09/06/95
Concentrated Extract Volume: 2 (mL) Date Analyzed: 09/24/95
Injection Volume: 1.0 (uL) Dilution Factor: 10.0
GPC Cleanup: (Y/N) N pH: 8.4 Sulfur Cleanup: (Y/N) N
' CONCENTRATION UNITS:
CAS NO. COMPCUND (ug/L or ug/Kg) MG/KG 0
39-40-0---~--==- Diesel Fuel 126|U0
39-40-2------—~~ Motor ©il 12010
21274-30-0--~-~-- JP-5 880
8008-20-6------- Kerogene ' 120|U

FORM I TPH




130230

FORM 1 CLIENT SAMPLE NO.
TPH ORGANICS ANALYSIS DATA SHEET | |
' GB5-20 (@-0{?"")_

Lab Name: AQUATEC, INC. Contract: 93228
Lab Code: AQUAI Case No.: 044 SAS No.: SDG No.: MF015
Matrix: (soil/water) SOIL Lab Sample ID: 268960
Sample wt/vol: 30.2 {(g/mL) G Iab File ID: 238E951245-1311
% Moisture: 18 decanted: (Y/N) N Date Received: 08/26/95
Extraction: (SepF/Cont/Song} SONC Date Extracted:09/06/95
Concentrated Extract Volume: 2 (mL) Date Analyzed: 09/24/95
Injection Volume: 1.0 (uL) Dilution Factor: 100.0
GPC Cleanup: (Y/N) N ' pH: 8.5 Sulfur Cleanup: (Y/N) N
CONCENTRATION UNITS:
CAS NO. COMPOUND (ug/L or ug/Kg) MG/KG 0
39-40-0--------- Diesel Fuel 1200|U
39-40-2-----——--- Motor 0il 1200(U
21274-30-0------ JP-5 2000
8008-20-6-------Kerosene 1200|0

FORM I TPH



138249

-——
L

ORGANIC ANALYSIS DATA SHEET -- EPA METHOD TPHA4 e
ANAMETRIX, INC. (408)432-8192
Project ID : 235 - - Anametrix ID 9605161-01
~Sample ID : eemsy (- CgS- k(‘a 38 Lab File ID FPY16101
“Matrix : SOIL ¥ Moisture 18.
- Date Sampled 5/15/96
Date Extracted : 6§/21/96
“Amount Extracted : 20.0
. Jate Analyzed 5/22/96 Dilution Factor : 1.0
" Instrument ID : HP23 Conc. Units : ug/Kg
REPORTING AMOUNT
CaS No. COMPOUND NAME LIMIT DETECTED Q
1111-311-31 DIESEL 12000. ND U
4444-44-4 MOTOR OIL 12000. ND U
3333-33-3 JP-5 12000. ND 4)

GC/TPH - PAGE

i;?:g’ﬂ

040



P
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ORGANIC ANALYSIS DATA SHEET -- EPA METHOD TPHA 138250
ANAMETRIX, INC. (408)432-8192 J
Project ID : 23§ ‘ _ Anametrix ID 9605161-02
Sample ID : “GCBSS é.(GS-;l(G_é"?-a) Lab File ID FPY16102
Matrix : : SOIL % Moisture . 17.
Date Sampled’ 5/15/96
Date Extracted 5/21/9¢6
Amount Extracted : 20.0
Date Analyzed 5/22/%6 Dilution Factor : 2.0
Instrument ID HP23 Conc. Units : ug/Kg
REPORTING AMOUNT
CAS No. COMPOUND NAME LIMIT DETECTED Q
1111-11-1 DIESEL 12000. ND U
4444-44-4 MOTOR OIL 12000. ND U
3333-33-3 JP-5 12000. 260000.
i
GC/TPH - PAGE @f* 4

U

~

4



ORGANIC ANALYSIS DATA SHEET -- EPA METHOD TPH4

T
.~

o)

] ANAMETRIX, INC. (408)432-8192 13825i
' Project ID . 235 _ ) Anametrix ID  : 9605161-03
. Sample ID  gemss GCRS-2(¢1-6-5 Lab File ID : FPY16103
‘o Matrix : SOIL $ Moisture 18.
‘Date Sampled 5/15/96
Date Extracted : 5/21/96
- Amount Extracted : 20.0
. Date Analyzed : 5/22/96 Dilution Factor : .0
- Instrument ID : HP23 Conc. Units : ug/Kg
REPORTING AMOUNT
CAS No. COMPOUND NAME " LIMIT DETECTED o)
1111-11-1 DIESEL 12000. ND u
4444-44-4 MOTOR OIL 12000. ND U
3333-33-3 JP-5 12000. 116000.
GC/TPH - PAGE s/r"}f‘

046



ORGANIC ANALYSIS DATA SHEET -- EPA METHOD TPHA4

Project ID
Sample ID
Matrix

ANAMETRIX, INC. (408)432-8192

: 235
. gemse (~ (S (¢ 9 F9)
: SOIL

Anametrix ID
Lab File ID
% Moisture

<

138252
9605161-04
FPY16104

16.

Date Sampled 5/15/96
Date Extracted 5/21/96
Amount Extracted 20.0 o
Date Analyzed : 5/22/96 Dilution Factor : 2.0
Instrument ID : HP23 Conc. Units : ug/Kg
REPORTING AMOUNT
CAS No. COMPOUND NAME LIMIT DETECTED Q
1111-11-1 DIESEL 12000. ND 4)
4444-44-4 MOTOR OIL 12000. ND U
3333-33-3 JP-5 12000. 230000.

GC/TPH - PAGE



, P
ORGANIC ANALYSIS DATA SHEET -- EPA METHOD TPHd - s e
ANAMETRIX, INC. (408)432-8192 138254

Project ID : 235 - Anametrix ID : 9605161-05
" Sample ID : SeBss L3S --S(S'-J“ s ‘=—) Lab File ID : FPY16105
. Matrix : SOIL ' ¥ Moisture : 19.

