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PROBLEM ASSESSMENT REPORT/
REMEDIAL ACTION PLAN
BEACON STATION #720

1088 MARINA BOULEVARD
SAN LEANDRQ, CALIFORNIA
AMY PROJECT NO. 19030.01

1.0 INTRODUCTION

Acton ® Mickelson ® van Dam, Inc. (AMV), has been authorized by Ultramar Inc. (Ultramar),
to continue an ongoing hydrogeologic investigation at Beacon Station #720 located at 1088
Marina Boulevard, San Leandro, County of Alameda, California (Figures 1 and 2). This report
summarizes the results of hydrogeologic investigations conducted by AMV and other
environmental consulting firms.

1.1 SITE BACKGROUND

The site is located approximately 2 miles east of San Francisco Bay. Sus:Leandro Creek
approximately 1 mile north of the site and flows west toward San Franti#to Hay: - The surface
of the site slopes gently toward the southwest. The surrounding area is predominantly
commercial properties. According to information on the U.S. Geological Survey (USGS)
San Leandro 7 1/2-minute quadrangle, the site is approximately 35 feet above sea level.

Eight ground water monitoring wells have been installed at the site, Three underground storage
tanks (USTs) are known to presently exist at the site. The three USTs have been used for motor
vehicle fuel storage and currently contain various grades of unleaded gasoline. It is AMV’s
understanding that there are no reported incidents in which gasoline has leaked from or was
spilled during filling of any of these USTs. The site was previously owned by Kayo Oil of
Lodi, California, and was operated as a Fast Gas Statlon The site is currently an operating
Beacon retail service station.

1.2 REGIONAL GEOLOGIC AND HYDROGEOLOGIC SETTING

The site lies within the San Leandro Alluvial Cone which emanates from the Diablo Mountains
and terminates at the eastern shore of San Francisco Bay. The San Leandro Cone is composed
of unconsolidated sediments of Quaternary age deposited by nearby San Leandro Creek.
Sediments making up the San Leandro Cone consist of interbedded deposits of clay and more
permeable sand and gravel. The strata form a series of small confined aquifers with limited
lateral extent. Published reports indicate that soil types beneath the site range from sands and
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gravels deposited in a braided stream environment to fine-grained sediments characteristic of
flood stage, overbank deposits. Higher areas in the site vicinity consist of Cretaceous-age-
marine sediments. The northwest-trending Hayward fault is located at the base of the Diablo
Mountains east of the site.

Groundwater Technology, Inc. (GTI), first noted saturated conditions during drilling of ground
water monitoring wells at a depth of approximately 20 feet below grade. GTI interpreted the
shallow ground water to be present under unconfined conditions. Ground water was reported
by GTI to be approximately 14 feet below grade during April 1987.

2.0 RESULTS OF PREVIOUS PHASES
OF HYDROGEOLOGIC INVESTIGATION

2.1  REMOVAL OF UNDERGROUND STORAGE TANKS

USTs were removed and soil sampling was performed by CHIPS Environmental Consultants of :

Morgan Hill, California, during January 1987, A total of three USTs, two 10,000-gallon and
one 7,500-gallon-capacity) containing various grades of gasoline were removed. Soil samples
were collected from beneath the former UST locations and submitted for analysis of total
petroleum hydrocarbons as gasoline (TPHg), and the gasoline constituents benzene, toluene,
ethylbenzene, and xylenes (BTEX). Based on the analytical results obtained from these samples,
overexcavation of the tank basin was conducted. One soil sample was then collected at each
corner of the former tank basin at depths ranging from 19.5 to 20 feet below grade.
Concentrations of TPHg in these samples ranged from 26 to 120 parts per million (ppm), with
benzene concentrations ranging from 1 to 15 ppm.

A waste oil tank was also removed from the site. Two soil samples were collected from beneath
the waste oil tank and submitted for analysis. Waste oil concentrations in these two samples
were reported to be 195 and 210 ppm (as waste oil), respectively. Apparently, no
overexcavation of the waste oil tank basin took place when the tank was removed.

2.2 MONITORING WELL INSTALLATION AND SOIL SAMPLE ANALYSIS

GTI submitted a report titled "Subsurface Hydrocarbon Investigation,” dated May 15, 1987.
The report contained the results of GTI’s preliminary hydrogeologic investigation at the site,
conducted in April 1987, at which time the site was an Econo Gas station operated by Kayo Oil.
Five soil borings were advanced by GTI to a depth of 30 feet below grade and converted to
ground water monitoring wells MW-1 through MW-5 (Figure 2). Soil samples were collected
from each boring at 5-foot intervals and submitted for analysis of TPHg, total lead, benzene,
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toluene, and xylenes. Field readings using a photoionization detector (PID) indicated that the
soils encountered during drilling from 9 to 17 feet below grade contained detectable
concentrations of organic vapors. Soil samples collected at 14 feet below grade (the approximate
depth of the soil/ground water interface) were submitted for chemical analysis. A soil sample
collected from the boring for monitoring well MW-4 contained the highest total hydrocarbon
content (THC) at 2,108 ppm. Concentrations of THC in soil samples obtained from the borings
for monitoring wells MW-1, MW-2, and MW-5 were reported at 327, 83, and 983 ppm,
respectively. The soil sample collected from the boring for monitoring well MW-3 at 14 feet
below grade did not contain detectable levels of petroleum hydrocarbons. Soil sample analytical
results are compiled in Table 1. The locations of geologic cross-sections are illustrated on
Figure 3.

Soils encountered beneath the site during drilling consisted predominantly of greenish-brown silty
clay with occasional, local sand and clayey sand lenses at approximately 14 feet below grade.
A geologic cross-section (Figure 4) was constructed based on information obtained from GTI’s
boring logs for monitoring wells MW-1, MW-4, and MW-5.

Monitoring wells MW-1 through MW-5 were screened from 10 to 30 feet below grade. Depth
to water measurements and ground water samples were collected from each new monitoring well
and submitted for analysis on April 16, 1987. A sheen was observed in monitoring wells MW-2
and MW-3, Ground water was present between 13.40 and 14.05 feet below respective casing
risers on this date. The ground water gradient was reported to be toward the southwest.
Ground water sample analysis indicated that ground water beneath the site contained petroleum
hydrocarbon constituents. TPHg concentrations in ground water samples ranged from 10 ppm
in a sample collected from monitoring well MW-3 to 19.3 ppm in a ground water sample
collected from monitoring well MW-4, Quarterly ground water monitoring was subsequently
performed by GTI until February 1989.

In July 1987, GTI advanced four soil borings on the site property located west of the UST basin
(borings 1 through 4 on Figure 2). Data from these borings are sparse, but it is believed that
the borings extended to a depth of 14.5 feet below grade (the approximate depth to ground
water). Soil samples were collected from each boring at 9.5 and 14.5 feet below grade. Only
one of the soil samples collected above the water table (3B) contained detectable concentrations

of petroleum constituents. Sample 3B reportedly contained 10 ppm THC and 0.69 ppm benzene.

Each of the samples collected at a depth of 14.5 feet below grade contained detectable
concentrations of THC and benzene ranging from 45 to 170 ppm (THC) and 9.8 to 32 ppm
(benzene). Analytical results of soil samples collected in July 1987 by GTI are compiled in
Table 1.
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In February 1989, Du Pont Biosystems (Du Pont) was contracted to perform quarterly ground
water monitoring of the existing monitoring wells at the site. Depth to ground water-
measurements at this time indicated an inferred ground water gradient of 0.0025 foot per foot
(ft/ft) towards the southwest. Quarterly monitoring was subsequently performed at this site by
Environmental Geotechnical Consultants, Inc. (EGC), and Aegis Environmental, Inc. (Aegis).
Historical depth to ground water data (since 1992) are compiled in Table 2; ground water quality
data (since 1992) are compiled in Table 3. Ground water levels have fluctuated approximately
2.5 feet since March 1992,

An additional site investigation was conducted by EGC at the site beginning in August 1991.
A total of ten soil borings were drilled between August 15 and October 10, 1991. The final
three borings were converted to ground water monitoring wells MW-6, MW-7, and MW-8
(Figure 2). Soil samples were collected from each boring at 5-foot intervals. Selected soil
samples were submitted to California-certified laboratories for analysis of TPHg and BTEX.
Soil sample analytical results are compiled in Table 1. A second geologic cross-section using
data from the boring logs for monitoring wells MW-8, MW-4, and MW-3 is illustrated on
Figure 5. Ground water samples were collected by EGC through uncased boreholes in borings
B-1, B-5, B-6, and borings for monitoring wells MW-7, M-8, and MW-9. Benzene was not
detected in the ground water samples coliected from B-5, MW-7, or MW-6 (Table 4). Benzene
was detected in ground water samples from borings B-1, B-6, and MW-8.

All eight existing wells (MW-1 through MW-8) were resurveyed by EGC in December 1991 at
which time quarterly ground water monitoring was also performed. The ground water gradient
at this time was reported by EGC at 0.002 ft/ft toward the northwest.

The most recent quarterly monitoring event at the site was performed by Aegis in December

1983. Ground water gradient was reported by Aegis to be less than 0.01 ft/ft toward the
southwest at this time.

3.0 ADDITIONAL TESTING

3.1 AQUIFER PUMPING TEST

On October 4 a:nd 5 1993, AMV conducted an aquer Bumpmg test at the 31te to evaluate
pcrfo-nned by p MpINg o e 1 CONITe sy for apprmmatelyeizﬂ hours¥ A
constant pumping rate of approxxmately 1.9 giﬁons per minute (gpm) was maintained for the
duration of the test. Ground water monitoring well MW-5 was used as the observation well
during the test. Monitoring well MW-5 is located approximately 40 feet from monitoring well
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MW-4. An automated data logger was used to continuously record water level data in the
pumping and observation wells. At the end of the test, a drawdo\m of approximately 10.6 feet
was measured in monitoring -well MW-4, and approkimately 050 fook-of: " was
measured in monitoring well MW-5. Raw data collected during the pumping test and analytical
calculations are contained in Appendix A.

