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The purpase of this report is to present the results of Hydro-Environmental
Technologies, Inc.'s (HETT's) continued investigative activities at BP Qil Company
(BP) Service Station No. 11104 located at 1716 Webster Street in Alameda, California
(Figure 1).| Subsurface investigative work conducted by HETI during this phase of
activity in¢luded installing a ground water and seil vapor recovery well and:#wo.:
vapor exttaction points, performing a step-discharge aquifer tashes:Qonstani-
discharge dquifer test and a soil vapor-extraction pilot test. '

1.0 INTRODUCTION AND PURPOSE

The work|was performed to evaluate soil vapor extraction and ground water
extraction |as potential remedial alternatives at the site. Air sparging was not
evaluated as a potential remedial option because the ground water table is too high
to allow vapor extraction alone or in combination with air sparging without ground
water extraction. Air sparging could cause the water table to mound in the area of
the air sparging injection well, which would further reduce the unsaturated soil
thickness gvailable for vapor extraction.

2.0 BACKGROUND

A detailed| background was presented in HETI's Problem Assessment Report dated
June 10, 1993. Relevant background information is summarized below:

» In September 1990, Kaprelian Engineering, Inc. (KEI) supervised the removal of
the dispenser islands and associated product piping at the site as part of BP's
servide station reimaging program. Hydrocarbons were detected in soil samples
collected from the side walls of the excavation and in a water sample from the
ground water which accumulated in the excavation.

s At the request of the Alameda County Department of Health Services
(ACDHS), in late 1990 KEI supervised the excavation of soil in the vicinity of
the former dispensers. Soil sampling after excavation activities indicated
hydrocarbons in the soil.

e In June 1992, HETI installed three on-site monitoring wells to assess the
presence of hydrocarbons in both the soil and ground water, and to determine
subsurface lithology and ground water flow direction. Hydrocarbons were
detedted in soil and water samples from one of the three wells installed.
Ground water was encountered at approximately five feet below grade. Soil
types encountered during drilling were predominantly fine, silty sands.
Ground water flow was estimated to be towards the north-northeast. Results
were|presented in HETI's report dated August 21, 1992.

e  In March 1993, HETI installed two off-site monitoring wells to assess the extent
of hydrocarbons in both soil and ground water. Sampling results indicated that
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e twp off-site wells, when combined with sample results from an existing off-

site well to the north, served to delineate the extent of the hydrocarbon plume.
Results were presented in HETI's report dated June 10, 1993.

3.0 FIELD ACTIVITIES

Field activities included installation of a ground water and soil vapor recovery well
and two sdil vapor monitoring points, performance of step-discharge and constant-

- discharge aquifer tests, and performance of a soil vapor extraction pilot test. All field

work was performed according to standard HETI protocel, which is consistent with
ACDHS and Regional Water Quality Control Board (RWQCB) guidelines and
procedures. A copy of HETI's protocols for drilling, well installation, sampling and
pilot testing is attached as Appendix A.

3.1 Recovery Well and Vapor Point Installation

On August 5, 1993, Soils Exploration Services, Inc. of Benicia, California used a
Mobile B-35 hollow stem auger drill rig to install one six-inch diameter recovery
well designated RW-1. The location of RW-1 is shown on the Site Plan (Figure 2).
RW-1 was|installed according to standard HETI protocol. Refer to the Soil Boring
and Well Construction Log in Appendix B for well completion details. No soil
samples were collected during drilling, as this area of the site has been characterized
previously. Following installation, the elevation of the top-of-well casing was
surveyed, and the well was developed until relatively free of turbidity.

On that same day, two soil vapor monitoring probes were hydraulically driven into
place using the drill rig. One probe, designated VP-1, was installed approximately
15 feet sotithwest of RW-1, and the other probe, designated VP-2, was installed
approximately 10 feet east of RW-1. Each probe was constructed of 1.25-inch ingide
diameter steel pipe, with the lower 18 inches screened to permit vapor entry. Each
probe was|driven to a depth of 4.9 feet below grade. Locking, protective covers were
cemented in place over each probe, flush with the surrounding pavement.