‘Date Sampled : 5/15/9¢

Date Extracted : 5/21/96
- ‘Amount Extracted : 20.0 g
- Date Analyzed : 5/22/96 Dilution Factor : 10.0

Instrument ID : HP23 - Conc. Units : ug/Kg

REPORTING AMOUNT
CAS No. COMPOUND NAME LIMIT DETECTED Q
1111-11-1 DIESEL 62000. “ND 4]
4444-44-4 MOTOR OIL 6€2000. ND U
3333-33-3 JP-5 62000. 1500000.

O
GC/TPH - PAGE - 275"'/7‘



C\',
ORGANIC ANALYSIS DATA SHEET -- EPA METHOD TPHA 13825 4 c
ANAMETRIX, INC. (408)432-8192
Project ID 1 235 : ) Anametrix ID : 9605161-06
Sample ID : GCBse (LRS- L{6.5- 7.9 Lab File ID : FRY16106
Matrix : SCIL ¥ Moisture : 17.
Date Sampled : 5/15/96 )
Date Extracted : 5/21/96
Amount Extracted : 20.0 g ‘
Date Analyzed 5/23/96 : Dilution Factor : .0
Instrument ID HP23 Conc. Units : ug/Kg
REPORTING AMOUNT
CAS No. COMPOUND NAME LIMIT DETECTED Q
1111-311-1 DIESEL 12000. ND U
4444-44-4 MOTOR OIL 12000. ND U
3333-33-3 JP-5 _ 12000. ND U
6\-—.‘5
GC/TPH - PAGE o/t

055



.......

ORGANIC ANALYSIS DATA SHEET -- EPA METHOD TPHd

-
N}

= =
ANAMETRIX, INC. ' (408)432-8192 138250
... Project ID : 235 R - Anametrix ID : 9605161-07
" Sample ID : @emsy - (B5-F((6-F.o) Topmetiix I . FRY16107
i Matrix : SOIL ¥ Moisture 7.
Date Sampled 5/15/96
- Date Extracted 5/21/96
- Amount Extracted : 20.0
“‘Date Analyzed 5/23/96 Dilution Factor : 1.0
Instrument ID : HP23 Conc. Units : ug/Kg
, REPORTING AMOUNT
CAS No. COMPOUND NAME LIMIT DETECTED Q
1111-11-1 DIESEL 12000. ND U
4444~-44-4 MOTOR COIL 12000. ND 1]
3333-33-3 JP-5 12000. 73000.
/5\.!)
o
GC/TPH - PAGE

u.\'

058
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ORGANIC ANALYSIS DATA SHEET -- EPA METHOD TPHd 8 -~ -
ANAMETRIX, INC. (408)432-8192 138256 =
Project ID : 235 : Anametrix ID : 9605161-08
Sample ID P ecmse. G(RS-&(6s53F ) Lab File ID : FRY16108 |
Matrix : SOIL % Moisture : 17. :
Date Sampled : 5/15/96 -
Date Extracted : 5/21/96
Amount Extracted : 20.0
Date Analyzed : 5/23/%6 Dilution PFactor : 5.0
Instrument ID : HP23 Conc. Units : ug/Kg
: REPORTING AMCUNT
CAS No. COMPOUND NAME LIMIT DETECTED Q
11311-11-1 DIESEL 30000. HND U
4444-44-4 MOTOR OIL 30000. ND U
3333-33-3 JP-5 30000. 480000.
GC/TPH - PAGE ,5\,!) }qt
Gf>"



ORGANIC ANALYSIS DATA SHEET -- EPA METHOD TPHA

0on

ANAMETRIX, INC. {(408)432-8192 138257
Project ID : 235 . Anametrix ID : 9605161-09
-~ Sample ID : seBss. C(05-9 (¢ o -Cs) Lab File ID FPY16109
7 Matrix : SOIL % Moisture 19.
- Date Sampled 5/15/96
- Date Extracted 5/21/96
- Amount Extracted 20.0
~ Pate Analyzed : 5/23/96 Dilution Factor : 2.0
" Instrument ID : HP23 Conc. Units : ug/Kg
REPORTING AMOUNT
CAS No. COMPOUND NAME LIMIT DETECTED Q
1111-11-1 DIESEL 12000. ND U
4444-44-4 MOTOR OIL 12000. ND U
3333-33-3 JP-5 12000. 100000.
—~ O
b
GC/TPH - PAGE G/‘\'/q
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ORGANIC ANALYSIS DATA SHEET -- EPA METHOD TPH4

138258

oA

ANAMETRIX, INC. (408)432-8192 ?‘
Project ID : 235 , ) Anametrix ID 9605161-10
Sample ID : TBsH C B S-/=(¢.2~3F.3) Lab File 1D FPY16110
Matrix : SOIL % Moisture
Date Sampled 5/15/96
Date Extracted : 5/21/96
Amount Extracted : 20.0 .
Date Analyzed 5/23/96 Dilution Factor : .0
Instrument ID : HP23 Conc. Taits : ug/Kg
REPORTING AMOUNT
CAS No. COMPOUND NAME LIMIT_ DETECTED Q
. 1111-11-1 DIESEL 12000. ND U
4444-44-4 MOTOR OIL 12000. ND U
3333-33-3 JP-5 12000. 140000.
&
[V
' o ,»Fﬁ
GC/TPH - PAGE G

007



ORGANIC ANALYSIS DATA SHEET -- EPA METHOD TPHA4

008

ANAMETRIX, INC. (408)432-8192 138253
- Project ID : 235 . - Anametrix ID : 9605161-11
' |sample 1D ceansas (CCBSi(go-72) Lab File ID FRY16111
. Matrix : SOIL _ § Moisture 17.
Date Sampled 5/15/96
- Date Extracted 5/21/96
Amount Extracted 20.0
' Date Analyzed 5/23/96 Dilution Factor : 1.0
_Instrument ID HP23 Conc. Units : ug/Kg
. _ REPORTING AMOUNT
CAS No. COMPOUND NAME LIMIT DETECTED Q
1111-11-1 DIESEL 12000C. ND U
4444-44-4 MOTOR OIL 12000. ND 4
3333-33-3 JP-5 12000. ND U

