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We are pleased to present the results of the Soil and Groundwater Characterization Study
performed at the subject site. The purpose of this study is to explore the extent of petroleum
contamination in soil and groundwater, and to evaluate the source of contamination. Two soil
borings and five groundwater monitoring wells were installed during this study.

The following réport presents the findings and conclusions of this study. Laboratory‘test
results and supporting documentation are attached to the report. . We are available to meet
with you to discuss the results of this study and respond to questions.
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SOIL AND GROUNDWATER CHARACTERIZATION STUDY
187 NORTH L STREET
LIVERMORE, CALIFORNIA

EXECUTIVE SUMMARY

The Amrow Rentals site, located at 187 North L Street in Livermore, California, was a former
Mobil gas station from about 1951 to at least 1968. Amow Rentals purchased the property
in 1972. Three of the five underground fuel tanks were removed by Arrow Rentals in 1972,
because they failed integrity tests. Two tanks that passed integrity tests remained in use until
1984, when they were also removed. No stains or gasoline odors were observed during
removal of these two tanks. A new 1,000-gallon underground fuel tank was instalied to meet
the new California underground tank regulations. The new tank installation includes a vapor
monitoring well adjacent to the tank. In 1985 it is reported (Declaration, Gary Pinks,
Appendix F) that about 600 gallons of fuel was poured down the vapor well by a fuel
delivery truck operator from Petcock Petroleum. Mr. Sullins reports that water was poured
into the well from a garden hose some time after the spill.

Because the Livermore Redevelopment Agency is interested in purchasing this site as part
of proposed redevelopment of this area, a study of pbssible site contamination was performed
in 1988 and 1989 by Woodward-Clyde Consultants (WCC) on behalf of the Livermore
Redevelopment Agency. Those studies showed detectable petroleum contamination in soil
and groundwz:er at the Arrow Rentals site. The Alameda County Health Department has
requested Arrow Rentals to perform additional site characterization to evalnate the extent of
contamination.

Scope of Work
This study included drilling two exploratory borings (B-1A and B-F) and installing five
groundwater monitoring wells. Prior to drilling, a soil gas study was performed by Tracer

Research Corporation to explore the distribution of petroleum vapors in the soil. One well
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(W-C) is located upgradient of the site, and two wells (W-D, W-E) are located downgradient
of the site. One on-site well (W-B) is located downgradient of the former Mobil tanks, and
a second on-site well (W-A) is located between the former Mobil tanks and the existing
1,000-gallon tank. Soil and groundwater samples were collected from the boring and wells,
and were tested in an analytical laboratory for gasoline, diesel, and petroleum products.
Water levels were measured in each of the wells to evaluate the groundwater gradient. These
results were evaluated and presented in this report.

Results of Study

Gasoline was detected in soil samples from well W-A near the former Mobil tanks, and from
Boring B-1A near the vapor monitoring well at the existing 1,000-gallon tank. Petroleum
contamination was found in groundwater from well W-A (6,800 ppb benzene), and from well
W-B (22,000 ppb benzene). No petroleum contamination was found in gi'oundwatcr from
wells W-C, W-D, and W-E. Floating gasoline was sampled from well W-1 located east of
the former Mobil tanks, and downgradient of the vapor well.

Comparison of fuel fingerprints from the existing 1,000-gallon tank and from well W-1 shows
that these materials do not match. Analysis of the product sample from well W-1 by Chevron
Research and Technology Laboratory shows that on the basis of organic lead content, the
floating product in W-1 is a gasoline produced in 1985. Analysis of organic lead content of
gasoline in soit from Boring B-F, at a depth of 16 feet, shows that the gasoline was produced
prior to 1985, '

Evaluation of groundwater gradient and flow direction shows that the floating product is
located in the downgradient direction of the reported 1985 release of Chevron Fuel into the
vapor well. '

Conclusions

Petroleum contamination in soil in the area of W-1 is most likely the result of leaks from a
former pipeline extending from the five former Mobil station tanks to the former pump island
closer to L Street. This is supported by detecting gasoline in soil at shallower depths (15
feet) and of higher concentration (1200 ppm) in W-1 east of the former Mobil tanks, and at
lower concentrations (120 ppm) and deeper (20 feet) in B-1 and B-3 (25 feet) under the
former Mobil tanks. That piping was not used by Arrow Rentals. In 1972 Arrow Rentals

DAWPDOCSNMOCO32Y AL 1M 2 0611911455




Woodward-Clyde Consultants

installed a pump at the location of B-F and connected new pipes to the two remaining tanks. -
The nondetection of gasoline at a depth of 2 feet beneath this pump location in B-F, and only

16 ppm gasoline at a depth of 16 feet in B-F, indicates this pump and piping, operated

between 1972 to 1984, is most likely not the source of gasoline in soil near W-1.

Floating product in W-1 is located on site, and has a lead content consistent with a gasoli_ne
produced in 1985, and spilled into the vapor well in 1985.

The location of floating product in W-1 is located about 40 feet downgradient of the vapor
well and appears consistent with the reported spill in the vapor well in 1985,

The location of dissolved gasoline in groundwater extending a distance of more than 200 feet

ddwngradjcnt of well W-1 appears consistent with an older pipe leak during the period from
1951 to 1968.

The estimated 200- to 500-gallon volume of floating product appears consistent with the
approximate volume of the spill in the vapor well in 1985.

About 85 percent of the soil contamination is estimated to be the result of leaks from pipes
connected to the former Mobil tanks prior to 1968. About 15 percent of the soil
contamination is estimated to be the 1985 Petcock Petroleum spill, into the vapor well,

About 97 to 99 percent of the petroleum groundwater contaminant is estimaied to be the
result of the Petcock Petroleum spill; about 1 to 3 percent is estimated to be from leaks from
pipes connected to the former Mobil tanks prior to 1968.

While a number of options are available for remediation, the soil vapor extraction appears
to be most feasible for soil contamination, and groundwater extraction and treatment appears
most feasible for groundwater remediation.

INTRODUCTION

The Arrow Rental Site is located at 187 North L Street in Livermore, California. The site
was a Mobil gas station for many years prior to 1968. Arrow Rentals purchased the property
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in 1972. In 1972 there were five underground fuel storage tanks remaining from the previous
gas station operation. Three of the tanks were removed in 1972 because they failed leak
detection tests. The two remaining tanks, a 6,000-gallon and a 4,000-gallon tank, remained
in use until their removal in 1984. A pump was installed by Arrow Rentals near Boring B-F
and connected with new piping to the two remaining tanks in 1972. A new 1,000-gallon -
underground tank was installed in 1984 to replace the removed tanks. The 1,000-gallon tank
is currently in use for the Arrow Rentals operations. In 1985, it is reported that about 600
gallons of Chevron leaded regular gasoline was poured down a vapor monitoring well near
the 1,000-gallon tank by the operator of the fuel delivery truck. Following that spill it is
reported that water was poured into the vapor well with a garden hose, for about 24 to 30
hours (pers. comm., Tony Sullins).

In 1988 and 1989, the City of Livermore Redevelopment Agency retained Woodward-Clyde

Consultants (WCC) to perform soil and groundwater exploration and testing to explore for

potential contamination, based on the past site history (WCC 1988, 1989a, 1989b). Those |
studies detected petroleum contamination in soil and groundwater. The detection of-
petroleum contamination was reported to Arrow Rentals and to the Alameda County

Department of Environmental Health. The Health Department subsequently requested Arrow

Rentals to perform additional site characterization, to explore the extent of petroleum

contamination, and form the basis for a Site Remediation Plan. Arrow Rentals retained the

services of WCC to perform the requested work. The following report describes the results

of the site characterization study, which was conducted in accordance with a work plan

approved by Alameda County.

Scope of Work

The site characterization study consisted of site exploration, laboratory testing and analysis
of the data and preparation of a report. This work, described below, was divided into a
number of tasks.

Task 1 - Alternate Source Evaluation. Possible alternate sources of petroleum contamination
were evaluated by testing for the presence of former piping, performing a precision integrity
test on the 1,000-gallon tank and performing a soil vapor study of the site,
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Task 2 - Exploratory Borings and Groundwater Wells. Prior to beginning field exploration

- a Health and Safety Plan (HSP) was prepared. The HSP considers potential health and safety

risks and describes procedures and protective equipment needed for field personnel. Two
exploratory boring and five groundwater monitoring wells were installed during this study
(see Figure 1). Boring B-1A was located near the existing underground fuel tank, and Boring
B-F was located at the former Arrow Rentals pump site. Wells W-A and W-B were drilled
on-site, and wells W-C, W-D and W-E were drilled off-site. Well W-A is located in the
down groundwater gradient direction from the existing underground fuel tank, and upgradient
from W-1 and the former Mobil tanks. Well W-B is located near the north property line,
downgradient from W-1 and the former Mobil tanks. Well W-C is located in North L Street,
upgradient from the site. Well W-D is located in the rear of a residential property on
Chestnut Street. Well W-E is located at the end of M Street Northwest of the site (Figure
1).

Task 3 - Groundwater Sampling. Each of the wells were developed by using a development
Tig to extract water from the wells to remove sediment. Water samples were collected from

each well and transported to the laboratory on ice under chain-of-custody procedures. The
water removed during development was stored in drums on site for proper disposal, Prior
to sampling the stabilized groundwater level was measured and evidence of floating product
was evaluated. The top of the well casings were surveyed by Bissel and Karn, Engineers,

San Leandro, California. Measured groundwater depths were used to evaluate groundwater
elevations and prepare a groundwater gradient map (Figure 2).

Task 4 - Laboratory Analysis. Selected soil samples from the borings and wells and water
samples from wells were tested by Friedman and Bruye Laboratory, Seattle, Washington. A
sample of fuel from the existing underground tank (Chevron Fuel) was tested in the Friedman
and Bruye Lzvoratory. Tests included fuel fingerprinting, testing for total petroleum
hydrocarbons ss gasoline and as diesel (EPA 8015/8020). Some soil and water samples were
tested for organic lead content, and selected metals. One soil sample from Boring B-F was
tested by Coast to Coast Analytical Laboratories for tetraethyl lead and total petroleum as
gasoline. '

Water, floating product and fuel from the existing underground tank were submitted to
Chevron Laboratories, Richmond, California. Tests were performed to evaluate if the floating
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product from the monitoring well contained characteristics of the 600 gallons of Chevron
leaded fuel reportedly spilled by the delivery truck operator.

Task 5 - Aquifer Tests. Selected on-site wells were tested using slug test methods to evaluate
the conductivity of the water bearing units under the site.

Task 6 - Analysis and Report. This report was prepared describing the results of the
exploration and testing. The report describes the evaluation of the extent of soil and
groundwater contamination, source(s) of petroleum contamination and possible mitigation
methods.

Site Description

The 187 North L Street site is located on the west side of L Street, as shown in Figure 1.
The site is about 100 feet wide, and 200 feet deep, and is entirely paved with asphaltic
concrete. The former Mobil Station building is currently in use as an office, storage building
by Arrow Rentals. The site is fenced and most of the rear (west) portion of the site is used
to store rental equipment. A 1,000-gallon underground gasoline tank is located at the
southeast corner of the site. Property to the south and west are undeveloped. The Western
Pacific Railroad Right-of-Way borders the north side of the property. Residences are located
north of the railroad property. |

Previous Studies

Previous exploratory borings and wells were dritled by WCC at the site in 1988 and 1989
(WCC 1988, 1989a, 1989b) as part of the initial work for the Livermore Redevelopment
Agency. Those borings and wells are shown on Figure 1 as B-1 through B-5, B-7, B-8 and
W-1, W-2 and W-3. Gasoline contamination in the soil was detected at 170 parts per million
(ppm) at a depth of 20 feet and 220 ppm at 25 feet in B-1. Gasoline was detected in soil
boring B-2 a: 3.5 ppm at a depth of 2 feet, 8.2 ppm at 5 feet and 1.7 ppm at 25 feet.
Gasoline was not detected in soil in B-3 until a depth of 25 feet, where only 1.3 ppm was
detected. The greatest concentration of gasoline in soil was detected in W-1, where gasoline
was detected at 1200 ppm at 15 feet, 350 ppm at 20 feet, 490 ppm at 25 feet, 160 ppm at
30 feet, 370 ppm at 35 feet and 16,000 ppm at 40 feet. The highest concentration of gasoline
at 40 feet is explained as an accumulation of gasoline floating on the groundwater, which-was
found at a depth of 43 feet. '
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No gasoline was detected in soil from depths of 2, 5, 10 and 15 feet in B-4 and 5 and 10 feet
in B-7. Both B-4 and B-7 were drilled at opposite ends of the former pump island (Figure
1). No significant concentrations of gasoline (1.9 ppm at 5 feet, 1.7 ppm at 25 feet) were
found in soil from Boring B-5, located near the existing 1,000-gallon fuel tank.

No gasoline contamination was detected in soil above the water table in Well W-3 and only
1.2 ppm gasoline was detected in Well W-2, with no detection to a depth of 50 feet.
Groundwater from Well W-1 contained 210 ppm gasoline, 29 ppm benzene, 30 ppm toluene,
5.4 ppm ethylbenzene and 24 ppm xylenes. Groundwater from Well W-2 contained 0.36 ppm
gasoline, 0.0067 ppm benzene, 0.0021 ppm toluene, 0.00047 ppm ethylbenzene and 0.0013
ppm xylenes. Water from Well W-3 contained 11 ppm gasoline, 0.290 ppm benzene, 0.120
ppm toluene, 0.150 ppm ethylbenzene and 0.140 ppm xylenes.

Measured groundwater depths ranged from 43,16 feet in Well W-1 and 44.24 feet in W-2,
to 44.5 in W-3. The elevations of the groundwater surface indicated a northwest groundwater
flow direction.

FIELD INVESTIGATION

Soil Gas Study
Tracer Research Corporation (TRC) of Tucson, Arizona was subcontracted to perform a soil

gas investigation at the Arrow Rentals site on June 11 and 12, 1990. Samples were collected
by driving a 3/4-inch-diameter stainless steel probe approximately eight to 10 feet into the
subsurface. A truck-mounted hydraulic apparatus was used to push the probe into the soil.
The probe end was protected from gathering soil during the driving procedure by inserting
a pointed tip which is removed by lifting the probe after reaching the approximate depth of
sampling. A fitting attached to the top of the steel probe is connected to a pump and
approximately 2 to 5 liters of gas were evacuated from the steel probe. Samples were
collected during the purging of the probe by inserting a syringe into the fitting at the top of
the probe.

The samples were analyzed on the day sampled using a Varian 3300 gas chromatograph
equipped with a flame ionization detector (FID). Samples were analyzed for benzene,
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toluene, ethylbenzene, xylenes (BTEX) and total petroleum hydrocarbons. Quality
assurance/quality control procedures are described in the report contained in Appendix A.

TRC reported no detection of BTEX above the stated detection limit in all of the samples.
Total petroleum hydrocarbons were detected in all of the samples, however only up to 1 pg/L.
Figure 2 in the TRC Soil Gas Investigation report dated June 1990 shows an isoconcentration
map of the total petroleum hydrocarbons (TPH) at the site.

Borings and Monitoring Wells

Between July 10 and 13, 1990, WCC installed five groundwater monitoring wells at and near
the site (monitoring wells W-A, W-B, W-C, W-D, and W-E). Locations for these monitoring
wells were based on consideration of the estimated groundwater flow direction from the data
from previously built wells W-1, W-2, and W-3. The locations were selected to provide
additional monitoring wells in the upgradient and downgradient directions of the known
contamination. The wells were completed and screened into the upper, or first groundwater
zone. The locations of these monitoring wells are shown on Figures 1 and 2. In addition,
one boring was drilled adjacent to the vapor well of the 1,000-gallon underground regular
gasoline storage tank in the southeast corner of the property.

The monitoring wells and the boring were advanced under WCC’s field observation.
Monitoring wells W-C and W-E were drilled using a truck-mounted drilling rig equipped with
8-inch outside-diameter, hollow-stem, continuous flight augers. Wells W-A and W-B were
drilled using 12 inch diameter hollow stem augers, to aliow installation the 4 inch diameter
PVC well casing. These two wells have larger diameter well casing to allow for possible
installation of pumps for groundwater extraction. For each well installation, a WCC engineer
or hydrogeologist observed the drilling opcrations and prepared a log of the soils encountered
in the monitor:ng well borings, which are presented in Appendix B. Upon completion of
each boring, :he monitoring wells were installed as described below. The wells were
constructed of 2- or 4-inch-diameter flush threaded, schedule 40 polyvinyl chloride (PVC)
casing. The screened intervals of the wells within the upper groundwater zone were placed
between about 40 and 60 feet below the ground surface. '

The screened portions of the well casings were constructed of slotted 2- or 4-inch-diameter
PVC pipe, which contained standard factory-milled slots with a 0.010 inch aperture. The
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remainder of each well casing was constructed of unslotted blank PVC well pipe. The filter
pack, which consists of No. 2/12 Monterey Type, Lonestar sand, was placed in the annular
space between the borehole wall and well casing from the base of the borehole to about one
foot above the top of the slotted interval of the well casing. The filter pack was then sealed
with approximately 1 foot of 3/8-inch-diameter bentonite pellets placed above the top of the
sand pack. The remaining portion of the annulus was sealed with Portland cement grout.
A water-tight, locking well cap was placed inside the casing and a traffic-rated Christie box
was placed over each well. The well construction details are shown on the log of each
monitoring well, in Appendix B.

Drilling equipment including the augers, soil samplers, drop hammer, plug, etc., where
decontaminated by steam-cleaning prior to use at each boring. The soil sampler was also
decontaminated between each sampling interval in a boring. All PVC well construction
materials were also steam-cleaned prior to each installation. Steam cleaning operations were
conducted so as to contain the resulting washwater. The washwater was subsequently trans-
ferred to drums which were sealed, labeled, and left on-site for proper disposal following
completion of all drilling and sampling activities.

Soil Sampling :
Soil samples were collected during the advancement of the monitoring well borings. Samples

were generally collected at 5-foot intervals in each boring by advancing a 2-inch, outside-
diameter, modified California sampler through the hollow stem of the augers. The sampler
was driven 18 inches, using a 140 pound hammer with a 30-inch drop. The number of blows
required to drive the sampler through each 6-inch portion of the 18-inch drive interval are
shown on the boring logs in Appendix B. |

The soil samr.ies were retained in four 4-inch-long, 2-inch-diameter brass liners contained
within the sampler. The ends of the tube samples were examined by WCC’s engineer and
the soil was visually classified using the Unified Soil Classification System. The soil
descriptions are included in the boring logs. The depth to first encountered groundwater is
also shown on the logs.

The soil samples in the lowermost brass liners were retained for potential chemical analyses,
while the samples from the adjacent liner were generally used to perform a headspace
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analysis in the field for volatile organic compounds. Chemical analyses was performed on
soil samples when headspace analyses indicated a presence of volatiles in soils. The
headspace test procedure involved emptying the contents of the brass liner into a Ziplock®
plastic bag and sealing the bag. The soil was allowed to out-gas inside the sealed bag for
approximately 5 minutes. The bag was then pierced with a probe and the air within the bag
was tested for total organic vapor with an HNu photoionization detector.

Sampling equipment such as the brass liners and samplers were decontaminated between uses
by washing in an Alconox solution followed by two tap water and one distilled water rinses.

The elevations of all new well casings were surveyed, relative to Mean Sea Level (MSL)
datum, by means of a closed loop level traverse. The top of each well casing was surveyed
to the nearest 0.01 foot. A notch was marked on the casing at the measuring point such that
future well level measurements can be taken from the same point. In addition, all wells were
surveyed for horizontal control. The surveying was performed by Bissel & Karn Engineers,
a licensed land surveyor. All new groundwater monitoring wells were permitted and installed-
in accordance with Alameda County Flood Control and Water Conservation Dlslnct
regulations and guidelines,

Boring B-1A, located on the east side of the existing (1,000-gallon) underground tank,
encountered sandy gravel grading to clayey silt at 25 feet. Field measurements of organic
vapors from soil samples from the borings shows no significant detection until a depth of 20
feet, where 50 ppm organic vapors were detected with an HNU photoionization detector
(PID). Readings increased to 225 ppm at a depth of 40 feet in B-1A, Groundwater was
encountered at a depth of about 42 feet in B-1A.

Boring B-F wzs drilled at the location of the former gasoline pump, used by Arrow Rentals
between 1972 and 1984. That boring encountered clayey gravel from beneath the concrete
slab to a depth of 16 feet. The clay content increased near the bottom of the boring. No
gasoline odors were observed in soil from Boring B-F to a depth of about 15 feet, where a
slight gasoline odor was observed.
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Field measurements of organic vapors detected 20 ppm at a depth of 20 feet in Well W-A,
increasing to 110 ppm at 25 feet. A strong gasoline odor was observed from soil at a depth
of 30 feet continuing to the top of the groundwater at about 44 feet.

Well W-B, located downgradient of the former Mobil underground tanks (Figure 1), did not
encounter soil with a significant gasoline odor. The highest HNU reading from soil in W-B

was only 30 ppm, at a depth of 40 feet. Groundwater was encountered at a depth of about
44 feet.

Well W-C is located upgradient of the site in the pavement of L Street. No gasoline odors
were encountered from soil from W-C. The well was constructed using 2-inch diameter PVC
well casing. A meter box cover was installed in the street over the well for protection and
security.

l Well W-D is located in the rear yard of the Armstrong property at 1951 Chestut Street. No
gasoline odors were detected in soil samples from W-D. A HNU reading of 150 ppm was
l recorded during drilling at a depth of 45 feet. Groundwater was encountered at a depth of

about 42 feet, A 2-inch-diameter well casing was installed in W-D.
Well W-E is located in the pavement of M Street northwest of the site, as shown in Figure
1. No gasoline odors or significant HNU readings were detected during drilling of W-E.

Groundwater was encountered at a depth of about 43 feet.

Monitoring Well Development and Groundwater Sampling

Following installation, Datum Exploration was subcontracted to develop the monitoring wells.
The five groundwater monitoring wells were developed on July 26 and 27, 1990 by pumping
or bailing greundwater and by applying a surge block to the water column. Pumping and
bailing were performed with intermittent surging until the resultant groundwater was clear.
However, if the well yield was very low, the well was considered developed when a total of
at least 10 casing volumes of groundwater was removed and some improvement in well yield
was observed. Copies of the well development logs are included in Appendix C.

Groundwater monitoring wells Nos. W-A, W-B, W-C, W-D and W-E were sampled by WCC
personnel. The sampling procedure utilized included: 1) measurement of the depth to
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groundwater; 2) removal of at least 5 wetted casing columns of groundwater from each well;
and 3) allowing the groundwater level within the well to recover to at least 80 percent of its
static level prior to obtaining samples. While purging the well, the groundwater from each
well was evacuated with either a Teflon® bailer or a suction type pump. Water quality
parameters including temperature, pH, and specific conductance were recorded throughout the
well purging process. The physical parameters of the purged water, such as turbidity, color
and odor, were noted.

Following the well purging activities, each well was allowed to recover to at least 80 percent
of the original static groundwater level. Prior to sampling, the groundwater level and water
quality parameters were rechecked and verified against the data obtained during the purging
activities. Stabilized water quality parameters were used as a general check that the
groundwater obtained for the samples was fresh formational water (i.e., had not stagnated in
the near vicinity of the well). Monitoring well sampling data including well depth, depth to
groundwater, groundwater elevation, conductivity, temperature, pH, and turbidity are shown
in Appendix C. The depth to groundwater was established using a Solinst power sounder,
with the depth measurements recorded to the nearest 0.01 foot. Groundwater samples were
obtained with a clean Teflon® bailer and were carefully decanted into appropriate laboratory
prepared sample containers. Samples analyzed for metals were filtered in the field and then
decanted into the sample containers. The samples were then placed in laboratory-prepared
containers and transported to the analytical laboratory on the day of sampling, under standard
chain-of-custody procedures.

In-Situ Hydrologic Tests
Slug tests were performed on Wells W-A and W-B, Figure 1. These wells were selected for
slug tests to measure the hydraulic conductivity of the water- bearing strata under the site.

A pressure rznsducer was placed in the well and a selected volume of water was introduced
into the well. The time for the water level to return to normal was measured. The results
are shown in Appendix C and are discussed in the text of this report.

LABORATORY TESTS

Selected soil and water samples from borings and wells were tested in a commercial
analytical laboratory (Friedman & Bruye, Inc.) for total petroleum hydrocarbons as gasoline,
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and diese! (EPA 8015 modified) and for benzene, toluene, ethylbenzene, and xylenes (BTEX)
(EPA 8020). Gas chromatograph methods were also used to perform fuel fingerprint tests
on soil and water samples. Soil and water samples were also tested for orgariic lead content,
cadmium, chromium, copper, nickel, vanadium, and zinc. Selected samples were also
analyzed for the presence of phenol, naphthalene, 2-methyl naphthalene, and dye. A fuel
fingerprint and analysis for BTEX and organic lead was performed on a sample of fuel from
the existing 1,000-gallon tank filled with Chevron fuel. A sample of floating product from
well W-1 (Figure 3), and water from wells W-A and W-B were analyzed in the Chevron
Research and Technology Company Laboratory for characteristics which might identify the
fuel as Chevron leaded gasoline from August of 1985. Chevron Research tested the samples
using gas chromatography and a flame ionization detector to determine hydrocarbon
composition and an electron capture detector to measure lead alkyl concentration. Detergent
additive was analyzed by Sep-Pak extraction and infrared spectroscopy. The results of
laboratory tests are included in Appendix C. One soil sample from Boring B-F was analyzed
by Coast to Coast Analytical Laboratories for tetraethyl lead and total petroleum
hydrocarbons as gasoline. Using a method developed by Dr. Brian Andresen, consultant, the
lead content per gallon of gasoline in this soil was evaluated. '

RESULTS

Extent of Soil and Groundwater Contamination

Soil Contamination. Laboratory analyses of soil samples from borings and wells indicate that

gasoline contaminated soil is located on the site. No gasoline contamination was detected
in soil samples from off-site wells W-C, W-D, and W-E, as shown in Table 1.