3.2 Aquifer Tests

A step-discharge aquifer test was performed on August 17, 1993. The purpose of the
step-discharge test was to determine the highest possible sustainable ground water
flow rate from well RW-1. This information was to be used to determine a flowrate
for the constant discharge test and vapor extraction field test, and to ensure that the
constant discharge test would stress the aquifer as much as possible without
completely dewatering RW-1. An electric submersible pump was used, and pumped
water wab stored in a portable storage tank on-site. Drawdown in RW-1 was
monitored using a pressure transducer connected to a data logger and portable
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computer. | Flow rate was monitored using an analog totalizing flow meter and

manual methods. The depth to water in nearby MW-1 was monitored using an
interface probe.

During the

step-discharge test, RW-1 was pumped at 0.3 gallons per minute (gpm)

for approximately 16 minutes, at approximately 0.8 gpm for 13 minutes, at 1.2 gpm

for 21 min
approximat
for a periog

utes, and then at 1.9 gpm for 47 minutes. The pumping stopped for
ely 20 minutes due to a blown fuse, and then was restarted at 1.25 gpm
| of 21 minutes, after which time the test was stopped.

Constant

The purpo

estimate th
monitored
water in

e of the constant discharge aquifer test was to estimate aquifer properties
smissivity (T), storativity (S) and hydraulic conductivity (K), and to
capture zone of the pumping well. Drawdown in RW-1 and MW-1 was
sing a pressure transducer, datalogger and portable computer. Depth to

her surrounding monitoring wells (MW-2 and MW-3) was monitored

using an interface probe. Flow rate and total gallons pumped during the test were

monitored

using an analog flowmeter/totalizer and manual methods.

The test was performed on August 24, 1993. Well RW-1 was initially pumped at a
rate of 1.8 gpm for a period of 15 minutes, then, the flow rate was reduced to 1.6 gpm
because drawdown in the pumping well was approaching the level of the intake of

the pump

The pumping rate of approximately 1.6 gpm was maintained for

8.5 hours, the remainder of the test. The flow rate varied occasionally from 1.1 to
2.0 gpm during the test, for example when silt filters became clogged or were
changed. Pumped water was stored in a portable holding tank on-site.

The analytical method selected to evaluate the aquifer test data was the modified
non-equilibrium method developed by Cooper and Jacob (1946) for aquifer tests

conducted

using a partially penetrating well in a confined aquifer. This method

uses time-drawdown data to calculate T and K values. Drawdown data (decreases in
water table elevations) from those monitoring wells which experienced significant
drawdownl were plotted using the computer graphing program Cricket Graph®. The
best-fit logarithmic equation was determined by the program, and the slope (As) of

the resulti
were then

each of the
in Append

ng straight line across one time log cycle was calculated. The As values
plugged into the Cooper and Jacob equations to estimate T, 5 and K for
sse wells. Detailed calculations and time-drawdown graphs are presented
lix C.
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At the end|of the test, a water sample was collected from the extracted ground water

stream, transferred into laboratory-provided samples containers, and placed on ice
for transport to the laboratory. The water sample was analyzed for total petroleum
hydrocarbons, calculated as gasoline (TPHg) by EPA method 8015/8020 (modified)

“and benzene, toluene, ethylbenzene and xylenes (BTEX) by EPA method 8020

(modified). The analyses were performed by Pace, Inc. a state-certified analytical

laboratory|located in Novato, California.

3.3 Soil Vapor Extraction Pilot Test

On August 26, 1993 HETI conducted a combined soil vapor extraction test and
ground water extraction test using recovery well RW-1. The Bay Area Air Quality
Management District was informed of the proposed test in a notification letter dated
August 25, 1993. Well RW-1 was pumped at approximately 1.6 gpm, and a vacuum

was appl
engine.

d to the well using a six-cylinder industrial internal combustion (IC)
acuum was monitored in the surrounding vapor points VP-1 and VP-2,

and monitoring well MW-1.