GC/TPH - PAGE

e

010
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ORGANIC ANALYSIS DATA SHEET -- EPA METHOD TPHd

ANAMETRIX, INC. (408)432-8192 138260
Project 1D : 235 . - Anametrix ID : 9605161-12 .
Sample ID c@saa GeeS (66 72 TR Rl : FPY16112
Matrix : SOIL ¥ Moisture : 16.
Date Sampled : 5/15/9¢6 '
Date Extracted : 5/21/9%6
Amount Extracted : 20.0 g
Date Analyzed : 5/23/96 Dilution Factor : 2.0
Instrument ID : HP23 Conc. Units : ug/Kg
REPORTING AMOUNT
CAS No. COMPOUND NAME LIMIT DETECTED . Q
1111-11-1 DIESEL 12000. ND U
4444-44-4 MOTOR OIL 12000. ND U
3333-33-3 JP-5 12000. 170000.

<

GC/TPH - PAGE o ] '»(-\‘t‘*
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GC/TPH - PAGE
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ORGANIC ANALYSIS DATA SHEET -- EPA METHOD TPHd
| ANAMETRIX, INC. (408)432-8152 - 138261
_Project 1D : 235 , ' s Anametrix ID : 9605161-13
"'Sample ID . eBsa3. (5 (RS-13(e5-3.0)  fosmetiax T : FPY16113
- iMatrix : SOIL % Moisture 19.
Date Sampled 5/16/96
...Date Extracted 5/21/9%6
. |Amount Extracted : 20.0
- Date Analyzed : 5/23/96 Dilution Factor : .0
Instrument ID : HP23 Conc. Units : ug/Kg
REPORTING AMOUNT
CAS No. COMPOUND NAME LIMIT DETECTED Q
1l1i-11-1 DIESEL 12000. ND U
4444-44-4 MOTOR OIL 12000. ND U
3333-33-3 JP-5 12000. 170000.

016



ORGANIC ANALYSIS DATA SHEET -- EPA METHOD TPHA 138282

]
!

ANAMETRIX, INC. (408)432-8192 c
Project ID : 235 ( Anametrix ID  : 9605161-14
Sample ID : 68514 (~CRS-19(¢-§-3°) 1Lab File ID . FPY16114 |
Matrix : SOIL % Moisture : 17.
Date Sampled 5/16/96
Date Extracted : 5/21/96
Amount Extracted : 20.0
Date Analyzed : 5/23/96 Pilution Factor : 2.0
Instrument ID : HP23 Conc. Units : ug/Kg
REPORTING AMOUNT
CAS No. COMPOUND NAME LIMIT DETECTED Q
1111-12-3 DIESEL 12000. ND U
4444-44-4 MOTOR OIL 12000. ND U
3333-33-3 JP-5 12000. 290000.
5"07 k%
GC/TPH - PAGE Q}‘L



¥ ORGANIC ANALYSIS DATA SHEET -- EPA METHOD TPHA

»

~

]

ANAMETRIX, INC. 432~ 2 2
(408)432-819 1382865 pamy
~Project ID : 235 ] Anametrix ID : 9605161-15
Sample ID . cB81s- (>CB5-1S(6-~-6F) Lab File 1D . FDPY16115
- Matrix : SOIL $ Moisture :
Date Sampled : 5/16/96
- Date Extracted : 5/21/96
. Amount Extracted : 20.0
' Date Analyzed : 5/23/96 Dilution Factor : .0
_Instrument ID : HP23 Conc. Units : ug/Kg
, REPORTING AMOUNT
CAS No. COMPOUND NAME LIMIT DETECTED
1111-11-1 DIESEL 12000. ND U
4444-44-4 MOTOR OIL 12000. ND U
3333-33-3 JPp-5 12000. 300000.
/Lf? "
GC/TPH - PAGE |

022
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ORGANIC ANALYSIS DATA SHEET -- EPA METHOD TPHA
ANAMETRIX, INC. (408)432-8192 138264
Project ID : 235 ) _ R W Anametrix ID 9605161-16
Sample ID : EBST6- 6(_@51(@("5 1.2) Lab File ID FRY16116 |
Matrix : SOIL ¥ Moisture i8.
Date Sampled 5/15/96 _
Date Extracted 5/21/96 ¢
Amount Extracted 20.0 ‘ |
Date Analyzed 5/23/96 " Dilution Factor : 1.0
Instrument ID HP23 Conc. Units : ug/Kg
REPORTING AMOUNT
CAS No. COMPOUND NAME LIMIT DETECTED Q
1111-11-1 DIESEL 12000. ND U
4444-44-4 MOTOR OIL 12000. ND U
3333-33-3 JP-5 12000. 25000.

GC/TPH - PAGE

025
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ORGANIC ANALYSIS DATA SHEET -- EPA METHOD TPHd

ANAMETRIX, INC. (408)432-8192 138285 <
. Project ID :. 235 . Anametrix ID : 9605161-17
" sample ID ; essaz. (@S- 136 F2)  Lab File 1D : FRY16117
[ Matrix : SOIL $ Moisture : 18.
Date Sampled : 5/15/96 :
- Date Extracted : 5/21/96
- Amount Extracted : 20.0 _
* Date Analyzed : 5/23/96 Dilution Factor : 1.0
~ Instrument ID _: HP23 Conc. Units : ug/Kg
, REPORTING AMOUNT
CAS No, COMPOUND NAME . LIMIT DETECTED Q
[ 1111-11-1 DIESEL 12000. ND U
| 4444-44-4 MOTOR OIL 12000. ND U
3333~33-3 JP-5 12000, 7600. J

_

GC/TPH - pAGE | ('l y}&
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ORGANIC ANALYSIS DATA SHEET -- EPA METHOD TPHA

-

ANAMETRIX, INC. (408)432-8192 . 13826b
Proj§ct ID : 235 6 Cas ( , ?.) ' Anametfix 1D : 9605161-18
Sample ID : eBS18 (- (RS- NV Lab File ID : FPY16118
Matrix : SOIL ‘8’_L -4 % Moisture : 17.
Date Sampled : 5/16/96
Date Extracted : 5/21/96
Amount Extracted : 20.0
Date Analyzed : 5/23/96 Dilution Factor : 2.0
Instrument ID '+ HP23 Conc. Units : ug/Kg
REPORTING AMOUNT
CAS No. COMPOUND NAME LIMIT DETECTED Q
11131-11-1 DIESEL 12000. ND U
4444-44-4 MOTOR OIL 12000. ND U
3333-33-3 JP-5 12000. 300000.