Approximately 2,500 gallons of ground water was produced during the 22-hour pumping test.
The ground water was routed from the pumping well through a flowmeter to a temporary
aboveground tank as approved by the City of San Leandro. The stored ground water was
removed from the tank by Kern Vacuum Service of Coalinga, California, and transported to
Ultramar’s Hanford facility for recycling. Ground water samples were collected during the last
hour of the test and submitted to a California-certified laboratory for analysis of BTEX, TPHg,
and general metals. The ground water sample coliected from monitoring well MW-4 at the end
of the test contained a TPHg concentration of 26,000 mlcmgrams per liter (ug/1} and a benzene
concentration of 5,100 ug/l. Analytical results are compiled in Tables 5 and 6. Copies of
certified analytical reports are presented in Appendix B.

Analysis of aquifer characteristics was facilitated by use of the software program AQTESOLV®,
written by Geraghty & Miller, Inc. (1991). Curve matching using AQTESOLV® (Appendix A)
indicates an estimated average value of hydraulic conductivity (K) of approximately 0.007
foot/minute (ft/min). This value is within the anticipated range of K values expected for the
types of sediment encountered in soil borings in the shallow subsurface beneath the site. The
capture zones of monitoring well MW-4 pumping at rates of 1 and 0.5 gpm were simulated using
the value for K of 0.007 ft/min, a ground water gradient of 0.002 ft/ft, an assumed aquifer
porosity of 25 percent, and an aquifer thickness of 22 feet (Appendix A). At a pumping rate
of 1 gpm, which is a feasible long-term pumping rate for monitoring well MW-4, the simulated
capture zone extended approximately 45 feet downgradient of the pumping well and reached a
maximum upgradient width of approximately 350 feet. Reducing the pumping rate to 0.5 gpm
decreased the downgradient capture zone extent to approximately 25 feet from the pumping well.
The maximum upgradient width of the capture zone decreased to approximately 205 feet at a
pumping rate of 0.5 gpm.

3.2 SOo1L VAPOR EXTRACTION TEST

AMY conducted a 4-hour seil vapor extraction pilot test at the site on October 5, 1993, Using
monitoring well MW-4 as the test well (Figure 2), a 2-horsepower vacuum blower (Gast Model
R35125Q-50) powered by a portable 6.5-kilowatt generator applied a continuous vacuum of about
50 inches of water column at the well head. Also, a 2-inch submersible pump was used to
simultaneously extract ground water from monitoring well MW-4 and to maintain drawdown of
the water table during the vapor extraction pilot test. Vapor flow rate, measured by a rotameter
placed in the exhaust line of the blower and corrected for temperature, was observed to be
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approxithately 9.7 standard cubic feet per minute (scfm). Per requirements of the Bay Area Air
Quality Management District (BAAQMD), the emissions from the pilot test were routed through-
vapor-phase activated carbon prior to discharge to the atmosphere.

Throughout the vapor extraction test, vacuum influence was monitored at a vapor monitoring
point installed for testing purposes about 7 feet from monitoring well MW-4. Vacusm influence
was not observed at the vapor monitoring point.

To determine concentrations of total volatile hydrocarbons (TVH) in the extracted vapors during
the pilot test, AMV used Draeger tubes and a flame ionization detector (FID). The FID
indicated TVH concentrations were greater than 10,000 ppm as methane throughout the test.
Draeger tube readings indicated a concentration greater than 2,500 ppm as octane at the
beginning of the test, and a concentration of 1,800 ppm as octane at the end of the 4-hour test.
Field readings compiled in table form are contained in Appendix C.

To confirm field readings and to help estimate mass extraction rates of TPHg, two bag samples
of extracted vapor were collected; one sample at the beginning and one sample at the end of the
test. The samples were submitted for laboratory analysis of TPHg and BTEX. The analytical
results (Appendix D) for these samples were 6,200 parts per million-volume (ppmv) TPHg, 260
ppmv benzene at the start, and 3,800 ppmv TPHg and 120 ppmv benzene at the end of the test.

From the analytical results, the estimated extraction rate for TPHg at the end of the 4-hour test
was 12,7 pounds per day (Ibs/day). The estimated extraction rate for benzene at the end of the
test was 0.37 Ibs/day. Appendix E contains flow and extraction rate calculations.

Using the pilot test data, an empirical formula for calculating a theoretical zone of vacuum

‘influence predicts a vacuum influence area with a radius of approximately 10 feet extending

outward from monitoring well MW-4 (Appendix E). During the test, vacuum influence was not
observed at the vapor point located approximately 7 feet from monitoring well MW-4. A vapor

extraction blower of greater capacity than-the one used in the pilot test should provide a larger -

zone of vacuum influence.

To estimate the possible vacuum influence achieved by a blower of greater capacity, AMV
extrapolated the pilot test data resulting from an applied vacuum of 50 inches of water to an
applied vacuum of 189 inches of water (14 inches Hg, the maximum practical vacuum achieved
by vapor extraction equipment). A linear extrapolation from pilot test data predicts monitoring
well MW-4 would produce an extraction flow rate of 36 scfm at the higher vacuum. At 36 scfm
extraction flow, the empirical formula for calculating the theoretical zone of vacuum influence
predicts a vacuum influence area with a radius of 38 feet. Appendix E includes a graph of the
extrapolation, and the calculation predicting the theoretical zone of vacuum influence.
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33 AIR SPARGING TEST

An 8-hour air sparging pilot test was conducted at the site on October 6, 1993 by AMV. Using
a temporary hand-driven sparging point (SP on Figure 2) for introducing air into the saturated
zone, a 2-horsepower compressor (Speedaire Model 5Z599) powered by a 6.5-kilowatt generator
provided a continuous flow of air for 8 hours. Flow was measured by the use of an in-line
rotameter placed at the outlet of the compressor. Flow, corrected for temperature and pressure,
ranged from 5.7 to 6.6 scfm. Appendix F contains a summary table of air sparging test data.

During the test, dissolved oxygen was monitored in monitoring wells MW-4 and MW-5, Also,
the vapor space in the MW-4 casing was monitored for TVH using the FID and for carbon
dioxide (CO,) using Draeger tubes.

Dissolved oxygen values for water samples coliected from monitoring well MW-4 ranged from
13 percent saturation before beginning the sparging to 19 percent saturation at the conclusion
of the test, as determined by field readings using a dissolved oxygen meter. FID readings of
the monitoring well MW-4 vapor space ranged from 1,200 ppm as methane to greater than
10,000 ppm. CO, concentrations measured in the monitoring well MW-4 vapor space ranged
from nondetectable at the beginning to 0.3 percent at the conclusion.

AMY collected water samples from monitoring well MW-4 at the beginning, the midpoint, and
at the conclusion of sparging for laboratory analysis (Appendix G) of TPHg and BTEX. TPHg
concentrations ranged from 21,000 to 31,000 parts per billion (ppb) and benzene concentrations
ranged from 1,300 to 2,500 ppb.

‘Based on the dissolved oxygen and CO, measurements taken at the conclusion of the sparging,
- AMYV believes the approximate 6 scfm sparge rate into the sparging peint resulted in sparge

influence at monitoring well MW-4, which is about 15 feet from the location of the sparging
point.

4.0 DISTRIBUTION OF PETROLEUM CONSTITUENTS
IN SOIL AND GROUND WATER

-

4.1 DISTRIBUTION OF PETROLEUI\'I CONSTITUENTS IN SOIL

Most of the soil samples submitted by previous consultants for laboratory analysis have been
collected from the zone of water table fluctuation (14 or more feet below grade). Only two soil
samples (3B and B-2-2) collected at less than 14 feet below grade have contained detectable
concentrations of petroleum constituents. The highest TPHg concentration detected in samples
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collected above the water table was 10 ppm (sample 3B). Based on the distribution of petroleum

constituents in ground water (Section 4.2) and the known direction of ground water flow, AMV-

has inferred that seil in the vicinity of the underground storage tanks contains petroleum
constituents (Figures 4 and 5). The relative concentration of TPHg (or THC) in soil samples
collected from the water table interface in borings near the underground storage tank basin seems
to support this interpretation, as do the results of the soil vapor extraction test using monitoring
well MW-4,

4.2 DISTRIBUTION OF PETROLEUM CONSTITUENTS IN GROUND WATER

Depth to ground water beneath the site has ranged from approximately 12 to 17 feet. In
December 1993, depth to ground water ranged from 13.06 (MW-6) to 16.05 (MW-8) feet below
grade. The direction of ground water flow has varied from northwest to southwest. Depth to
ground water measurements made in December 1993 indicate a ground water flow direction
toward the west-southwest,

Separate-phase petroleum product has never been detected in monitoring wells at this site. The
benzene isoconcentration map illustrated on Figure 7 (from September 22, 1993) is
representative of the historic distribution of dissolved benzene in ground water at the site.
Ground water samples collected from monitoring wells MW-4, MW-5, MW-1, and MW-2 have
historically contained the highest benzene concentrations. Benzene concentrations in monitoring
wells MW-6 and MW-7 have generally been trace amounts or have been nondetectable.