Soil samples from a depth of 15 feet in Well W-1 contained 1,200 parts per million (ppm)
Total Petrolez:m Hydrocarbons (TPH) as gasoline. The detected concentrations of TPH as
gasoline ranged from 160 to 370 ppm in soil from 20 to 35 feet in well W-1. At 40 feet in
W-1 the soil contained 16,000 ppm TPH as gasoline. Laboratory analyses detected 2 ppm
gasoline at 30 feet, and 1,000 ppm gasoline at 40 feet in Well W-A, located southeast of W-1
(Figure 5). A field vapor analyzer (HNU photo ionization detector) measured 50 ppm organic
vapors at 20 feet in Boring B-1A. The HNU detected 130 ppm at 35 feet, and 225 ppm at
40 feet in Boring B-1A. Laboratory tests of soil from 10, 15, 20, 30, and 35 feet in B-1A,
for total petroleum hydrocarbons as gasoline showed no detection (less than 5 ppm). Soil
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from a depth of 40 feet in B-1A contained 350 ppm gasoline. At 45 feet in B-1A soil
contained 54 ppm gasoline. No gasoline was detected in soil from a depth of 2 feet in
Boring B-F. Analysis of soil from a depth of 16 feet in Boring B-F showed 10 parts per
billion (ppb) tetracthyl lead and 16 ppm TPH gasoline. No gasoline was detected above the
water table in soil samples from Well W-B located northwest of W-1, at the north property
line of the site (Figures 3, 4 and 5). The estimated distribution of soil contamination under
the site is shown in Cross-Sections A-A’ and B-B’ (Figures 5 and 7).

Groundwater Contamination. Analysis of groundwater from off site wells W-C (upgradient),
W-D, and W-E (both downgradient) shows no significant detection of petroleum
contamination. The detection of 1 part per billion (ppb) benzene, 2 ppb toluene, 1 ppb
ethylbenzene, and 1 ppb xylenes in well W-D  may be a result of contamination during
transport of the water samples, since a travel blank shows detection of 7 ppb benzene, 37 ppb
toluene, 14 ppb ethylbenzene, and 43 ppb xylenes. The travel blank may have been
contaminated during transport to the laboratory, since a pure fuel sample was also placed in
the ice chest with W-D. '

The most significant gasoline contamination was found in well W-1, where 4 inches of
gasoline (Figure 6) was found floating on the groundwater. After well development the
thickness in the well increased to several feet, however, this may be a localized thickness in
the well screen. TPH as gasoline was detected at 10 ppm in W-A, and 21 ppm in W-B, As
shown in Table 2, benzene was detected at 22,000 ppb in water from W-B, and 6,800 in
water from W-A. Toluene, ethylbenzene, and xylenes found in W-A and W-B up to about
7,900 ppb. No measurable floating product was detected in the downgradient well W-B, or
the upgradient well W-A. Previous analyses of groundwater in wells W-2 and W-3 detected
6.7 ppb benzene in W-2 and 290 ppb benzene in W-3. The approximate limit of groundwater
contamination: 1s shown in Figure 3.

Contaminant Sources

The source of soil and groundwater contamination appears to be from two separate sources.
One is a suspected leak between 1951 and at least 1968 from a pipe connected to the former
Mobil tanks. A second source is the sudden spill of gasoline into the vapor well in 1985.
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Exploration shows the location of floating product to be about 40 feet downgradient of the
reported 1985 fuel spill. Floating product detected in well W-1 at about 4-inches thick, 1is
not found in W-A or W-B. Fuel fingerprints of floating product from W-1 does not match
the fingerprint of the Chevron fuel in the existing tank or soil from W-A at 40 feet (see
Friedman and Bruya report Appendix C). The gas chromatograph peaks for water from W-A
and W-B represent the soluble fraction of gasoline.

As shown in Figures 5 and 7, gasoline contaminated soil occurs from a depth of 15 feet
downward to the top of groundwater in W-1. Cross-section B-B’ shows that gasoline
contamination is shallower (15 feet) and has a higher concentration (1200 ppm) in soil from
W-1 located east of the former Mobil tanks, and along the approximate pipe route to the
Mobil pump island. The gasoline contamination is deeper (20 feet) and less concentrated
(120 ppm) in soil from B-1 under the former Mobil tanks. Since only 16 ppm gasoline was
detected in soil from 16 feet in Boring B-F, the former Arrow Rentals pump does not appear
to be the source of gasoline in soil. Evaluation of the amount of tetraethyl lead in soil from
16 feet in Boring B-F shows the gasoline contained 1.8 grams per gallon, which is ttypical
of a pre-1985 gasoline.

Field measurements of organic vapors in soil samples from Boring B-1A adjacent to the
vapor monitoring well at the tank storing Chevron fuel shows detection of 50 ppm at 20 feet,
25 ppm at 25 feet, 50 ppm at 30 feet, 130 ppm at 35 feet, and 225 ppm at 40 feet. However,
laboratory tests of soil at those depths, for TPH as gasoline, shows no detection (less than
10 ppm), until a depth of 40 feet where 350 ppm gasoline is detected. The low
concentration of gasoline detected in soil near the reported June, 1985, fuel spill into the
vapor monitoring well may be explained as a result of the reported pouring of a large volume
of tap water into the vapor well using a garden hose, following the spill.

The laboratory tests performed on floating product in W-1, and dissolved product in W-A and
W-B provide the most conclusive evidence for the origin of the fuel in the groundwater,
Chevron Research (Appendix C) reports that the lead content of the fuel in W-1 is 0.18 g/gal.
Considering a 10 percent evaporation of the gasoline the fuel originally had a lead content
of about 0.16 g/gal. Chevron reports that this lead content is consistent with gasolines
produced between late 1985 and 1988. Chevron (Appendix C) reports that gasolines spilled
before 1985 typically retain most of their lead, with lead levels of 0.5 to 3.0 g/gal. Tests
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indicate that the gasoline from W-1 contains a polybutene-amine detergent. Chevron used
a polybutene-amine-containing F310 detergent in its leaded gasolines until 1987.

Chevron Research reports that Mobil also used a polybutene-amine-containing detergent.
Chevron Research report dated October 16, 1990 (Appendix C) also reports that there is
nothing in the chromatogram of gasoline from W-1 to indicate that it could not have come
from the Richmond refinery. In 1985 Chevron was adding 0.22 g/gal lead to its leaded
regular gasolines. The November 1985 gasoline contained more than 95 percent of its lead
as tetracthyl isomer. The W-1 gasoline is reported to contain 83 percent of its lead as
tetracthyl isomer (TEL). This implies the gasoline from W-1 is not Chevron’s. However,
this may simply be a result of exposure to the environment or other factors as discussed by
Dr. Brian Andresen in an April 30, 1991 letter, Appendix C.

The Jocation of the floating product about 40 feet downgradient from the vapor well (Figure
3) 1s consistent with the anticipated location after five years. Using the conductivity data
from stug tests (k = 4 x 10 cm/sec), and the northwest gradient (0.0071 fi/ft), and gasoline
spill at the vapor monitoring' well could have moved about 15 feet northwest since 1985,
With a local and temporary increase in gradient, by pouring water down the vapor monitoring
well (pers. comm., Tony Sullins), or from rainfall, the gasoline could have moved up to 40
feet northwest since 1985. Addition of water from a hose at an estimated 5 gallons per
minute for about 30 hours could have added 9,000 gallons of water o the vapor monitoring
well. That volume of water could easily have washed the gasoline from the area of the vapor
monitoring well and moved it to its present location. The approximate volume of floating
product is also consistent with the approximate 600 gallons of gasoline reported spilled in the
vapor monitoring well. Using a measured thickness of about 4 inches, an estimated diameter
of floating product of 25 feet, and a soil porosity of about 40 percent, about 200 to 500
gallons of gasoline could be floating on the groundwater at W-1. A tank integrity test
performed or: the 1,000-gallon tank (Appendix D) shows the tank is “tight” per National Fire
Protection Association Standards.

The low concentration of lead in gasoline from W-1 {0.18 g/gal) is the strongest indicator that

the W-1 gasoline is a gasoline produced around 1985. Gasolines produced before 1985
typically contained 0.5 to 3.0 g/gal lead. Therefore, the floating product clearly is not a pre-
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1985 gasoline, and whether it is a Chevron product or not it is likely to be the gasoline
delivered by Petcock Petroleum and spilled into the vapor monitoring well.

Based on the estimated groundwater flow rate of between 3 and 8 feet per year, the dissolved
gasoline plume, extending over 200 feet downgradient from W-1, is not likely to be from the
1985 spill. This evaluation supports the conclusion that the source of that dissolved gasoline
plume is from the earlier pipe leak during the period 1951 to 1968. A leak in 1960 from the
vicinity of the Mobil pipes could have moved up to 250 feet downgradient by 1991.

EVALUATION OF MITIGATION MEASURES

Soil and groundwater containing petroleum hydrocarbons can be remediated using techniques
that have proven effective and have been used successfully at other sites in the San Francisco

‘Bay Area. Soil remediation methods include excavation and removal of contaminated soil

and transportation to an approved waste site, excavation and on-site bioremediation using

natural soil bacteria and removal to a waste disposal site, in-situ bioremediation, or in-situ

vapor extraction. Each of these methods have limitations as to their feasibility.

Soil Excavation

Soil contaminated with gasoline extends to a depth of 43 feet in W-1 and B-1A where the
groundwater table is encountered. The soil contamination is assumed to extend laterally from
W-1 in about a 25-foot radius. The volume of contaminated soil around W-1 is estimated
to be about 2,000 cubic yards. It is anticipated that some significant contaminated soil
(greater than 100 ppm TPH) will be found under the existing 1,000-gallon fuel tank. That
soil might extend from about 35 to 43 feet under the tank and extend out about 20 feet from
the tank. That volume of soil is estimated to be about 350 cubic yards. In this deeper zone
the Regional Water Quality Control Board might require removal of soil to a lower TPH
concentratior. of about 10 ppm, or less. Considering the small size of the site and the need
to have excavation slopes no steeper than 1 (horizontal) to 1 (vertical) there is a potential that
the excavation would extend into L Street. Protection of L Street might require support of
the slopes with retaining structures such as shoring or sheet piles. With a sloped excavation
about 15,000 cubic yards of uncontaminated soil would be excavated and then replaced in the
hole.
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Excavated soil would be removed to an approved waste site, and the excavation would be
refilled with clean soil. The excavated soil could also be stored on-site and treated by
aeration and bioremediation prior to removal from the site. The relative costs of removal
could then be reduced since the treated soil could possibly be disposed of at a Class III
Landfill instead of a Class I facility. Considering the extra cost of shoring, removal and
replacement of clean soil, and hauling to a waste site, the excavation option may not be
appropriate for this site.

Soil Vapor Extraction

Petroleum contaminated soil above the saturated zone can be treated to remove volatile
hydrocarbons by extraction of soil gas (the gas in the soil pores) using a vapor extraction
system (VES). The extraction system consist of one or more small diameter extraction wells
drilled into the vadose zone (unsaturated zone of soil) above the groundwater table. A
vacuum pump is used to draw soil gas from the extraction wells. The removed vapors are
either released into the air, if permitted, or a pumped through activated carbon filled canisters
to remove the petroleum vapors prior to discharge to the atmosphere. The vacuum pump and
carbon canisters would probably require about two parking spaces. The system might use
two 55-gallon drums of activated carbon, for a small system, or two 1,000-pound canisters
for a large system. Spent carbon is replaced with new carbon and the spent carbon is
returned to the manufacturer for regeneration. Such a system might operate for at least one
year.

Bioremediation of Groundwater

Contaminated groundwater can be treated by extraction and treatment in a closed loop
bioremediation system. The system would consist of one or more groundwater extraction
wells (the 4-inch on-site wells) and a grid of injection wells. Extracted water would be
pumped to an above ground tank where oxygen, nutrients, and heat would be added to the
water. This mixture would be metered into the injection wells to increase and maintain the
in-situ bacteria and microorganism population necessary to remediate the soil and
groundwater in the subsurface. This method might require substantial initial documentation
before regulatory agency approval. At least one year might be required to complete
remediation of the soil and groundwater. A second year might be needed to reach desired
cleanup levels. This method is generally less expensive than the VES and other groundwater
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extraction and treatment systems. However, permitting might require a pilot study before
gaining approval, which would be time consuming.

Groundwater Extraction and Treatment

Extraction of petroleum contaminated groundwater and treatment is a proven technology that
has been used for many years. The system is similar to that described above, but the
groundwater is treated in a treatment plant on the surface. The two on-site 4-inch diameter
wells could be used for extraction of groundwater. Groundwater would first be pumped
through an oil/water separator and then through a canister of activated carbon prior to
discharge to the sanitary sewer. The carbon would be replaced as necessary to achieve the
allowable discharge concentrations. The cost of operations would depend upon the amount
of petroleum product in the groundwater. Systems are available that can be brought to the
site in a prefabricated unit on a trailer. The initial operations would extract much of the
floating product which would be separated for disposal along with the used carbon canisters.
As contaminant concentrations decrease the operations costs would decrease. An extraction
and treatment system is expected to operate for at least one year, and then for another year
until the cleanup concentrations are achieved. This method of groundwater treatment would
be more easily permitted, and could be installed in less time than the bioremediation system,

EVIDENCE OF SITE HISTORY

Research has produced confirmation that a Mobil Service Station was Iocated at 187 North
L Street From 1951 to at least 1968. Copies of this information are contained in Appendix
E. A "Ten Year Service Award" dated 1961 was found inside the building.in 1972 after
Arrow Rentals purchased the site. A City of Livermore Building Permit for an underground
storage tank at 187 North L Street is dated December 2, 1960. Valley Mobil Service is listed
in the October 1966 Pacific Telephone directory, and the 1968 Livermore City Directory.

The declaration of Mr. Michael Comer (Appendix F) documents Mr. Comer’s observations
of removal of the two remaining underground tanks in the spring of 1985. He states that he
observed no noticeable odor of gasoline coming from the soils at the bottom of the tank pit,
nor did the soil in the tank pit have a dark discolored look which is characteristic of a tank
which has been leaking. He concluded that the two tanks had not been leaking.
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The declaration of Mr. Gary R. Pinks (Appendix F) documents his observations of the
gasoline spill by Petcock Petroleum on June 18, 1985. Mr. Pinks states that he was present
at 187 North L Street when the delivery truck from Petcock Petroleum arrived to deliver an
order of regular gasoline. Mr. Comer observed that the delivery truck driver had put the
nozzle of the fill hose into the vapor well rather than the mouth of the tank. Mr. Comer
states that the driver called Petcock Petroleurn on this truck radio and reported he had
dropped 600 gallons of gas into the dirt. Mr. Comer states that a day or so after the spill
the Petcock delivery truck returned and delivered gasoline into the tank.

DISCUSSION

Since the costs of remediation are anticipated to be significant some discussion of the relative
causes of contamination is appropriate. The distribution of gasoline contaminated soil
indicates that most of the contaminated soil appears to be located beneath the location of
piping from the pump island to the five former underground gasoline tanks, in operation for

- many years by Mobil Oil Company from 1951 until about 1968. The estimated relative

volume of contaminated soil under pipes to the former Mobil tanks is estimated to be about
2,000 cubic yards, or about 85 percent of the estimated total contaminated soil. About 350
cubic yards of contaminated soil is estimated to underlie the existing tank and vapor well
spill, or about 15 percent of the total contaminated soil. Therefore about 85 percent of the
gasoline-contaminated soil appears to be a result of pipe leakage from 1951 to 1968, and
about 15 percent appears to be a result of the 1985 spill into the vapor well. The calculated
1.8 g of tetraethyl lead and other lead isomers per gallon of gasoline in soil from Boring B-F
supports this conclusion, since this is typical of a pre-1985 gasoline.

Considering that the laboratory tests have shown that the floating product in W-1 is a
gasoline produced in 1985, based upon its lead content and other characteristics, and that the
approximate 200- to 500-gallon volume is consistent with the reported Petcock Petroleum
spill of 600 gallons in August of 1985, the floating product is the result of the Petcock spill.
The remaining portion of the reported 600-gallon spill most likely remains in the soil and
backfill under and around the existing tank. Since the soil contamination in W-1, under the
piping to the former Mobil tanks, extends downward to the top of groundwater, some
groundwater contamination might be the result of releases from the piping to the former
Mobil Tanks. Most likely the more downgradient dissolved fraction of gasoline (BTEX) is
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the result of an earlier release related to the soil contamination under the piping to the former
Mobil tanks between 1951 to 1968.

The broad aerial extent of the groundwater contaminant plume downgradient of the former
Mobil tanks is considered to be due to releases from piping before 1972. Considering the
relatively low concentrations of gasoline in that plume as compared to the volume of floating
gasoline from the 1985 spill, the greatest amount of gasoline floating and dissolved in the
groundwater is from the 1985 spill. About 97 to 99 percent of the gasoline floating on and
dissolved in the groundwater appears to be due to the 1985 spill. This is based on an
estimated 200 to 500 gallons of floating product and a 100-foot diameter of contaminated
groundwater with about 3-1/2 gallons of dissolved gasoline from the 1985 spill. About 1 to
3 percent of the gasoline in the groundwater could be due to releases from 1951 to 1968.
This is based upon an estimated 7 gallons of gasoline in the broad groundwater plume.

The remediation effort to recover each of these releases from the groundwater will be
dependent more upon the aerial extent of the contaminant plume. Assuming moderate
recovery of about 1/2 gallon per minute for pumping of groundwater for treatment, about 1
to 2 years would be needed to extract the 1985 spill. Assuming the same recovery rate, more
than 5 years would be needed to pump and treat groundwater from the broad plume. The
time required for groundwater remediation could be reduced by addition of extraction wells
to increase the rate of extraction of groundwater.

SUMMARY OF CONCLUSIONS

1. Based on this data, gasoline contamination in soil and groundwater at the site is the
resuit of two separate sources: (1) a pipe leak from pipes connected to former Mobil
tanks between 1951 and 1968, and (2) a sudden spill into a vapor monitoring well by
Petcock. Petroleum in 1985,

2. Laboratory tests of samples of soil and groundwater for petroleum products indicates
that soil contaminated with gasoline is located primarily on-site in the vicinity of well
W-1 from a depth of about 15 to 43 feet, and near Boring B-1A from about 35 to 43
feet.
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3. Floating gasoline found in well W-1 has a lead content consistent with a . gasoline
produced around 1985, and spilled by Petcock Petroleum into the vapor well in 1985.

4.  The location of the floating product in W-1, about 40 feet downgradient from the
reported Petcock . Petroleum spills, appears consistent with the estimated present.
location for a spill at the vapor well in 1985. Floating product appears to be located
on-site in the vicinity of W-1,

3., The estimated volume of floating product from measured thickness and diameter is
consistent with the reported 600-gallon spill by Petcock Petroleum at the vapor
monitoring well, '

6.  Laboratory tests of groundwater from off-site wells W-C (upgradient), W-D and W-E
(downgradient) show no significant detection of gasoline or BTEX. One ppb benzene
in Well W-D is most likely a result of cross contamination during transport to the
laboratory. Dissolved fractions of gasoline (BTEX) extend off-site in the downgradient.
direction towards W-D and W-E. '

7. Laboratory tests of soil from a depth of 16 feet in Boring B-F shows the tetracthyl lead
content of gasoline in this soil is consistent with a gasoline produced prior to 1985.
The source of this gasoline is most likely a pipe leak from the former Mobil tanks prior
10 1968,

8. About 85 percent of the soil contamination appears to be the result of leaks from piping
to the former Mobil underground fuel tanks prior to 1972. About 15 percent of the
soil contamination appears to be the result of the 1985 Petcock Petroleum spill.

9. About =7 to 99 percent of the groundwater contaminant appears to be the result of the
Petcock Petroleum spill, and about 1 to 3 percent appcais to be the result of leaks from
the former Mobil tanks, prior to 1968. Assuming a 1/2-gallon-per-minute recovery
rate, about 1 to 2 years might be needed to extract the groundwater contamination from
the 1985 spill. At the same extraction rate more than 5 years would be needed to
extract the pre-1985 groundwater contamination.
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10. While a number of options are available for remediation of soil and grouildwatcr, the

most feasible soil remediation method is soil vapor extraction, and the most feasible

groundwater remediation method is groundwater extraction and treatment with carbon
filters.

LIMITATIONS

The scope of this investigation is limited by time constraints, expense, and practicality. A
limited number of samples were taken at locations on and off the site, and a limited number
of chemical analyses were performed on those samples. Professional opinions concerning the
presence of gasoline and petroleum products were developed based upon the resulting data.
It would be prohibitively expensive and time consuming to sample all locations on and off
site for all substances which are now, or in the future might be, considered hazardous.
Therefore, WCC cannot be held responsible should the investigation fail to detect the

presence or quantity of all hazardous substances at all locations on and off site in the study
area.
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Table 1 LABORATORY TEST RESULTS OF SOIL SAMPLES **

Arrow Rentals, 187 North L Street, Livermore,CA
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"= Tetrasthyl lead, **= Previous laboratory tesis summarized In Appendix C




Table 2 LABORATORY TEST RESULTS OF WATER SAMPLES ***

Arrow Pandais, 187 Nonth L Sireet, Livermore, CA
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INTRODUCTION
A shallow soil gas investigation was performed by Tracer Research Corporation

(TRC) at Arrow Rentals located 187 North "L" Street in Livermore, California. The
investigation was conducted on June 11 and 12, 1990 under contract to Woodward-Clyde
Consultants. The purpose of the investigation was to characterize the nature and extent of
volatile organic compounds {VOCs) present in the subsurface.

~ During this survey, a total of twenty-four soil gas samples were collected and analyzed
in the field. The analytical equipment was calibrated for the following compounds:

benzene

toluene

ethylbenzene

xylenes

total hydrocarbons (THC)

Xylenes are reported as the total of the three xylene isomers and total hydrocarbons are
reported as gasoline range constituents consisting of approximately C,-C, a]ji)hatic, alicyclic
and aromatic compounds. " |

The compounds in this suite were chosen as target compounds based on their
suspected presence in the subsurface and amenability to soil gas detection. Soil gas samples

were screened on the flame ionization detector (FID).
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SHALLOW SOIL GAS INVESTIGATION - METHODOLOGY |

Shallow soil gas investigation refers to a method developed by TRC for investigating
underground contamination from volatile organic chemicals (VOCs) such as industrial
solvents, cleaning fluids and petroleum products by looking for their vapors in the shallow
soil gas. The method involves pumping a small amount of soil gas out of the ground
through a hollow probe driven into the ground and analyzing the gas for the presence of
volatile contaminants. The presence of VOCs in shallow soil gas indicates the observed
compounds may either be in the vadose zone near the probe or in groundwater below the
probe. The soil gas technology is most effective in mapping low molecular weight
halogenated solvent chemicals and petroleum hydrocarbons possessing high vapor pressures
and low aqueous solubilities. These compounds readily partition out of the groundwater and
into the soil gas as a result of their high gas/liquid partitioning coefficients. Once in the soil
gas, VOCs diffuse vertically and horizontally through ihe soil to the ground surface where
they dissipate into the atmosphere. The contamination acts as a source and the above
ground atmosphere acts as a sink, and typically a concentration gradient develops between
the two. The concentration gradient in soil gas between the source and ground surface may
be locally distorted by hydrologic and geologic anomalies (e.g. clays, perched water);
however, soil gas mapping genérally remains effective because distribution of the
contamination is usually broader in areal extent than the local geologic barriers and is
defined using a large data base. The presence of gedlogic obstructions on a small scale tends
to create anomalies in the soil gas-groundwater correlation, but generally does not obscure
the broader areal picture of the contaminant distribution,

Soil gas contaminant mapping helps to reduce the time and cost required to delineate
underground contamination by volatile contaminants. The soil gas investigation does this
by outlining the general areal extent of contamination. Conventional bore holes or
observation wells are used to verify both the presence and extent of the subsurface
contamination as indicated in the soil gas survey. In this manner, soil gas contaminant

mapping can assist in determining the placement of monitoring wells. Thus, the likelihood

2
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of drilling unnecessary monitoring wells is reduced. The soil gas survey is not intended to
be a substitute for conventional methodology, but rather to enable conventional methods

to be used efficiently.

EQUIPMENT

Tracer Research Corporation utilized a one ton Ford analytical field van that was
equipped with one gas chromatograph and two Spectra Physics computing integrators. In
addition, the van has two built-in gasoline powered generators that provide the electrical
power (110 volts AC) 10 operate all of the gas chromatographic instruments and field
equipment. A specialized hydraulic mechanism consisting of two cylinders and a set of jaws
was used to drive and withdraw the sampling probes. A hydraulic hammer was used to

assist in driving probes past cobbles and through unusually hard seil.

SAMPLING PROCEDURES

Sampling probes consisted of 7-14 foot lengths of 3/4 inch diameter hollow steel pipe
that are fitted with detachable drive tips. Soii gas samples were collected by driving the
steel probe to a depth of 8-10 feet below grade. Once inserted into the ground, the above-
ground end of the sampling probes were fitted with a steel reducer and a length of
polyethylene tubing leading to a vacuum pump. Gas flow is monitored by a vacuum gauge
to insure that an adequate flow is obtained. To adeguately purge the volume of air
within the probe, 2 to 5 liters of gas is evacuated with a vacobum pump. During the soil gas
evacuation, samples are collected in a glass syringe by inserting a syringe needle through a
silicone rubber segment in the evacuation line and down into the steel probe. Ten milliliters
of gas are collected for immediate analysis in the TRC analytical field van. Soil gas is
subsampled (duplicate injections) in volumes ranging from 1 uL to 2 mL, depending on the
VOC concentration at any particular location..

Sample probe vacuum, measured with a vacuum gauge, ranged from two to twenty-

three inches Hg. Maximum pump vacuum was measured at twenty-six inches Hg.
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ANALYTICAL PROCEDURES

One Varian 3300 gas chromatograph, equipped with a flame ionization detector
(FID), was used for the sample analyses. The FID was used for the analysis of benzene,
toluene, ethylbenzene, xylenes and total hydrocarbons. Separation of the FID compounds
was achieved on a 6’ by 1/8" OD packed column with OV-101 as the stationary phase. The
column was contained in a temperature controlled oven and nitrogen was used as the carrier
gas.

Hydrocarbon compounds detected in soil gas were identified by chromatographic
retention time. Quantification of compounds was achieved by comparison of the detector
response of the sample with the response measured for calibration standards (external
standardization). Instrument calibration checks were run periodically throughout the day
and system blanks were run at the beginning of the day to check for contamination in the
soil gas sampling equipment. Air samples were also routinely analyzed to check for
background levels in the atmosphere. | |

Detection limits for the compounds of interest are a function of the injection volume
as well as the detector sensitivity for individual compounds. Thus, the detection limit varies
with the sample size. Generally, the larger the injection size the greater the‘sensitivity.
However, peaks for compounds of interest must be kept within the linear range of the
analytical equipment. If any compound has a high concen'tratioﬁ, it is necessary to use small
injections, and in some cases to dilute the sample to keep it within linear range. This may
cause decreased detection limits for other compounds in the analyses.