‘GC/TPH - PAGE

y
“op



¥ ORGANIC ANALYSIS DATA SHEET -- EPA METHOD TPHA

016

ANAMETRIX, INC. (408)432-8192 13826'7
-, Project ID : 235 ) | ) Anametrix ID : 9605161-19
' Sample ID : @ssre- (LRS- )C’(C;- Y- s Lab File ID FRY16119
' Matrix : SOIL $ Moisture is.
Date Sampled 5/15/96
| Date Extracted : 5/21/96
. Amount Extracted : 20.0
‘Date Analyzed 5/23/96 Dilution Factor : 5.0
. Instrument ID : HP23 Conc. Units : ug/Kg
- REPORTING | AMOUNT
CAS No. COMPOUND NAME LIMIT DETECTED Q
1111-311-1 DIESEL 31000. ND U
4444-44-4 MOTOR OIL 31000. ND U
3333-33-3 JP-5 31000. 210000.

GC/TPH - PAGE

o
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ORGANIC ANALYSIS DATA SHEET -- EPA METHOD TPHA - <
ANAMETRIX, INC. (408)432-8192 138266
Project ID : 235 . -73.») Anametrix ID : 9605161-20
Sample ID : €858 (- (RS- &“((o-‘) Lab File ID : FPY16120 -
Matrix : SOIL % Moisture : 17.
Date Sampled : 6/16/96
Date Extracted : 5/21/96
Amount Extracted 20.0
Date Analyzed : 5/23/96 Dilution Factor : 2.0
Instrument ID : HP23 Conc. Units : ug/Kg
REPORTING AMOUNT
CAS No. " COMPOUND NAME LIMIT DETECTED Q
1111-11-1 DIESEL 12000. ND U
4444-44-4 MOTOR OIL 12000. ND U
3333-33-3 JP-5 12000. 140000.

GC/TPH - PAGE

50
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Inchcape Testing Services 53 Skt B
Aquatec Laboratories '

i

75 Green Mountain Drive
South Burlington, VT 05403

130 Herman Melville Boulevaré

U R e e New Bedford, MA 02740
Analytical Report
‘ Date : 01/05/95
Anametrix Laboratory, Inc. ETR Number : 48661
1961 Concourse Drive Project No.: 93228
Suite #E No. Samples: 2
San Jose, CA 9513] Arrived : 12/23/94

P.0O. Number: 5412232
Attention : su Patel

Page 1

Case:93228 SDG:52A65 CTO:0236

Standard analyses were performed in accordance With Methods for Anatysis of Water and Wastes, EPA-600/4/79-020,
Test Methods for Evaluating Solid waste, SW-B46, or Standard Methods for the Examination of Water ardd Wastewater.
All results ere in mg/l unless otherwise noted.

Lab No./ Sample Description/
Method No. Parameter Result
245747  52A65:12/19/94 (Soil)

AL N847 TOC by Lloyd Kahn 1210 £
BW?'Z"@:’%NGR Solids, Total ' 82.5 c
— = SBIO-AQ 907B Plate Count soil 125,000 w

SBIO-AQ Diesel-utilizing plate ct 29,000 w
245748  54A60:12/20/94 (Soil)
_ o], HN847 TOC by Lloyd Kahn o <122 f
Bws- HAG. o7 )§N623 Solids, Total 81.9 ¢
SBIO-AQ 907B Plate Count soil 30,000 w
SBIO-AQ Diesel-utilizing plate ct 3,000 w
Comments/Notes
f = mg/Kg dry weight
¢ = %W/W as received
W = CFU/gram dry weight
< Last Page > Submitted By : . Aguatec Inc.

35 South Park Drive + Colchester, VT 05446 + Tel: 802-655-1203 + Fax: 802-655-1248



INCHCAPE TESTING SERVICES
ANAMETRIX LABORATORIES
(408) 432-8192

inorganics - Page 3

DATA REPORT
Anametrix Sample ID: 9412232-01 Date Sampled: 12/19/94
. Client Sample ID: 52A65 (Bui5~- ZA) Analyst: s\
Client Project Number: 0236 Supervisor: Ak
Matrix: SOIL
Prep. Analytical | Instr. Date Date Dil. . Reporting
Analyte Method Method ID Prepared { Analyzed | Factor Units Limit Resulfs

Nitrate as N 300.0 300.0 ic1 04/25/95 | 04/26/95 1 mg/Kg 0.20 0.55
Phosphate as P 300.0 300.0 iIC1 04/25/95 | 04/26/95 1 mg/Kg 0.50 1A
Ammonia 350.3 350.3 MET2 01/03/95 | 01/03/85 1 mg/Kg 1.0 ND
COMMENTS:  Sample was prepared at 1:10 dilution using DI water for ammonia and anions analyses.