Although quarterly sampling of monitoring wells MW-6 and MW-7 appears to indicate
delineation of the dissolved hydrocarbon plume in ground water, spot sampling of ground water

-through uncased borings B-1 through B-7 indicated the presence of petroleum constituents in
‘ground water encountered in borings B-1 and B-6. To determine the presence or absence of

petroleum constituents in this area, to allow monitoring of remedial progress, and to serve as
another possible extraction point, AMV recommends instailation of an additional monitoring well
at the southwest comer of the station property (MW-9 on Figure 8).

5.0 DISCUSSION OF REMEDIATION ALTERNATIVES

This section describes methods for the remediation of soil and ground water underlying the site
which contain petroleum hydrocarbon constituents. Taking into accnunt baﬂ; fwty and
cost-effectiveness, the comparison and evaluation of remedial metheduseiirssses

1. Removal of petroleum hydrocarbons from soil underlying the site to eliminate
future impact on ground water.
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2. Reduce or inhibit the migration of ground water underlying the site that contains
dissolved petroleum hydrocarbons. -

5.1 REMOVAL OF PETROLEUM HYDROCARBONS FROM SOILS

Strategies considered for removing petroleum hydrocarbons from soils underlying the site
include:

. Passive Remediation
. In Situ Soil Vapor Extraction
. Bioventing

Because of the extent of impacted soils with respect to occupied and operating structures,
excavation is not a reasonable alternative for this site.

5.1.1 PASSIVE REMEDIATION

This alternative involves leaving the petroleum constituents in the soil and leaving the soil
unaltered. Continuing natural volatilization and natural biodegradation of petroleum constituents
in the soil would be expected to reduce concentrations of petroleum constituents with time.

Depth to ground water measurements and previous soil sample analytical results indicate ground
water is in contact with soil containing petroleum constituents. However, passive remediation
could be acceptable in conjunction with ground water remedial action that controls migration of
affected ground water. The ground water remedial action would presumably dewater impacted
soils, and thus accelerate the natural volatilization and biodegradation processes. However,
passive remediation of soils is not typically an expedient process.

5.1.2 IN SITU Sonl, VAPOR EXTRACTION

In situ soil vapor extraction, also known as soil venting, utilizes vapor extraction wells to
remove volatile hydrocarbons from the soil matrix. Creation of a vacuum on the extraction
well(s) results in the removal (extraction) of soil vapors from the subsurface, accompanied by
volatilization of petroleum constituents out of the soil matrix, Extraction rates vary with the
consistency, moisture content, and grain size of the soil horizon. In addition to the extraction
benefit, soil venting can also be effective at promoting biclogic breakdown of petroleum
hydrocarbon compounds contained in the soil by the introduction of additional oxygen into the
subsurface. The extracted soil vapors would require treatment to destroy the entrained
hydrocarbons in accordance with local regulatory agency air discharge requirements.
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The soil vapor extraction test performed at the site (Section 3.3) indicated the feasibility of
inducing adequate airflow in the subsurface for removal of petroleum hydrocarbon constituents-
via soil venting. Under test conditions, results indicate a relatively small horizontal zone of
vacuum influence which would require instailing a substantial number of extraction wells to
address all soil areas inferred to contain petroleum hydrocarbons. Although costly compared
to passive remediation, soil venting is advantageous with respect to timeliness of remediation.

5.1.3 BIOVENTING

Utilizing indigenous microorganisms to degrade petroleum constituents in soil, bioventing
involves the forcing of oxygen into the vadose zone to stimulate and sustain the naturally
occurring microorganisms that consume petroleum compounds. In the simplest form, bioventing
is accomplished by delivering air to the subsurface, without regard to the venting of excess
gasses. The excess gasses would include nitrogen and unconsumed oxygen from the air, carbon
dioxide from the metabolic activity of the microorganisms, and possibly volatile hydrocarbons
(from the impacted soil) entrained in the flow of excess gasses. However, the soil and
microorganisms act as a biofilter for volatile hydrocarbons that might migrate with the excess
gasses, thus attenuating the possible spread of hydrocarbons in the subsurface and/or the release
of hydrocarbons to atmosphere.

In cases where bioventing without control of excess gasses is unacceptable from a regulatory
standpoint, a vent control system can be installed. Such a system might include recovery wells
as well as air injection points, through which excess gasses could vent. If necessary, recovery
wells could be piped for treatment of venting excess gasses before discharge to atmosphere,

Compared to vapor extraction, bioventing usually involves moving less air in the subsurface, so
bioventing equipment can be less costly. However, as a remedial method, bioventing is not as
expedient as vapor extraction.

5.2 REMOVAL OF DISSOLVED PETROLEUM HYDROCARBONS FROM GROUND WATER

Strategies considered for interim remediation of ground water containing dissolved petroleum
hydrocarbons include:

Ground Water Pumping and Aboveground Treatment
In Situ Bioremediation

Vapor Extraction

Vapor Extraction With Air Sparging

Because ground water containing dissolved benzene has migrated beyond site boundaries, this
analysis assumes passive remediation is not an unacceptable alternative.

pt021 .ecd/mj
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5.2.1 GROUND WATER PUMPING AND ABOVEGROUND TREATMENT

This remediation alternative involves recovery of ground water by pumping from one or more
extraction wells, and discharging the recovered ground water to the sanitary sewer, storm sewer,
or an infiltration trench after treatment. Because of the cone of depression created in the
potentiometric surface of the water table, implementation of ground water pumping constitutes
a method for both controlling the migration of and removing petroleum hydrocarbons from
ground water beneath the site.

Tests conducted using monitoring well MW-4 (Section 3.2) indicate that this well will yield
approximately 1.0 gpm on a long-term, continuous basis. The short-term theoretical extent of
the capture zone resulting from this pumping test was about 45 feet in the downgradient
direction. Assuming this data applies to monitoring well MW-5, pumping this well could
effectively recover ground water containing TPHg concentrations of 100 ug/l and higher.
Sustained, continuous pumping could result in a larger capture zone. Figure 6 illustrates the
theoretical capture zone expected due to pumping MW-5 at 1.0 gpm,- If this alternative is
implemented, evaluation of pumping data may indicate that utilization of an additional existing
well or wells (or installation of an additional well or wells) is necessary to achieve a ground
water capture zone encompassing the area of ground water known to contain dissolved petroleum
constituents. B

Although it is often the most effective method for controlling migration of impacted ground
water, ground water pumping is typically less time- and cost-effective than other remediation
methods at recovering hydrocarbons from ground water. For cost reasons especially, the
combination of treatment costs, disposal costs (sewer charges), and analytical costs (discharge
compliance) usually make the option of ground water pumping unfavorable compared to other
remediation methods. By itself, ground water pumping is a time-inefficient recovery method
because the technique has minimal effect on soil which may continue to act as a source of
petroleum hydrocarbons to ground water. For this site, however, the pumping test indicates that
ground water pumping would be advantageous over other methods for controlling migration of
impacted ground water beyond site boundaries, by using only on-site well(s) as extraction points.

Another potential drawback of ground water pumping is the possibility for migration of ground
water impacted by off-site sources onto the Ultramar site. Operation of a pumping system would
require a ground water monitoring program that would detect migration of an off-site plume
beneath the Ultramar property.
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5.2.2 IN SITU BIOREMEDIATION

In situ bioremediation involves stimulating the indigenous microorganisms to enhance the
degradation of petroleum hydrocarbons present in ground water. Introduction of oxygen and
nutrients into the water table through infiltration trenches or wells provides the stimulus.
Recirculation of the ground water by pumping, along with reinjection, is necessary to control
the migration of the dissolved petroleum hydrocarbon plume and to distribute the nutrients and
oxXygen.

In conjunction with ground water pumping, the incremental cost for bioremediation can be
favorable because of the prospect for expediting the remediation. However, keeping a
bioremediation system operational can be difficult because of fouling in the infiltration trenches
or wells. Furthermore, to address all impacted ground water, the utilization of bioremediation
for this project would involve the undesirable concept of injecting foreign substances into the
subsurface beyond site boundaries. Utilization of bioremediation beyond site boundaries is
especially undesirable given the current uncertainty with regard to direction of the ground water
gradient.

5.2.3 VAPOR EXTRACTION

Though typically considered a soil remediation technology, utilization of vapor extraction for
removing dissolved hydrocarbons from ground water can be viable under certain conditions.
A vapor extraction system operates on the concepts of vapor-liquid equilibrium and vapor flow
through soil. Upon applying vacuum to the soil overlying the water table, the reduced pressure
in the overlying soil vapor causes the volatile hydrocarbons dissolved in ground water to move
from the liquid to the vapor phase. The induced vacuum extraction flow above the water table
surface removes the hydrocarbon-enriched vapors. Because the vapor extraction flow continually
removes the hydrocarbons that migrate from the ground water into the soil vapor, a state of
disequilibrium exists. The volatilization of dissolved hydrocarbons from the ground water into
the overlying soil vapor will continue as the system tries to reach equilibrium.

In addition, vapor extraction can promote natural biodegradation of dissolved hydrocarbons by
providing a continual source of fresh oxygen to stimulate indigenous microorganisms, which
convert the hydrocarbons to carbon dioxide and water. At the same time, vapor extraction
would be removing the hydrocarbons in the soil above the water table that presumably impacted
ground water in the past, and could potentially impact ground water again. A possible limitation
of vapor extraction is inability to control migration of dissolved hydrocarbons in ground water.

By removing the source of contamination, and by removing dissolved hydrocarbons without
having to recover and dispose of produced ground water, vapor extraction can economically
remediate ground water. In the case of widespread ground water impact, vapor extraction by

pt021.ccd/mj
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itself may not be the most time-effective remedial technique. However, use of vapor extraction
in combination with other ground water remediation strategies (i.e., ground water pumping or-
air sparging) can produce a synergistic effect that results in both time- and cost-effective
remediation.