The detection limits range down to approximately 0.02 ug/L for compounds screened
on the FID, depending on the conditions of the measurement, in particular, the sample size.
If any component being analyzed is not detected, the detection limit for that compound in
that analysis is given as a "less than" value (e.g. <0.02 ug/L). Detection limits obtained
from GC analyses are calculated from the current response factor, the sample size, and the
estimated minimum peak size (area) that wouid have been visible under the conditions of

the measurement.
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QUALITY ASSURANCE/QUALITY CONTROL PROCEDURES
Tracer Research Corporation’s normal quality assurance procedures were followed
in order to prevent any cross-contamination of soil gas samples.
. Steel probes are used only once during the day and then washed with
high pressure soap and hot water spray or steam-cleaned to eliminate the
possibility of cross-contamination. Enough probes are carried on each van to
avoid the need to reuse any during the day.
. Probe adaptors (TRC'’s patented design) are used to connect the
sample probe to the vacuum pump. The adaptor is designed to eliminate the
possibility. of exposing the sample stream to any part of the adaptor.
Associated tubing connecting the adaptor to the vacuum pump is replaced
periodically as needed during the job to insure cleanliness and good fit. At
the end of each day the adaptor is cleaned with soap and water and baked in
the GC oven. '

Silicone tbing (which acts as a septum for the syringe needle) is
replaced as needed to insure proper sealing around the syringe needle. This
tubing does not directly contact soil gas samples.

Glass syringes are usually used for only one sample per day and are -
washed and baked out at night. If they must be used twice, they are purged
with carrier gas (nitrogen) and baked out between probe samplings.

. Injector port septa through which soil gas samples are injected into the
chromatograph are replaced on a daily basis to prevent possible gas leaks

from the chromatographic column.
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Analvtical instruments are calibrated each day by analytical standards
from Chem Service, Inc. Calibration checks are also run after approximately
every five soil gas sampling locations.

. Subsampling syringes are checked for contamination prior to sampling
each day by injecting nitrogen carrier gas into the gas chromatograph.

. Prior to sampling each day, system blanks are run to check the
sampling apparatus (probe, adaptor, 10 cc syringe) for contamination by
drawing ambient air from above ground through the system and comparing
the analysis to a concurrently sampled ambient air analysis.

. All sampling and subsampling syringes are decontaminated each day
and no such equipment is reused before being decontaminated. Microliter
size subsampling syl:inges are reused only after a nitrogen carrier gas blank is
run to insure it is not contaminated by the previous sample.

. Soil gas pumping is monitored by a vacuum gauge to insure that an
adequate gas flow from the vadose zone is maintained. A reliable gas sample
can be obtained if the negative pressure reading on the vacuum gauge is at

least 2 inches Hg less than the maximum pressure of the pump.

RESULTS _

Concentrations of hydrocarbons in the C,-C, range were detected slightly above
background in the subsurface at the Arrow Rentals site in Livermore, California. A total
of 24 soil gas samples and 6 ambient air samples were collected at this site. The total
hydrocarbons detected in these samples were not attributable to benzene, toluene, ethyl
benzene or xylenes as no significant levels of these specific compounds were detected in the
soil gas. The 1otal hydrocarbons reported were generally lighter, early eluting compound
in the C,-C, range. The analytical data reported in micrograms per liter (ug/L) for this site
is condensed in Appendix A and maps showing sampling locations and isoconcentration

contours are included in Appendix B.
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An isoconcentration contour map was generated for total hydrocarbons in the C4-C9 -
range (Figure 2). The highest level of total hydrocarbons was detected at sampling location
5G-3 with a concentration of 2 ug/L. This location, along with sampling location SG-2, was
contained within a 1 ug/L contour line that was open to the north. Sampling location $G-15
with a concentration of 1 ug/L was also contained within an open-ended contour at the
north-east portion of the site. Several other sampling locations on the site were contained
within 0.1 ug/L contour lines. These 0.1 ug/L contour line are somewhat speculative and
border on being insignificant but the sake of completeness they are included. Additional

sampling locations would be necessary to completely define the plumes depicted.

CONCLUSIONS

The soil gas survey conducted at the Arrow Rentals Site found slightly elevated levels
of hydrocarbons {C,-C,) in the subsurface. Several contour lines were generated at this site,
depicting a small plume just above the level of significance. The highest concentrations of
total hydrocarbons were detected in sampling location 5G-3 located near the north corner

of the office building. To further delineate and define the total hydrocarbon plume

additional samples would be necessary.
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APPENDIX A: ANALYTICAL DATA




WOODWARD CLYDE CONSULTANTS/ARROW RENTALS/LIVERMORE, CALIFORNIA JOB#1-90-522-§

06/11/90
CONDENSED DATA
ETHYL
BENZENE TOLUENE BENZENE XYLENES THC

SAMPLE ug/l upft ug/l ug/l ugfl
AIR <0.04 <0.05 <005 <0.07 <0.05
$G1-10 <04 <0.05 <0.05 <007 04
SG2-10° <0.08 <0.1 <0.1 <01 1
$G3-10° <004 <005 <005 <0.07 2
$G4-10° «<{),08 <01 <0.1 <{.1 <01
SG5-10° <0.08 <0.1 <01 <0.1 <01
SG6-10 . <004 <0.05 <0.05 <007 0.6
AIR <004 <005 <0.05 <007 2
SG7-10° <{0.08 <01 <01 <01 <{.1
SGB-10° <0.08 <01 <0.1 <{.1 <0.1
SG9-10° <0.08 <1 <(.1 <1 <01
$G10-10° <008 <0.1 . - <01 <1 <0.1
SGi1110 <108 <1 <0.1 <0.1 0.7
AlR <004 <0.05 <0.05 <0.07 03

Analyzed by: P. Bausman

Checked by: K. Proct
Proofed by: _é_ﬁfi&m__

Traasr Feassroh Corporation



WOODWARD CLYDE CONSULTANTS/ARROW RENTALS/LIVERMORE, CALIFORNIA JOB#1-90-522-S

06/12/90
CONDENSED DATA
s ETHYL

BENZENE TOLUENE BENZENE XYLENES THC
SAMPLE ug/ ug/l ugi upfl ug/l
$G12-10° <004 <005 <0.06 <0.06 <0.05
AlR <0.04 <{.05 <0.06 <0.06 <0.05
S$G13-1¢° <004 ] <0.05 <0.06 «<0.06 <0.05
SG14-10° <0 <005 <0.06 <0.06 <0.05
§G15-8' <04 <005 <0.06 <0.06 1
$G16-10° <004 <0.05 « (.06 <0.06 <0.05
AIR <004 <0.05 <0.06 <0.06 <05
SG17-10° <0 <0.05 <0.06 <(1.06 0.2
SG18-10° <004 <{.05 <006 <0.06 «<0.05
5G19-10° <004 <0.05 <{.06 <006 <005
$G20-10° <0.04 <005 <0.06 <0.06 05
$G21-10 <0.04 <0.05 <0.06 <0.06 08
SG22-10° <0 < {105 <006 <0.06 0.4
S$G23-10° © <004 <(.05 <306 <0.06 04
SGM-10 <004 <005 <0.06 <0.06 02

AIR <004 <0.05 <0.06 <0.06 <0.05

Analyzed by: P. Bausman

Checked by: K, Prpgor
Proofed by 24

Tracer Rassaroh Corporstion




3R G N BN BN D S D G AR B N I BN B 4 B B
T Tracer Researed Corperaition
f I
)
PROPFRTIY LI ¥r
f—— o — e — — i —— i —— —— ——= o @ i e e s b b e s 0 e — -2
| =15 &7 LY .3 a3 ' -
! x ! L H
; L] ! L
. ® g | 1 9
l & - o « ud
| 17 18 g w & |
. - o = I n
| ~ M I
! = I :
' 1
o8 x |
.' *f *a I :
! s {d .
| 3 !
I
| ql =
1 =18 =10 © I -
. ! t
: hXIE'l ! o
! z
: 13 .12 ol .22 .l !
g e e e e S el | — el —— & e |
X
=10 1)
] 28 B0
(B} e—
ARROW RENTALS
187 WNORTH “L" STRAEET
LIYVERNORE, CALIFORNIA
SAMPLING LOCATIONS T
EXPLANATION
AVOURT t090
(3] Soll Gan Sampling Location
Figure 1




Tracer Researcd Cerporelin:

-MG-ET-1
el
L H
o
. L
' et
! n
I
! o =
] -]
| X :
I .14 f<0.1)
I (<0.08)
! =
| -
t L
: o]
. b=
| ¥ »12
] {«<n.08) {co.08)
= =+ = = — == & == == i = — - ™ 1 . i i | i i -~ . R, [ s
|
o 25 -]
11 -
=n
ARROW RENTALS
187 NORTH °"L* STREET
EXPLANATION _ LIYERNORE, CALIFORNIA
.7 30}l Gas Sampling Location TOTAL HYDROCARBONS (THC)
(0.t} Soit Gar Bample Value (ug/T) AUGQUET 1080
Y ¥ {soconceniration Line (ng/1)
Flgure 2
e =




I APPENDIX B
BORING AND WELL LOGS
I DAWPDOCSTS0C0321 ALLNS 0611911455




l Woodward-Clyde Consultants -— PROJECT NAME ARFOW RENTALS NO. _90CO321A
VATION AND DATUM
l BORING LOCATION Il intwessn WE-1 S Wk LA
( , DRLLER Rad Furlow DATE STARTED
1 DRILLING AGENCY  Kvithaug Brian Vincent DATE FinisHED 711290 — 711200
P PLER ;
DRILLNG EQUIPMENT B 61 Mobile Drl o 631 . 2n
LOF  iDIST. UNDIST.
l DRILLING METHCD Hollow Stom Auger DRiLL BIT zfum_s s 8
WATER  :FIRST COMPL. 24 MRS,
SIZE AND TYPE OF CASING 4 “.dinmater Schedule 40 PVC LEVEL 50 ft 24,55
l TYPE OF PERFORATION 010 Siolied PVC FROM e T o BF LOGGED BY: CHECKED BY:
SZE AND TYPE OF PACK FROM 1o FT
Mornerey Sand #2/12 4D
Lois Gruanberg
NO.1  Benbnite Pelists \\ FROM 40 TO e FT
TYPE OF SEAL -
Fe 5 sack, 34" agg - Grout/ L*.~] FROM To F1
NO.2  Chick mix to set Christy box  [a*a 3612 o
: SAMPLES
5
E = LITHOLOGIC Wl E I REMARK
(D40 Rase, Puid Loss, Odor, etc:)
i ] i DESCRIPTION wa“ & i §§
_AspheliConcrets-dinches. _ _ — & - & — C o - m - = = = = i ot
L) L
= - A K. -
3 Mgty ﬁ“:"'
T ‘.n‘n A.ﬁ“
- A ~ A o
= A A A
l ﬂﬁﬁﬁ ‘ﬁ“'
5= Cuttings-Grave! (GP), some sill, much resistance. ] PPt B
Py T i Mo sample Eken
T iy :...:‘
= ﬁﬁ.ﬁ E‘A- ™
A A LI
I & e :ﬁ:o\ —_
ﬁﬁ.A ﬁ‘ﬁ.
. atal ot =
' 10— Grades to more silty .:—.:1 Talal 10 35 | Sample: W-A-10
) LA * ol _. S0/ | HNU = 1 ppm
— L] F & A s
-~ . L]
ﬁﬁﬁ.\1 “ﬁ.ﬁ
7 “A.ﬁ‘ .‘h‘ it g
= anan] 0 |
ATt “ata
= a” Mgl -
15_| A:A\:1 :.n. - 15 w
] Tala ! & | lite recovery
T An‘n ﬁnn- _ no sample
L) “~ -
T "ata Al
A :.."'-. i
n A‘h. ‘A‘-
——————————————————————————— “a%a ta"| 20 WA
2 1" SUTV, GRAVELLY SARD (GM), gray brown, greveis 1 172, very ot " 35 | Sampio: W-A20
coarse to coarse sand, bace clay, wel, loose, odor. o . _- c HNU= 15 ppm
~ A L
- Anﬁ. n‘- e
n”an Aﬂ“l
= h“ﬁ‘ ﬁ‘- -1
i 4 ko s (=
A‘A‘ ﬁ‘.’
s ATat i s s | Sample: W-A-25
- anet nale & | HNU=110pom
" a R
- -‘n‘ na‘n
s e
) A‘lh ﬂA‘
L -
- Y Ea
%= ] O [ 45 |Sample: W-A-25
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1 i - &
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L) LI
= ~ A LG
]
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Woodward-Clyde Consultants e PROJECT NAME ARROW RENTALS __ NO. 90C0321A
l SAMPLES
£ LITHOLOGIC REMARKS
l &3 DESCRIPTION 3% {Or Rata, Fiokd Less, Odor, #ic-)
=
@
E == .
50/ | Sample: W-A-35
l A B HNU > 200 ppm
W e — — m —m m e e m———————————
SILT (ML), brown with black paiches, with some clay, some coarse 5 | Sampie : W-A-40
' sand, soft to medium stiff, moist. 9 | HNU = 250 ppm
- -]
- -1
45 G!ades 1o homogenous browr, abundar clay, no sand, madium 45 a5 | Sample: W-A-45
shifi to stitf, moist ap | HNJ =150 ppm
7 a5
' % Grades to samated g 50 25 | Sample: W-A-50
25 | HNU » 100 ppm
- 25
l | Ly- 85 —
B0 —f 80 —
Boring terminated at approxmately &3 it
l i i below grade.
I FELDLOGOFBORINGNO, _W-A  BHEET 2 _OF 2




Woodward-Clyde Consultants <> PROJECT NAME ARROW RENTALS NO. BOCOSZ1A
BORING LOGATION 167 N. L Street, Livermore, CA ELEVATION AND DATUM
: DRLLER Mike Crocker DATE STARTED
DRILLNG AGENCY  Kvilhaug Joe! Vigil DATE FiNigHED  /10/80 —e= 771080
DRILLING EQGUIPMENT B 53 Mobise Drif COMPLETON g9 SAMPLER  2in,
RILL BIT NO.OF | DIST. UNDIST. 10
DRILLING METHOD Hollow Stemn Auger DRILLB SAMPLES |
WATER  [FIRST COMPL. {24 HRS.
SIZE AND TYPE OF CASING LEVEL | aTh i
TYPE OF PERFORATION None FROM To £1| LOGGED BY: CHECHED BY:
STZE AND TYPE OF PACK None FROM T FT
Lois Gruenberg
NO1 None FROM T
TYPE OF SEAL =
NO. 2 Grout FROM g1z T©
SAMPLES
LTHOLOGK , . REMARKS
Eg DESCRIPTION Wat Compilation E—- sg (Dl Rats, Fluid Loss, Ocor, #ic)
L H z8
L ASpEA CONTeIE A IDCHESE. — m — = = = = = o — o — — — —
=1 Cuttings- SILT (ML). brown with orange, gravels b 172", oose. B
5—1 SANDY, SILTLY GRAVEL (GM], brown-gray and biack gravels, very 5 7 | Sample: B-1-5
coarse, moist, gravels to 1/27, loose. ' 13 | HMU= no response
- 15
- o
10 = f . 10 10 | Sample: B-1-10
Grades to more sill, some clay, slightly wet 19 | ANU= 10 ppm
- =
57| Grades 1o moist with pockets of wet cley. ® 35 | Sample) B-1-15
0 | HNU= ro responiss
b 'y
20 —{ Noticeabie odor and sheen in pockets of moisture., 20 20 | Sampie: B-1-20
40 | HNU= 50 ppm
N B
Bg— = — = — = = = = — —— % 20 |Sample: B1-25
CLAYEY SILT (CL). brown, gravels 0 1/2 °, some very coarse sand, a5 |HNU= 25 pom
= toose, moist 1o wet. a5
I T sy g U U e — 0 12 |Sampie 8-1.30
SILTY SAND (SM), brown-grey, very coarse sand, gravels o 1/27, HNU = 50 ppm
~{irace clay, moist to wet, loose to medium dense. ;;
FELDLOGOFBOAINGND. __ B1A  SHEET 1 OF 2




Borirty terminates at approximately
51-1/2 leel below grade.

Woodward-Clyde Consultants e PROJECT NAME ARFOW RENTALS NO. 80C0321A
SAMPLES
LITHOLOGIC REMARKS
.]E.. H DESCRIFTION Wel Completon | & _ i B {Dril Rats. Fiuid Loas, Qelor, etz }
os Diagram 8 H S §
- -
- -
e e E .
. 5 | Sample: B-1-35
CLAYEY, SANDY S4.T (SM-CL), brown-gray with some omanga, coarse ' 12 HM".‘]p- 130 ppm
sand, wet 5
Very sasy diling sncoumnterad 1
"[CLAYEY SILT (CLy. homogenous trown, noticeable hydrocarbon = 4 | sampie : B1-40
odor soft, wet. g HNU =225 ppm
Grades to mottied with some, small, white and black pebbles, odor. « 2 |Sample: B-1-45
3
w4 .
Grades to gray with rare layer of coarse sand, odor, saturaled. s 10 | Sample: B-1-50
:3 HNU= 110 ppm

FIELD LOG OF BORMG NO. B-1/A SHEET 2 ¥




Woodward-Clyde Consultants = PROJECT NAME ARROW RENTALS NO. _80CO321A
BORING LOCATION W, ELEVATION AND DATUM
: DRLLER Rod Furlow DATE STARTED
DRILLING AGENCY  Kvilhaug Brian Vincent DATE FINISHED 771280 —= 7130
DRILLING EQUIPMENT B 61 Mobile Dril ggmﬁml“ 55 SAMPLER
5 i DIST, UNDIST
DRILLING METHOD Holiow Stem Auger DRILL BIT gfngt es | oisT 6
WATER  iFIRST COMPL. 24 HRS
SIZE AND TYPEOF GASING 4 _ameler Schedule a0 PVC Lever, G a8 n 44,62
TYPE OF FERFORATION BHOM LOGGED &Y: CHECKED BY:
o 0.010 Siotted PVC 5 10 gy BT =
SE2E AND TYPE OF PACK == = =
Monteray Sand # 211
2z . =5 2 Lois Gruenberg
NO.1  Bertonite Pellets .\\ e o
TYPE OF SEAL - -,
NO. 2 Grout'Quck mix ko set L~ ] FRom ™ FT
: Christy box - 20 0
SAMPLES
E LITHOLOGIC AEMARKS
E i DESCRIFTION Well Compintion g 3 gg (Ovi Fite, Fiuid Loss, Odor, otc)
o=
= s
| Comemi Conoretp-dinches — = — = = - = = = T - = -
7 -ﬁ‘.ﬂa h.&“ 7
L) L= -
- - ot
] -‘a‘J q‘h‘i
= o “. *a] B
-”a‘] .*s
- 4-.- A q-“a‘ =
.-.nA o Li‘# 5
5 = H-- i F. l.-n I 12
SILTY GRAVELS (GM). brown 1o dark brown, trace e .
_| clay, damp, laose. - o il ng No recovery
- & i -
Reaftel ol
I Gravels /202" - d as
— had . :-‘1 *:-ﬁ |
AT - .--'1
- ala "t e
- C
a “aa] 10
Ui} Grades 1 more silty, moist L o Mo sample taken
=1 n:n. :n*n. -
_ A" ] .:.: i
ﬁnh‘ ..‘ﬁ =
hn [ :A‘A
— LI Ak E .
5 Grades 1o gray brown with orange patches more silt, some clay, maist oA e 1 50/ Ll?;plmmvery. 2" gravel stuck in
A A ] 2l [ sampler
= :s:n ~ p— HNU & 10 ppm
- ﬁ.‘A.J A“ﬁ‘ -
s’ o
---A‘l ‘a."-\
mn -~ L. e
[*a"a ..:4:
2 Refhd i R 40 | Litte recovery
= Fopriar . - 5 | HNU= 15 ppm
Pt o 6
= ...:... :.#. =
1 2 N o
- o I o I
- “ A"l"q
5 e et I Sample: W-8-25
"a"a] a” gw m'{f.'.'am
7 Reds <ol .
R ‘:4". :.:4- _
- - - n:'~: i
=4 ‘ﬁ‘ﬂ l:ﬁ:1 p
pns SOR
®4 “ = 50/ | Sample: W-8-30
- \ & | HNU =2 ppm
i AN N

FELDLOG OFBORINGNG. _ W SHEET 1 OF 2




Woodward-Clyde Consultants e PROJECT NAME ARFOW RENTALS NO. _90C0W1A
SAMPLES
LITHOLOGIC REMARKS
g ? DESCRIPTION Wl c_anpbﬁon E = E {Drdl Rate, Fluid Loss, Odor, sic)
wE Omiam 18§ 3
\Q N
| N ]
A5 = b1
50/ | Sampla : W-B-35
_ _- 6 HNL >20 ppm
1 SALT (ML), brown with biack patierns, some clay, medium-low 1
plaslicity, moderately soff, damp 10 moist
Al = -l
8 Sample : W-8-40
. 12 | HNU = 2 ppm
15
- -
45— Grades to brown with green-yellow and gray, black patches, motiling b 17 | Sampie: W-B-45
19 | HNU = 30 ppm
- %
| S22 -
80 = =
5 Sample: W-B8-50
25
H a0
= 55
Boring terminated at approximalely 55
- - feet below grade.
B0 = w0 —
-1 -1
FIELD LOG GF BORNG MNO. w-B SHEET 2 oF &




Woodward-Clyde Consultants 2 PROJECT NAME ARROW RENTALS ___ NO. _BOCO321A
BORING LOCATION  Across Arrow Rentals on North L St ELEVATION AND DATUM
DRILLER Mike Crocker DATE STARTED
DRILLING AGENCY  Kvithaug Joel Vigil OATE FIGHED 711790 — 710
DRALING EQUIPMENT B 53 Mobile Dril SoRiT AN ssh SAMPLER  aip
: DRILL BIT NO.OF DT UNDIST. 8
DRILLING METHOD Hollow Stem Auger SAMPLES |
WATER | FIRST COMPL. 124 HRS.
SIZE AND TYPE OF CASING 2 = giameter Schedute 40 PVC EVEL | 47h iaam
TYPEOF PERFORATION  0.010 Siotied PVC LOGGED BY: CHECKED BY:
SZEAND TYPEOF PACK pocerey Sand #2
- Lois Gruenbmrg
NO. 1 Bentonie Peliels (\|
TYPEOF SEAL Grout/ Quick mix to g
uich mix L™~ | FROM
NO.2 gt Christy box i 35 B
SAMPLES
E LITHOLOGI - £ AEMARKS
Wall Complstion - I R, Fluid Loas, Odar, o1
SE DESCRIPTION Diagram % 3 § (Ol e
| AspreltConarele-Binches _ _ _ _ _ _ _ _ _ _ _ __ _._ . .
| Gmvel base to 1/2 "diameter, sily. brown,dry _ _ _ _ _ _ _ _ _ _ T At I
- LR
- ﬁ‘.ﬁ nﬂn- -
A.'.-lb -I-'.ﬁ-
- -"ﬁ‘ ..ﬁ- &
- L
_| “ala S
as e
5 ={ SILTY GRAVEL/GRAVELLY SILT (GM) brown, some sill, some very o "atal B
large racks, dry to ighty damp, loose. .:.: :.;:.. | No sample taken.
-Anﬂ Aﬁﬁ-
Tt .“:"
- 'ﬁ.ﬁ ‘*ﬁl. -
-.-n‘. ‘.ﬁA-
10— a :..:- 10 Mo sample taken.
i e aratl
-~ A - A
- :A‘A E:A: -
- *a-hn AAA' -
al ata
- ‘A.A ﬁ‘AL -1
| “ala la
L ‘:..“' :..:‘ = No sample taken,
'ﬁ“ﬂ AAA- -
4 i Al o
"t anat
- L] - . i
'ﬁ:. A:ﬁ-
7] s e 20 | Sample: W-C-20
A wa _. 40 | HNU= no responise
iy S ate 35
4 at ot
- ‘ﬁ.ﬁ A“ﬁ- -
al ] ata
- T :..:.. &
25 — Tala ataTl s 17 |Sample: W-G-25
Grades i more silt with trace ciay, moderately stifl. Tala ama” 1; HNUEenu response
| o I F
N .i\‘ﬂ *ﬁ*-l i
- ~ & ﬁ“' i
"ﬁ -~ -
i "t A I
-:.“ :..:... »
%] - ! 20 | Sample: W-C-30
R " Ry .- 35 | HNU = no response
- i 40
4 e "t -
- .‘a‘. A“AF --
el St
i e o

FIELD LOGOF BORINGNO, W&~ SHEET 1 __OF




Woodward-Clyde Consultants e PROJECT NAME ARROW RENTALS  NO. S0CO321A
SAMPLES
£ LITHOLOGIC o REMARKS
5% DESCRIPTION Wel Completion | & . (il Rate, Fiukd Loas, Ocor, s}
as Diagram 5 i3
a2 a3
T3 = &
L. ‘."..J
A e o i
R ::-:«.4
hﬁﬁ iy -‘“.4 .
LR 2%
b e A~
e A -‘.n . o5
L] = A o
ER AN
e I
x - -
CLAYEY SILT (ML-CL), brown with dark brown: and omange blokches, "\ N B R
_| some gravels to /8", moist 1o wet, moderataly stiti \ \ L
4 \& N
Grades 10 brownr-gray, less gravels, stiff, ~ 20 | Sample : W-C-40
a5 | HNU < 1 ppm
- a5
- 16 | Sample: W-G-45
20
2
Gragdes to saturated " 8 | Sampie not taken
20 | No recovery
- 25
_ = =
Bonng terminated at approxmalaly
- 55 feet balow grade.
60 —
FELDLOGOFBORINGNO. _ W SHEET 2 OF 2___




Woodward-Clyde Consultants &> PROJECTNAME ____ ARFOWRENTALS  NO. _S0CO032tA
BORINGLOCATION 1051 Chesinut Livermare, GA (i badyar of resdence of Wilam Ammatrong) | ELE VA1 1o AN DATM
- DRLLEA Rod Furow ATE STARTED
DALLKGIAGENCY __ Kvihais Brian Vincent gATE FiNgHED 711280 —e- 71280
DRILLING EQUIPMENT B 61 Mobite Dl gg:.“# TN 57-12f1 SAMPLER 2in.
DRILINGMETHOD  Hollow Stem Auger DAILL BIT e il &
SIZE AND TYPE OF CASING 4 "-diameter Schedule 40 PVC e PFRST gen - i '1’;_51'9
TYPE OF PERFORATION FROM LOGGED BY: CHECKED BY:
0.010 Slotked PVC 7oA. @ T
E OF PACK FROI alai
RIZEINHONTYEE Montarey Sand # 212 T 2012
= Lois Gruenberg
NOY Benipnite Peilets & FROM 34 L)
TYPE OF SEAL 3 —
NG, 2 Grout L:..:; FROM » T 0
SAMPLES
E LITHOLEXGIS REMARKS
§§ DESCRIPTION waCompiton | & 3 H (D% Rae, Fiuicl Lons, Odor, #ic:)
Diagram gL &
[ Some grase end Oy, elty son nbackyard_ " _ — 0
g s XX I
Pl “ata
- SR
A*.: g . ke
- ! . LA Semple not
%1 Cuttings - SILTY (GM), brown, gravels to 38", dry. G Ry S0/ | e 1 ppm
- - - -
.n-ll- J\H‘A
. -
- il*ll-‘ n.n. 9
-4 .-- ﬁ"n-
16 GRAVELLY SILT {GM), brown with biack and orange blotches, bt Flalfs, Ml 30 | Litte recovery
fractved gravels 1o 172 °, rece clay. moisl, very dense. g e i 25 | HNU <3 ppm
o B »
=1 A‘iL ..-ﬁA =
- ‘i‘& -
3l p.a‘ -
hHAH ‘Anh -
- R n* ..
g o I s 25 | Sampte: W-D-15
g Fos At 50/ | HNU = 1 ppm
Py "al 6
pl ._-.: o _
s .n.‘4
B e o g e e e e e e e b e e e = = '“: ‘: st 20 50/
SILTY GRAVEL (GM), brown, gravels to 17, vace clay, loose, moist, very - m -a Sample nol laken
densa AL i H 6 | HNU= 1.5 ppm
.-.: " :.-.:..
T 'F- A" nl'n
- o :+:q m
2 S5 7y
P e S A o Ao o e o i i’ e i e - :-:- 4:-: 25 12 ‘w:mzs
SILT (ML), brown wilh biack paiches, same clay, sl A o . 12 |HMJ = 1.75 ppm
-y - L 14
-"‘h ﬁ.A-
- - .. -
Pl -.-.p
i LA .
20 o e e e ala et i
GRAVELLY SILT/SILTY GRAVEL(GM), brown with gray rochs, " anr 50/ mﬁuck mHmww
= trace clay, moist to wet, rock stuch in sampler. - o 6
i = I v
i "ata Al
ae ‘..:...