INCHCAPE TESTING SERVICES
ANAMETRIX LABORATORIES
(408) 432-8192

DATA REPORT
Anametrix Sample ID: 941223202 Date Sampled: 12/20/94
Client Sample ID: 54A60 ( BWS —4A) Analyst: €.\
Client Project Number: 0236 : Supervisor: g4~
Matrix: SOIL
Prep. Analytical /| Instr. Date Date Dik. . Reborting
Analyte Method | Method ID | Prepared | Analyzed | Factor| UM®S | pimit | Results
Nitrate as N 300.0 300.0 IC1 04/25/95 | 04/26/95 1 mg/Kg 0.20 0.41
Phosphate as P 300.0 300.0 . 04/25/85 | 04/26/95 1 mg/Kg 0.50 1.2
Ammonia 350.3 350.3 MET2 | 01/03/95 | 01/03/95 1 mg/Kg 1.0 ND

't COMMENTS:  Sample was prepared at 1:10 dilution using DI water for ammonia.

Inorganics - Page 4 06






APPENDIX D

SOIL GEOTECHNICAL RESULTS







UNIFIED SOIL CLASSIFICATION

GRAVEL SAND
COBBLES I orer | Fne CoARSEl MEDIUM |  FINE SILT OR CLAY
U.S. STANDARD SIEVE No. HYDROMETER

U.S. SIEVE SIZE IN INCHES

3 3/4 3/8 4 10 20 40 60 140 200
100 N = % . 0
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GRAIN SIZE IN MILLIMETER '
DEPTH LI PI :
SYMBOL BORING {ft) (%) (%) DESCRIPTION

O GTT5-1 55-85 olive gray silty Gravelly Sand (SM)

‘0 GTT5-2 55-6.5 olive silty Sand (SM)

Fay CTI5-3 4.5-55 olive clayey Silt w/sond (ML)

¢ GTT5-4 45-55 olive sandy clayey Silt (ML)

Remark :

Project No.096-019

PRC 044-0236IRPSRP

Cooper Testing
Labs

Mountain

View CA

GRAIN SIZE DISTRIBUTION Figure No.




BORING DEPTH
GTT5~1 5.5-6.5
GTTE=-2 5.5-6.5
GT7T5-3 4.5=-5.5
GTT5-4 4.5=-5,5

GTT5-1
5.5«6.5
Grain %
Size (mm) Finer
0.0015 5.15
0.0024 7.50
0.0033 7.50
0.004¢6 8.24
0.0066 8.83
0.0092 10.15
0.0129 11.62
0.0222 12.80
0.0347 l14.12
0.0483 16.33
0.0655 21.63
€.0750 21.65
0.1500 27.86
0.3000 35.05
0.4250 38.15
0.6000 39.66
2.0000 47.73
4.7500 72.01
. 9.85250 85.72
19.0500 100.00

Cooper Testihg Laboratories

Project No.096-019

PRC 044-0236IRPSRP

Figure No.

Cc

% % % % %
COBBLES GRAVEL SAND FINE SILT CLAY Cu

0.00 27.99 37 13.29 8.36

0.00 6.16 53 25.94 20.37

0.00 1.43 21.21 46.53 30.84

.00 0.00 16 42.10 25.73

GTTS5-2 GTT5-3 GTT5-4
5.5-6.5 4.5~5.5 4.5-5.5

Grain % Grain % Grain %

Size (mm) Finer Size (mm) Finer Size (mm) Finer
0.0015 12.93 0.0014 18.95 0.0014 18.71
0.0023 16.74 0.0023 23.13 0.0023 23.63
0.0032 18.26 0.0032 25.06 0.0032 25.11
0.0045 1¢.78 0.0044 29.88 0.0045 29.04
0.0063 21.¢92 0.0062 32.77 0.0063 31.51
0.0090 24.59 0.0088 37.59 0.0089 33.14
0.0124 28.65 0.0122 42.09 0.0123 40.37
0.0213 31,69 0.0203 53.02 0.0208 46.92
0.0330 35.75 0.0312 59.44 0.0322 53.16
0.0451 42.60 0.0430 65.55 0.0442 60.06
0.0628 45.64 0.0595 70.37 0.0613 64.98
0.0750 46.31 0.0750 77.37 0.0750 71.84
0.1500 56.41 0.1500 87.64 0.1500 84.30
0.3000 69.10 0.3000 92.87 0.3000 91.23
0.4250 71.70 0.4250 93.84 0.4250 94.40
0.6000 74.30 0.6000 85.19 0.6000 94.59
2.0000 85.15 2.0000 98.10 2.0000 9B.75
4,78500 93.84 4.7500 98.57 ‘2.3800 100.00
$.5250 96.03 - 9.5250 98.57

19.0500 100.00 19,0500 100.00



UNIFIED SOIL CLASSIFICATION

COBBLES

GRAVEL

SAND

COARSE | FINE

coarse]  MEDIUM |

FINE

SILT OR CLAY

U.S. SIEVE SiZE IN INCHES

U.5. STANDARD SIEVE No.

3/4 3/8 4 10 20 40 80 140 200

HYDROMETER

PERCENT RETAINED BY WEIGHT
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GRAIN SIZE IN MILLIMETER
9
DEPTH 1L Pl
SYMBOL BORING (ft)  (x) (%) DESCRIPTION
O GTT5-5 5.0-5.5 olive clayey Silt (ML)

Fa¥ ot =T 3 s 3 SO -0 1 - -
AV GTres—oT LTt = R ¥ qray sﬂfy—-e-byey—Se-n-d-w-(-S%——
Remark :
Project No.096-19 PRC 044-0236IRPSRP

Cooper Testing

Labs

Mountain View CA

GRAIN SIZE DISTRIBUTION rigure Nc;.