5.2.4 VAPOR EXTRACTION WITH AIR SPARGING

The use of air sparging can enhance the effectiveness of vapor extraction for removing dissolved
hydrocarbons from ground water, Sparging air into the water table within the zone of influence
of the vapor extraction well(s) can speed remediation by means of air stripping dissolved
hydrocarbons from the ground water as the air passes through the ground water enroute to the
vapor extraction well(s). Furthermore, introduction of the air via sparging would provide
additional oxygen for enhancing the biologic breakdown of hydrocarbon compounds in the
subsurface. With strategically located sparge points, air sparging has the additional possible
benefit of controlling the migration of dissolved hydrocarbons in ground water,

Subsurface conditions (such as low permeability) which may limit the potential effectiveness of
vapor extraction do not necessarily limit the effectiveness of air sparging. Air can possibly be
delivered into the subsurface at sufficient pressure to force flow through the low permeability
soil units.

Sparging can be particularly favorable from an economic standpoint if used with vapor extraction

~ to_control migration and eliminate the need for ground water pumping. Combined with both

vapor extraction and ground water pumping, sparging could contribute to the most-expedient
remediation possible at this site.

6.0 RECOMMENDATIONS FOR INTERIM
REMEDIATION AND ADDITIONAL ASSESSMENT

Based on data compiled for this site and the analysis of remedial alternatives discussed in
Section 5.0, AMYV proposes the use of vapor extraction to accomplish remediation of soil at the
site. For interim remediation of ground water, AMV proposes pumping of monitoring wells
MW-4 and MW-5, and proposed monitoring well MW-9, with evaluation of the extent of the
resultant capture zone after the system has operated for 4 to 6 months. Proposed monitoring
well MW-9 would be located near the southwestern corner of the site, as discussed in Section
4.2 and shown on Figure 8. To achieve the most time-expedient remediation of ground water,
AMYV also proposes to install an air sparging system.

rpt021 . ecd/mj
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6.1 VAPOR EXTRACTION SYSTEM

The proposed vapor extraction system will consist of a vacuum blower connected to the existing
monitoring wells and the proposed vapor extraction and monitoring well shown on Figure 8.
The radii of vacuum influence depicted on Figure 8 around VW-1, the proposed vapor extraction
well, should encompass most of the soil in the vadose zone believed to contain pefroleum
hydrocarbons. This zone of vacuum influence will be accomplished using a blower of sufficient
capacity to induce a vacuum of approximately 14 inches of mercury. Inclusion of monitoring
wells MW-1, MW-2, MW-3, MW-4, MW-5, MW-8, and proposed monitoring well MW-9 in
the vapor extraction system will insure vacuum influence at the periphery of the vacuum zone
surrounding VW-1. Extraction from monitoring well MW-8 should additionally address any
hydrocarbons remaining in the vicinity of the former waste oil tank excavation.

As shown on Figure 9, a valved manifold will allow the control of flow from each extraction
point. This arrangement allows the system to simultaneously pull soil vapors from virtually all
vadose impacted areas, or alternatively, from specific extraction points in the vicinity of soil
containing the highest TPHg concentrations. Figure 9 also illustrates that carbon adsorption
vessels will remove entrained hydrocarbons before discharge to atmosphere.

6.2 GROUND WATER PUMPING

As an interim ground water remediation measure, AMV proposes the pumping of existing
monitoring wells MW-4 and MW-5, and proposed monitoring well MW-9, to recover and inhibit
the migration of ground water containing petroleum constituents. Although pumping of
monitoring wells MW-4, MW-5 and MW-9 should recover ground water containing the highest
concentrations of dissolved petroleum constituents underlying the site, evaluation of the long-

“term extent of the ground water capture zone is necessary to determine if pumping these wells

will adequately address the entire inferred plume of dissolved petroleum constituents.

Figure 10 is a process flow diagram for the proposed ground water pumping system. The figure
illustrates that carbon adsorption vessels will remove dissolved hydrocarbons from ground water
before discharge to the sanitary sewer.

6.3 AIR SPARGING SYSTEM

To expedite ground water remediation, AMYV proposes the installation of six sparging wells as
indicated on Figure 8. Sparging wells SP-1 through SP-3 are located to assist in removal of
dissolved hydrocarbons from ground water in the vicinity of the underground storage tanks,
while SP-4 and SP-6 should assist in the removal and/or migration control of dissolved
hydrocarbons in the vicinity of the downgradient property boundary. The piping of the sparging
system will be similar to the vapor extraction system in that the supply line to each sparging well

21 .ccd/mj
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will have a valve to control the flow of air to each sparging point. This will allow simultaneous
sparging of all wells, sparging only the wells of highest hydrocarbon concentrations, or-
alternating (pulsing) the flow to different wells.

6.4 REMEDIATION SYSTEM PERMIT REQUIREMENTS AND PROJECT SCHEDULE

After approval of this plan by Alameda County, completing final design of the remediation
system will take about 3 weeks. After completion of final design, AMV expects that applying
for and obtaining permits from the Alameda County Building Department, the Bay Area Air
Quality Management District, and the San Leandro Water Pollution Control Division (sanitary
sewer) will take about 2 months. Once permitted, installation of the remediation system should
take about 1 month. A tentative project schedule is illustrated on Figure 11.

7.0 REMARKS

The opinions and conclusions contained in this report represent our professional opinions. These
opinions are based, in part, on information provided by the client and were developed in
accordance with currently accepted hydrogeologic and engineering practices at this time and
location. Other than this, no warranty is implied nor intended.

It is recommended that copies of this report be submitted to:

Mr. Scott Seery

Department of Environmental Health
Alameda County Health Care Agency
80 Swan Way, Room 200

Oakland, CA 94621

Local Program Coordinator for Alameda County

California Regional Water Quality Control Board,
San Francisco Bay Region

2101 Webster Street, Suite 500

Oakland, California 94612
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TABLE 1

SOIL SAMPLE ANALYTICAL RESULTS
Concentrations in parts per million (ppm)
Beacon Station #720
1088 Marina Boulevard, San Leandro, CA

MW-1 C3 | 03-30-87 2.7 28.0 NA 74.2 NA 327
MW-2 Cc3 | 03-30-87 14 1.3 10.4 NA 18.8 NA 83
MW-3 c3 | 03-30-87 14 ND ND NA ND NA ND
MW-4 C3 03-30-87 14 168  [129.1 NA 427.3 NA 2,108 .
MW-5 C3 | 03-30-87 14 7.9 91.6 NA 228.2 NA o83
1 1B 07-07-87 9.5 <0.1 <0.1 NA <0.1 NA <1.0
B 1c | 07-07-87 14.5 32 110 NA 170 NA  $3,000
2 2B 07-07-87 9.5 <0.1 <0.1 NA <0.1 NA <1.0
2 2C 07-07-87 14.5 5.8 26 NA 45 NA 220
3 38 | 07-07-87 9.5 0.69 0.19 NA <0.1 NA 10
3 3c | 07-07-87 14.5 23 100 NA 150 NA 910
4 4B 07-07-87 9.5 <0.1 |<o.1 NA <0.1 NA <1.0
4 4c | 07-07-87 14.5 18 75 NA 110 NA 560
B-2 2-2 | 08-15-91 10 0.22 0.088 0.071 0.270 2.1 NA
B-3 32 | 08-15-91 14 3.6 19 9.1 48 560 NA
| B-4 43 | 09-19-91 13.5 ND ND ND ND ND NA
B-5 53 | 09-19-91 13.0 ND ND ND ND ND NA
B-6 6-3 | 09-19-91 10.0 ND ND ND ND ND NA
B-7 7-3 | 09-20-91 13.5 ND ND ND ND ND NA
MW-6 #1 10-10-91 5.0 ND ND ND ND ND NA




TABLE 1 (continued)

SOIL SAMPLE ANALYTICAL RESULTS
Concentrations in parts per million (ppm)

Beacon Station #720

1088 Marina Boulevard, San Leandro, CA

MW-6 #2 10-10-91 16.0 ND ND ND ND ND NA
MW-6 #3 10-10-91 15.0 ND 0.035 0.011 0.047 11 NA
MW-6 #4 10-10-91 20.0 ND ND ND ND ND NA
MW-6 #5 10-10-91 25.0 ND ND ND ND ND NA
MW-7 #1 10-10-91 7.0 ND ND ND ND ND NA "
MW-7 #2 10-10-91 16.0 ND ND ND ND ND Na "
MW-7 #3 10-10-91 13.5 ND ND ND ND ND NA "
MW-7 #4 10-10-91 15.0 ND ND ND ND ND NA
MW-7 #5 10-10-91 20.0 ND ND ND ND ND NA
MW-7 #6 10-10-91 25.0 ND ND ND ND ND NA
MW-8 #1 10-11-91 5.0 ND 0.010 ND 0.011 § ND NA
MW-8 #2 10-11-91 10.0 ND ND ND 6.008 | ND NA
MW-8 #3 10-11-91 13.5 0.012 | ND ND 0.027 | ND NA
MW-8 #4 10-11-91 18.0 0.670 4.800 3.300 20.000 | 290 NA
MW-8 #5 10-11-91 25.0 0.014 0.056 0.020 0.150 2.6 NA
MW-8 #6 10-11-91 30.0 ND ND ND 0.010 | ND NA |
“TPHg = total petroleum hydrocarbons as gasoline.

*THC = total hydrocarbon content.

ND = not detected.