Woodward-Clyde Consultants e PROJECT NAME ARROW RENTALS __ NO. _gocoao1a
SAMPLES
Ee LITHOLOGIC . ,, REMARKS
&% DESCRIPTION Well Completion | £ 3 (D Rate, Fluid Loss, Odor, #1c.)
8e Digram  |& § £3
& 23
‘\"
d N
B = = e e e e m e e e mm e e m e mmm - - *
SILT (ML), brown with biack patches, somea clay, moderately st, 12 [ Sample: W-D-35
15 [ HNU » 2 ppm
- o
w-—--ﬂi‘-ﬁﬁﬂﬁ--‘-‘n--ﬂ-ih --------- m m .WM
SANDY SILT (SM), brown, homeogenous, coarse sand, oense, wet 50/ Hs.lm'm- 1.5 ppm
=1 Some sloughing occurad from 40 to 34 feet, just above the sand 6
pack, during drilling,
&5 "
CLAYEY SILT (CL), brown, medium plaslicity, moderataly sol, wet. 12 | Sample: W-A-45
S 15 | HNU = 150 ppm
2 i 22
50 — 50 —
55 | 5 )
N Bonng Terminated &l Bpproximalely
- 57-1/2 leet below grade.
80 — [
FIELD LOG OF BORINGNO.  _W-D SMEET 2__ OF 2




Woodward-Clyde Consultants -~ PROJECT NAME ARROW RENTALS NO. _B0CD321A

AT
BORING LOCATION  End of M Street, Livermore, CA ELEVATION AND DATUM

DALLER Mike Furlow DATE STARTED

Jasl Vincent DATE FINISHED 7/ 1/80 B TS0

DRILLNG AGENCY  Kvilhaug

COMPLETION

DRILLING EQGUIPMENT B 53 Mobike Dril ey 61 H BAMPLER

2mn

DAILL BIT NO.OF  iDIST. UNDIST. 8
DRILLING METHOD Hollow Stem Auger s

24 HAS.
SIZE AND TYPE OF CASING 2 *-chamter Schedula 40 PVC LwEQfEELH FIRST 4o COMPL piy

L{°] f H
TYPE OF PERFORATION 0.010 Sotted PVC 013 40-12 7| LOGGED BY: CHECKED BY!

SUTE AND TYPE OF PACK FROM o, 0 a7 FT|
Morierey Sand # 2/12

o Lois Gruenberg
NO.1  Bentonie Pellets \\ FROM .0 o

5 sack, 34" agg. - Grout/

TYPE OF SEAL =
NO.-2  Quick Seal to set Christy box  ['a*.]

SAMPLES

5% (1 n-g:ﬁff Odor, stc)

LITHOLOGIC )
DESCRIPTION Wel Compistion

DEPTH

fleet)
DEPTH
{leet)

-1 Cuttinge - SILT (ML), gravels © 1/2 *, brown, loose.

§={ SILTY SAND (SM), brown erd gray, some gravels Io 1/2 , quartz .:.-.*1

5 10 SaTJple: W-E-5
gravels with biack veins, fryable, Ioose, " 14 | HNU=2ppm

T e e Haly
GRAVELLY SILT! SILTY GRAVEL (GM), brown, some silt, fractured, {
- wery hard rocks. .

-

Sample: W-E-10
HMNU= 2.5 ppm

&83

Sample: W-E-15

SILTY, SANDY GRAVEL mixture, brown with erange, grevels to 1/2 " L HNU= no response

- some ciay, inose, damp to maist A

R

H L 15 | Sample: W-E-20
a0 | HNU= no response
|

»
»
PR PR PP EFD

o= 12 |Semple: W-E-25
Z 20 |HNU= no response
A 23

»
»
¥ >

¥

? N )
> > F P P ¥ P OF ¥ B
| I N N ¥ F 3 ¥

Sample W-E-30
HNU = ra response

3
- |
1
n@y

FIELD LOGOF BORIG NO, Mgy _ SHEET 1__OF 2




ARBOW RENT POCOIA
Woodward-Clyde Consultants e PROJECT NAME AL NO.
SAMPLES
REMARKS
EE s wisd Compinton | £ _ £ (i st Fiuke Losa, Odor, w1z
e il | - i
%= Grades b wet » 12 | Sampie: W-E-35
15 | HNU <1 ppm
- - 12 | Little recovery
=| Very soft driling encountened. B
Sloughing pocured a1 appronmaiety 37 10 30 lest dunng well ingaSabon
oy e Pt e P ——mmm————— i S 4 2 | Sample : W-E-4D
GLAYEY SiLT (ML-CL}, brown, some medium sand, homoganecus, 3 | HMU <1 ppm
| st maist 5
48— Grades o less sand, brown with leint black blebs - 5 | Sample: W-E-45
g | HNU = re response
= B
. =~ .
=1 Mase difficull drifing encountered. N
............... e
B o e e 20 | Samgpie noi izkan
GRAVELS (GM), pebbles black/gry, saluraied, some sit an
- 25
55 = 55—
0 - -
Tonng Torminaies &l apposmainy |
R 61 leai bolow graoe. -

FIELD LOG OF BORING NO. _ W-E SHEET 2 OF 2




Woodward-Clyde Consultants 4> Project: Arrow Rentals 90C0321A
Wall Number and Location: Boriﬁ at former Arrow Gas Pump Elev. and Datum:
e . - . Date Started:  3/11/91
Dn"fng Agafmy. Arrow Rentals Driller:  Teny Sullins Date Completed: 3r12/91
Driling Equipment: pobeat Total Depth: 16 ft.
Driliing Method :_flight auger [Dritibit: 8- inch Sampler: _Bulk, in 4inch brass liners __|
i : Water | First Compl. 24 HRS.
Size and Type of Gasing: NA Level:
Type of Perioration:  NA From: fl To: 1t | No. of Dist. Undist.
i@.?iﬂ!@ of Pack; NA From: ft To: u | Samples
Seal:|Bentonita Pellets NA From: ft To: f# Loggec_! Dy: Checked by:
Grout NA From: __ f1 To: fi| A Ridiey
o
Exz awen | 8 [, &
53 LITHOLOGIC DESCRIPTION pmccr| Gowstucnon | 5 5 2| REMARKS
k-3 7
|| — Concrete pavment. 4 inchesthick _ _ _ _ _ _ _ _ _ _
SILTY GRAVEL(GM) FILL
1 ——
= CLAYEY GRAVEL (GC) P-1 P-1 collected on
2 = . e 1/22/91 from this
iR -dar.k I:lorown with sand, moist, with gravel ce location in brass
5 L to 1" diameter liner, no gasoline
odor
4 =
5 —
6
7 ——
8 —
g =
- Difficult drilling, larger gravel 10 4" diameter
10 |~
"
— Increasing clay content, moist no gasoline
odor
12
13 =
14 |=
15 GC
Boring terminated at 16 ' in CLAYEY GRAVEL
= 12 B-F-iand 2
16 - in brass liners,
s slight gasoline
; pdor
FIELD LOG BORING NO.B-F page 10f 1




APPENDIX C
LABORATORY ANALYSES AND FIELD AQUIFER TESTS
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April 30, 1991 %

Mr. Peter McDonald, Suite 210
400 Main Street
Pleasanton, Ca. 94566

Dear Mr. McDonald:

I have read the fuel characterization data report by Chevron
Research and Technology Company dated October 16, 1990. The

results of their analyses are most interesting and I would like
to comment on some of their findings. '

It was stated that the results of their chemical tests were
not conclusive and some ambiguities in the data were seen. The
conclusions were that the alkyl lead isomers were not present in
the correct pattern, yet their was a possibility that a detergent
additive utilized by Chevron may have been present.

The level of tetraalkyllead was found to be near 0.18
g/gal. and appeared to be similar to regular gasolines formulated

~after 1985. It was stated that Chevron formulated a regular

fuel with 0.22 g/gal lead in 1985 and that 95% of the lead was in
the form of tetraethyllead. The sample from the Arrow Rental Co.

was found to be only 83% tetraethyllead, implying that the
unknown fuel was not Chevron.

The numbers and guantitative data do not exactly match
between the commercial product of the Richmond refinery and the
unknown fuel. However, the numbers generated from the unknéwn
fuel are very close, considering a weathered fuel, and cne
exposed to bacterial decomposition and water hydrolysis.

It also would be informative to ascertain what the pattern of
the other alkyllead compounds were in the unknown Arrow
Rental fuel. Has Chevron ever utilized others mixtures of
alkyllead compounds (triethylmethyllead, diethyldimethyllead,

etc.)? These could be the additives seen with the unknown
sample.

Finally, from the data, analytical error, precision, and
variability with the results obtained from standards are not
presented for samples exposed to the environment. Therefore, the

values of 95% and 83% appear very close, considering the
analytical method and type of sample.

From the results of the Chevron laboratory, it appears that
the fuel is a modern, regular gascline, containing lead at
concentrations similar to post 1985 refinery fuels. The analysis



utilizing gas chromatography with flame photo-ionization
detectors may be adequate for these analyses, however, no
precision or degree of accuracy was presented which may validate
the numbers and comparison. From these findings, I am left with
the conclusion that the unknown fuel from the Arrow Rental Co. is
most probably Chevron which was accidentally poured down a vaper
monitoring well at the site in 198S5.

I hope that I have been some help with the review of these
data. If you would require additional information or analytical
testing, please call me at (415) 422-0903.

Slncerely,

i) Rodpesen

Brian D. Andresen, Ph.D.




(/"91 15:48  FROM LLNL CMAS DIU. : PAGE . 2D3

3. Identification of Tetraethyllead (TEL)

After the GC-MS mass chromatogram plots of m/z 208, 237, and
295 will highlight TEL and other lead isomers. The TEL profiles
will be seen near naphthalene (m/2 128) in the mixture of fuel
compounds. The mass chromatogram plots will clearly confirm
regular fuel in the soil sample.

4. Semi-Quantitation of TEL

Once the mass chromatogram plots of TEL have been obtained
the areas of each of the three ions is generated (by computer),

The areas are summed and compared directly to the area of the
total icnization plot.

Area {208 + 337 + 295) = Praction % of TEL in the Fuel
. Area of the Total Ion Plot ' '

Fractional % x 3784g/gallon fuel = g TEL/gallon

Discussion

All of the isolated fuel is carefully concentrated to avoid
loses to the volatiles in the fuel. The choice of methylene
chloride or carbon disulfide is important because these solvents
are so very veolatile, capable of extracting fuels from soil

easily, and generate few competing fragment ions in the mass
spectrometer. '

- The choice of mass chromatogram plots (m/z 208, 237, and 295)
are diagnostic of TEL in gasolines. No other fragment ions from
other hydrocarbons generate these characteristic ions which must
appear at exactly the same retention time. .

The calculation of the amount of TEL in the final extract is
semi-quantitative. If the soil is particularly rich in
-naturally occurring organic compounds, a blank soil sample
should be analyzed under the identical conditions. The total ion

plot area is then subtracted from the total ion plot are of the
gasoline contaminated soil sample.

So0il samples, socaking with fuel, can have the TEL determined
‘to within very close agreement to values obtained directly from
‘raw fuel. The more the sample has to ba concentrated, the more
difficult it will be to accurately determine the amount of
TEL/gallon. However, this approach will clearly demonstrate the

difference between grams/gallons and fractional gram amounts of
TEL/gallon in regular gasoline.

I hope that these procedures will aid in your investigations. |

' ,They are reasonable «asy to perform and have a good change of
- 8uccess when the samples are fresh.

: ;.aﬁf
*%k TOTAL PAGE P;UM )

a4 A=. 451 PM
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BRIAN D. ANDRESEN

WORK ADDRESS: HOME ADDRESS:

Lawrence Livermore National Laboratory 7694 Hillsdale Court
University of California Pleasanton, California 94566
Condensed Matter and Analytical (415) B846-2782

Sciences Division = Chemistry

P.O. Box 5507, L-310

Livermore, California 94550

(415) 422-0903

PERSONAL

Born: Reed City, Michigan (January 20, 1947).

PROFESSIONAL OBJECTIVES

To use the training obtained in synthetic organic chemistry, mass

"5pectrometry, and computer assisted analysis of organic compounds in

environmental, biomedical or related research areas. To design
unique analytical equipment for trace organic analysis.

EXPERIENCE

(1) Assistant Professor at the University of Florida, 'College of
Pharmacy (1974-1979), responsible for teaching undergraduate and
graduate students techniques in drug analysis, initiating research
concerning the synthesis of drugs incorporating stable isotopes, and
in identifying trace levels of drugs and biologically active
compounds in man and in the marine environment.

(2) Assistant Director of the University of Florida, College of
Pharmacy's Analytical Toxicology Laboratory District IV, Licensed

Director (Clinical Chemistry) Florida State Certified (No. 00067),
(1974-1981). . ‘

(3) Associate Professor (Tepured 1982) at the Ohio State
University, College of Medicine, Department of Pharmacoclogy.

Courtesy Appointment in the Department of Obstetrics and Gynecology,
College of Medicine. Director of Mass Spectrometry Facilities,

College of Medicine (1979-1983).

(4) Director of the National Reye's Syndrome Research

Laboratory, at The Ohio State University College of Medicine
(1980-1983).

(5) National Institutes of Health (NIH) Grant Review Cadre
Member for Cancer of the Pancreas and Large Bowel (1980-1984).



(6) Perinatology Program in Maternal-Fetal Medicine and
Neonatology, Associate, The Ohic State University, Department of
Obstetrics, Gynecology and Neonatology, 1981-1983.

(7) Courtesy Appointment: Faculty Member in the Department of

Obstetrics and Gynecology, 8S8chool of Medicine, The Ohio State
University, 1981-1983.

(8) Central Ohio Heart Association Peer Review Cadre Member,
1982-1983.

(9) Benior Research Scientist, Environmental and Biomedical
Sciences Divisions, Instrumentation and Measurement Sciences Section
(1983-1988) at the Lawrence Livermore National Laboratory.

(10) Senior Research Scientist, Condensed Matter and Analytical
Sciences Division, Chemistry Special Projects (1988-present).

(10) Drug Enforcement Administration Certified (No. PA0183296)
as a Director of an Analytical Laboratery (1976-present).

(11) Department of Energy, Subcommittee Member: Detection
Sub-Group, "Research and Development to Counter the Narcotics
Threat', part of the Intelligence Research and Development Council
(IR&DC) under the direction of the CIA/ORD (1987-Present).

EDUCATION

1972-1974 Ph.D. cbtained under Professor Klaus Biemann at
Massachusetts Inst t echnolo IT),
Department of Chemistry. [Thesis Title:
"Deuterium Labeling in Drug Metabolism Studies by
Mass Spectrometry".

1971-1972 Second Master's degree obtained at Woods Hole
Oceanographic Institute (MIT-WHOI Joint Program)
in the Chemical Oceanography Department. Thesis
Title: "Identification of the Organic Components
in Green River Shale".

1369-1971 First Master's degree obtained at Massachusetts
Institute of Technology (MIT), Department of
Chemistry in Analytical Chemistry.

1965-1969 Undergraduate Education Florida State University
Major in Chemistry, minor in math, biology and
oceanography (GPA 3.2/4.0 overall, 3.7/4.0 science).

INSTRUMENTATION

1. Mass Spectrometry - Proficiency in high resolution mass
spectrometry using either a CEC-110B or Varian MAT 311A double
focusing instruments. Experienced with both electronic and
photographic recording capabilities and with computer control and
calculations of high resolution data. Much experience with low
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ana high resolution mass spectrometry for generating and inter-
przting mass spectral data. Extensive use of combined gas chro-
matography-mass spectrometry-computer systems. Have been
involved with the complete installation, maintenance, and up-
grade of existing instruments including Varian-Finnigan, Hewlett-
Packard, Dupont, Hatachi, Nuclide, and Nicolet. Hold several
patents in GC-MS interfacing and new analytical equipment.

2. Gas Chromatography - Proficiency in the use of all types
©of gas chromatographic equipment and techniques. Very familiar
with packed and capillary column gas chromatographic-mass
spectrometry techniques and interfacing.

3. High Pressure Liguid Chromatography ~ Familiar with
ecuipment and techniques necessary for the identification and

guantitation of compounds in biological fluids. Have been
responsible for an Altex and Spectro-Physics HPLC systems used to
isolate and quantitate drugs in body fluids.

4. Computers - Familiar with IBM 1800, PDP-11/34, HP-2200
computers and data handling equipment. Very familiar with
microcomputers and techniques for data acquisition and reduction,
having built a Z-80, 32K RAM, dual-disk drive system. Also have
built a 635K, 10 megabit IBM-XT computer (with associated hard-
ware and software) and taught courses related to high speed anal-
og-to-digital data recording and manipulation.

5. Other Specjalized Techniques - Much research and teaching
experience has been acquired in the areas of infrared, ultravio-
let, and nuclear magnetic resonance instrumentation and spectral
interpretation. Have had much experience with design and problem
sclving in electronics. Experienced with isolated organ perfu-
sicn apparatus and experimentation. Recently have gained much
experience with fiber optics, lasers, and remote sensing utiliz-
irg optical fibers.

OZGANIC SYNTHESIS

Proficient in a wide variety of synthetic skills, having
synthesized many natural products, drugs, drug metabolites, as
well as useful intermediates. Work has alsco included the
development of useful synthetic pathways for the preparation of
isotopically labelled compounds for internal standards in

vantitative analysis, and labelled drugs for feeding experiments
in pharmacological studies of drug metabolism in animals and man.
Recently have gained much experience in the synthesis of potent
czrcinegens and mutagens in overcooked food. Research work has
aiso centered on the isolation, characterization and synthesis of
pcilutants in the San Francisco bay. This work includes
chenicals isolated from seawater, ocean sediments and fish.

MEZTICAL BACKGROUND

Analyses have been performed on the body fluids of over 1200
pitients suffering from drug overdose. This work was performed
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in Boston at MIT, at the University of Florida and at The Ohio
State University to aid doctors with immediate body fluids
analyses utilizing computer controlled gas chromatography and
mass spectrometry to provide rapid and reliable information for
the identification of the toxic substances in comatose patients.
Quite often this work has included the analysis of and testimony
concerning drugs, alcohol, and poisons. Major research interest
has centered on the identification of biologically significant
compounds in disease states and during pregnancy. Much work has
been aimed at the complete analysis of amniotic fluids, spinal
fluids, and the identification of abnormal compounds in the body
fluids of Reye's S8yndrome victims. The compound identifications
have included both environmental compounds, drugs and metaboli-
tes, and new biochemicals of potential toxicity. Much experience
has been obtained concerning animal surgeries with dogs, rats and
baboons. In baboons, a considerable amount of work has been
performed in the area of fetal pharmacology. In these surgical
experiments, live baboon fetuses were removed, studied ‘and
returned to the uterus to be carried to term. Much experience
has also been gained concerning complications of pregnancy in
women.

GENERAL

Have worked on a variety of projects including the analysis
of the Apollo Lunar samples for organic chemical content;
anti-tumor compounds; fish migration and the chemical character-

‘ization of home stream water; crustacean communication, phero-

mones, and sex attractants between male and female lobsters; oil
shale analysis by combined gas chromatography and mass spectro-
metry; pseudo-Jupiter soil analyses; the identification of
various pollutants in river and ocean water (Chemical Oceanogra-
phy):; the identification of antibiotics from marine plants and
animals; Fetal Alcohol Syndrome (FAS); the identification of
chemicals indicative of distinct disease states (Reye's Byndrome,
Maple Syrup Urine Disease); drug metabolism studies, including
the identification of metabolites of beta-blockers, (acebutolol):
the characterization of amniotic fluids by gas chromatography and
mass spectrometry to identify chemicals indicative of the
maturity and health of the developing fetus; and more recently
the synthesis of mutagenic substances in over cooked food. In
addition, technlques have been developed to identify the
accelerants in arson cases, or the identification of underground
gasoline leaks utilizing mass spectrometry and pattern
recognition. _

Most mass spectrometry work has required the analysis of many
different types of environmental and biological samples. These
have included solid, liquid and gaseous samples. Central to this
work has been the development of new procedures for the analysis
of blood, urine, cerebral spinal fluids, serum, breath, bile,
stomach contents, vitreous humor (from the eye), amniotic fluids,
meconium, feollicular fluids (from human ovaries), tissues (liver,
brain, muscle, skin), and many varied samples of biological
origin. All of these studies have presented many challenging
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situations which require unique sample handling and derivatiza=-
tion techniques, yet allowed added experiences to be gained in
the types of unusual compounds that may be encountered during any
gas chromatography-mass spectrometry-computer analysis. New
arzas of interest have included computer profiling techniques for
the comparisons of diseased and healthy body fluid and tissue
samples by gas chromatography and mass spectrometry. With these
new computerized profiling technigques we are now able to observe
mzjor and subtle changes in the body chemistry. This new area of
research may be important for disease state diagnosis.

MASS SPECTROMETRY FACILITIES

In addition, much time has been spent in the development of
mass spectrometry research groups and mass spectrometry
facilities within the three different University systems (The
Uriversity of Florida, The Ohio State University, and the
University of California at Berkeley [Lawrence Livermore National
Lazccratory]). In this capacity, many students and laboratory
personnel have been trained in the art of mass spectrometry,
including instrument maintenance, electronics -design, chemical
analysis, and problem solving. This final point has been
especially important. Mass spectrometry has been taught as a
scphisticated tool, capable of solving problems which are often
encountered in the analysis of submicrogram amounts of components
within a complex biological matrix. Students who leave our group
have a much greater appreciation for the capabilities and
lizmitations of computer guided gas chromatography-mass
spectrometry systems in analytical chemistry and a better
understanding of its power when applied to environmental or
biomedical problems.

NEY METHODS OF ANALYSIS

Recently new methods have been developed for sample introduc-
tion into a mass spectrometer. These include Electrophoresis-
Mzss Spectrometry (EPMS) and a new type of Moving Belt Interface
fcr high performance liquid chromatography-mass spectrometry.
Both designs are completely original and promise to give an added
dimension to the mass analysis of complex mixtures containing
pelar or thermally labile molecules which have previously been
mest difficult to analyze by standard mass spectral techniques.
From this work four new patent applications have been submitted.

The Electrophoresis-Mass Spectrometry interface has resulted
ir an IR-100 Award for 1986. This award recognizes the top 100
best research and development ideas which have been judged on the
bzsis of their significance, uniqueness, and usefulness from a
technical standpoint. The competition considered many thousands
of applicants world wide.

New methods are currently being developed to review mass
sr=ctral data directly with the aid of an IBM PC. It is the goal
o :his research to utilize high speed microcomputers to
mz~ipulate mass spectral data for pattern recognition.
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TO: Mr. Al Ridley
FROM: Brian D. Andresen

RE: Identification and semi-gquantitation of tetraethyllead in
soils by extraction and GC-M5 analysis

Enclosed is my procedure for the isolation of trace amounts
of gasoline from scoils. Although there is no EPA number for these
analyses, they work well for a variety of sample types. The
procedures are divided into three parts: (1) Following sample
concentration, the GC-MS analyeis is directed toward generating a
recognizable gasoline profile. (2) Fragment ions associated with
tetraethyllead (TEL) are highlighted and their areas determined.
{3) A semi-quantitative treatment of the data is. obtain an
estimate of the original TEL in the regular gasoline calculated.

1. Puel Isclation from Soils

. Into a clear beaker (with aluminum foil top) is added 100 to
200 g of fresh scil which has revealed the characteristic smell
of gasoline. The soil is broken into small pieces under a volume
of methylene chloride (b.p. 40°C) or carbon disulfide (b.p.
46°C) which is sufficient to cover the soil sample. The mixture
of solvent and soil is then placed in an ultrasonic bath for 15

minutes (avoiding excessive heat) to extract the fuel from the
soil. :

. The beaker is removed from the ultrasonic bath and the fine
sediments are allowed to settle (approximately 10 minutes). The
Clear solvent layer is decanted into a pear shaped flask and
rotary evaporated carefully so that the solvent is removed slowly
while cold. The extraction solvent is reduced to a volume of
approximately 1.0 te 0.5 mL (never to dryness) and immediately
capped and then analyzed by computer controlled gas
chromatography-mass spectrometry.