Cooper Testing Laboratories

Project No.096-19

PRC 044-0236IRPSRP
Figure No.
% % % % % %
BORING DEPTH COBBLES GRAVEL SAND FINE SILT CLAY Cu Cc
GTT5-5 5.0=~5.5 G.00 0.21 24.32 45.17 30.30
GTB + —3+
s . 6"‘63 3.5‘2—49"‘“2_“'_‘976—
G IrB9 -3 -—F+o—80— B+ 00— 6566 4470 25517 —2346— x
GTT5-5 GTB9-2C GTB9~3c /
5.0-5.5 10.5=-11 \L 7.5—8.9/
Grain -

0.0014 i18.63
0.0023 22.21
0.0032 25.49
0.0044 29.41
0.0063 32.35
0.0088 36.27
0.0122 42.15
0.0206 50.00
0.0315 57.84
0.0435 63.72
0.0600 69.60
0.0750 75.47
0.31500 86.31
0.3000 92.41
0.4250 93.60
0.6000 94.78
- 2.0000 99.11
4.7500 99.79
9.5250 100,00

0.0140

0.0242 5.04
0.0381 5.55
0.053 6.84

0.074%




UNIFIED SOIL CLASSIFICATION

COBBLES

GRAVEL

SAND

COARSE | 'FINE

coarse|  MEDIUM |

FINE

SILT OR CLAY

U.S, SIEVE SIZE IN INCHES

U.8. STANDARD SIEYE No.

HYDROMETER

3 3/4 3/8 4 10 20 40 60 140 200
100 { 0
3“‘&\_'
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GRAIN SIZE IN MILLIMETER
DEPTH LI Pl '
SYMBOL BORING (1) {%) {x] DESCRIPTION
O GTB5-1B 10.5-11 brown cloyey Silt w/sand (ML)
(] GTB5~1C 14.5--15 brown clayey Siit w/sand (ML)
Fa GTB5-2A 6.5-7.0 olive brown sandy clayey Silt, mottled gray (ML)
O GTBS—4A 6.5-7.0 olive brown clayey sandy Silt (ML)
Remark :

Project No.096-021

PRC 044—-0236IRPSRP

Cooper Testing
Labs
Mountain View CA

GRAIN SIZE DISTRIBUTION

Figure No.




Cooper Testing Laboratories
Project No.096~021
PRC 044-~0236IRPSRP

Figure No.

% % % % % %

BORING DEPTH COBBLES GRAVEL SAND FINE SILT CLAY Cu cc

GTB5-1B 10.5-11 0.00 1.03 22.28 51.40 25.29

GTB5-1C 14.5-15 0.00 0.00 22.63 55.04 22.33

GTB5-2A 6.5-7.0 0.00 0.00 27.71Y 43.34 28.95

GTB5—-4A 6.5~7.0 0.00 0.54 29.39 44.62 25.45

GTB5-1B GTB5-1C GTB5-2A GTB5-4A
10.5-11 14.5-15 6€.5-7.0 6.5-7.0
Grain % Grain % Grain % Grain %

Size (mm) Finer Size (mm) Finer Size (mm) Finer Size (mm) Finer
0.0014 15.44 0.0014 13.50 0.0014 19.76 0.0014 17.56
0.0023 19.42 0.0023 17.32 0.0022 23.63 0.0023 20.74
0.0032 21.57 0.0032 19.50 0.0032 24.48 0.0032 23.59
0.0046 23.90 0.0046 21.50 0.0045 28.03 0.0045 25.09
0.0063 29.54 0.0064 25.00 0.0063 31.41 0.0065 26,60
0.0090 33.86 0.0090 29.50 0.0089 35.97 0.0090 31.62
0.0125 39.83 0.0126 36.00 0.0123 41.04 0.0126 36.13
0.0209 48.79 0.0211 45.99 0.0211% 46.61 0.0216 40.15
0.0322 55.77 0.0326 52.99 0.0326 53.70 0.0332 48.18
0.0445 61.74 0.0448 59.99 0.0450 59.78 0.0457 55.20
0.0611 68.71 0.0619 65.99 0.0619 66.87 0.0629 62.23
0.0750 76.69 0.0750 77.37 0.0750 72.29 0.0750 70.07
0.1500 87.17 0.1500 89.91 0.1500 83.16 0.1500 82.86
0.3000 89.99 0,.3000 94.77 0.3000 90.75 0.3000 90.37
0.4250 90.80 0.4250 95.17 0.4250 92.39 0.4250 92.41
0.6000 91.60 0.6000 95,37 0.6000 893,62 0.6000 93,62
2.0000 97.24 2.0000 98.81 2.0000 98.95 2.0000 98.50
4.7500 98.97 2.3800 100.00 2.3800 100.00 4.7500 $9.46

9.5250 100.00 , 9.5250 100.00



COOPER TESTING LABS
MOISTURE DENSITY -~ POROSITY DATA SHEET
- Job # 096-021
lient PRC
Project/Location 044-0236IRPSRP
gpate 12/28/94
' Boring # GTB5-2A GTB5-4A GTB5-6A
Depth (ft) 6.5-7.0 6.5-7.0 6.5-7.0
Soil Type olive olive brown
£ brown brown Clay
sandy silty
Clay Clay
- specific Gravity 2.73 2.73 2.73
' Volume Total cc 280.869 230.285 230.469
- Volume of Solids 166.665 139.135 143.493
- Volume of Voids 114.204 91.150 86.976
 Void Ratio ©.685 0.655 0.606
Porosity % 40.7% 39.6% 37.7%
_saturation % 100.0% 100.0% 100.0%
, Moisture % 25.1% 24.0% 22.2%
! Dry Density (pcf) 101.1 103.0 106.1
: Renmarks
Lo




UNIFIED SOIL CLASSIFICATION

GRAVEL SAND
COBBLES COARSE , FINE comsz] MEDIUM ] FINE SILT OR CLAY
1.8, SIEVE SIZE IN INCHES U.S. STANDARD SIEVE No. HYDROMETER
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SYMBOL BORING

GRAIN SIZE IN MILLIMETER

DEESFH &513 8;1) DESCRIPTION

PERCENT RETAINED BY WEIGHT

O GTR5—BA

Remark :

6.5-7.0 brown clayey Sandy Silt (ML)

Project No.096-021

PRC 044-0236IRPSRP

Cooper Testing
Labs
Mountain View CA

GRAIN SIZE DISTRIBUTION  Figure No.




Cooper Testing Laboratories

Project No.096-021

PRC 044-0236IRPSRP

Figure No.