NA = not applicable. ||




TABLE 2

GROUND WATER MEASUREMENTS
Beacon Station #720
1088 Marina Boulevard, San Leandro, CA

MW-1 03-30-92 33.10 13.58 19.52
07-01-92 14.80 18.30
09-30-92 16.12 16.98
11-19-92 16.34 16.76
02-03-93 12.61 20.49
05-25-93 13,12 19.98
09-22-93 14.18 18.92
12-21-93 14.36 18.74
MW-2 03-30-92 32.80 13.32 19.48
07-01-92 14.42 18.38
09-30-92 15.78 17.02
11-19-92 15.99 16.81
02-03-93 12.31 20.49
05-25-93 12.97 19.83
09-22-93 14.32 18.48
12-21-93 14.52 18.28
MW-3 03-30-92 32.30 12.96 19.34
07-01-92 14.00 18.30
09-30-92 15.36 16.94
11-19-92 , 15.57 16.73
02-03-93 11.96 20.34
05-25-93 14.12 18.18
09-22-93 13.88 18.42
12-21-93 14.12 18.18
MWw-4 03-30-92 32.90 13.60 19.30
07-01-92 15.72 17.18
09-30-92 16.04 16.86
11-19-92 16.21 16.69
02-03-93 12.70 20.20
05-25-93 12.97 19.93
09-22-93 14.51 18.39
12-21-93 14.75 18.15




TABLE 2 (continued)

GROUND WATER MEASUREMENTS
Beacon Station #720
1088 Marina Boulevard, San Leandro, CA

03-30-92
07-01-92 1458 18.12
09-30-92 15.82 16.88
11-19-92 16.00 16.70
02-03-93 12.40 20.30
05-25-03 13.01 19.69
09-22-93 | 14.37 18.33
12-21-03 14.58 18.12
MW-6 03-30-92 30.40 12.62 17.78
. 07-01-92 12.70 17.70
I 09-30-92 13.40 17.00
11-19-92 13.59 16.81
02-03-93 12.43 17.97
I 05-25-93 ~ -
10-11-93 12.82 17.58
l 12-21-93 13.06 17.34
MW-7 03-30-92 31.20 12.34 18.86
07-01-92  15.54 15.66
| 09-30-02 14.64 16.56
11-19-92  14.80 16.40
02-03-93 11.36 19.84
I 05-25-93 - -
09-22-93 13.18 18.02
I 12-21-93 13.42 17.78
MW-8 03-30-92 33,80 14.66 19.14
07-01-92 15.74 18.06
I 09-30-92 17.00 16.80
11-19-92 17.01 16.79
02-03-93 13.83 19.97
l 05-25-93 13.01 20,79
09-22-03 15.81 17.99
l | 1221-93 16.05 17.75




TABLE 3
I GROUND WATER ANALYTICAL REPORTS
Beacon Station #720
I 1088 Marina Boulevard, San Leandro, CA
Concentrations in parts per billion (ppb)

l MW-1 03-30-92 630 550 540 1,900 27,000
07-01-92 840 1,000 830 3,600 55,000
09-30-92 150 95 120 470 6,400
l 11-19-92 90 11 50 87 1,300
. 02-03-93 750 560 950 5,700 53,000
05-25-93 200 86 470 1,500 9,400
I 09-22-93 | 1,000 510 850 1,100 41,000
12-21-93 1,000 490 2,700 13,000 41,600
I MW-2 03-30-92 | 2,300 1,700 940 3,300 52,000
07-01-92 3,500 2,900 1,900 7,900 130,000
09-30-92 890 350 500 1,700 24,000
I 11-19-92 1,900 1,700 870 3,400 32,000
02-03-93 1,900 2,200 860 4,100 64,000
05-25-93 3,300 1,500 1,300 5,900 34,000
I 09-22-93 640 150 270 2,000 8,000
| 12-21-93 1,500 410 1,300 5,000 18,000
MW-3 03-30-92 560 50 630 980 21,000
07-01-92 150 20 22 300 13,000
09-30-92 53 2.6 84 96 4,500
l 11-19-92 73 6.2 140 , 120 4,700
02-03-93 220 40 430 740 23,000
05-25-93 120 26 370 520 9,900
l 09-22-93 370 71 320 640 10,000
12-21-93 130 8.5 430 380 7,800
l MW-4 03-30-92 8,000 4,400 730 2,500 76,000
07-01-92 6,900 2,200 70 880 95,000
09-30-92 7,100 1,500 650 2,700 58,000
I 11-19-92 5,500 840 400 1,400 33,000
02-03-93 8,200 6,700 940 4,400 130,000
05-25-93 | 16,000 6,600 1,700 8,100 63,000
l 09-22-93 6,900 940 150 3,000 23,000
12-21-93 8,900 1,900 1,100 5,500 28,000




TABLE 3 {continued)

GROUND WATER ANALYTICAL REPORTS
Beacon Station #720
1088 Marina Boulevard, San Leandro, CA

Concentrations in parts per billion (ppb)

MW-5 03-30-92 2,600 980 390 1,100 29,000
07-01-92 2,400 1,000 5,200 2,000 52,000
09-30-92 1,800 780 370 1,700 32,000
11-19-92 1,000 280 120 370 7,800
02-03-93 3,500 3,000 780 3,200 74,000
05-25-93 7,900 4,700 1,900 7,800 57,000
09-22-93 7,600 2,400 1,200 8,800 52,000
12.21-93 3,600 1,200 970 3,600 23,000
MW-6 03-30-92 2.1 1.1 ND® 0.6 73
07-01-92 ND ND ND ND ND
09-30-92 0.73 ND ND 0.58 ND
11-19-92 1.5 <0.5 <0.5 0.9 96
02-03-93 0.6 <0.5 <0.5 <0.5 73
05-25-93 NS NS NS NS NS
10-11-93 <0.5 <0.5 <0.5 <0.5 <50
12-21-93 <0.5 <0.5 <0.5 <0.5 <50
MW-7 03-30-92 ND ND ND ND ND
07-01-92 ND ND ND ND ND
09-30-92 ND ND ND ND ND
11-19-92 <0.5 <0.5 <0.5 <0.5 <50
02-03-93 <0.5 <0.5 <0.5 <0.5 <50
05-25-93 NS* NS NS NS NS
09-22-93 0.51 0.82 <0.5 0.81 <50
12-21-93 <0.5 <0.5 <0.5 <0.5 <50
MW-8 03-30-92 1,700 380 970 1,900 3,000
07-01-92 1,800 550 520 2,200 72,000
09-30-92 680 140 140 560 12,000
11-19-92 530 310 130 560 9,600
02-03-93 1,500 1,300 490 2,300 44,000
05-25-93 580 160 170 480 7,400
09-22-93 490 45 37 140 2,400
12-21-93 240 7.5 <2.5 82 1,400

*TPHg = total petroleum hydrocarbons as gasoline.
*ND = not detected.
°NS = not sampled.
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TABLE 4

SUMMARY OF MOBILE LABCRATORY ANALYTICAL RESULTS
FOR GROUND WATER SAMPLES COLLECTED BY EGC, INC.

AUGUST 15 - NOVEMBER 35, 1991
{concentrations in parts per billion)

|

08-15-91

“ B-1 14,000 | 5,700 2,400 9,600 72,000 | Sequoia Mobile
II B-5 09-20-91 ND® 8.8 ND ND ND | Applied Analytical
Mobile
B-6 09-20-91 490 37 130 360 3,100 | Applied Analytical
Mobile
MW-7 10-17-91 ND|{ ND ND ND ND | Applied Analytical
Mobile
MW-3 10-24-91 2,400 | 4,700 1,500 9,000 130,000 | Applied Analytical
Mobile
It MW-6 11-05-91 ND | ND ND ND 120 | Applied Analytical
Mobile
*TPHg = Total petroleum hydrocarbons as gasoline.
*ND = Nondetectable.




TABLE 5

AQUIFER TEST

GROUND WATER SAMPLE ANALYTICAL RESULTS
MW-4, OCTOBER 3, 1993
Beacon Station #720
1088 Marina Boulevard, San Leandro, CA
Concentrations in milligrams per liter (mg/1)

Hardness as CaCO, by EPA 130.2 mg/l 550 1
Sulfate by EPA 300.0 mg/1 9.9 0.5
Chloride by EPA 300.0 mg/1 23 0.5
PH by EPA 150.1 (Electrometric) pH units 6.6 -
Alkalinity, Total (CaCQ,) EPA 310.1 mg/1 550 2.0
Hydroxide Alkalinity (OH) mg/1 ND 0.2
Carbonate Alkalinity (CO;) mg/1 ND 1.2
Bicarb Alkalinity (HCO,) mg/1 670 2.4
EC by EPA 120.1 pmhos/cm 1,130 1
Total Dissolved Solids, EPA 160.1 mg/1 620 15
MBAS as LAS (MW 340), EPA 425.1 mg/l 0.7 0.01
Calcium EPA 200.7 mg/1 99 0.050
Copper EPA 200.7 mg/1 ND 0.020
Iron EPA 200.7 mg/l ND 0.030 ||
Magnesium  EPA 200.7 mg/l 58 0.050
Manganese EPA 200.7 mg/1 3.8 0.0050
Potassium EPA 200.7 mg/1 0.33 0.20
Sodium EPA 200.7 mg/1 72 0.20
Zinc EPA 200.7 mg/1 ND 0.0050




TABLE 6

AQUIFER TEST
GROUND WATER SAMPLE ANALYTICAL RESULTS
Beacon Station #720
1088 Marina Boulevard, San Leandro, CA
Concentrations in micrograms per liter (ug/l)