2. Gas Chromatographic-Mass Spectrometric Analysis

: Approximately 2 ul of the extracted sample is injected into a
-capillary GC-MS instrument. A concentrated encugh sample should
be injected to insure a strong fuel signature with a reasonably
intense total ionization plot. A capillary column is not
essential, however, it will allow the separation of the very
volatile extraction solvent from the fuel. Thae GC conditions
‘8hould be initiated near 40-50°C to insure separation of the fuel
from the extraction sclvent. The temperature program conditions
should ramp high enough (250°C) to allow all gascline components
to elute during the GC-MS run., The mass spectrometer should
record all mass spectral data (45-400 amu) . '
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Carcinogen IQ From Fried Egg Patties", J. Agric. Food Chem., 34:
201-202 (1986).

68. J.S. Felton, M. G. Knize, N.H. Shen, P.R. Lewis, B.D.
Andresen, J.Happe and F.T. Hatch, "Isolation and Identification
of a New Mutagen From Fried Ground Beef: 2-Ami
no-l-methyl-6-phenyl-imidazo[4,5-b]pyridine (PhIP)", Carcinogene-
sis 7: 1081-1086 (1986).

69. B.F. Rayburn and B.D. Andresen, "Principles of Perinatal
Pharmacology", in Drug Therapy in Obstetrics and Gynecolody
{Second Edition), F. Zuspan, Ed., B. Andresen, Associate Ed.
(Appleton-Century-Croft, Connecticut, 1986), Chapter 1. pp. 3-12.

70. B.D. Andresen, "Chemical Properties of Drugs", in Drug
Terapy in Obstetrics and Gynecology, F. Zuspan, Ed. B. Andresen,
Associate Ed. (Appleton-Century-Croft, Connecticut, 1986), pp.
477-493.

7i. A. B, Chu, L. .8. Nerurkar, N. Witzel, B. D. Andresen, et al,
"Reye's Syndrome - Salicylate Metabolism, Viral Antibody Levels,
and other Factors in Surviving Patients and Unaffected Family
Members", Am. J. Diseases _Children., 140: 1009-1012 (1986). <
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72. J.S. Felton, M.G. Knize, Na.H. Shen, B.D. Andresen, L.F.
Bjeldanes, and F.T. Hatch, "Identification of the Nutagens in

Coocked Beef", Env1;onmenta1 Health Perspectives 67: 17-24 (1987).

73. B.D. Andresen, B.W. Hurtuk, and K.J. Ng, "Mass Spectro-
metry", Fundamentals of Clinical Chemistry, N. Tietz, E4.

Chapter 2, Sec. 8, pp 137-143, W.B. Saunders, Co., Philadelphia,
PA. (1987).

74. B.D. Andresen and E. Raber, "Chemical Characterization and
Analysis of Sea Water Samples", Classified Publication: COVD-3655
(1987) Lawrence Livermore Natiocnal Laboratory.

75. R.B. Spies, B.D. Andresen, and D. Rice, "Benzthiazoles In
Estuarine Sediments as Indicators of Street Runoff", Nature 327:
697-699 (1987).

76. R.B. Spies and B.D. Andresen, "Benzthiazoles in Estuarine
Sediments as Indicators of Street Runoff", in Energy and
Technology Review (Lawrence Livermore National Laboratory,
Livermore, Ca, August, 1987, pp. 30-34.

77. B.D. Andresen, E. Raber, R. Howley-~Fedder, et al.,
"procedure for Collection and Preparation of Water Samples for
Chemical Analyses", Classified Publications: COVDS-4354

and COVD-4201 (1987).

79. B.D. Andresen and E. Raber, ".....Sample Analysis...",
Classified Publication: COVD-4789 (1988).

80. M.F. Singleton, J.F. Cooper, B.D. Andresen, and F.P.
Milanovich, "lLaser Induced Bulk Damage in Potassium Dihydrogen
Phosphate Crystal“, UCRL-97658, Feb. 1988.

81. M.F. Singleton, J.F. Cooper, B.D. Andresen,

and F.P. Milanovich, "laser-Induced Bulk Damage In Pota551um
Dihydrogen Phosphate Crystal", Appl. Phys. Lett. 52: 857-859,
(1988).

82. B. D. Andresen and W. Burks, "Chemical Analysis of Three
Samples", Classified Publication COVC-5149 Lawrence Livermore
National Laboratory (1988).

83. B.D. Andresen, "Hypertensive Disorders", (in Textbook of
Clinical Laboratory Sciences, (Edited) B. G. Davis, M. L.
Bishop, and D. Mass, J.B. Lippincott, Chapt 4, pp. 34-57, 1989).

84, B.D. Andresen and E. Raber, "INF-CCAT Assessemtns",
Classified Publication COVD-89-6339 (March, 1989).
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WORKSHOPE AND TRAINING BSEMINARS

1. B.D. Andresen, "Applications of Mass Spectrometry for
Clinical Toxicology", Workshop presented at the 315Y" Annual
Meeting of the Am. Ass. Clinical Chemists, New Orleans, July 16,
1979.

2. D. Eisenberg, Y. Nordhav, and B.D. Andresen, "Underground
Storage Tanks - Advanced Level Course", Workshop presented at the
April 20-22 Hazamacon 87 - Assoc. Bay Area Governments - Trainin
Institute, Santa Clara, California.

3. D. Eisenberg, Y. Nordhav, and B.D. Andresen, "Underground
Storage Tanks - Advanced Level Course", Workshop presented July
30, 1987 at the Association of Bay Area Governments (Oakland,
CA).

4. D. Eisenberg, Y. Nordhav, and B.D. Andresen, "Undergrecund
Storage Tanks - Advanced Level Course", State of California Water
Resources Control Board Training Course. Presentations:

a. Sept. 1-3, 1987 (Sacramento, CA.)

b. Sept. 14-16, 1987 (Los Angeles, CA)

c. Sept. 23-25, 1987 (Irvine, CA).

ABSTRACTS

1. K. Biemann, C.E. Costello, and B.D. Andresen, "Mass spectro-
metric Identification of Drugs and Their Metabolites in Body
Fluids", 166th National Meeting, Am. Chem. Society, Chicago, IL
(1973) .

2. H.L. Panzik, J.L. Templeton, R.H. Hammer, B.D. Andresen,

P. Doering, and M.P. Pevonka, "Peritoneal Dial¥sis for Manage-~-
ment of Severe Glutethimide Intoxication", 21%% Meeting, Academy
of Pharmaceutical Sciences, Abstract of Papers, 6: 154 (1976).

3. B.D. Andresen, M.D. Long, J.L. Templeton, R.H. Hammer, H.L.
Panzik, and F.T. Davis, "“Synthesis of Characterization of
Metabolites of Glutethimide", 215t Meeting, Academy of Pharma-
ceutical Sciences, Abstracts of Papers, 6: 155 (1976).

4. B.D. Andresen, "Doriden", Biotransformation Reviews,
Series C: 10370-10371 (1977).

5. D. Eneanya, P. Hanumiah, N. Gerber, B. Andresen, and

J. Bianchine, "Dose-Dependent Kinetics of Diethyldithiocarbonic
Acid", presented at the American Federation for Clinical
Research, Atlanta, Georgia, June 1981.

6. K. Ng, J.R. Bianchine, and B. Andresen, "Capillary Gas
Chromatography of Cerebral Spinal Fluid from Alzheimer Dementia
Patients", The 12th Annual National Meeting for the American
Aging Association (San Francisco, Ca., September, 1982), p. 20.
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7. K.J. Ng, B.D. Andresen, J.R. Bianchine, J.D. Iams,

R.W. O'Shaugnessy, and F.P. Zuspan, "Capillary Gas Chromatograph-
ic-Mass Spectrometric Profiling of Organic Acids in Human
Amniotic Fluids", Society for Gynecologic Investigation
Abstracts, March of Dimes National Foundation Birth Defects

Conf. Proc., June 15, 1982, p. 165.

8. M.S. Alexander and B.D. Andresen, "Acebutolol in the Isolated
Perfused Rat Liver", presented at the 83¥d am. Soc. for Clinical
Pharmac. and Therapeutics, lLake Buena Vista, Fl., March 1982.

9. M.S. Alexander and B.D. Andresen, "Salicylate Determination
in Reye's Syndrome by Liquid Chromatography", gth Annual
Bio-Medical Forum, Chio State University, ISCABER Society, June
19382.

10. J. Matsumoto, J. Bianchine, R.M. Thompson, D. Sharp, N.
Gerber, K. Ng, and B.D. Andresen, "Pharmacokinetics of Xenobiot-
ies in Animals Treated with Perfluorochemical Artificial Bloods",
ASPET/SOT (1982).

11. K. Ng, B.D. Andresen, et al., "Capillary Gas Chromatography-
Mass Spectrometry Profiling of Organic Acids in Human Amniotic
Fluids", Society for Gynecologic Investigation, March of Dimes
Birth Defects Conf., June 15, 1982, p. 165.

12. K.J. Ng, J.R. Bianchine, B.D. Andresen, and L. Hersey,
"Capillary Gas Chromatographic-Mass Spectrometric Analysis of
Cerebral Spinal Fluid in Alzheimer Dementia Patients", Am. Aging
Assoc. Preoc., 5: 137 (1983).

13. K.J. Ng, B.D. Andresen, and J. Bianchine, "Capillary Gas
Chromatography-Mass Spectrometric Profiles of Trimethylsilyl
Derivatives of Serum Organic Acids from Reye's Syndrome
Patients", 315t Annual Conference on Mass Spectrometry (Boston,
Massachusetts, 1983}, p. 449.

14, D. Contos, B.D. Andresen, J.R. Bianchine, and F. Thomas,
"Analysis of Gastric Juice of Gas Chromatography-Mass Spectro-
metry (GC-MS)", 9th Annual Bio-Medical Forum, Ohic State
University, ISCABER, June 1983.

15. D. Contos, J. Iams, N. McMahon, B. Andresen, J. Bianchine,
K. Ng, and F. Zuspan, "“Caffeine Consumption During Pregnancy and
Amniotic Fluid Cholesterol and Palmitic Acid Levels Measured by
GC/MS", 165th Annual Birth Defects Conf., March of Dimes, June
20, 1983, Seattle, Wa.

16. D.A. Contos, B.D. Andresen, F.B. Thomas, and J.R. Bianchine,
"Gastric Juice Comparisons by Gas Chromatography-Mass Spectro-
metry", College of Medicine, Department of Pharmacology, The Chio
State University, American Society for Pharmacology and Exper-
imental Therapeutics, August 7-11, 1983, Philadelphia, Pa.
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17. K. Ng, B.D. Andresen, M.D. Hilty and J. Bianchine, "Compari-
son of Capillary Gas Chromatographic-Mass Spectrometric Profiles
and Non-Fatal Cases of Reye's Syndrome", American Federation for
Clinical Research, Washington, D.C., April 1983.

18. B.D. Andresen, B.L. Wise, and K.J. Ng, "Mass Spectrometry in
Clinical Chemistry", J. Med. Tech., 1(5): 391 (1984).

19. J.S. Felton, M.G. Knize, M.G. Shen, B. Andresen, F.T. Hatch,
and L.F. Bjeldanes, "Identification of the Mutagens in Cooked
Beef", 1984 Intern. Chem. Congr. Pac. Basin Soc¢., Honolulu, HI,
December 16-21, 1984 (Abstract 02C03).

20. L. Kempton, K. Stone and B. Andresen, "Clinical Correlates
of Active and Passive Smoking on the Fetus and Infant", Midwest
Nursing Research Society Meeting, Minneapolis, Ind., April 1984.

21. M.G. Knize, B.D. Andresen, et. al, "Isolation and Identifi-
cation of Two New Mutagens From Fried Ground Beef", Sixteenth
Annual Meeting of the Environmental Mutagen Scciety, February
1985, Las Vegas, Nevada, Environ. Mutagen., 7( Suppl. 3},

81 (1985).

22. J.S. Felton, M.G. ¥Knize, B.D. Andresen, N. Shen, S.K.
Healy, L.F. Bjeldanes, and F.T. Hatch, "Cooked beef mutagens:
compounds formed and quantitative estimate of yield", Sixteenth
Annual Meeting of the Environmental Mutagen Society, February
1985, Las Vegas, Nevada, Environ. Mutagen., 7( Suppl. 3}, 81
(1985).

23. R.B. Spies, D.W. Rice, P.A. Montagna, and B.D. Andresen,
"Evidence For an Effect of Organic Contaminants On Successful
Reproduction of Starry Flounder in San Francisco Bay", Sixth
International Ocean Disposal Symposium, April 21-23, Asilomar
Conference Center, Pacific Grove, California, (Abstract 930,
page 114 (198¢6).

24, M.F. Singleton, J.F. Cooper, F.P. Milanovich, and B.D.
Andresen, "Laser Damage Studies of Potassium Dihydrogen Phosphate
Single Crystals", Seventh American Conference on Crystal Growth,
July 12-17 Monterey, CA., pages 265-266 (1987).
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PATENTS AND PATENTS PENDING

1. B.D. Andresen and K. Ng, The Chio State University (1982):
"Helium Preheater for the Open Split Capillary Gas Chromatograph-
Mass Spectrometer Interface", Awarded July 5, 1983,

No. 4,3%91,778.

2. B.D. Andresen and K. Ng, The Ohio State University (1982):
"Method for the Analysis of Materials by Chromatography and Mass
Spectrometry", Awarded February 26, 1985, No. 4,501,817.

3. B.D. Andresen, M. Alexander, and D. Sharp, "A New Synthesis
of Acebutolol", (Has passed all preliminary reviews and is
awaiting final assignment of U.S. Patent Number, 1987).

4, B.D. Andresen and M. Alexander, Intermediates for the
Synthesis of Acebutolol", (Has passed all preliminary reviews and
is awaiting final assignment of U.S. Patent Number, 1987).

5. B. Garron and B.D. Andresen, "A Wireless Sound and
Communication System", Patent submitted to Washington, June 1987.

6. B.D. Andresen and Eric Fought, "Electrophoresis Mass
Spectrometry", Awarded November 10, 1987, No. 4,705,616.

7. B.D. Andresen and Eric Fought, "Interface for
Liquid Chromatograph-Mass Spectrometer", Awarded September 19,
1589, No. 4,867,947.

8. B.D. Andresen and Vinit Saxena, "Chromatography Col-
umn/Moving Belt Interface", Awarded April 26, 1988,
No. 4,740,298,

9. B.D. Andresen and Vinit Saxena, "Chromatography Column-
Electrophoresis System", Awarded November, 24, 1987,
No. 4,708,782.

10. B.D. Andresen and F. Milanovich, "Platinum Catalyzed
"Huemorph' - A Fiber Optic Based Hydrogen Gas Sensor", Patent
Disclosure Submitted September 1986.

11. B.D. Andresen and F. Milanovich, "Gasoline “Huemorph' Fiber

Optic Based Gasoline and Other Solvent Sensor", Patent Disclosure
Submitted September 1986.
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ZUZLICATIONS (In Press, Submitted, or In Preparation)

:. K.J. Ng, B.D. Andresen, and J.R. Bianchine, "Capillary Gas
Cnromatographic-Mass Spectrometric Profiles of Organic Acids from
smnlotic and Other Body Fluids", in Reproductive Medicine Series
Marcel Dekker, Inc. Publishers).

K.J. Ng, B.D. Andresen, J.R. Bianchine, J.D. Iams, R.W.
'¢haugnessy, M. Nelson, F.P. Zuspan, and L.F. Stempel,
“"ariation in Hippuric Acid Concentration in Amniotic Fluid with

=stational Age", J. Obstetrics and Gynecclogy.

[ I )

M. Alexander, M. Beorrisud, B. Andresen, A. Staubus, S.
ccbs, S. Roemer, and J. Bianchine, "Acebutolol and its
bolites Following Oral and Intravenous Administration in

, €lin. Pharmacology and Therapeutics.

1

oW

~. B.E. Watkins, M.G. Knize, C.J. Morris, B.D. Andresen, et.
2.., "Synthesis of derivatizes of the Cooked-Food Mutagens IQ,
2x, and PhIP as Haptenic Compounds", (Submitted Hetercycles

-
L= /:}
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TEACHING ACTIVITIES

(Shared With Other Department Members at The Ohio State University)

1.
2.

Pharmacology 824 - Psychopharmacology
Pharmacology 702 - Practice of Pharmacology (Laboratory

methods)

Pharmacology 700 - Phase II Medical Students Required

Pharmacology Course

Pharmacology 609 -~ Molecular Pharmacology
Pharmacology 600 - Introduction to Pharmacology
Pharmacology 400 - Pharmacology for Clinical Chemistry

Technologist

TEACHING ACTIVITIES (Total Responsibility)

1. Pharmacology 850 - General Pharmacology Review (All Topics

in Pharmacology)

2. Pharmacology 860 - Chromatography and Instrumental Methods

of Drug Assay (With Biomedical
Mass Spectrometry)

3. Pharmaceology 999 - Graduate Student Supervision

4. Analytical Pharmaceutical Procedures - 445
(1979-1983 University of Florida)

5. Pharmaceutical Laboratory - 447
{1979-1983 University of Florida)

GRADUATE STUDENTS (Under My Supervision)

1.
2.
3.
4,
5.
6.
7.
8.
9.
10.

11.

Mrs.
Mrs.
Mrs.
Ms.
Dr.
Dr.
Dr.
Dr.
Dr.
Mr.

Dr.

Judy Lubbers - M.D. and Ph.D. Candidate

Diane Moreno - Ph.D. Candidate

Li-Shei Lin - Master' Student (Awarded 1981)
Cynthia Beach - Ph.D. Candidate (Awarded 1983)
Kwokei Ng - Ph.D. Candidate (Awarded 1981)

Dennis Eneanya - Ph.D. Candidate (Awarded 1981)
Ginn Wu - Postdoctoral Fellow

Dale Sharp - Postdoctoral Fellow
Matana Borrisud - Ph.D. Candidate (Awarded 1983)
Harry Duran, Mr. Jason Chang, Ms. Denise Contos,
Ph.D. Canadates (partially suported in my laboratory)
Michael Alexander ~Ph.D. candidate (awarded 1983)

OTHER STUDENT SUPERVISION (The University of Florida)

1. Dr. Frank Davis - Ph.D. Student (awarded 1978)

2. Mr. James Templeton - Masters Student (Awarded 1977)

3. Dr. Harry Panzik - Postdoctoral Fellow
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(Zh.D. THESIS and DISSERTATION3 DIRECTED)

1 "Applications of Synthetic Organic Chemicstry, Stable
I=ctope Labelling, and Mass Spectrometry to Drug Metabolism
Studies", Dr. Frank Davis (1978).

2. "Gas Chromatographic-Mass Spectrometric Profiling of
Orzanic Acids of Human Amniotic Fluid", Dr. Kwokei Ng (1981).

3. "Metabolic Study of Ritodrine With High Performance Liquid
Ci.rcmatography", Dr. Matana Borrisud (1983).

i. "Metabolic Studies of Acebutolol by HPLC and GC-MS",
Dr. Michael Alexander (1983).
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MEDICAL STUDENTS (Receiving Awards and Financial Bupport
While Under My Bupervision)

1. Mrs. Mary Ann Gravinstein
2. Mr. sStephan Gravinstein
3. Mr. James Kotsonas

4. Ms. Barbara Bunn

5. Mr. Rick Kukukla

6. Mr. David Bray

7. Ms. Linda Weber

GRANTS AWARDED A8 THE PRINCIPAL INVESTIGATOR AT
THE OHIO STATE UNIVERSITY

1. The Chio State University School of Medicine Sta;ter'Gran@,
$5,000: "The Characterization of Unusual Compounds in the Urine
of Reye's Syndrome Patients" (1980), Grant #540107.

2. The Ohio State University Graduate Research Program, $5,400:
"Acebutolol - A Threat of Toxic Metabolites", (1980), Grant
$221312.

3. The National Reye's Syndrome Foundation, $21,000: "A Reye's
Syndrome Analytical Facility" (1908-1983), Grant #713086.

4, The Central Ohio Heart Foundation, $12,000: "“The Impact of
Metabolites of Acebutolel on Cardiofunction" (1980), Grant
$713369,

5. The Stohler Isotope Chemical Co., $5,000: "The Analysis and
Synthesis of Labelled Compounds" (1980), Grant #536577.

6. The Central Ohio Heart Association, $15,000: "The Potential
Danger of In-Vivo Acebutolol Deccmposition™ (1981-1982).

GRANTE AWARDED AS CO-INVESTIGATOR AT THE OHIO SBTATE UNIVERSITY
(Principal Investigator)

1. The National Institutes of Health, $433,497: "Unsaturated
Fatty Acids, Prostaglandins, and Diabetes;" (Dr. Howard Sprecher,
1981-1985).

2. Public Health Services, $95,767: "Prostaglandin Control of
Macrophage Anti-tumor Activity", (Dr. B.S. Zwilling, 1981-1985).

3. The National Institutes of Health, No. 669,218: "Stochastic
Fourier Transform Ion Cyclotron Resonance Mass Spectrometry",
(Dr. Allan Marshall, 1983-1986).

GRANTS AWARDED AT THE LAWRENCE LIVERMORE NATIONAL LABORATORY
(As Principal Investigator)

1. The Institutional Research and Development Grants (LLNL),
"Electrophoretic Mass Spectrometry", $59,000 (1985).
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2. The Institutional Research and Development Grants (LLNL),
"Electrophoretic Mass Spectrometry", $120,000 (1986).

3. The Institutional Research and Develcpment Grants (LLNL),
"High Performance Liquid Chromatography High Resolution Mass
Spectrometry”, $110,000 (1985)

4. The Institutional Research and Development Grants (LLNL),
"High Performance Liquid Chromatography High Resclution Mass
Spectrometry", $119,000 (1986).

£. Department of Energy, "Galileo Project", $27,000 (1986-1989).

6. Department of Energy, "Very Small Mass Spectrometer (VSMS)",
220,00 (1988-1990).

GRLHTS AWARDED AT THE LAWRENCE LIVERMORE NATIONAL LABORATORY
(is Co-investigator)

1. National Institutes of Health, "Mutagens From Cooking of
Fcod", (Dr. Fred Hatch, $3,800,000, 1981-1987).

2. National Institutes of Health, "Immunoassays for the
Dztection of Cooking-Food-Mutagens", (Dr. James Felton, $724,821,
1625-1987) .

National Institutes of Health, "“Genotoxicity of Foocd Related
» Z.,2=-Dicarbonyl Compounds in Cooked Food", (Dr. Robert Taylor,
zx2,177, 1985-1987).

€0t

Jakridge National Laboratory, "Improved In-Situ Detection of

n O T

rzznic Compounds", (Dr. Fred Milanovich, $210,00, (1986-1987).
5 Environmental Protection Agency, "Groundwater Monitoring By
Sszctroscopy With Optical Fibers and Optrodes", (Dr. Fred
¥:_=novich, $150,000, 1983-1986).
€. Department of Energy, "Subsurface Organic Chemical Analysis
U:zing Remote Fiber Optic Technology", (Dr. Florence Harrison,
€2:,000, 1985-1986).

Department of Energy, "Chemical Characterization and Analysis
zznnigues (CCAT-Organic)", R. Hawley-Fedder and B.D. Andresen
Zz-Principal Investigators) $385,000 (1986-1988).

—— r-% B |

nJ

Department of Energy, "“SKYBRIGHT", R. Hawley-Fedder, E.
F:zer, and B. Andresen, $1,200,000 (1986-1989).

0

various Government Agencies, "Unique Projects of Interest”
¢ .-29-1990), supporting funds.
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COMMUNITY SERVICES

Miscellaneous seminars for various departments at The University
of Florida.

Miscellaneous seminars for various departments at The Ohio State
University.

Central Ohio Heart Chapter, Inc. (many community presentations
concerning science in medicine, Columbus, Ohic Museum of Science
and Technoleogy, Continuous Video Tape).

Miscellaneous radic programs on drugs of abuse (AM 610, FM 9¢,
and FM 98 Columbus, OH)

Reye's Syndrome National Laboratory presentations (many radio and
television programs)

Reye's Syndrome - New York Times Newspaper (1981).

Ohio State Coronor's Association Annual Seminar Presentations
(1980-1983).

New Horizons in Science Presentations - UPI and AP News Updates

North Florida District IV Medical Examiner Toxicology Laboratory
Coronor's Association Annual Seminar Presentations - 1574-1979.

Livermore Police - Drug Taskforce.

AWARDS

1. Director - Nation Reye's Syndrome Research Laboratory -
Awarded June 1981 at the National Press Club, Washington, D.C.

2. Industrial Research (IR 100) - Awarded June 1987 at the
Museum of Science and Industry, Chicago, IL. for the newly

invented Electrophoresi-Mass Spectrometry Interface.
LECTURES

Lions Clubs

Rotary Club

National Telephone Companies

American Associations of Clinical Chemists

MISCELLANEOUS

The Presendent's Club - Financial contributions to the Ohio State
University Alumnae Fund.

Included in the American Men and Women of Science - 1982, Fifteenth
Edition, page 134.

Contribution - National Baseball Hall of Fame - 1939 Centennial Coin.
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CONSULTANT TO OR MASS SPECTROMETRY RELATED WORK
WITH THE FOLLOWING GROUPSB

Stohler Isotope Chemicals, Inc. - Waltham, Massachusetts
Syntex Laboratories, Inc. - Palo Alto, California

Adria Laboratories, Inc. - Dublin, Ohio

Varian MAT - Breman, Germany

Florida Crime Lab - Tallahassee, Florida

Columbus Testing lLaboratory, Inc. - Columbus, Ohio

Isotope Labelling Company =- Whippany, New Jersey

8. Anchor Hocking - Lancaster, Ohio

2. Childrens Hospital - Columbus, ©Ohio

1¢. Sepragen, Corporation - San Leandro, CA.

12. Baseline Environmental Consulting - Oakland, Ca.

1Z. Homestake Minning Co. Davy McKee Corp.

1. ST&E, Inc. - Livermore, Ca. (415) 449-85l6.

1<. Distributors Processing Inc. Porterville, CA, (209) 781-0297.
1Z. Midwest Physicans Network - Minneapolis, MN, (612) 863-5613.
l¢, Fiber Chem., Inc. - Albugquerque, NM, (505) 292-6901.

17. Alliance Technologies Corp. - Bedford, Mass. (617) 275-9000.
£. Laser Cartrige Reconditioning - Dublin, Ca. (415)846-9062.