% % % % % %
- JORING DEPTH COBBLES GRAVEL SAND FINE SILT CLAY Cu Cc
éTBS-GA 6.5-7.0 0.00 0.00 27.56 45.44 26.99
GTB5~6A
6.5-7.0
Grain % : Grain g Grain % Grain %
' iize (mm) Finer Size (mm) Finer Size (mm) Finer Size (mm) Finer

0.0014  18.19
0.0023  22.04
0.0032  25.04
0.0045  26.04
0.0063  29.71

. 0.0089  33.55

'0.0126  38.06

©0.0212  45.57

0.0328  51.58

1.0.0452 58.09
0.0619  66.11

0.0750  72.44

- 0.1500 86.01
0.3000 95.34

.,0.4250  96.55

0.6000 97.36

“/2,0000  99.39
2.3800 100.00




Specific

Gravity

Cooper Testing Lab
Job#: 096-021 Date: 12/29/94
Client: PRC By: DC
Project. 044-0236IRPSRP '
Boring: GTB5-2A |GTB5-4A |GTB5-6A
Sample: -
Depth: 6.5-7.0 6.5-7.0 6.5-7.0
Soil olive ‘|olive brown
Classification: brown brown Clay
sandy siity
Clay Clay
Wt. of Pycnometer
Soil & Water, gm: 707.65 717 709.12
Temp. centigrade: 20 20 20
Wt. of Pycnometer
& Water, gm: 671.96 677.6 675.71
Wit. Dry Soil, gm: 56.32 62.2 52.7
Temp. Correction
Factor:
Specific Gravity:

Remarks:




APPENDIX E

GROUNDWATER ANALYTICAL RESULTS







FORM 1 ITSf;éQ - ] CLIENT SAMPLE NO.
TPH ORGANICS ANALYSIS DATA SHEET

RwWS~I1B8
: BWe3p-
Lab Name: AQUATEC, INC. Contract: 93228
Lab Code: AQUARI Case No.: 044 EAS No.: SDG No.: MFD13
Matrix: (scil/water) WATER La.b‘ Sample ID: 267344
Sample wt/vol: $45.0 (g/mL) ML Lab File ID:  01SE951415-I181
% Moisture: decanted: (Y/N) Date Received: 0B/15/95
Extraction: (8epF/Cont/Sonc) SEPF Date Extracted:08/17/9%5
Concentrated Extract Volume: 1 (mL} Date Analyzed: 09/01/95
Injection Volume: 1.0 (ul) Dilution Factor: 1.0
GPC Cleanup: (Y/N) N pH: Sulfur Cleanup: (Y/N) N
CONCENTRATION UNITS:
CAS NO. COMPOUND {ug/L or ug/Kg) MG/L Q
38-40-0~w-v-m-mm- Diesel Fuel 0.10{U
35-40-2-~------- Motor 0il 0.10(U
21274-30-0------ JP-5 i 0.10|0
B00B-20-6----r=~ Kerosene 0.10|0
FORM I TPH 5
/ e
J \a?
(AMEAE
19 <&



4 AN LA RN]E SANMELE N
TPH ORGANICS ANALYSIS DATA SI—IE‘J:J;I'd'OdU _

) —BWEZE-
Lab Name: AQUATEC, INC,. Contract: 93228 Bws-2R
Lab Code: AQUAT Case No.: 044 8AS No.: SDG No.: MF013
Matrix: (soil/water) WATER Lab Sample ID: 267345
Sample wt/vol: 971.0 (g/mL) ML Lab File ID: 01SE®51415-1191
% Moisture: decanted: (Y/N) Date Received: 08/15/95
Extraction: (SepF/Cont/Sonc) SEPF Date Extracted:08/17/95
Concentrated Extract Volume: 1{mL) Date Analyzed: 08/02/85
Injection Veolume: 1.0{(ulL) Dilution Factor: 1.0
GPC Cleanup: (Y/N) N pH: Sulfur Cleanup: (Y/N} N
CONCENTRATION UNITS:

CAS NO. COMPCUND {ug/L or ug/Kg} MG/L Q

38-40-0----~u--- Diesel Fuel 0.1010

35-40-2----cc-- Motor ©il 0.101|0

21274-30-0---~«- JP-5 0.10(0T

B00B-20-6-----~~ Kerosene 0.101U0

FORM I TPH ' 7 f\ﬁd



FORM 1 135214 cLienT sampLE NO.
TPH ORGANICS ANALYSIS DATA SHEET

| _
Lab Name: AQUATEC, INC. Contract: 953228 Bws-38
Lab Code: AQUAI Case No.: 044 SAS No.: SDG No.: MF013
Matrix: (soil/water) WATER Lab Sample ID: 267346
Sample wt/vol: 835.0 (g/mL) ML Lab File ID: 018ES51415-1201
% Moisture: decanted: (Y/N) Date Received: 08/15/95
Extraction: (SepF/Cont/Sonc) SEPF Date Extracted:08/17/95
Concentrated Extract Volume: 1 (mL) Date Analyzed: 09/02/85
Injection Volume: 1.0 (uL) Dilution Factor: 1.0
GPC Cleanup: (Y/N} N PH: Sulfur Cleanup: (Y/N)} N
CONCENTRATION UNITS:
CAS NO. COMPOUND (ug/L or ug/Kg) MG/L Q
38-40-0--vmcuunn Diesel Fuel 0.11(U
38-40-2---~cu-—- Motor Oil - 0.11|0
21274-30-0~wvu-- JP-5 0.111|U
BE00B-20-6-~---w-- Kerosene 0.311|0
P
FORM I TPH } {,/v {
| ‘q
!
0 6’;)6
. &

/ .