Vacuum
hydrocar

as applied to RW-1 using the (IC) engine. The engine also destroyed any
ons before releasing the vapors to the atmosphere. Sensitive air pressure

gauges with a range of zero inches of water column (in. WC) to 2 in. WC were used
to monitdr vacuum at the monitoring points. A combined lower-explosive-limit
and oxygen (LEL/O) instrument was used to monitor hydrocarbon vapor and
oxygen cdncentrations in the extracted vapor stream. A vapor sample for laboratory
analysis was also collected for comparison. A thermal anemometer was used to

measure

the extracted vapor flow rate. Water levels in RW-1 and MW-1 were

monitored using a pressure transducer, data logger and portable computer.

Prior to the beginning of the test, ground water was present in recovery well RW-1
at approximately five feet below the ground surface, making the top of the screened

interval dpproximately two feet above the static water level.

To expose the well

screen even further for the vapor extraction portion of the pilot test, the pump test

was start

2.5 hours

od first. RW-1 was pumped at approximately 1.6 gpm for approximately
before a vacuum was applied to the well. A vacuum of 20 in. WC was

applied for 30 minutes, then the vacuum was decreased in 5 in. WC increments to a

minimurn

L of 5 in. WC, to obtain data regarding the relationship between applied

vacuum and flow rate. The vacuum was then increased to 20 in. WC, and increased

in varyin

WC over
ground ¥
ground v

g increments to the maximum sustainable vacuum of approximately 70 in.
1.5 hours. This vacuum was maintained for the duration of the test. The

rater flow rate was increased to 3.0 gpm to compensate for the upwelling of
vater in the well. ' '

The vapgr sample collected from the extracted soil vapor stream and was stored in a
dark container for transport to the analytical laboratory. The sample was analyzed

for Non-

Methane Hydrocarbons, as n-octane, (TPHo) by EPA method 8015/8020

(modified) and for BTEX by EPA method 8020 (modified) by Pace, In<.
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4.1 Aquifer Test Results

4.0 RESULTS OF INVESTIGATION

The step discharge test indicated that RW-1 could sustain a flowrate of 1.9 gpm or
less for an extended period. The drawdown at this pumping rate was approximately

8 feet.

The following table summarizes the results of the constant-discharge aquifer test on

well RW-1,|as calculated from drawdown data in each of the following wells:
Transmissivity Hydraulic Conductivity Storativity
Well No, T_{cmZ/sec) K (cm/sec) S (dimensionless)
MW-1 4.3 7.9 x 103 53x104
MW-2 6.4 1.2 x 102 6.4x 104
MW-3 13 2.4x102 9.8 x 104
AVERAGE 7.9 1.5 x 10-2 7.2 x 104

The average value of hydraulic conductivity is 1.5 x 102 ém/sec is indicative ofia

medium sand.

composed ¢

The averag
constant-d
normally h

typically h

The soil types encountered during boring installations were
of fine sand and silty sand.

re storativity is 7.2 x. 104 . The storativity values calculated from the
[scharge test are indicative of a confined water-bearing zone, which
as storativity values ranging from 105 to 10-3, while unconfined aquifers
ave storativity values ranging from 0.01 to 0.3. Boring leg irformation

does not indicate that ground water beneath the site is under confined conditions.

Capture zone analysis of the pump test data indicated that pumping well RW-1 at-
1.6 gpm would create a ground water flow stagnation peint at approximately

2.2 meters

(7.3 feet) downgradient from RW-1. The capture zone is shown

graphically on Figure 3, the Pilot Test Areas of Influence Map. The results of the

most recez
Distributig
aquifer tes|

TPHg was
at a conce

wt quarterly water sampling are shown on Figure 4, the Hydrocarbon
n Map. A detailed explanation of the analysis and calculations of the
t data are included in Appendix C.

detected in the water sample collected from RW-1 during the aquifer test
ntration of 11,000 parts per billion (ppb). Benzene was detected at a

concentration of 3,900 ppb. The laboratory report is presented in Appendix E.
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4.2 Soil Vapor Extraction Pilot Test Results

The data from the vapor extraction pilot test using RW-1 were used to estimate a
radius of influence for vapor extraction. The data were also analyzed to evaluate the
air permeability of soil surrounding the well, and to assess vapor flow rate as a
function of applied vacuum. The extracted hydrocarbons and oxygen concentrations
were used [to predict the expected composition of extracted soil vapor from a
remediation system at the site. All equations and calculations used to analyze the
vapor extraction pilot test data are presented in Appendix D.