B B S 1 Y SO 0 N o T S

CCIESULTANT WITH THE FOLLOWING LAW FIRMS

Mr. Dan Conner and Associates - Columbus, Ohio, (614) 464-2025
Mr. R. William Meeks and Associates - Columbus, Ohio,

(614) 228-3569.

Mr. Steve Larson and Associates - Columbus, Ohio, (614) 224-0343,.
Mr. Boyd Binning - Columbus, Ohio, (614) 224-1979.

Mr. Richard Bush -Parkersburg, West Virginia, (304) 485-6438.
Mr. Paul Cassidy and Associates - Columbus, Ohio, (614) 228-3569.
Mr. Gary Dumm - Columbus, Ohio, (614) 477-2593.

$. Mr. James Hill - Circleville, Ohio, (614) 477-2173.

%, Mr. Michael Hoddox and Mr. Ronald Lasmer - Zanesville, OChio,
(614) 452-9358.

Py p

1.. ¥r. Rober Moses - Columbus, Ohioc, (614) 294-2678.

17 Mr. William Simonton - Pennsboro, West Virginia, (304) 659-2966.

1.. Mr. Rodney Wubdin - Harrisville, West Virginia.

1. Mr. Larry Supp and Associates - Morristown, New Jersey, (201)
267-5200.

1<. Mr. Thomas Bell, Mr. Robert Addison and Associates - Jackson,
Mississippi, (601) 969-7607.

1Z. Mr. James R. Kingsley - Circleville, Ohio, (614) 477-2546.

1. Mr. Joe A. Rosenfield - Columbus, Ohio, (614 ) 469-9922.

1- Mr. Rodney C. Wincom - Harrisville, West Virginia,

(304) 643-4440.

1 Mr. Leonard Siegal - Columbus, Ohio, (614) B66-4025.
1: . Mr. Thomas Orvis - Oakland, Ca. (415) 328-5510

2.. Mr. Terry Broughton - Dublin, Ca. (415) 828-4428

2... Mr. Harry Traback - Livermore, Ca.(415) 447-7020

2. Mr. Terry Moore - Cincinnati, Ohio (513) 961-6200

2. Mr. Michael Murry - Oakland, Ca. (415) 451-4600
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10.

11.

12.

13.

14.

15.

16.

CONSULTANT FOR THE FOLLOWING TELEPHONE COMPANI1ES
CONCERNING ENVIRONMENTAL CONTAMINATION

Pacific Bell (San Ramon, Ca.):
Miss Dorthy (D.J.) Allen - (415) 823-9820
and Mr. E.J.(Ed) Koehler - (415) 823-9821

Bell Atlantic (Arlington, Va.):
Mr. Christopher E. Mandel, AIC - (703) 974-3757

C & P Telephone Company of Virginia (Richmond, Va.):
Mr. Ruben Burton, Jr., Mr. Gene Lane, and
Mr. George Hamner, Legal Department - (804) 772-3512

South Central Bell (Baton Rouge, Louisiana):
Mr. Joe Pat Carnahan - (504) 292-6465.

South Central Bell (Huntsville, Alabama):
Mr. Mark A. Ray, Claims Office - (205) 532-8678.

Mountain Bell, Station 29 (Albuquerque, New Mexico):
Mr. Gill Quesada - (505) 765-8113.

General Telephone of The Southwest (San Angelo, Texas):

Mrs. Rosemary Davis - (915) 944-5335

Ohio Bell (Cleveland, Ohio):
Mr. Al Richards - (216) 822-42283

Bellcore (Piscataway, New Jersey)
Mr. Robert Allen - (201) 981-7825

Bell South Services (Birmingham, Alabama):
Mr. Shep Holladay - (205) 321-8835

GTE (Fort Wayne, Indiana), Security Department:
Mr. Mike Connell - (219) 461-2653.

New Jersey Bell (Newark, N.J.):
Mr. E.J. Carroll - (210) 649-2206.

GTE (Carrolton, Texas) Security Dept.:
Mr. Ben Day - (214) 466-0738.

GET (Plano, Texas)} Security Department:

Mr. Bill Handcock - (,

Mr. Chris Schnaithman - (214) 403-0404, and
Mrs. Susan Freeman (214) 495-3112 x 3622.

South Central Bell - Security Department:
Mr. Jeffrey Morrison - (318) 222-8596.

Ohio Bell (Columbus, Ohio) = Calims Department:
Mr. John Hicks - (614) 223-6211.
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- CAPABILITIES -~

GASOLINE ANALYSIS - IDENTIFICATION OF PETROLEUM PRODUCTS

A. Fingerprinting and Pattern Recognition

B. Lead Content

C. Underground Tanks - Leak Identification

D. Asphalt - Characterization

E. Rocket, Jet, Missile - Propulsion Fuel Analysis

IDENTIFICATION BY THE CHEMICAL MATCHING OF MATERIALS

Paper, Metals, Plastics, Ink, Water, 0Oils, etc.

cun Powder - Contact Memory

Blood Residues Containing Unknown Substances
Fingerprints and Smudges Containing Biological Materials
Explosive Characterization

Air and Gas Samples for Trace Level Analysis

MEHOOW >

TRACE ANALYSIS OF ORGANIC CHEMICAL RESIDUES

A, On the Soles of Shoes, Paper, Leather, Cloths, etc.

B. On Skin: The Hands for Trace Organic Residues

C. In Breath: Nicotine, Marijuana, etc.

D. In Hair Samples for Trace Organic Compounds of Interest
ARSON

A. Identification of Acceleration
B. Chemical Analysis of Materials
C. Explosive Analysis - Residues

BLOOD PROFILES

A. Total Analysis of Blood Components - Characterizatiocn
of Individuals as to Health and Types of Foods Ingested

B. Drugs in All Body Fluids (Blood, Urine, Saliva, etc.

C. Adverse Drug Reactions and Pharmacology

URINE ANALYSIS

A. Types of Foods Ingested and Overall Metabolic Health
B. Drugs Analysis - Rapid and Noninvasive

TRACE ANALYSIS OF DRUG RESIDUES

GC-MS-Computer Analysis: Confirmation and Quantitation
Thin Layer Chromatography - Rapid Screening

Field Test for Marijuana and (THC) Residues

Field Tests for Cocaine or Other Illicit Drugs

Hair Analysis by GC-MS

Hoow>

-- Page 25 --



VIII.

INSTRUMENTATION AND OTHER SKILLS

A,

B.

c.

Mass Spectrometry Installation
Gas Chromatography-Mass Spectrometry-Computer Design
Synthetic Organic Chemistry

a. Design and Carry out Experiments
b. Prepare Target Compounds
c. Apparatus - Glass Blowing

Electronics Design and Construction

a. Generate Bread-board Layouts

b. Professional Quality Prototype

c. Construction and Fabrication

e. Graphics and Silk Screening

d. Circuit Board Design and Fabrication
e. Machining and Fabrication of Parts

Recipes, Formulas, and Trade Secrets
a. Identification of Chemical Formulas

b. Chemical Code Breaking
b. Preparation of Trade Secret Recipes

-- Page 26 --
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Air, Water & Hazardous Waste Sampling, Analysis & Consultation

COAST - TO - | Certified Hazardous Waste, Chemistry, Bactericlogy & Bioassay Laboratories
Coasy 141 Suburban Road =  San Luis Obispo, CA 93401 » (805)543-2553 =  Fax {803) 543-2685
ANaLYTICAL 7515. Kellogg, Suitc A » Goleta, CA 93117 . (805)964-7838 Fax (805) 9674386
SEHVICES 1885 North Kelly Road  » Napa, CA 94558 o (FO7y257-7211 »  Fax (707)226-1001
9333 Tech Center Dr., Ste. 800 » Sacramento, CA 95826 s {9316)368-1333 +  Fax (916) 362-242_44
2400 Cumbertand Dr. = Valparaiso, Indiana 46383  « (219)464-2389  »  Fax (219)462-2953

April 15, 1991

Mr. Albert Ridley
Woodard-Clyde Consultants
500 12th St. Suite 100
Oakland, CA 93607

Re: Analysis of Soil for Gasoline and Tetraethyl Lead

Dear Mr. Ridley:

Coast-to-Coast Analytical Services analyzed sample H-01024-1 using the
quantitative techniques specified by EPA 8270. A calibration curve using
authentic tetraethyl lead supplied by Dupont Chemical Co. was used for
quantification of tetraethyl lead (m/e 237) in mg/Kg of the sample matrix.
The percent recoveries for the matrix spike and matrix spike duplicate were
64% and 50% respectively. The gasoline was not measured quantitatively by
the semi-volatile GC/MS method. We did present the composition of
tetraethyl lead in gasoline based on the non-quantitative semi-volatile
method for gasoline as proscribed by the method supplied by Woodward-Clyde.

Quantitative measurement of gasoline was obtained using EPA method 5030
(Purge & Trap) with CAL DHS DRAFT TPH (modified) by GC/MS. Quantitation
using the total ion current was based on an authentic gasoline standard,
Matrix spike and matrix spike duplicate were 100% and 88%, respectively.
The composition of tetraethyl lead in gasoline was calculated based on this
more accurate and precise value for gasoline. The gasoline appears to be
highly weathered and diminished in the lighter molecular weight
hydrocarbons present in new gasoline. The additive methyl t-butylether was
not detected in the sample.

Instrument and method blanks for the analytical batches containing sample
H-01024-1 were free of tetraethyl 1lead and gasoline at and above the
Practical Quantitation Limit. Instrument tuning c¢riteria were met with
each analytical batch run.

Respectfully submitted,
Coast-to-Coast Analytical Services

Mary Havlicek, Ph.D., President



CoasT-TO -

Adr, Water & Hazardous Waste Sampling, Analysis & Consultation
Certified Hazardous Waste, Chemistry, Bacteriology & Bioassay Laboratorics

CoasT

141 Suburban Read = San Luis Obispo, CA 93401 = {8(5) 543-2553 « Fax (BG3) 543-2685
AnavyTicAL 751 . Kellogg, Suite A = Goleta, CA 93117 . (8059647838 +  Fax (805) 967-4386
SERV|CES 1885 North Kelly Road = Napa, CA 94558 « (707:257-7211 +  Fax (707)226-1001
9333 Tech Center Dr., Ste. 800 = Sacramento, CA 95826 o (916)368-1333 ¢  Fax (916)362-2484
2400 Cumberland Dr.  » Valparaiso, Indiana 46383 ¢ (219 464-2389 = Fax (219) 462-2933
Lab Number : H-1024-1
CLIENT: Albert Ridley Project : 90C0321A-4000 Arrow
Woodward-Clyde Consultants Rentals
500 12ch St, Sce. 100 Analyzed : 03/27/91
Qakland, CA 94607 Analyzed by: DP
Method : GC/MS
REPORT OF ANALYTICAL RESULTS Page 1 of 1
SAMPLE DESCRIPTION MATRIX SAMPLED BY SAMPLED DATE RECEIVED
B-F-1-16' & B-F-2-16"' S50il Al Ridley 03/12/91  03/13/91
CONSTITUENT (CAS RN) *PQL RESULT NOTE
mg/Kg mg/Kg
TOTAY, SEMIVOLATILE PETROLEUM HYDROCARBONS 1,2,3
Total Petroleum Hydrocarbons (Gasoline) 5. 24,
Tetraethyl Lead 0.005 0.010

CCAS is Certified by CA Department of He

alth Services: Laboratory #131

*RESULTS listed as 'ND' were not detected at or above the listed PQL (Practical Quantitation Limit)
(1) Sample Preparation on 03/25/91 by RAD using Methylene Chloride in Sonic Bath,

(2) The composition of Tetraethyl Lead in Gasoline is l.2g/Gallon.
(3) Quantitative values for gasoline are more accurate when extraction is done by EPA Method

5030 (Purge & Trap).

04/11/91
MSDS/ZCO0A/#C26A
MH/rdl/drc/elr
HC25M550

Respectfully submicted,
COAST-TO-COAST ANALYTICAL SERVICES, INC.

4%%

Mary Havllcek Ph.D.

President



Air, Water & Hazardous Wastc Sampling, Analysis & Consultaton

CoasT-T10- Certified Hazardous Waste, Chemistry, Bacteriology & Bioassay Laboratories
Coasy 141 Suburban Road San Luis Obispo, CA 9340 805) 543-2553
uburban Roa . n Luis Obispo, CA 1« (B0S)543-25 » « Fax {803) 543-2683
AnaryTICAL 751 5. Kellogg, Suite A » Goleta, CA 93117 . (805)964-7838 +  Fax {303) 967-4386
SERVICES 1885 North Kelly Road ~ » Napa, CA 94558 e (F07)2577211 +  Fax {707) 2261001
9333 Tech Center Dr., 5te. 800 »  Sacramento, CA 95826 = (916)368-1333 »  Fax {916) 3622484

2400 Cumberland Dr. Valparaiso, Indiana 46383 (219) 464-2389 Fax {219) 462-2553

QC Batch ID: HC25M550
CLIENT: Coast-to—Coast Analytical Services
141 Suburban Rd. Ste. C-4

San Luis Obispo, CA 93401 Analyzed 1 03/27/91
Analyzed by: DP
Method . GC/MS
INSTRUMENT BLANK
REPORT OF ANALYTICAL RESULTS Page 1 of 1

SAMPLE DESCRIPTION MATRIX SAMPLED BY SAMPLED DATE RECEIVED
INSTRUMENT BLANK Soil
CONSTITUENT ’ (CAS RN)  *PQL RESULT NOTE

mg/Kg mg/Kg

TOTAL SEMIVOLATILE PETROLEUM HYDROCARBONS
Total Petroleum Hydrocarbons (Gasoline) 5. ND

Tetraethyl Lead ’ 0.005 ND

CCAS is Certified by CA Department of Health Services: Laboratory #131
#RESULTS listed as 'ND' were not detected at or above the listed PQL (Practical Quantitation Limit)

04/11/91 Respectfully submitted,
MSD5/ZC07A COAST-TO-COAST ANALYTICAL SERVICES, INC.

MH/erc
H1024-1 \
ald R. Cortes, Group Leader

L—{W@VVW :

Mary Havlicek, Ph.D.
President



CoAsST-TO -

Air, Water & Hazardous Waste Sampling, Analysis & Consultation
Certified Hazardous Waste, Chemistry, Bactericlogy & Bioassay Laboratories

CoasT
141 Suburban Road

751 5. Kellogg, Suite A
1885 North Kelly Road
9333 Tech Center Dr., Ste. 800

San Luis Obispo, CA 93401 (B05) 543-2553
Goleta, CA 93117 (805) 964-7838

ANALYTICAL
SERVICES

Sacramento, CA 95826 (916) 368-1333

-« * » &5 B®

»
Napa, CA 94558 v (707) 257-7211
L

- 4 » & a

2400 Cumberland Dr.

Fax (805) 543-2685
Fax (803) $67-4386
Fax (707) 226-1001
Fax (916) 362-2484
Fax {219) 462-2933

Valparaiso, indiana 46383 (219) 464-238%

QC Barch ID: HC23M550
CLIENT: Coast-to-(oast Analytical Services
141 Suburban Rd. Ste. C-4

San Luis Obispo, CA 93401 Analyzed : 03/27/91
Analyzed by: DP
Methed : GC/MS
METHOD BLANK
REPORT OF ANALYTICAT RESULTS Page 1 of 1
SAMPLE DESCRIPTION MATRTX SAMPLED BY SAMPLED DATE RECEIVED
METHOD BLANK Soil
CONSTITUENT (CaS RN) *PQL RESULT NOTE
mg/Kg mg/Kg
TOTAL SEMIVOLATILE PETROLEUM HYDROCARBONS 1
Total Petroleum Hydrocarbons (Gasoline) 5. ND
Tetraethyl Lead 0.005 ND

CCAS is Certified by CA Department of Health Services: Laboratory #131
XRESULTS listed as 'ND' were not detected at or above the listed PQL (Practical Quantitation Limit)
(1) Sample Preparation on 03/25/91 by RAD using Methylene Chloride in Sonic Bath.

04/11/91 Respectfully submitted,

MSDS/ZC08A COAST-TO-COAST ANALYTICAL SERVICES, INC.
MH/erc

H1024~1 \

Donald R. Cortes, Group Leader

Mary Havlicek, Ph.D.
President
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Air, Water & Hazardous Waste Sampling, Analysis & Consultatan

- N T aE N BN N O E aF Em

gOAST -TO - Certified Hazardous Waste, Chemistry, Bacteriology & Bioassay Laboratories
OAST -
141 Suburban Road «  San Luis Obispo, CA 93401  «  (B(5) 543-2553  » Fax (805} 543-2685
ANALYTICAL 751 5. Kellogg, Suitc A+ Goleta, CA 93117 . (805)964-7838 ¢  Fax (803) 967-4386
SERVICES 1885 North Kelly Road Napa, CA 94558 e (707 257-7211 +  Fax (707)226-1001
9333 Tech Center Dr., Ste. 800 » Sacramento, CA 95826 o {916)368-1333 +  Fax (916)362-2484
2400 Cumberland Dr.  »  Valparaiso, Indiana 46383 s (219)464-2389 e Fax (219) 462-2953

QC Batch ID: HC25M550
CLIENT: Coast-to—Coast Analytical Services
141 Suburban Rd., Ste. C-4

San Luis Obispo, CA 93401 Analyzed : 03/27/91
Analyzed by: DP
Method : GC/MS
QC SPIKE
REPORT OF ANALYTICAL RESULTS Page 1 of 1

SAMPLE DESCRIPTICON MATRIX SAMPLED BY SAMPLED DATE RECEIVED
QC SPIKE Soil
CONSTITUENT — *PQL SPIKE RESULT %REC NOTE

mg/Kg AMOUNT mg/Kg

TOTAL SEMIVOLATILE PETROLEUM HYDROCARBONS 1,2

Tetraethyl Lead ) 0.005 0.50 0.32 64.

CCAS is Certified by CA Department of Health Services: laboratory #131
*WESULTS listed as 'ND' were not detected at or above the listed PQL (Practical Quantitation Limit)
(1) Sample Preparation on 03/25/91 by RAD using Methylene Chloride in Sonic Bath.

(2) Spike was in analyte-free soil,

04/11/91 Respectfully submitced,
MSD5/ZC10A COAST-TO~COAST AMALYTICAL SERVICES, INC,

MH/erc
H1024-1 k
Do R. Cortes, Group Leader

PP ey Pl

Mary Havlicek, Ph.D.
President
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Air, Water & Hazardous Waste Sampling, Analysis & Consultation

Coast-T10- Certified Hazardous Waste, Chemistry, Bacteriology & Bioassay Laboratorics
COAST 141 Suburban Road San Luis Ob CA 9340 805) 543-2553 80 2
uburban Roa . an Luis Obispo, CA 1« (805)543- . Fax (B03) 543-2685
ANnavyTICAL 7515. Kellogg, Suite A » Goleta, CA 93117 . (805)964-7838 =«  Fax (805) 9674386
SEH\IICES 1885 North Kelly Road = Napa, CA 94558 = (707)257-7211 = Fax (707) 226-1001
9333 Tech Center Dr., Ste. 800« Sacramento, CA 95826 s (916)368-1333 = Fax (916) 362-2484
2400 Cumberland Dr. = Valparaiso, Indiana 46383 o {219)464-2389 =  Fax {219)462-2953

QC Batch ID: HC235M550
CLIENT: Coast-to—~Coast Analytical Services
141 Suburban Rd. Ste. C-4

San Luis Obispo, CA 93401 Analyzed : 03/27/91
Analyzed by: DP
.Method : GC/MS
QC SPIKE
REPORT OF ANALYTICAL RESULTS Page 1 of 1

SAMPLE DESCRIPTION MATRIX SAMPLED BY SaMPLED DATE RECEIVED
QC SPIKE DUPLICATE Soil
CONSTITUENT ‘-‘-‘PQL SPIKE RESULT #REC ZDIFF NOTE

mg/Kg  AMOUNT mg/Ke

TOTAL SEMIVOLATILE PETROLEUM HYDROCARBONS 1,2

Tetraethyl Lead 0.005 0.50 0.25 50. 14.

CCAS is Certified by CA Department of Health Services: Laboratory #131

HRESULTS listed as "ND' were not detected at or above the listed PQL (Practical Quantitation Limit)
(1) Sample Preparation on 03/25/91 by RAD using Methylene Chloride in Sonic Bath.

{2) Spike was in analyte-free soil.

04/11/91 Respectfully submicted,
MSD5/ZC11A COAST-TO—COAST ANALYTICAL SERVICES, INC.

MH/erc
H1024~1 ‘ (
Dondld R. Cortes, Group Leader

Mary Havlicek, Ph.D.
President
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Air, Water & Hazardous Waste Sampling, Analysis & Consultation

COAST - TO - Certified Hazardous Waste, Chemistry, Bacteriology & Bioassay Laboratories
Coast 141 Suburban Road San Luis Obispao, CA 93401 (B03) 543-2553 Fax (805) 543-2685
uburban Road an Luis Obispo, . 5 - - ax (803) 5 5
ANALYTICAL 7515. Kellogg, Suite A * Goleta, CA 93117 . (805)964-7838 +  Fax (803)967-4386
SERVICES 1885 North Keliy Road = Napa, CA 94558 s (707)257-7211 & Fax (707)226-1001
9333 Tech Center Dr., Ste. 800 = Sacramento, CA 95826 = (916)368-1333 =  Fax (916) 362-2484

2400 Cumberland Dr.

Valparaiso, Indiana 46383

(219} 464-2389

Fax (219) 462-2933

_ Lab Number : H-1024-1
"CLIENT: Albert Ridley Project 90C0321A-4000 Arrow
Woodward—Clyde Consultants Rentals
500 12th St. Ste, 100 Analyzed 04/11/91
Qakland, CA 94607 Analyzed by: DZ
Method : As Listed
REPORT OF ANALYTICAL RESULTS Page 1 of 1
SAMFLE DESCRIPTION MATRIX SAMPLED EY SAMFLED DATE RECEIVED
B-F-1-16' & B-F-2-16' Soil Al Ridley 03712791 03/13/91
CONSTITUENT (CAS EN) *PQL RESULT RNOTE
mg/Kg mg/Kg
FUEL FINGERPRINT AMALYSIS 1,2,3,4
Benzene (71432) 0.001 0.002
Toluene (108883) 0.001 0.025
Ethylbenzene (100411) 0.001 0.030
Xylenes 0.001 0.34
1,2-Dichlorcethane (EDC) (107062) 0.001 ND
Ethylene Dibromide (EDR) (106934) 0.001 ND
Total Purgeable Petroleum Hydrocarbons (Gascline) 0.1 16,
BTX as a percent of fuel 2.1
Percent Surrogate Recovery 107.

CCAS is Certified by CA Department of Health Services: Laboratory #131

*RESULTS listed as 'ND' were not detected at or above the listed PQL (Practical Quantitation Limit)
(1) AMALYZED by CAL DHS DRAFT TPH (modified) and EPA 8240 (GC/MS)

(2) EXTRACTED by EPA 5030 (purge-and-trap)

(3) The composition of Tetraethyl Lead in Gasoline is 1.8g/Gallon.

(4) Fuel Fingerprint analysis originally done on 4/1/91.

04/15/91 Respectfully submitred,

MSD2/2D83B COAST-! ANALYTICAL SERVICES, INC.
MH/erc /w( [) ﬁﬁé

HD11M2 4

Frank R. Guenther, Ph D., Technical Direstor

Mary Havllcek Ph.D.
President
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Air, Water & Hazardous Waste Sampling, Analysis & Consultation

COAST = TO - Certified Hazardous Waste, Chemistry, Bacteriology & Bioassay Laboratories
COAST 141 Suburban Road San Luis Obi CA 93401 {805) 543-2553 Fax (803} 543-2685
uburban Roa . an Luis Obispa, . . ax (803} 5 5
ANALYTICAL 751 5. Kellogg, Suite A » Goleta, CA 93117 « (805) 9647838 «  Fax (805) 967-4386
SERVIC ES 1885 Morth Kelly Road  + Napa, CA 94558 o (707)257-7211 «  Fax (707) 226-100t
9333 Tech Center Dy, Ste. 800 » Sacramento, CA 95826 s (916)368-1333 - Fax (916) 362-2484
2400 Cumberland Dr. o Valparaiso, Indiana 46383 s (219)464-2380 . Fax (219) 462-2953

QC Batch ID: HD1lM2
CLIENT: Coast-to—Coast Analytical Services
141 Suburban Rd. Ste, C-4

San Luis Obispo, CA 93401 Analyzed : 04/11/91
Analyzed by: DZ
Method : As Listed
METHOD BLAMNK
REPORT OF ANALYTICAIL RESULTS Page 1 of 1
SAMPLE DESCRIFTION MATRIX SAMPLED BY SAMPLED DATE RECEIVED
METHOD BLANK Soil
CONSTITUENT (CAS RN) *POL RESULT NOTE
mg/Kg mg/Kg
FUEL FINGERFRINT ANALYSIS 1,2
Benzene : (71432) 0.001 ND
Toluene ; (108833) 0.001 ND
Echylbenzene (100411) 0.001 ND
Xylenes 0.001 ND
1,2-Dichloroethane (EDC) {(107062) 0.001 ND
Ethylene Dibromide (EDB) (106934) 0.001 ND
Total Purgeable Petroleum Hydrocarbons (Gasoline) 0.1 ND
BTX as a percent of fuel Not Appl.
Percent Surrogate Recovery _ 110.