—_



FORM 1 135219 CLIENT SAMPLE NO.
TPH ORGANICS ANALYSIS DATA SHEET

h TEWSZR
Lab Name: AQUATEC, INC. Contract: 93228 Bws-48
Lab Code: AQUAI Case No.: 044 SAS No.: SDG No.: MF013
Matrix: (soil/water) WATER Lab Sample ID: 267347
Sample wt/vol: 1005 {(g/mL} ML Lab File ID:  018E951415-I211
% Moisture: decanted: (Y/N) Date Received: 08/15/95
Extraction: (SepF/Cont/Sonc) SEPF Date Extracted:08/17/95
Concentrated Extract Volume: 1 (mL) Date Analyzed: 09/02/95
Injection Volume: 1.0 (ul) Dilution Factor: 1.0
GPC Cleanup: (Y/N) N . pH: Sulfur Cleanup: (Y/N)} N
| CONCENTRATION UNITS:

CAS NO. COMPOUND (ug/L or ug/Kg) MG/L Q

39-40-0-nnnmm-nn Diesel Fuel 0.10{U

39-40-2--~oco- Motor 0il 0.10;U

21274-30-0-wwvu-- JP-5 0.10]|U

B0O0B-20-6~vu---- Kerosene 0.10U

)
FORM 1 TPH - <;€;fdnvtjéf7
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i

Inchcape Testing Services
Aquatec Laboratories

Laboratory Locations

55 South Park Drive
Colchester, VT 05446

75 Green Mountain Drive
South Burlington, VT 05403

150 Herman Melville Bouievard

Page 1

Case:044 SDG:MFO013 W0O:9508317

Standard analyses were performed in accordance with Methods for Analysis of Water and Wastes, EPA-6&00/4/79-020,
Test Methods for Evaluating Solid Waste, SW-B46, or Standard Methods for the Examination of Water and Wastewater,

Lab No./

Method No.

Al resul.ts are in mg/l unless otherwise noted.
Sample Description/
‘ Parameter

—— —— A - v ————————— ————

267344 BW51B:08/15/95 (Water)

351.

3

267345 BWS2B:08/15/95 (Water)

351.

3 Total Kjeldahl Nitrogen

SBIL-AQ (SMS-ZQ) Hydrocarbon Plate Count

267346 BW53B:08/15/95 (Water)
351.3 Total Kjeldahl Nitrogen
SBIL-AQ (Bw5-38) Hydrocarbon Plate Count

267347 BW54B:08/15/95 (Water)

351.

267348 LCS:
351.

3 Total Kjeldahl Nitrogen
SBIL-AQ (BWS-4B)  Hydrocarbon Plate Count

(Liquid)

3 Total Kjeldahl Nitrogen

Comments/Notes

Hydrocarbon plate counts are reported in CFU/ml.

< Last Page > Submitted By :

Total Kjeldahl Nitrogen "ﬁ/k
SBIL-AQ Cﬁ’wtj”ﬁ) Hydrocarbon Plate Count C#v/ml

TR New Bedford, MA 02740
Analytical Report
A : ~ Date : 09/14/95
Inchcape Testing Services ETR Number : 53077
1961 Concourse Drive ' Project No.: 93228
Suite #E _ No. Samples: 8
San Jose, CA 95131 Arrived 08/15/95
P.O. Number: 95033
Attention : Su Patel

Result

0.41
1680

0.41
20

0.41
10

0.40
510

7.17

Agquatec Inc.

55 South Park Drive = Colchester, VT 05446 « Tel: 802-655-1203 » Fax: 802-655-1248



INCHCAPE TESTING SERVICES

ANAMETRIX LABORATORIES
(408) 432-8192 0 3
DATA REPORT
Analyte-Method: Nitrate as N-300.0 Analyst:
Client Project Number: 235 Supervisor: ko4
Matrix - Units: WATER - mg/L ‘
Anametrix Client Prep. {Instr.| Date Date Date D.F Reporting Results | Q
Sample 1D Sample ID Method | ID | Sampled | Prepared | Analyzed e Limit o
9508137-01 BW51B 3000 | IC1 | 08/14/95 | 0B/6/95 | 08/16/95 1 0.020 4.3
813702 BWS52B 300.0 | 1ICt | 08/14/95 | 08/16/95 | 08/16/95 1 0.020 4.0
i08137-03 BWS53B 3000 | KC1 | 08/14/95 | 08/1705 | 08M7/95 1 0.020 4.9
9508137-04 BW54B 300.0 | 1C1 | O8/14/95 | 08/17/95 | 0BM7/95 1 0.020 3.0
] 3165WA MFO013P1 3000 | IC1 | NA 08/16/95 | 08/16/95 1 0.020 ND
L 3175WA MF013P2 3000 | IC1H N/A 08/17/95 08/17/05 | 1 0.020 ND
IMMENTS:

Inorganics - Page 3




INCHCAPE TESTING SERVICES

Inorganics - Page 4

i ANAMETRIX LABORATORIES 0 4
(408) 432-8192 _
DATA REPORT
A
; Analyte-Method: Phosphate as P-300.0 Analyst: /fl/
Client Project Number: 235 Supervisor: ¥wst—
A Matrix - Units: WATER - mg/L
Anametrix Client Prep. |instr.| Date Date Date D.F Reporting Results | Q
1 Sample ID Sample ID Method | ID | Sampled | Prepared | Analyzed o Limit
.;;503_137-01 ' 8W51B 300.0 ICt ; 08/14/95 | 0B/16/95 08/16/95 1 0.050 ND
9508137-02 BW528 300.0 IC1 | 08/14/95 | 08/16/95 08/16/95 5 0.25 ND H
1:08137-03 BW53B 300.0 IC1 | 08/14/95 | 08/17/95 08/17/95 1 0.050 ND
' 5,08137-04 BW54B 300.0 IC1 | 08/14/95 | 0B/MTR5 08/17/85 1 0.050 ND
BG165WA MFO13P1" 300.0 IC1 N/A 08/16/95 08/16/95 1 0.050 ND
1 T5WA MFO013P2 3000 [ ICT | NA | 08/1785 | 08/17/85 | 1 | 0.050 ND
COMMENTS:
1
1
!t
3
’I
‘ H

000004
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