Vacuum influence in the vapor monitoring probes that showed an influence were
plotted versus their distance from RW-1. The calculated radius of influence at 65 in.
WC was approximately 27 feet This radius is also shown on Figure 3.

The flow rates per unit screen length were used to calculate air permeability of the
subsurface soil by inserting ranges of permeabilities into governing equations, until
the flow rafes most closely approximated the data collected during the pilot test. The
flow rates observed during the test indicate an air permeability range between 1 and
10 darcy, which is typical of a fine sand. Fine sand was encountered in the upper
five feet of the soil borings drilled for MW-1 and RW-1.

To predict|the relationship between applied vacuum and flow rate per length of
screen, a graph was produced which shows the observed relationship and a best-fit
approximation of the relationship. This graph is included in Appendix D.

To provide information necessary for the design of a vapor extraction system,
hydrocarbon concentrations in extracted soil vapor were analyzed. Vapor sample
RW-1A, collected in the early portion of the pilot test, indicated a TPHo
concentration of 2500 micrograms per liter (ug/L) and BTEX concentrations of
11 ug/L, 30 pg/L, 55 pug/L and 340 pg/L, respectively. Vapor sample RW-1B,
collected near the end of the test, indicated a TPHo concentration of 1400 pg/L and
BTEX concentrations of 5 ug/L, 21 pug/L, 32 pg/L and 190 pg/L, respectively. A copy
of the laboratory report is attached in Appendix E.

5.0 SUMMARY OF RESULTS
The aquifer test and soil vapor extraction pilot test results are summarized below:

e Data analysis of the aquifer test results indicated average transmissivity,
hydraulic conductivity and storativity values of 7.9 cm?/sec, 1.5 x 10-2am/sec and
7.2 x 10t (dimensionless), respectively. The transmissivity and hydraulic
conductivity values are fairly consistent from well to well. The storativity value
is indicative of a confined water-bearing zone. At a-pumping rate of 1.6 gpm
from RW-1, a capture zone with a radius of approximately 7.3 feet was
established.
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» The vapor extraction pilot test indicated a radius of influence of 27 feet. This
radius of influence is large enough to include monitoring well MW-1, which
was the|only well in which hydrocarbons were detected in soil samples collected
during drilling. The calculated air permeability of the soil was in the range of 1
to 10 darcy, which correlates well with observed soil types beneath the site.

* The aquifer test and vapor extraction pilot test results may have been affected by
an area|of higher permeability associated with the underground storage tank
complex backfill, and the lack of surface seals on the vapor monitoring probes.

 Based gn the results of this test, soil vapor exiraction combined with ground
water extraction would bé an effective remediation alternative for this site.

6.0 REFERENCES
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This report was prepared under the supervision of a registered professional
engineer. All statements, conclusions and recommendations are based solely upon
field observations and laboratory analyses performed by a state-certified laboratory
related to the work performed by Hydro-Environmental Technologies, Inc.

7.0 CERTIFICATION

It is possible that variations in the soil or ground water conditions exist beyond the
points explored in this investigation. Also, site conditions are subject to change at
some time in the future due to variations in rainfall, temperature, regional water
usage or other factors.

The service performed by Hydro-Environmental Technologies, Inc. has been
conducted |in a manner consistent with the level of care and skill ordinarily
exercised by members of our profession currently practicing under similar
conditions in the area of the site. No other warranty, expressed or implied, is made.

Hydro-Environmental Technologies, Inc. includes in this report chemical analytical
data from a state-certified laboratory. These analyses are performed according to
procedures| suggested by the U.S. EPA and the State of California. Hydro-
Environmental Technologies, Inc. is not responsible for laboratory errors in
procedure ¢r result reporting.