10-05-93

*TPHg = total petroleum hydrocarbons as gasoline.
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APPENDIX A

AQUIFER TEST (RAW DATA) AND CALCULATIONS




I SE1000C
Environmental Logger
10/07 12:12
I Unit# 01919 Test 2
. Setups: INPUT 1 INPUT 2
Type Level (F) Level (F)
Mode TOC TOC
I I.0. 00000 00000
Reference 0.000 ¢.000 }
Linearity 0.1z20 0.040
l " Scale factor 19.950 10.040
Offset 0.030 0.050
I Delay mSEC 50 .000 50,000
Step 0 10/04 19:26:32
I Elapsed Time INPUT 1 INPUT 2
0.0000 2.333 0.000
0.0033 2.364 0.000
I 0.0066 2402 0.003
0.0100 2 .440 0.000
0.0133 2. 465 0.000
I 0.0166 2.496 0.000
0.0200 2.534 0.000
0.0233 2 .566 0.002
I 0.0266 2.597 0.000
0.0300 2.629 0.000
0.0333 2.667 0.000
0.0366 2.692 0.000
I 0.0400 2.723 0.000
0.0433 2.74% 0.000
0.0466 2.780 0.000
I 0.0500 2.812 0.000
0.0533 2.837 0.000
0.0566 2.862 6.000
0.0e00 2.894 0.000 T
I 0.0633 2.919 0.000
0. 0666 Z.950 0.000
0.0700 2.976 0.000
I 0.0733 2.9%94 0.000
0.0766 3.020 0.000
0.0800 3.045 0.000
I 0.0832 3,076 0.000
0.0866 3.095 0.000
0.0900 2.108 0.000
0.0933 3.139 0.000
I 0.0966 3.171 0.003
0.1000 3.1%6 0.000
0.1033 3.215 0.000
I 0.1066 3.240  0.000
0.1100 3.265 0.000
0.1133 3.291 0.000
I 0.1166 3.316 0.000
0.1200 3.341 0.000
0.1233 3366 0.003
0.1266 3.385 0.000
I 0.1300 3.417 0.003
0.1333 3.442 0.003
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Hydrographs During Pumping Test
Beacon Station #720, October 6, 1993
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Hydrographs During Pumping Test
Beacon Station #/20, October 6, 1993
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APPENDIX B

GROUND WATER SAMPLE ANALYTICAL RESULTS
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October 12, 1993
Sample Log 7603

William Rocha [l ‘T‘I@E f[—m

Acton, Mickelson & van Dam - !
5090 Robert J. Matthews Pkwy l NOV 22 19493
El Dorado Hills, CA 95762 -

i
1

il
1. i
i
TR

o i S— e T o

Subject: Analytical Results for 1 Water Sample
Identified as: Project # 19030.01 (Beacon 720)
Received: 10/06/93

Dear Mr. Rocha:

Analysis of the sample(s) referenced above has been completed.
This report is written to confirm results communicated on
October 12, 1993 and describes procedures used to analyze the
samples. '

Sample(s) were received in 40-milliliter glass vials sealed

with TFE lined septae and plastic screw-caps. Each sample was trans-
ported and received under documented chain of custody and

stored at 4 degrees C until analysis was performed.

Sample(s) were analyzed using the following method(s):

YRTEX" (EPA Method 602/Purge-and-Trap)
"TPH as Gasoline" (Modified EPA Method 8015/Purge-and-Trap)

Please refer to the following table(s) for summarized analytical

results and contact us at 916-757-4650 if you have questions regarding
procedures or results. The chain-of-custody document is enclosed.

Approved by:

et ol

Stewart Podolsk
Senior Chemist

Western Environmental Science & Technology - 45133 County Road 328 - Davis, CA 95616 + 8916 753-9500 - FAX: 8916 757-4652




October 12, 1993
I ”E’ Sample Log 7582

The foliowing abbreviations and qualifiers may be present
in the analytical reports to follow:

ug/L : Micrograms of target analyte in 1 Liter of sample.
mg/kg : Milligrams of target analyte in 1 kg of sample.

B : This data gualifier indicates that a method blank
from the analytical batch contained this compound
and the level found in the sample is within 5 times
that level. Use data with caution.

J t This data qualifier indicates that the compound was
detected at a level below the required reporting limit.

E : This data qualifier indicates that the compound was
detected at a level above that defined by the highest
level calibration standard.

C : This data qualifier indicates that the presence of
the compound has been confirmed by GC/MS.

TCLP : Toxicity Characteristic Leaching Procedure

MS : Matrix Spike

MSD : Matrix Spike Duplicate

RPD : Relative Percent Difference (the difference between

two values divided by the mean, expressed as a percentage.

% REC : Percent Recovery (the ratio between the measured value
and the expected value for a spiked sample, expressed
as a percentage.

Less than
.Greater than

A

Western Environmental Science & Technology - 45133 County Road 328 - Davis, CA 95616 - 916 753-8500 + FAX: 916 757-4652




ldE; Sample Log 7603

7603~1

Sample: MW-4

From : Project # 19030.01 (Beacon 720)
Sampled : 10/05/93

Dilution : 1:50 QC Batch : 2025A
Matrix : Water

Measured
Parameter (MRLY} ugre Value ugn
Benzene (25) 5100
Toluene (25) 4900
Ethylbenzene (25} - 770
Total Xylenes (25) 3600
TPH as Gasoline (2500) 26000
Surrogate Recovery 97 %

c - PR Bn & time i seconds
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Qate Analyzed: 10-12-93 Hitra Sarkhosh
Column : 0.53mm ID X 30m DBS <JBM Sciertificy Senior Chemist

Western Environmental Science & Technology - 45133 County Road 32B - Davis, CA 95618 - 916 753-9500 + FAX: 816 757-4652




Anlab

ANALYTICAL LABORATORY 1810 § STREET, SACRAMENTO, CALIFORNIA 95814 « 916-447-2046 o FAX 516-447-8321

October 22, 1993

Western Environmental Science
& Technology
1046 Olive Drive, Suite 3 -
Davis, CA 95616 -
Attn: Les Biddle :

Project #: 19030.01

P.0. #: 7603-1

Project Name: Beacon 720
Anlab I.D. AC24612 Client Code: 315
SAMPLE DESCRIPTION: MW-4 Matrix: W

Sample collection date: 10/05/93 Time: 20:45

Lab submittal date: 10/06/93 Time: 17:08
Turn-Around-Time: TYPE 10 Sample Disposal: LAB

e = ek A N M R SN M ER R M W Em w v b AR EE R T AR A e A A R M e e o W v WSS WS M NN MR M Ew o MR SRR SR R oo

TEST UNITS TEST DETECTION
PARAMETER RESULT LIMIT
Hardness as CaC03 by EPA 130.2 mg/1 550 1
Sulfate by EPA 300.0 mg/] 9.9 0.5
Chloride by EPA 300.0 mg/1 23 0.5
pH by EPA 150.1 (Electrometric) pH.units 6.6 -
Alkalinity, Tot{CaC03)} EPA 310.1 mg/] 550 2.0
Hydroxide Alkalinity (OH) mg/] ND 0.2
Carbonate Alkalinity (CO03) mg/1 ND 1.2
Bicarb Alkalinity (HCO3) mg/1 670 2.4
EC by EPA 120.1 umhos/cm 1130 1
Tot. Dissolved Solids, EPA 160.1 mg/] 620 15
MBAS as LAS (MW 340),EPA 425.1 mg/1 0.7 0.01
Calcium EPA 200.7 mg/1 99 0.050
Copper EPA 200.7 mg/1 ND 0.020
Iron EPA 200.7 mg/1 ND 0.030
Magnesium EPA 200.7 mg/1 58 0.050
Manganese EPA 200.7 mg/ 1 3.8 0.0050
Potassium EPA 200.7 mg/1 0.33 0.20
Sodium EPA 200.7 mg/1 72 0.20
Zinc EPA 200.7 mg/1 ND 0.0050
Total Anions meq/] 12
Total Cations meq/] 13

----——-—-—--------—....--..__-_-——--—--_-_--——..——----_-_-——---....—.-------_-—.._

ND = Not Detected

Report Approved By: \/rF-AMWQAd’ﬂ "FM

ELAP 1D #: 1468

imr

This report is applicable only to the sample received by the laboratory. The liability of the laboratory is limited to the amount paid for this report. This report is for the
exciusive use of the client to whom it is addressed and upon the condition that the client assumes all liability for the further distribution of the report or its contents.
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BEACSN
CHAIN OF CUSTODY REPORT
Beacon Station No. Sampler (Print Name) Daitse_ Form No.
r . ’ J .
72O divang  Aeto— S i ANALYSES 10593 Jot_/
Project No. Sampler (Signature) 0
f, OO / cL i 6/‘7 : ) "
/GOS0 Addd errnr % LG < B3 5
Project Localion 7 o Affiliation % 552 ‘g
JRearyire— LAl ) /j’//? V ,,Z;’)( @Bl o
- > > ‘] 'd / - ! O 0
Cre? LI fffﬁﬂ//'{ .} /? é f%g ..6 _'5/5?!,%?”‘0% .»7:4 //\
Sample No./identification Date Time LabNo, o=l 2 REMARKS
™ — . - . - . y 20
- MW F (0595 X|X 3| a0/ sens, 6
\ \ X AW 2 mj{u L fresi HADR
/ / % 3 /-Z,,w/y
( './ { / /"K?ﬂr/éc"f’“
Relingui 9 by: {Signature/Affiliation) Date | Time | Received by: (Signature/Affiliation)..__ Date | Time
e A s
Relinquished by: (Sigrfaturé/Affiliation) Date | Time | Received by: (Signature/Affiliation) . Date | Time
. [' T
Relinquished by: (Signature/Affiliation) Date | Time | Received by {Signature/Atiliation) }Dat L. Time
P " s / d/ .a'o
— | 2. Lt s Ve
Report To: , , Billlo:  ALTRAMAR INC. o
/j- /é/ /ﬁ)ﬁ-éé"\-—- 525 West Third Streel .
- Hanford, CA 93230
/7 /ﬂg/ Larc- Attention; 7. S~ox

WHITE: Return to Client with Report YELLOW: Laboratory Copy PINK: Originator Cepy 928003 1190




APPENDIX C

VAPOR EXTRACTION PILOT TEST DATA




Site: Beacon Station #720
Date: 10-5-93
Test Well: MW-4

Observation Point: VP
Field Conditions:  Cloudy, cool, 60° 10 65° F,

.