CCAS is Certified by CA Department of Health Services: Laboratory #131

*RESULTS listed as ‘ND' were not detected at or above the listed PQL (Practical Quantitation Limit)
(1) ANWALYZED by CAL DHS DRAFT TPH (modified) and EPA 8240 (GC/MS)

(2) EXTRACTED by EPA 5030 {purge-and-trap)

04/15/91 Respectfully submitted,
MSD2/2DS2B COAST-TO-COAST ANALYTICAL SERVICES, INC.

o S LA R DA

Frank R. Guenther, Ph.D., Technical Director

et oo

' Mary Havlicek, Ph.D.
Pres=ident




Air, Water & Hazardous Waste Sampling, Analysis & Consultation

COAST-TO - Certified Hazardous Waste, Chemistry, Bacteriology & Bicassav Laboratories
CoasT - . -
ANALYTICAL 141 Suburban Road  »  San Luis Obispo, CA 93401  »  (805) 543-2553 = Fax (805) 543-2685
791 8. Kellogg, Suite A » Goleta, CA 93117 e« (BD5)964-7838 = Fax (8(53) 9674386
s ERVICES 1885 Morth Kelly Road = Napa, CA 94558 o (707 257-7211  «  Fax (707) 2261001
9333 Tech Center Dr., Ste, 800 » Sacramento, CA 95826 e (916)368-1333 +  Fax (916)362-2484
2400 Cumberland Dr.  »  Valparaiso, Indiana 46383 o (219)464-2389 . Fax (219) 462-2933
QC Batch ID: HD11M2
CLIENT: Coast—to—Coast Analytical Services
141 Suburban Rd. Ste. C-4
San Luis Obispo, CA 93401 Analyzed : 04/11/91
Analyzed by:; DZ
Method : As Listed
QC SPIKE
REPORT OF ANALYTICAL RESULTS Page 1 of 1
SAMPLE DESCRIPTION MATRTX SAMPLED BY SAMPLED DATE RECEIVED
QC SPIKE Soil

CONSTITUENT #PQL SPIKE  RESULT  %REC NOTE
: mg/Kg  AMOUNT mg/Kg

FUEL FINGERPRINT ANALYSIS 1,2
Benzene 0.001 0.003 0.003 100,
Toluene ) G.001 0.010 0.010 100,
Ethylbenzene 0.001 0.002 0.002 100.
Xylenes 0.001 0.010 0.010 100.
1,2-Dichlorcethane (EDC) 0.001 NS
Ethylene Dibromide (EDB) 0.001 NS
Total Purgeable Petroleum Hydrocarbons (Gasoline) 0.1 0.8 0.8 100,

BTX as a percent of fuel 36. 32.
Percent Surrogate Recovery 108. 110,

CCAS is Certified by CA Department of Health Services: Laboratory #131

* RESULTS listed as 'NS' were not spiked, PQL = Practical Quantitation Limit
{1) ANALYZED by CAL DHS DRAFT TPH (modified) and EPA 8240 (GC/MS)

(2) EXTRACTED by EPA 5030 (purge-and-trap)

04/15/91 Respectfully submitted,
MSD2/2DE5B COAST-TO-COAST ANALYTICAL SERVICES, INC.
MH/erc “/
H1024-1 e
frank R. Guenther, Ph D., Technical Director

Mary Haviicek, Ph.D.
Fresident




Air, Water & Hazardous Waste Sampling, Analysis & Consultation

COAST -TO - Certified Hazardous Waste, Chemistry, Bacteriology & Bioassay Labaratories
Coast 141 Suburban Road San Luis Obi CA 93401 (805) 543-2553 Fax (805) 543-2685
uburban Road  » n Luis Obispo, . - . ax (803) 5 5
AnaLyTICAL 7516, Kellogg, Suite A » Goleta, CA 93117 . (8059647838 «  Fax (805) 967-4386
SERVICES 1885 North Kelly Road Napa, CA 94558 e (F07)257-7211 = Fax (707) 226-100]
9333 Tech Center Dr., Ste. 800 » Sacramento, CA 95826 v (916)368-1333 +  Fax (916)362-24B4
2400 Cumberland Dr. ¢ Valparaiso, Indiana 46383+ (219)464-2389 +  Fax (219) 462-2953

QC Batch ID: HDl1M2
CLIENT: Coast-to-Coast Analytical Services
14] Suburban Rd. Sce. C-4

San ILuis Obispo, CA 93401 Analyzed : 04/11/61
Analyzed by: DZ
Method : As Listed
QC SPIKE
REPORT OF ANALYTICAL RESULTS Page 1 of 1

SAMPLE DESCRIPTION MATRIX SAMPLED BY SAMPLED DATE RECEIVED
QC SPIKE DUPLICATE Soil
CONSTITUENT *PQL SPIKE RESULT “REC ZDIFF NOTE

mg/Kg  AMOUNT ng/Kg

FUEL FINGERPRINT ANALYSIS 1,2
Benzene 0.001 0.003 0.003 100. Q.
Toluene . 0.001 0.010 0.009 S0. 10.
Ethylbenzene 0.001 0.002 0.002 100, 0.
Xylenes 0.001 0.010 0.010 100. 0.
1,2-Dichloroethane (EDC) 0.001 NS
Ethylene Dibromide (EDB) 0.001 NS
Total Purgeable Petrcleum Hydrocarbons (Gasoline) 0.1 0.8 0.7 88. 13,

BTX as a percent of fuel 36. 32.
Percent Surrogate Recovery 108. 112,

CCAS is Certified by CA Department of Health Services: Laboratory #131

# RESULTS listed as 'NS' were not spiked, PQL = Practical Quantitation Limit
(1) ANALYZED by CAL DHS DRAFT TPH (modified) and EPA 8240 (GE/MS)

{2} EXTRACTED by EPA 5030 (purge-and-trap)

04/15/91 | Respectfully submitted,
MSD2/2D86B COAST-TO-COAST ANALYTICAL SERVICES, INC.

ere A R OA0

Frapk R. Guenther, Ph.D., Technical Director

Mary Havlicek, Ph.D.
President
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Woodward-Clyde Consultants

Chain of Custody # 910025

January 24, 1991

Albert Ridley
Woodward-Clyde Consultants
500 12th Street; Suite #100
Oakland, CA 94607-4014
Dear Mr. Ridley:

Enclosed is the report for (Project ID 90C0321A) samples
which were received at Woodward-Clyde Analytical Laboratory
January 22, 1951.

The report consists of the following sections:

I Sample Description
II Analysis Results

No problems were encountered with the analysis of your samples.

If you have any guestions, please feel free to call.

Sincerely,




Woodward-Clyde Consultants

COC# 910025

I SAMPLE DESCRIPTION

WCC LAB 1D SAMPLE DATE ANALYSIS
D MATRIX SAMPLED CONTAINERS DESCRIPTION
91002%-01-01 F-1(S0I1L) soIL  D1-22-¢1 4" BRASS LINER TPH/BTEX

The samples were received under chain of custady, in good condition.



Woodward-Clyde Consultants

VOLATILE PETROLEUM HYDRQOCARBONS
MODIFIED EPA METHOD 8013/5030

PROJECT NAME: ARROW RENTALS coc# 910025
PRCJECT NUMBER: 90C0321A
PROJECT MANAGER: ALBERT RIDLEY

DETECTION
WCC MATRIX COLLECTION EXTRACTEION ANALYSIS  LEMIT TPH
LAB ID SAMPLE D DATE DATE DATE emg/kgd  (mg/kg)
METHOD BLANK - - - - 01-23-91 0.5 ND
£10025-01-01 P-1(S0IL) S0IL 01-22-91 - 01-23-91 6.5 ND

QUALTTY ASSURANCE SUMMARY

REC 1 REC 2 “%RPD

Quantitated as Gasaline.

REVIEWED BY:




Woodward-Clyde Consultants

BENZENE, TOLUEME, ETHYLBENZENE, XYLENES DATA SHEET
MODIFIED EPA METHOD 8020/5030

PROJECT NAME: ARROW RENTALS coc# 910025
PROJECT NUMBER: F0C0321A
PROJECT MANAGER: ALBERT RIDLEY

DETECTION ETHYL
Wce MATR1¥ COLLECTION EXTRACTION ANALYSIS LIMIT  BENZENE TOLUENE BENZENE XYLENES
LAB 1D SAMPLE [D DATE DATE DATE (ugskgy  (ug/skgy  (ug/kg)  (uglkgy {ug/kg}
METHOD BLANK - - - - 01-23-91 5 ND ND ND ND
910025-01-01 P-1(S0IL} S0IL 01-22-91 - 01-23-91 5 ND NG ND ND

QUALTITY ASSURANCE SUMMARY

REC 1 REC 2 #%RPD

95 108 13

REVIEWED BY:
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Woodward-Clyde Consultants

500 12th Strest, Suite 100, Cakiand, CA 94607-4041
{(415) B93-3600
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Chevron
al Chevron Real Estate Management Company
v A Diision of Chevron Industries, Inc.

225 Bush Street, San Francisco, Catifornia
Mzl Address PD Bex 1127, San Frantisco, CA 94120 7137

October 16, 1990

FUEL CHARACTERIZATION DATA
LIVERMORE SITE

Mr. Albert P. Ridley, C.E.G.
Woodward-Clyde Consultants
500 12th Street, Suite 100
Oakland, CA 94607-4014

Dear Al

Attached please find results of samples that you submitted to Chevron Research and Technology
Company (CRTC) for analysis. As we discussed, Chevron is providing assistance to Woodward-
Clyde in the determination of the possible source of hydrocarbon contamination at 187 North L
Street, Livermore. However, this assistance is not to be construed as an admission of liability by
Chevron in relation to the incident that occurred at the above mentioned address.

It is my understanding that | will be shortly receiving a bill from CRTC for work completed. | will
then pass this bill to Woodward-Clyde for payment.

If you have any questions, please give me a call at (415) 894-5427.
Very truly yours,
Belh 8DL~VL“’
E. P. Johnke

Environmental Specialist

EPJ:oct
Attachment
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CHEVRON RESEARCH AND TECHNOLOGY COMPANY
ANALYTICAL SCIENCES UNIT PROJECT SUMMARY

Log No. 4527 Requested by E. P. Johnke
Date Initiated 08/23/90 Location 575 Market, Room 1882
Date Completed 10/04/90 Phone 894-5427

Charge Code TT52508

Project Description: Analyze one hydrocarbon sample, labeled W1-CH,
and three water samples, labeled WA-CH, WB-CH, and TB, taken from
Arrow Rentals property at 187 North L Street in Livermore, CA. The
site was a Mobil gas station for over 30 years. Seven years ago a new
gas tank was installed by Arrow Rentals. The tank has been supplied by
a Chevron jobber, Petcock Petroleum, since then. In June of 1985, the
Petcock delivery driver mistakenly poured gasoline down a vapor
monitoring well at the site. Determine whether the hydrocarbon
contamination comes from the old Mobil station or the 1985 accident.

Result: The results are not definitive, but suggest that the gasoline
may have been produced in about 1985. The lead alkyl isomer pattern
suggests Chevron did not produce the gasoline, while the detergent
additive analysis suggests we may have.

W1-CH contains leaded regular grade gasoline. The tetraalkyllead
content of the sample is 0.18 g/gal. The gasoline is no more than 10%
evaporated, so that if we account for the evaporation, we calculate
that the or1g1na1 lead level must have been no less than 0.16 g/gal.
This level is typical of gasolines produced between late 1985 and
1988. If some of the lead has biodegraded or dissolved, the original
level would be somewhat higher than 0.16. These processes occur
slowly, however, and gasolines spilled before 1985 typically retain
most of their lead, with lead levels of 0.5 to 3.0 g/gal. gasoline.
The infrared spectrum of the gasoline shows that it is oxidized from
exposure to air. It alsc has a rather weak absorbance at 1230 cm™

that may be due to a polybutene-amine type detergent additive. Chevron
used polybutene-amine-containing F310 detergent in leaded gasolines up
until 1987. Mobil also uses a polybutane amine containing detergent. A
dye analysis was not run because we have no record of what kind of
dyes Chevron or Mobil have used in the past.

We have no chromatograms of Chevron June 1985 gasolines in our files.
We do have a chromatogram of Chevron Supreme Unleaded produced at our
Richmond refinery in late November 1985. There is nothing in this
chromatogram to indicate that the W1-CH sample could not have come
from the Richmond refinery. We also have an lead alkyl analysis of
Chevron Regular Leaded gasoline produced at the Richmond refinery in
November 1985. Chevron was adding 0.22 g/gal lead to its leaded
regulars at that time. The November 1985 gascline contained more than
95% of its lead as the tetraethyl isomer (TEL). The W1-CH gascline
contains only 83% of its lead as the tetraethyl isomer. This implies
that the WL-CH gascline is not Chevron’s. However, it is possible that
Chevron purchased an exchange gasoline from another supplier. Nick



Clark of Supply and Distribution (944-6212) should have the 1985
records on Livermore area exchange gasoline purchases.

The three water samples were extracted with carbon disulfide to
determine the concentration of hydrocarbon present. The hydrocarbon
in WA-CH is present at 7.6 uL/L (ppm), high enough to recognize it as
dissolved or entrained gasoline. WA-CH contains 2.4 uL/L hydrocarbon,
predominately the soluble aromatics from gascline. TB hydrocarbons are
present at 73 nL/L (ppb), and do not have a clear relationship to
gaseline. None of the samples contain enough hydrocarbon for gasoline
additive analysis.

Analytical Approach: The samples were analyzed by gas chromatography
using a flame ionization detector (GC/FID) to determine hydrocarbon
composition and an electron capture detector (GC/PID) to measure lead
alkyl concentration. Water samples were extracted with carbon
disulfide and analyzed by GC/FID. Detergent additive was analyzed by
Sep~Pak extraction and infrared spectroscopy.

Reported by J. Kimberlin, E. A. Harvey

AZPJohnke
AWVerstuyft
THGouw
JKimberlin
EAHarvey
file
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FRIEDMAN & BRUYA, INC.

ENVIRONMENTAL CHEMISTS
Andrew John Friedman 3008-B 16th Avenue West
James E, Bruya, Ph.D, Seattle, WA 98119
(206) 285-8282 FAX: (206) 283-5044

August 28, 15890

Al Ridley, Project Leader
Woodward Clyde Consultants
500 12th Street, Suite 100
Cakland, CA 94607-4041

Dear Mr. Ridley:

Enclosed are the results of the analyses of the samples

submitted on August 4, 1990 from Project S0CO0321A.

We appreciate this opportunity to be of service to you on
this project. If you have any questions regarding this
material, or if you just want to discuss any aspect of your
projects, please do not hesitate to contact me.

Sincerely,

Andrew Johééégiedman, Chemist
AJF/fae

Enclosures



FRIEDMAN & BRUYA, INC.
ENVIRONMENTAL CHEMISTS

Date of Report: August 28, 1990
Date Submitted: August 4, 1990
Project: 90C0321a

RESULTS OF ANALYSES OF THE WATER SAMPLES
FOR BTX AND ETHYLBENZENE
USING THE HEADSPACE METHOD
Results Reported as ng/mL (ppb)

Benzene  Toluene -Benz Xylene

Sample # mp (v,
W-B 22,000 7,900 2,000 4,000 1,800
W-B2 21,000 7,300 1,800 3,700 1,700
W-EB 11 11 4 5
W-D 1 2 1 1
W-E <1 <1 <1 <1
W-C <1 <1 <1 <1
W-A 6,800 5,500 620 3,400 1,700
Travel Blank 78 378 148 228
Quality Assurance
Method Blank <1l <1 <1 <1
W-A

(Duplicate) 6,900 5,600 620 6,800 1,800
W=-A

{(Matrix Spike)

Spiked @ 1,000 ppb

Percent Recovery b b b b
W-A

(Matrix Spike Duplicate)

Spiked @ 1,000 ppb

Percent Recovery b b b b
8 - Contamination found is likely from the previous sample. This

is supported by no confirmation of this analyte via second
column confirmation analysis.

b

recovery data.

- The amount spiked was insufficient to give meaningful




ENVIRONMENTAL CHEMISTS

Date of Report: August 28, 1990
Date Submitted: August 4, 1990
Project: 90C0321A

RESULTS OF ANALYSES OF THE PRODUCT SAMPLES
FOR BTX AND ETHYLBENZENE
USING THE HEADSPACE METHOD
Results Reported as Percent

Benzene Toluene Et-Benzene Xylene
Sample # } wp o]
F-T 4.2 % 8.9 % 1.7 % 6.1 % 2.6 %
F-T (PRES) 4.2 % B.9 % 1.7 % 6.2 % 2.6 %



FRIEDMAN & BRUYA, INC.

ENVIRONMENTAL CHEMISTS

Date of Report: August 28, 1990
Date Submitted: August 4, 199%0

Project: 90C0321A

RESULTS OF ANALYSES OF THE WATER SAMPLES

FOR NONHALOGENATED ORGANICS

BY EPA METHOD 8015
(GAS AND DIESEL)

Results Reported as mg/L (ppm)

Sample #

W-B
W-B2
W-EB
W-D
W-E
W-C
W-A

Travel Blank

Quality Assurance

Method Blank

Tap Water
(Matrix Spike)
Spiked @ 10 ppm
Percent Recovery

Tap Water

(Matrix Spike Duplicate)
Spiked @ 10 ppm

Percent Recovery

Gasoline
(ppm)

13

21
1.7
0.1

<0.01

<0.01

10

0.5

<0.01

B7%

91%

Diesel

(ppm)
1.7

<0.1

<D.1

107%

74%



FRIEDMAN & BRUYA, INC.
ENVIRONMENTAL CHEMISTS

Date of Report: August 28, 19%0
Date Submitted: August 4, 1990
Project: 90C0321A

RESULTS OF ANALYSES OF THEE WATER SAMPLES
FOR FINGERPRINT CHARACTERIZATION
BY CAPILLARY GAS CHROMATOGRAPRY

Sample 4 GC Characterization
W-B The gas chromatographic trace was

indicative of a water soluble fraction of
gasoline. This characterization is based
on the presence of light hydrocarbons and
monocyclic aromatic hydrocarbons (MCA) as
the only compounds found in the sample.

W-B2 The gas chromatographic trace was
indicative of a water soluble fraction of
gasoline. This characterization is based
on the presence of light hydrccarbons and
menocyclic aromatic hydrocarbons (MCZ) as
the only compounds found in the sample,

W-EB The gas chromatographic trace was
indicative of very low levels of the water
scluble fraction of gasoline. This
characterization is based on the presence
of light hydrocarbons and MCA.

W-EB The gas chromatographic trace contained
enly traces of highly wvolatile
hydrocarbons, mostly butanes.

W-E The gas chromatographic trace was
indicative of no contamination.

W-C The gas chromatographic trace was
indicative of no contamination.

W-A The gas chromatographic trace was
indicative of the water of a soluble
fraction of gasoline. This
characterization is based on the presence
of light hydrocarbons and MCA.

Travel Blank The gas chromatographic trace contained
trace levels of benzene and toluene.
Nothing else was seen,



Date of Report:
Date Submitted:

Project:

Sample #

F-T

F-T

(PRES)

90C0321A

L INALLLAIYIEFAIN O DINGY 1 5y LN,

ENVIRONMENTAL CHEMISTS

August 28, 1990
August 4, 1990

RESULTS OF ANALYSES OF THE PRODUCT SAMPLES
FOR FINGERPRINT CHARACTERIZATION

BY CAPILLARY GAS CHROMATOGRAPHY

GC Characterization

The gas chromatographic trace was
indicative of a fresh gasoline. This
characterization is based on a relatively
typical pattern of peaks from n-C, to ca
n-Ciqg with a maximum at ca n-C along with
augmented levels of monocyclic aromatic
hydrocarbons. Examination of the relative
proportions of the four peaks we have
found to be most conservative in gasolines
gave abundance ratios of
1:1.17:0.861:0.0935. This did not match
the W-1 or W-A-40 patterns. Analysis of
the sample for organic lead gave <50 ppm.

The gas chromatographic trace was
indicative of a fresh gasoline. This
characterization is based on a relatively
typical pattern of peaks from n-C4 to Ca
n-Cy;o with a maximum at ca n-C- along with
augmented levels of monocyclic aromatic
hydrocarbons. Examination of the relative
proportions of the four peaks we have
found to be most conservative in gasolines
gave abundance ratios of
1:1.06:0.794:0.0876. This did not match
the W-1 or W-A-40 patterns. Analysis of
the sample for organic lead gave <50 ppm.



FRIEDMAN & BRUYA, INC
ENVIRONMENTAL CHEMISTS

Date of Report: BAugust 28, 1990
Date Submitted: August 4, 1990
Project: 90C0321a

RESULTS OF ANALYSES OF THE WATER SAMPLES
FOR PHENOL, NAPHTHALENE, AND 2-METHYL NAPHTHALENE
Results Reported as mg/L (ppm)

Sample # Phenol Naphthalene 2-Methyl Naphthalene
(ppm) (ppm) (ppm)

W-B <0.1 <0.01 <0.01

W-B2 <0.1 <0.01 <0.01

W-EB <0.1 <0.01 <0.01

W-D <0.1 <0.01 <0.01

W-E <0.1 ' <0.01 <0.01

W-C <0.1 <0.01 <0.01

W-A <0.1 <0.01 <0.01

Travel Blank <0.1 <0.01 <0.01

Quality Assurance

Method Blank
{Tap Water) <0.1 <0.01 0.02

Tap Water

(Matrix Spike)

Spiked @ 2.2 ppm

Percent Recovery 120% 49%

Tap Water

(Matrix Spike Duplicate)

Spiked @ 2.2 ppm

Percent Recovery 120% 51%




FRIEDMAN & BRUYA, INC.
ENVIRONMENTAL CHEMISTS

Date of Report: August 28, 1990
Date Submitted: August 4, 1990
Project: 90C0321A

RESULTS OF ANALYSES OF THE WATER SAMPLES
FOR SELECTED METALS BY ICP
Results Reported as mg/L (ppm)

Sample # Cadmium Chromium Copper Nickel Vanadium 2Zinc
(ppm) (ppm) (ppm) {ppm) (ppm) (ppm)
W-B <0.1 <0.1 <0.1 0.2 <0.1 <0.1
W-B2 <0.1 <0.1 <0.1 0.2 <0.1 <0.1
W-EB <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
W-D <0.1 <0.1 <0.1 <0.1 <0.1 0.2
W-E <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
W-C <0.1 <0,1 <0.1 0.1 <0.1 <0.1
W-A <0.1 <0.1 <0.1 0.2 <0.1 <0.1
Travel Blank <0.1 <0.1 <0.1 <0.1 <0.1 <D.1
’\\

Quality Assurance
Method Blank <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
W-A .

(Duplicate) <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
W-A

(Matrix Spike)

Spiked @ 10 ppm

Percent Recovery B1l% Bo% 91% 52% T7% 59%
W-A

(Matrix Spike Duplicate)

Spiked @ 10 ppm

Percent Recovery 81% 93% 93% 58% 80% 60%
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FRIEDMAN & BRUYA, INC.

ENVIRONMENTAL CHEMISTS
Andrew John Friedman 3008-B 16th Avenue West
James E. Bruya, Ph.D. Scattle, WA 98119
(206) 285-8282 FAX: (206) 283-5044

September 28, 19950

Al Ridley, Project Leader
Woodward-Clyde Consultants
500 12th Street, Suite 100
Oakland, CA 94607-4014

Dear Mr. Ridley:

Enclosed are the results of the analyses of the samples
submitted on July 13, 1990 from Project 90C0321A.

We appreciate this opportunity to be of service to you on
this project. If you have any gquestions regarding this
material, or if you just want to discuss any aspect of your
projects, please do not hesitate to contact me.

Sincerely,

Andrew John Friedman, Chemist

AJF/fae

Enclosures



FRIEDMAN & BRUYA, INC.
ENVIRONMENTAL CHEMISTS

Date of Report: September 28, 1990
Date Submitted: July 13, 1920
Project: 90C0321A

RESULTS OF ANALYSES OF THE SOIL SAMPLES
FOR GASOLINE BY GC/FID (MODIFIED BO015)
Results Reported as ug/g (ppm)

Sample # Gascoline
(ppm)
W-C-20 <10
W-C-40 <10
B-1-10 <10
B-1-15 <10
B-1-20 <10
B-1-30 <10
B-1-35 <10
B-1-40 350
B-1-45 54
B-1-50 <10
W-E-20 <10
W-E-40 <10

Quality Assurance

Method Blank <10
B-1-40 (Duplicate) <10

B-1-40 (Matrix Spike)
Spiked € 500 ppm
Percent Recovery : 130%

B-1-40 (Matrix Spike Duplicate)
Spiked @ 500 ppm
Percent Recovery 97%



FRIEDMAN & BRUYA, INC.
ENVIRONMENTAL CHEMISTS

Date of Report: September 28, 1990
Date Submitted: July 13, 18890
Project: 90C0321A

RESULTS OF ANALYSES OF THE SOIL SAMPLES
FOR ORGANIC LEAD BY AR
Results Reported as pg/g (ppm)

Sample # Organic Lead
(ppm)
B-1-20 <5
B-1-30 <5
B-1-40 <5
B-1-45 <5

Quality Assurance

Method Blank <5

B-1-30 (Duplicate) <5




FRIEDMAN & BRUYA, INC,
ENVIRONMENTAL CHEMISTS

Date of Report: September 28, 18930
Date Submitted: July 13, 1990
Project: 90C0321Aa

RESULTS OF ANALYSES OF THE SOIL SAMPLES
FOR FOR FINGERPRINT CHARACTERIZATION
BY CAPILLARY GAS CHROMATOGRAPEY

Sample # GC Characterization
B-1 40 The gas chromatographic trace was

indicative of a low boiling petroleum
product, such as gasoline. This
characterization is based on the presence
of a relatively typical suite of peaks
present from ca n-Cy to n-Cyy with a
maximum at ca n-Cg. Augmented levels of
benzene, toluene, ethylbenzene and the
¥Xylnes were seen which is common to most
gasolines. Examining the four peaks we
have found tco be most conservative in
gasclines we found the following relative
abundances: 1:0.936:2.10:2.31. These
values are considerably different from
samples analyzed previocusly from this
project.

B~1 45 The gas chromatographic trace was
indicative of a low boiling petroleum
product, such as gascline. This
characterization is based on the presence
of a relatively typical suite of peaks
present from ca n-Cy to n-Cy, with a
maximum at ca n-Cg. Augmented levels of
benzene, toluene, ethylbenzene and the
xylnes were seen which is common to most
gasclines. Examining the four peaks we
have found to be most conservative in
gasolines we found the following relative
abundances: 1:0.719:3.27:3.13. These
values are similar to those from sample B-
1 40 (above), though not a complete match,
and different from other samples received
from this project (W-1, W-2-40 or the F-T
samples) .
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FRIEDMAN & BRUYA, INC.

ENVIRONMENTAL CHEMISTS
Andrew John Friedman 3008-B 16th Avenue West
James E. Bruya, Ph.D, Seattle, WA 98119
(206) 285-8282 FAX: (206) 283-5044

August 2B, 1890

Al Ridley, Project Leader
Woodward Clyde Consultants
500 12th Street, Suite 100
Oakland, CA 94607-4041

Dear Mr. Ridley:

Enclosed are the results of the analyses of the samples
submitted on August 3, 1990 from Project 90C0321A-3000.

We appreciate this opportunity to be of service to you on
this project. If you have any questions regarding this
material, or if you Jjust want to discuss any aspect of your
projects, please do not hesitate to contact me.