VAPOR EXTRACTION PILOT TEST DATA

0 10 52.0 0.25 90 &8 0 >10,000 >2,500 6,200 21.0 0.50
I 10 47.0 0.25 99 9.7 0 > 10,000 NM NM NM NM
2 10 47.0 0.25 99 9.7 0 > 10,000 NM NM NM NM
3 10 43.0 0.20 102 9.7 0 > 10,000 NM NM NM NM
4 10 48.0 0.20 100 9.7 0 > 10,000 800 3,800 12.7 0.37

*Extraction rates were calculated using analytical data (see Enclosure C).
YEID reading not adjusted.
‘NM = not measured.




APPENDIX D

AIR SAMPLE LABORATORY ANALYTICAL REPORTS
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October 7, 1993
Sample Log 7604

Wiliiam Rocha

Acton, Mickelson & van Dam
5090 Robert J. Matthews Pkwy
El bDorado Hills, CA 95762

Subject: Analytical Results for 2 Air Samples
Identified as: Project # 19030.01 (Beacon 720)
Received: 10/06/93

Dear Mr. Rocha:

Analysis of the sample(s) referenced above has been completed.
This report is written to confirm results communicated on
October 7, 1993 and describes procedures used to analyze the
samples.

The sample(s) were received in:

Tedlar air sampling bags
Each sample was transported and received under documented chain of
custody, assigned a consecutive log number and stored at 4 degrees
Celsius until analysis commenced.

Sample(s) were analyzed using the following method(s):

"RBTEX" (EPA Method 8020/Purge-and-Trap)
"TPH as Gasoline" (Modified EPA Method 8015/Purge-—and-Trap)

Please refer to the following table(s) for summarized analytical

results and contact us at 916-757-4650 if you have gquestions regarding
procedures or results. The chain-of-custody document is enclosed.

Approved by:

Oleosut pdl

Stewart Podolsky /
Senior Chemist

Western Environmental Science & Technology + 45133 County Road 32B - Davis, CA 95616 +« 9716 753-8500 « FAX: 816 757-4652




WE; Sanmple Log 7604

7604=1
Sample: MW-4-1720

From : Project # 19030.01 (Beacon 720)
Sampled : 10/05/93

Dilution : 1:50 QC Batch : 4040e
Matrix : Air

_ Measured
Parameter (MRL) wmolar ppn Value soiar pee
Benzene (2.5) 260
Toluene {2.5) 370
Ethylbenzene (2.5) 51
Total Xylenes (2.5) 190
TPH as Gasoline (250) 6200
Surrogate Recovery 93 %

oo 2 & 2y o @ time in seconds
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Date Analyzed: 10-05~33 Mitrs Sarkhosh
Column ¢ 0.53mm JO X 30m DBUAX (JBW Scientific) Senior Chemist

Western Environmental Science & Technology + 45133 County Road 328 - Davis, CA 95616 « 916 753-9500 + FAX: 816 757-4652




IZE; Sample Log 7604

76042
Sample: MW-4-2125

From : Project # 19030.01 (Beacon 720)
Sampled : 10/05/93

Dilution : 1:50 QC Batch : 4040e
Matrix : Air

Measured
Parameter (MRL) Molar ppm Value molar ppx
Benzene {(2.5) 120
Toluene (2.5) 120
Ethylbenzene (2.5) 13
Total Xylenes (2.5) 46
TPH as Gasoline {250) 3800
Surrogate Recovery 98 %

time in seconds

iso
229
2

297
152
465
477
5339

45 my

Photo Ionization
EPA 8020602 .

1.8,
Surr.

——
|
Toluene [———=

Benzene
O-Xylene b

P-Xylene
M=Xylene

Ethylbenzene

229
271

360 my

Flame lonization
Mod BO16

—
ol
'-: .

Date Analyzed: 10-07-33 Mitra Sarkhosh
Column : 0.S53mm ID X 30m DBHAX (JBH Scienmtificy Senior Chemist

Surr

Western Environmental Science & Technology + 45133 County Road 328 + Davis, CA 95616 - 8916 753-8500 + FAX: 916 757-4652
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BEACZN
CHAIN OF CUSTODY REPORT
Beacon Station No. Sampiler (Print Name) Di:;? Fo/rmI N}
P s - ANALYSES 275 o
720 LIS rorr S Ly
Project No. Sampler (Sngnature)
19030 .o/ Wy S5 -
Proje%ocaﬂon Aﬂnluat:on < 5] &
"9rne Lok WY, Zic it 5
Sor2 Leamlro ) C1F piads i S Stomarred JIA 7
Sample No./Identification Date Time LabNo. ||| 2 REMARKS
~J — N
MW~ (72o h-S~3| /720 XX /| redtr £5 g
~ MW-q-Z/2 2 N - Rt XX | et //‘27
Relin ed by: (Sign turelAﬁlllahon) Date | Time ] Received by: (Signalure!Affiliation) Date | Time
(g jo-1-97 | 1432 T T —
Relinquished by: (S;gnaﬁuemﬂmaﬁon) Date | Time | Received by: (SignaturesAffilialion) Date | Time
Relinquished by: (Signature/Affiliation) Date |Time |Rec y ﬁﬁaturemmhallon} ) /%‘/{rﬁme
] o . S EST 77/ 21
Report To: ~7 ABillto: ~ ULFHAMAR INC.
S fectse— 525 West Third Street ,
/ﬁ' 1/ M Hanlord, CA 93230
/ / Attention: 7 Fox
32-8003 10

WHITE: Return to Client with Reporl

YELLOW: Laboratory Copy

PINK: Originalor Copy



APPENDIX E

VAPOR EXTRACTION PILOT TEST CALCULATIONS




VAPOR EXTRACTION PILOT TEST CALCULATIONS
AMY PROJECT NO. 19030.01

Extraction Rate

The pilot test flow rate from monitoring well MW-4 at 1720 hours was determined to be
approximately 9.8 standard cubic feet per minute (scfm) or 14,112 standard cubic feet per day (scfd).
Laboratory analysis of an air sample collected at this time during the pilot test (laboratory report(s)
enclosed) indicates the total concentration of gasoline petroleum hydrocarbons (TPHg) in the vapor
stream to be 6200 parts per million by volume (ppmv), with a benzene fraction 4.2 percent. These
values represent the maximum expected concentration at start-up. Continued system operation should
result in decreased concentration.

The maximum volumetric rate of TPHg extraction is calculated as follows:

538 | pobar | _ . 5 JddOm: 200 _
0 ) or * Saate = 7Bscfm ‘?sff x /44 ;_-gyw%é_- rp@-fz%{w%

Using the ideal gas law to determine the equivalent pound~m01es (Ib-moles) for 14,112 scfd gives:

‘5725;13 7FHg x '.’{’..f’_?_/ TAHy = 0. 244 & n;a/ 74

359 F+3
Using the molecular we1ght of hexane, the rate of TPHg extracted on a pounds basis is calculated as:

o 6/ = , i
O 244 zbn; /.eng ;f—-,;*;/ 21 oday 7PHg

With a benzene fraction of 4.2 percent, the Ib-moles rate of benzene extraction is calculated as:
, N il maaf
: ot -, X 0‘042.) = .02 Benzene
0-244 Ll oy (z Ty
On a pounds basis, the extraction rate for benzene is calculated as:

/b rmeyf 78/ Z
a.002 —2;-;——- Bz X /m/ = C}'géd'%( Sen zeneé

Vapor Extraction Zone of Influence

Approximation of the vapor extraction zone of influence is calculated using the empirical equation:

r = Q27hv

where r = distance from extraction of minimum effective air velocity, ft
Q = extracted air flow rate, scfm
h = thickness of the unsaturated zone of the screened interval
v = assumed minimum effective air velocity, 0.01 feet/minute

The calulated zone of influence is:

3

- 98sc .
r= <frm = jo. 4 fF.

2T (15 74.) (0.0 Fthomisr )




VAPOR EXTRACTION PILOT TEST CALCULATIONS
AMYV PROJECT NO. 19030.01

Extraction Raie

The pilot test flow rate from monitoring well MW-4 at 2125 hours was determined to be
approximately 9.7 standard cubic feet per minute (scfm) or 13,968 standard cubic feet per day (scfd).
Laboratory analysis of an air sample collected at this time during the pilot test (laboratory report(s)
enclosed) indicates the total concentration of gasoline petroleum hydrocarbons (TPHg) in the vapor
stream to be 3800 parts per million by volume (ppmv), with a benzene fraction 3.2 percent. These
values represent the maximum expected concentration at start-up. Continued system operation should
result in decreased concentration.

The maximum volumetric rate of TPHg extraction is calculated as follows:

/ ‘
830K L Obhar _ o . L T 1% . 2800 _ £
0 Dl 9 7scfm 9. 1L x /440;:; x 2890 rowy 53, 1 :mﬂj

Using the ideal gas law to determine the equivalent pound-moles (Ib-moles) for 13,968 scfd gives:
53"/ {:-/3 o X _/b‘mﬂ/ o , /‘4 fb'm()/
Ty 771 B5G FF3 7 7 g e day /',9/9
Using the molecular weight of hexane, the rate of TPHg extracted on a pounds basis is calculated as:

formof w B&h. wH, = /Z.?’b 7FH,
0. 148 oy g ) 3 ey 4

With a benzene fraction of 3.2 percent, the Ib-moles rate of benzene extraction is calculated as:

4. - _ "% o)
0.148 fdg;ol’ g x (0.052.) = C.0047 oy Benzene

On a pounds basis, the extraction rate for benzene is calculated as:

‘ tb ol TE /b —
0.0047 ?:_Lf Sz X Y Sz = @syjfy Benzene

Vapor Extraction Zone of Influence

Approximation of the vapor extraction zone of influence is calculated using the empirical equation:
r = Q2xhv
where 1 = distance from extraction of minimum effective air velocity, ft
Q = extracted air flow rate, scfm
h = thickness of the unsaturated zone of the screened interval

v = assumed minimum effective air velocity, 0.01 feet/minute

The calulated zone df influence is:

;= 7.7 scfm

. = /.3

i (15¢1.) (6.0 Ffpmer)




2= CoRRELATION BETWEEN APPLIED VACUUM AND EXTRACTION FLOWRATE
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i |- : rj _ Vapor Extraction Zone of Influence

e N 4 Approximation of the vapor extraction zone of influence is calculated using the smpirical equation:

l ft— t = Q/2why

where 1 = distance from extraction of minimum effective air velocity, fit
3’ L Q = extracted air flow ram, scfm
7 b = thickness of the unsasurated zone of the screened inmerval

; v = assumed minimum effective afr velocity, 0.01 feet/minute

Hi0
¥

— . | : . : ,__ The calulated zone of influence is:
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APPENDIX F
SPARGING TEST DATA




AIR SPARGING PILOT TEST DATA

Site: EBeacon Station #720

Date: 10-5-93

Test Wells: MW-4 and MW-5

QObservation Point: §P

Ficld Conditions: Cloudy, partly sunny, 60* to 65° F.

0 4.0 60 20 6.2 0 >10,000 0 NM 0.0

1 4.0 80 16 5.7 0.0-0.01 >10,000 NM NM 0.0 13
2 4.0 84 16 5.7 0.0-0.01 >10,000 o 13 0.0 13
3 42 80 16 6.0 0.0-0.01 >10,000 NM 13 0.0 15
4 42 80 16 6.0 0.0-0.01 >10,000 0 13 0.0 14
5 43 84 16 6.1 0.0-0.01 2,000 NM 14 0.0 14
6 45 84 14 6.2 0.0-0.01 1,200 0 14 0.0 16
7 5.0 85 12 6.6 0.0-0.01 2,200 NM 15 0.0 15
] 50 79 10 6.4 0.0-0.01 6,000 0.3 19 0.0 17

Note: Extraction rates were calculated using analytical data (see Enclosure C).

*Pressure reading at monitoring well MW-4 minimal but recorded as 0.0 to 0.01 inches of H,0.
®FID reading not adjusted.
*NM = not measured,




APPENDIX G

LABORATORY ANALYTICAL REPORTS, SPARGING TEST
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October 14, 1993
Sample Log 7619

William Rocha |
Acton, Mickelson & van Dam S e B U
5090 Robert J. Matthews Pkwy o BUT 2&3588 W
El Dorado Hills, CA 95762 , 41

Subject: Analytical Results for 3 Water Samples

Identified as: Project # 15030.01 (Beacon 720)
Received: 10/07/93

Dear Mr. Rocha:

Analysis of the sample(s) referenced above has been completed.
This report is written to confirm results communicated on
October 14, 1993 and describes procedures used to analyze the
samples.

Sample(s) were analyzed using the following method(s):

"BTEX" (EPA Method 602/Purge-and-Trap)
"TPH as Gasoline" (Modified EPA Method 8015/Purge-and-Trap)

Please refer to the following table(s) for summarized analytical
results and contact us at 916-757-4650 if you have questions regarding
procedures or results. The chain-of-custody document is enclosed.

Approved by:

Dlevel fidd (7

Stewart Podolsky
Senior Chemnist

Western Environmental Science & Technology - 45133 County Road 328 - Davis, CA 95616 +« 916 753-8500 - FAX: 816 757-4852
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Sample Log 7619

76181

Sample: MW-~4 0945

From : Project # 192030.01 (Beacon 720)
Sampled : 10/06/93

Dilution : 1:50 QC Batch : 2025c
Matrix : water

Meagured
Paraneter {HRL) wn Value uw/n
Benzene (25) ‘ : 1300
Toluene (25) 3460
Ethylbenzene (25) _ :3: 14
Total Xylenes {25) 4300
TFH as Gasoline {2500) 22000
Surrcgate Recovery 24 &

tisee in seconds
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ETa3 mag
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Date fnal 10-13~53 Mitra Sarkhosh
Columy 3 Bem ID X 30w DPS <JBH Scierviificy Senior Chowmist

Western Enviranmental Science & Technology « 45133 Counly Road 328 » Davis, CA 85518 » 916 753-0500 + FAX: 918 767-4862
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Sample: NW-4 1515

Senple Log 7619

6192

From : Project # 19030.01 (Beacon 720)
Sampled : 10/06/93

Dilution : 1:50 QC Batch : 2025c -
Matrix : Watexr .

Measured

Parametar (MRL) uwarc Value v/t
Benzene (25) 2500
Toluene (25) 4800
Ethylbenzene (25) 920
Total Xylenes (25} 6300
TPH as Gasoline (2500) 319000
Surrogate Recovery 294 %

5 E § m g time in cocondc
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3% 3

-8 J :

£

. e

j25 i
2 R

&
5
H
5 :
iz
F

Date 1013643 Ritra Serkhosh
Column 2 16 X 30w DES J2M Seiemificy Berior Chemist

Westem Environmental Sciance & Technology + 45133 GCounty Rogd 328 « Davig, CA PSST6 « Y18 753-B508 « FAX: 916 757-4652
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Sample Log 7619

7619-3
Sample: HW-4 1905

From : Project # 19030.01 (Beacon 720)
Sampled ; 10/06/93

Dilution : 1:5%0 QRC Batch : 2025c

Matrix : Water -

Measured

Paraneter (MRL) uyn Value wye

Benzana (28) 1900

Toluenea {(25) 3400

Ethylhenzene {25} 540

Total Xylenes {25) 4700

TPH as Gasoline (2500) 22000

Surrcgate Recovery o8 %

time in seconds
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Date Anal 10- 1553 Hitra Sarkhosh
tolumn & ip X 30m (el Stentifics Senicr Chemist

Western Environmental Science & Technology + 45133 Counfy Road 328 + Davis, CA 95616 + 918 753-9500 + FAX: 016 r57-4652




Uttramar inc. BEACON
CHAIN OF CUSTODY REPORT
Beacon Slation No. Sampler (Print Nama) Date Fom No.
Froject No. Sampler (Signature)
0. O Yy
(050.0/ /ey 2 Y Y
Local S = '
ijamwggm“’ d;,”"-' %’, “% Affiliation §-§ %
(g
il 7o/ . be ;";g; @ Stmdloref 7487~
Sample No /ldentification Date Time LabNo, |mi - 2 REMARKS |
o
2N~ 094 | w493 | 0925 X 3| Dowrl oS, o sire
'
) ANAY ) /575 )] 3| 20/ wns, hesv. He g,
- /908 / /965 { 31 20 m/ WNS, frocy. HEL
Relinquished by: (Signature/Afiiiation) Date | Tame | Received by: (Signalure/Affiation) Date [ Tima
iz, M e, prslest] oy b A (WEST) Ozl |
Relinquished by: (Signature/Afiliation) Date | Time RW -Time
Jovord, Zomn LWEST) s [12:40
Relinquighed by: {Sighature/Afliliation Date | Time [ Aeceived ture/Affiliati Ti
M igha fliation) i w%ﬁna re/Affiliation) '%3;?;04@
N/ . NED—
iTo: Bily MAR INC.
repo 2/ Aoche~ f’zs WeslcThird Street EST.
ford, CA 93230
Yy Zouc . Astention: 7 £ox
WHITE: Retorn fa Glient with Report YELLOW: Laboralory Copy FINK: Onginator Copy



APPENDIX H

SAMPLE FLOW RATE CALCULATIONS FOR AIR SPARGING PILOT TEST




AIR SPARGING PILOT TEST CALCULATIONS
AMY PROJECT NO. 19030.01
Corrected Flow Rate
The meter reading for air sparging flow rate into the sparging point (SP) was corrected for
temperature and pressure. The flow rate ranged from 5.7 to 6.6 standard cubic feet per

minute (scfm).

Sample Calculation:

K
Formula = ﬁgt‘:r 530 R x [EST PReEssuE (o)t M,7)s,; <
- : = &CF
Reading 14.7 psi 46O R v TEMPERATURE (ex) "
where,
Flow = unadjusted flow into SP in ¢fm
Pressure = compressor outlet gauge pressure in psi
Temperature = compressor air temperature in Fahrenheit
For the data taken at Hour 0:
. 1
S30R x (20t 14.7) psi -
Corrected flow rate = 4 0 crn 14 7 on ACOR T eooF =6.2 6cry