Sincerely,
Andrew Johd Friedman, Chemist

AJF/fae

Enclosures




FRIEDMAN & BRUYA, INC.
ENVIRONMENTAL CHEMISTS

Date of Report: August 28, 1990
Date Submitted: August 3, 1990
Project: 90C0321A-3000

RESULTS OF ANALYSES OF THE WATER SAMPLE
FCR BTX AND ETHYLBENZENE
USING THE HEADSPACE METHOD
Results Reported as ng/mL (ppb)

Benzene  Toluene Ei-Benzeng Xylene
Sample # mp o}
W-A 16,0002 18,0002 1,500 7,7002 3,6002

8 - vValue reported exceeded the calibration range established

for the sample.




FRIEDMAN & BRUYA, INC.
ENVIRONMENTAL CHEMISTS

Date of Report: August 28, 1990
Date Submitted: August 3, 1990
Project: 90C0321A-3000

RESULTS OF ANALYSES OF THE PRODUCT SAMPLE
FOR BTX AND ETHYLBENZENE
USING THE HEADSPACE METREOD
Results Reported as ng/g (ppb)

Benzene  Toluene Et-Benzene Xylene
Sample # mp )
w-1 6.4% 4.7% 1.3% 5.1% 2.3%
Quality Assurance
wW-1
(Duplicate) 6.6% 4.7% 1.3% 5.1% 2.3%



FRIEDMAN & BRUYA, INC.
ENVIRONMENTAL CHEMISTS

Date of Report: August 28, 1990
Date Submitted: BAugust 3, 1990
Project: 90C0321A-3000

RESULTS OF ANALYSES OF THE WATER SAMPLE
FOR PHENOL, NAPHTHALENE, AND 2-METHYL NAPHTHALENE
Results Reported as mg/L (ppm)

Sample # Phenol - Naphthalene 2-Methyl Naphthalene
(ppm) (ppm) (ppm)
W-A <0.5 <0.5 <0.05



FRIEDMAN & BRUYA, INC.
ENVIRONMENTAL CHEMISTS

Date of Report: August 28, 1990
Date Submitted: August 3, 1990
Project: S90C0321A-3000

RESULTS OF ANALYSES OF THE PRODUCT SAMPLE
FOR PHENOL, NAPHTHALENE, AND 2-METHYL NAPHTHALENE
Results Reported as mg/L (ppm)}

Sample # Phenol Naphthalene 2-Methyl Naphthalene
(ppm) (ppm) (ppm)
W-1 <1,000 <1,000 200

Quality Assurance

Method Blank <1,000 <1,000 <100
W-1

{(Cuplicate) <1,000 <1,000 200
W-1

(Matrix Spike)
Spiked @ 10,000 ppm

% Recovery 150% 50%
w-1

(Matrix Spike

Duplicate)

Spiked @ 10,000 ppm

% Recovery 150% 50%
b

-~ The analyte indicated was not added toc the matrix spike sample.



FRIEDMAN & BRUYA, INC.
ENVIRONMENTAL CHEMISTS

Date of Report: August 28, 1990
Date Submitted: August 3, 1990
Project: 90C0321A-3000

RESULTS OF ANALYSES OF THE WATER SAMPLE
FOR FINGERFPRINT CHARACTERIZATION
BY CAPILLARY GAS CHROMATOGRAPHY

Sample # GC Characterization
W-A The gas chromatographic trace was

indicative of a water soluble fraction of
gasoline. This characterization is based
on the presence of mostly monocyclic
aromatic hydrocarbons (BTEX + Csy -
Benzenes).




Date of Report:
Date Submitted:

Project:

Sample #
w-1

FRIEDMAN & BRUYA, INC.

ENVIRONMENTAL CHEMISTS

August 28, 1990
August 3, 1990
90C0321A-3000

RESULTS OF ANALYSES OF THE PRODUCT SAMPLE
FOR FINGERPRINT CHARACTERIZATION
BY CAPILLARY GAS CHROMATOGRAPHY

GC Characterization

The gas chromatographic trace was
indicative of a fresh gasoline. This
characterization is based on the presence
of a relatively typical pattern of peaks
present from ca n-Cy to n-Cy; with a
maximum at ca n-C4, along with augmented
levels of the monocyclic aromatic
hydrocarbons. Examination of the relative
proportions of the four peaks we have
found to be most conservative in gasolines
gave abundance ratios of
1:2.02:1.64:0.153. These did not give a
good match to the F~T or W-A-40 samples.
Analysis of the sample for organic lead
gave a value o¢f 100 ppm.
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FRIEDMAN & BRUYA, INC.

ENVIRONMENTAL CHEMISTS
Andrew John Friedman 3008-B 16th Avenne West
James E. Bruya, Ph.D, Seattle, WA 98119
(206) 285-8282 FAX: (206) 283-5044

August 28, 1990

Al Ridley, Proiject Leader
Woodward Clyde Consultants
500 12th Street, Suite 100
Cakland, CA 94607-4041

Dear Mr. Ridley:

Enclosed are the results of the analyses of the samples
submitted on July 13, 1990 from Project 90C0321A,

We appreciate this opportunity to be of service to you on
this project. If you have any questions regarding this
material, or if you just want to discuss any aspect of your
projects, please do not hesitate to contact me.

Sincerely,

Andrew John ériedman, Chemist
AJF/fae

Enclosures



FRIEDMAN & BRUYA, INC.
ENVIRONMENTAL CHEMISTS

Date of Report: August 28, 1990
Date Submitted: July 13, 1990
Project: 90C0321A

RESULTS OF ANALYSES OF THE SOXYL SAMPLES
FOR ORGANIC LEAD BY AA
Results Reported as ng/g (ppm)

Sample # Organic Lead
(ppm)
W-A-20 i <1
W-A-30 <1
W-A-35 <1
W-B-25 <1
W-B-35 <1

guality Assurance

W=-A=-20
{Duplicate) <]

W-2-20

(Matrix Spike)

Spiked @ 2.5 ppm

Percent Recovery 120%

W-a-20

(Matrix Spike Duplicate)

Spiked @ 2.5 ppm

Percent Recovery 120%



FRIEDMAN & BRUYA, INC.
ENVIRONMENTAL CHEMISTS

Date of Report: August 28, 1990
Date Submitted: July 13, 1990
Project: 90C0321A

RESULTS OF ANALYSES OF THE SOIL SAMPLES
FOR DYE CHARACTERIZATION
BY THIN LAYER CHROMATOGRAPHY

Sample # GC Characterization
W-D-25 No dyes found.
W-A-40 No dyes found.
W-B-40 No dyes found.



FRIEDMAN & BRUYA, INC.
ENVIRONMENTAL CHEMISTS

Date of Report: August 28, 1890
Date Submitted: July 13, 1990
Project: 90C0321A

RESULTS OF ANALYSES OF THE SOIL SAMPLES
FOR FINGERFRINT CHARACTERIZATION
BY CAPILLARY GAS CHROMATOGRAPEY

Sample # GC Characterization

W-D-25 The gas chromatographic trace was not
indicative of any hydrocarbon
contamination.

W-D-40 The gas chromatographic trace was not
indicative of any hydrocarbon
contamination.

W-A-20 The gas chromatographic trace was not
indicative of any hydrocarbon
contamination.

W-A-30 The gas chromatographic trace was not
indicative of any hydrocarbon
contamination.

W-A-40 The gas chromatographic trace was

indicative of weathered gasoline. This
characterization is based on the presence
of a relatively typical pattern of peaks
present from ca n-C4 to n-C with a
maximum at n-Cg. ©Only low levels of
monocyclic aromatics were probably
present. They were mostly solubilized or
biocdegraded. Examination of the relative
proportions of the four peaks we have
found to be most conservative in gasolines
gave abundance ratios of
1:4.26:3.88:0.442. These did not give a
good match to the F-T or W-1 samples.

W-Aa-50 The gas chromatographic trace was not
indicative of any hydrocarbon
contamination.

W-B-40 The gas chromatographic trace was not
indicative of any hydrocarbon
contamination,



FRIEDMAN & BRUYA, INC.
ENVIRONMENTAL CHEMISTS

Date of Report: August 28, 1990
Date Submitted: July 13, 19890
Project: 90C0321a

RESULTS OF ANALYSES OF THE SOIL SAMPLES
FOR GASOLINE BY GC/FID (MODIFIED 8015)
Results Reported as ug/g (ppm)

Sample # ' Gasoline
(ppm)
W-D-25 <1
W-D-40 <1
W-A-20 <1
W-2-30 2
W-A-40 1,000
W-B-25 <1
W-B-35 <1
W-B-40 <1

Quality Assurance

Method Blank <]
W-A-40

(Duplicate) 640
W-A-40

(Matrix Spike}
Spiked € 100 ppm
Percent Recovery a

W-A-40
(Matrix Spike Duplicate)

Spiked @ 100 ppm :
Percent Recovery a

a
recovery data.

- The amount spiked was insufficient to give meaningful



Date of Report: August 28,

FRIEDMAN & BRUYA, INC.

ENVIRONMENTAL CHEMISTS

Date Submitted: July 13,

Project: 90C03Z21A

1990
1390

RESULTS OF ANALYSES OF THE SOIL SAMPLES
FOR BTX AND ETHYLRENZENE

USING THE HEADSPACE METHOD

Results Reported as ng/g (ppb)

Sample #
W-D-25
W-D-40
W-A-20
W-A-30
W-A-40
W-B-25
W-B-35

W-B-40

Quality Assurance

Method Blank

W-2-40
{(Duplicate)

W-A-40
(Matrix Spike)
Spiked @ 1,000 ppb
Percent Recovery

W-A-40

Benzene = Toluene

<10
<10
410
390
12,000
<10
690

<10

<10

8,900

(Matrix Spike Duplicate)

Spiked @ 1,000 ppb
Percent Recovery

a
recovery data,.

<1

<1

320
130
37,000
<1

260

<1

<1

29,000

Et-Benzene

<1

<1
240
35
7,500
<1
110

<1

<1

6,000

<1

<1

210
1,200
27,000
<1

70

<1

<1

23,000

- The amount spiked was insufficient to give meaningful

<1

<1

150
750
13,000
<1

35

<1

<1

11,000



FRIEDMAN & BRUYA, INC.
ENVIRONMENTAL CHEMISTS

Date of Report: August 28, 1590
Date Submitted: July 13, 1990
Project: 90C0321Aa

RESULTS OF ANALYSES OF THE WATER SAMPLES
FOR SELECTED METALS BY ICP
Results Reported as mg/L (ppm)

Sample # Cadmium Chromium Copper Nickel Vahadium Zinc
(ppm) (ppm) (ppm) (ppm) (ppm) (ppm)
W-A-20 0.2 2.3 12 64 0.3 11
W~-A-30 <0.1 23 13 55 6.3 23
W-A-35 0.6 31 15 6.9 9.1 15
W-B-25 <0.1 76 15 B2 6.3 21
W-B-35 0.2 22 18 74 7.1 14

Quality Assurance

Method Blank <0.1 <0.1 <0.1 <0.1 <0.1 <0,
W-2-30

(Duplicate) 0.1 26 16 €8 7.4 21
W-A-30

(Matrix Spike)
Spiked € 100 ppm
Percent Recovery 55% 66% 70% 77% a 60%

W-A-30

(Matrix Spike Duplicate)

Spiked @ 100 ppm

Percent Recovery 54% 53% 64% 39% a 56%

8 - The analyte indicated was not added to the matrix spike sample.
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FRIEDMAN & BRUYA, INC.
ENVIRONMENTAL CHEMISTS

Date of Report: August 28, 1990
Date Submitted: July 13, 198830
Project: 90C0321A

RESULTS OF ANALYSES OF THE SOIL SAMPLES
FOR PHENOL, 2~-MEHTYL NAPHTHALENE, AND NAPHTHALENE
Results Reported as pg/g (ppm)

Sample # Phernol Naphthalene 2-Methyl Naphthalene
(ppm) (ppm) (ppm)

W-A-30 <10 <1 <1

W-B-30 <10 <1 <1l

Quality Assurance

Method Blank <10 <1 2
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FIELD ACTIVITY REPORT
ARROW RENTALS, LIVERMORE, CA
90C0321A-3000

FIELD PERSONEL: Jacki Lee
SUBCONTRACTOR: Frank Briggs, Datum Corporation

PURPOSE: To develop five new monitoring wells and obtain water
levels on existing wells. Collect samples if gasoline is present.

GENERAL SUMMARY: Each new monitoring well recejved partial
development. Additional pumping is still required for complete
development.

WELL DEVELOPMENT PROCEDURES (see Table 1)

1. Initial water level and total depth were measured from the north
rim of the well casing, surface completion was checked.

2. Bailed out as much silt deposit as possible.

3 Swab the screen interval for 10 to 15 minutes (for 4 inch wells
only).

4. Bail well again after swabbing.
5. Pump well if possible until silt was minimal (for well W-D).
COMMENTS:

Well W-A: No floaters were present, however, strong gasoline odor
was detected. A water sample was collected. Subcontractor was able
to bail the well dry after 215 gallons were removed. Well was bailed
again on the second day. High amount of silt is still present.

Well W-B: No floaters or odor were detected. No sample was
collected. Subcontractor was able to bail the well dry after 70
gallons. Allowed a recharge time of 15 minutes. Only 10 gallons
were removed before well went dry again. Amount of settled silt is
about 50 ml.




Well W-C: No odor was detected. Originally started out with very
thick silt. After removing about 3-4 gallons, viscosity was like water,
however, still a high presence of silt. Subcontractor could not bail
dry.

Well W-D: No odor was detected. Subcontractor could not get a 8 foot
long bailer down the well.. It would get stuck at various depths.
However, a 3 foot long bailer fits down the well to total depth. This
well was hand-bailed. Silt is present.

A total of 10 empty barrels were left at the site. All discharged
groundwater is stored in labelled barrels. Total number of barrels
used for development is 22 barrels.

Groundwater samples from wells W-A and W-1 were sent along with
a travel blank to Seattle, WA. Samples from Well W-1 was pure
product.



TABLE1. WELL DEVELOPMENT FOR ARROW RENTAL, LIVERMORE, CA.

INITAL INITIAL OTAL AMOU TOTAL TOTAL AMOUNT COMMENTS
WELL LD DATES OF WATER TOTAL OF WATER TIME OF OF WATER
DEVELOPMENT LEVEL DEPTH BAILED SWABBING DISCHARGED

(FEET) (FEET) {GALLONS) minutes} | (BAILED AND PUMPED)
W-A 7/26 & 7127 44.25 57.99 165 12 250 GASOLINE ODOR
w-B 727 4462 5512 100 0 100 BAILED DRY
Ww.-C 727 43.34 50.3 30 o 30
w-D 7126 4219 58.65 250 10 550

L]
W-E 127 43.08 58.61 35 0 35 CROOKED WELL
EXISTING WELLS

W-1 45,69 PURE PRODUCT
w.2 45,65 GASCLINE ODOR
W-3 45.13 GASOLINE ODOR
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HEALTH AND SAFETY COMPLIANCE AGREEMENT

-

2, the undersigned, have received a copy of the health and safety plan

for the project identified below. I have read the plan, understand it,
and agree to comply with all of the health and safety requirements therein.
1 understand that 1 may be prohibited from continuing work on the proiect
for failing to comply.

1 have have pot (check one) been briefed by a project safety authority
on the health and slfety requirenpents of the project.

Project No. ?DCOBZ’A" 2000
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Table 1
Organic Vapor Concentrations Measured with an HNu Photoionization
Detector

Boring Depth Maximum HNU Reading*
Number feet (ppm-HNu Units
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Woodward-Clyde Consultants

Table 2

Summary of Laboratory Analyses of Soil Samples

Total Petroleum Hydrocarbons and BTEX (EPA 8015/8020)

TPH TPH Ethyl-
Boring Depth gasoline diesel Benzene Toluene benzene xylene
Number  (feet) (ppm) (ppm) ppm : ppm ppm ppm
8-1 Fd ND NT ND ND ND ND
5 ND NT ND ND ND ND
10 ND NT ND ND ND ND
15 ND 2.3 ND ND ND ND
20 170 NT 2.1 1.4 0.22 1.5
25 220 NT ND 2.4 2.1 11.0
B-2 2 3.5 NT ND ND ND 0.1
5 8.2 NT ND ND ND ND
10 ND NT ND ND ND ND
15 ND 2.3 ND ND ND ND
25 1.7 NT ND ND ND 0.13
B-3 2 ND NT -ND ND ND ND
5 ND NT ND ND ND ND
10 ND KT ND ND ND ND
15 ND 2.6 ND ND ND ND
20 ND NT ND ND ND ND
25 1.3 NT ND ND ND ND
B-4 2 ND NT ND ND ND ND
5 ND NT ND ND ND ND
10 ND NT ND ND ND ND
15 ND NT ND ND ND ND
B-5 2 ND NT ND ND ND ND
5 1.9 NT ND ND ND ND
10 ND NT ND ND ND ND
15 ND NT ND ND ND ND
20 ND ND ND ND ND ND
25 1.7 NT ND ND ND ND
B-6 5 1.8 NT ND ND ND ND
10 ND NT - ND ND ND ND
15 ND NT ND ND ND ND
20 ND NT " ND ND ND ND
25 ND NT ND ND ND ND
ND = Non-Detected
NT = Not-Tested

8810220T7/COT




Woodward-Clyde Consultants

Table 2 {concluded)
Summary of Soil Samples Analytical Laboratory Results

Volatile Organics (EPA 8240)

Ethyl-
Boring Depth Benzene toluene benzene xylene
Number {feet) pq/kq ug/kg ug/kg ug/kq
B-1 25 380 7,100 6,400 52,000
B-2 25 ND ND ND 550

Semi-Volatile Organics (EPA 8240)

Boring Depth Concentration
Number (feet) Component ug/kg
B-1 25 Z2-Methyinaphthalene 3,500
Z-Naphthalene 3,400
pheno] 300
Metals Analyses
1940 Railroad Ave,

Boring Depth Cr Cu Ni Pb Hg In
Number (feet) mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg
B-6 2 42 34 100 5.8 0.035 36

5 43 16 100 4.4 0.059 35
(TTLC)* (2500) (2500) (2000) (1000) (20) (5000)
(STLC)+ . { 560) ( 25) ( 20) ( 5) ( 0.2) ( 250)
* TTLC = Total Threshold Limit Concentration (CAC, Title 22)

n ot

+ STLC = Soluble Threshold Limit Concentration (CAC, Title 22)
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8810220A-T CON-1

Table 1. ELEVATIONS OF MEASURING POINTS AND ELEVATION OF GROUNDWATER,
187 NORTH L STREET, LIVERMORE, CALIFORNIA

Measuring Depth to Elevation
Well Point Elevation Groundwater (feet)
Number (Project Datum, feet) (feet) June 2, 1989
W-1 99,22 43.16 56.06
W-2 99.07 44,24 54.83
W-3 98.03 44,50 53.53

Note: Assumed temporary benchmark elevation 100 feet.




B810220A-T CON-2

Table 2. SUMMARY OF SOIL SAMPLE ANALYTICAL RESULTS FOR MONITORING WELLS W-1, W-2 AND W-3 AND
BORINGS B-7 AND B-8, 187 NORTH L STREET, LIVERMORE, CALIFORNIA

High Low
Boiling Point Boiling Point

Well/ Hydrocarbons  Hydrocarbons

Boring Sample (Diesel) (Gasoline) Benzene Toluene Ethylbenzene Xylenes

Number  Depth {ppm} (ppm) (ppm) (ppm) {ppm) (ppm)

W-1 5 NR HD ND ND ND ND
0! NR ND ND ND ND ND
15! NR 1,200 ND 21 20 130
20' 380 350 2.5 14 6.3 30
25' KR 490 3.5 24 9.4 46
30" NR 160 1.0 7.9 3.6 18
35! NR 370 2.4 20 B.2 40
40’ 1,500 16,000 220 1,100 340 1,500
45’ NR 1,600 30 120 34 160
50 . NR 2,500 28 200 59 270
55! NR 120 3.2 10 2.7 13

W-2 5 NR 1.2 ND 0.14 ND ND
10' MR ND ND 0.1 ND ND
15! NR ND ND 0.1 ND ND
20! NR ND ND ND ND ND
25! NR ND ND ND wD ND
30" NR ND ND ND ND ND
35! NR ND ND ND ND ND
44! NR ND ND ND ND ND
45! ND ND ND ND WD ND
50! NR ND KD ND ND ND

W-3 5 NR ND ND ND ND ND
10° NR ND ND ND ND ND
15! NR ND ND ND ND ND
20! NR ND ND ND ND ND
25’ NR ND ND ND ND ND
30" NR ND ND ND ND ND
35! NR ND ND ND ND ND
40' ND ND ND NO ND ND
45’ NR ND ND ND ND ND

50 KR 12 0.06 ND ND ND




8810220A-7 CON-3

Table 2. SUMMARY OF SOIL SAMPLE ANALYTICAL RESULTS FOR WELLS W-1, W-2Z AND W-3 AND BORINGS B-7
AND B-8, 187 NORTH L STREET, LIVERMORE, CALIFORNIA

High Low
Boiling Point Boiling Point
Well/ Hydrocarbons  Hydrocarbons
Boring Sample (Diesel) (Gasoline) Benzene Toluene Ethylbenzene Xylenes
Number  Depth {ppm) (ppm) (ppm) (ppm) {(ppm) {(ppm)
B-7 5 ND ND ND ND ND ND
10°' NR ND ND ND ND ND
B-8 5! NR ND ND ND WD ND
10 ND Ll ND ND ND ND
Detection Limits: 1.0 1.0 0.05 0.1 0.1 0.1

Kot Detected
Analysis Not Run

x
A2
[ ]
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Table 3. SUMMARY OF GROUNDWATER SAMPLE ANALYTICAL RESULTS, NOVEMBER 1988,
187 NORTH L STREET, LIVERMORE, CALIFORNIA

Micrograms per Liter ( ug/L)

High Low
Boiling Point Boiling Point W

Well Hydrocarbon  Hydrocarbon Ethy]
Number (Diesel) (Gasoline)  Benzene Toluene Benzene Xylenes
W-1 300,000 210,000 29,000 30,000 5,400 24,000
W-2 ND 360 6.7 2.1 0.47 1.3
W-3 2,200 11,000 290 120 150 140
Detection
Limits: 50.0 30.0 0.3 0.3 0.3 0.3
State or Federal

Drinking

Water Limits

(MCLS) -- -- 1.0 2,000 680 1750
State

Drinking

Water Action

Levels - - 0.7 100 680 620

ND = Not Detected
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EVIDENCE OF EXISTENCE OF MOBIL SERVICE STATION AT
187 NORTH "L" STREET IN LIVERMORE, CALIFORNIA
CIRCA 1951-1968

1. Pacific Telephone Directory, October 1966, Page 507
2. 1968 Livermore City Directory, Page 53

3. City of Livermore Building Permit to Socony-Mobile Co.
For Underground Storage Tank, December 2, 1960

4. Mobil Oil Company, Ten Year Service Award to
John Bowersox, 1961
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LIVERMORE

CALIFORNIA

Directory

INCLUDES

@ Alphabetical _ Sold by
directory of ‘
business concerns Subscription
and private citizens Only

@ Complete classified

business directory

® Street and Avenue guide:
a list of householders and

occupants of office bulldings
and businesses with telephones

® Reverse telephone directory: a list
of églephone numbers in numerical
order

® Rural information of the surrounding area.
AND

® Miscellaneous information about the city and \\
county

Published by
JOHNSON PUBLFS_HII:JG COMPANY, INC.

162 . 6th AvésPEugene, Oregon 97401

Please Note: The Street & Avenue Guide and the Reverse Telephone
Directory Sections do not appear in the Residence Copies.
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DECLARATION OF GARY R. PINKS

My name is Gary R. Pinks.

I have personal knowledge of all the facts stated in this declaration and, if called as
a witness, I could and would testify to them under oath.

I am the Manager at Arrow Rentals at 187 North "L" Street in Livermore, California.
On or about June 18, 1985 I was so employed and on duty at Arrow Rentals when the
Petcock Petroleum driver arrived to deliver an order of regular gasoline. Our usual order
was for 500 gallons of regular grade gasoline.

The driver has to check in with me to get the key to the underground storage tank.
On this day, it was a different driver from the driver who usually came from Petcock
Petroleum. On this day, the Petcock driver was a shorter, older guy about 50 years old. I
gave him the key to the 1000 gallon tank ( as shown on attached diagram).

He was outside filling for what seemed like a long time. I stepped outside to see
what was happening and saw the he had the nozzle from the gasoline truck in the vapor well
rather than the mouth of the tank. I called his attention to the mistake he was making.

He pulled the nozzle out of the vapor well and put it back on the truck. He then
immediately called the Petcock Petroleum office on his truck radio and said he was at
Arrow Rentals and had just dropped 600 gallons of gas into the dirt. I was standing by his
truck and heard his office advise him to get off the radio and to call from the phone inside.
One of my employees, Robert Coleman, was also standing by when the radio conversation
took place. The Petcock driver did make a phone call from inside Arrow Rentals and then
he left.

A day or so after the spill, the regular driver for Petcock showed up and delivered
the gasoline we had originally ordered.

I declare under penalty of perjury under the laws of the State of Califorma that the
foregoing statements are true and correct.

Dated this 252 day of February, 1991 at Oglfﬁ-‘?’v""/“‘/

5, p 4

Gary R. Pirtk
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DECLARATION OF MICHAEL P. COMER

My name is Michael P. Comer.

I have personal knowledge of all the facts stated in this declaration and if called as
a witness, I could and would testify competently to them under oath.

I am the owner of Comer Petroleurn Equipment. In my business, I frequently assist
people in the removal of old underground storage tanks.

In the spring of 1985 I assisied Tony Sullins in the removal of two underground
petroleum tanks (one approximately 4000 gallons and one approximately 6000 gallons) at
Arrow Rentals in Livermore (as shown on attached map). When we were disconnecting
plumbing going to the tank and the plumbing associated with the fill boxes, there was an
odor of gasoline which is normal.

When we pulled the tanks out of the ground there was no noticeable odor of gasoline
coming from the soils at the bottom of the tank pit. Nor did the soil in the tank pit have
the dark discolored look which is characteristic of a tank which has been leaking
underground. Based upon my experience with tank removal, I concluded that the two
underground storage tanks which we removed from Arrow Rentals that day had not been
leaking.

I declare under penalty of perjury under the laws of the State of California that the
foregoing is true and correct.

Dated this _Df (2 (< day of February, 1991 at "\ ccamp o vices
California.

ichael S

M . Comer
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