HYDRO-ENVIRONMENTAL TECHNOLOGIES, INC.

Prepared by: : Reviewed by:

X g T ==

Scott Kellstedt ¥ Thomas E. Lindemuth, P.E.
Project Manager Western Regional Manager
8 12/6/94
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DRIL

ING, WELL CONSTRUCTION, AND SAMPLING PROTOCOLS

Prior to an

that neces

Prior to
Service Al

so that distuptions of normal business activities at the project site are mi

obtain and
of wells wi

Subsurface

drilling activities, Hydro-Environmental Technologies, Inc. (HETI) will verify
drilling permits have been secured.

i ing, underground and above ground utilities will be located using Underground

(USA) and site reconnaissance. To the extent possible, drilling will be conducted
imi HETI shall

review available public data on subsurface geology and, if warranted, the location
thin a quarter mile of the project site will be identified. Drilling equipment will be

_ inspected for suitability and integrity prior to performing work.

investigations are typically performed to assess the lateral and vertical extent of
hydrocarbons or other contaminants which may be present in soils and groundwater.

Drilling methods will be selected to optimize field data requirements and to be compatible

Shallow sq
unless site
consistent

il borings will be drilled dry using a truck-mounted hollow-stem auger drilling rig,
conditions favor a different drilling method. Drilling and sampling methods will be
with ASTM Method D-1452-80. The auger size will be a minimum of 3-inches

nominal outside diameter (O.D.) for borings not to be completed as wells. The auger size will be

a minimu
will be
steam ¢l

of 8-inches nominal O.D. for borings to be completed as wells. No drilling fluids
during this drilling method. All augers and drill rods will initially be thoroughly
ed before arriving on-site, to prevent the introduction of contaminants from off-site,

and augers and drill rods which are used will be steam cleaned between borings away from
boring lo§:ll_ions. Working components of the drilling rig (subs, collars and all parts of the rig

the borehole) will also be steam cleaned. Cleaned augers, rods and other tools, if

required, will be stored and covered when not in use. Decontamination of drilling equipment
will consist of steam cleaning, and/or trisodium phosphate wash. Cleaning operations will be
observed and supervised by a representative of HETL. The drilling rig will also be inspected by
a representative of HETI to ensure that no fluids (hydraulic or lubricant) are leaking from the

equipmerit.

Soil Sampling Protocol

Soil samples are typically collected at 5 foot intervals, from the ground surface to the total
depth of|the boring, with a California Modified split-spoon sampler driven 18 to 24 inches
ahead of the lead auger by a 140-pound hammer falling a minimum of 30 inches. The sampler
will be lined with clean brass or stainless steel tubes, The number of blows necessary to drive
the sampler will be recorded on the boring log and well construction diagram (Plate A-1) to
help evaluate the consistency of the materials encountered. Additional soil samples may be
collected based on significant lithologic changes and/or potential chemical content. All
equipment that contacts soil samples will be thoroughly cleaned prior to arrival at the project
site and [between each individual sample collection point on-site. New and used split-spoon
samplers will be steam cleaned or washed with a trisodium phosphate or Alconox solution,
rinsed with tap water, air dried or wiped dry with a clean towel. Soil removed from the top

two lin

(typically each 4 t0 6 inches in length) and the end cone will be used for visual

logging purposes and disposed with cuttings produced during the drilling operations. The
bottom liner, if suitable, will be preserved for Jaboratory analysis. Soil samples from each
sampling interval will be lithologically described, consistent with the Unified Soil
tion System, by a HETI geologist. The exact depth of all borings to the nearest 1/2-

Classifi




foot will be determined in the field. Exploratory boring logs shail be prepared under the
direction of a Registered Geologist or Professional Engineer.

Head-space analysis will be performed in the field to check for the presence of volatile organic
compo . Head-space analysis will be performed using an organic vapor meter (either flame-
jonization pr photo-ionization). The method used will be consistent with the method described
by Fitzgerald (1989). Organic vapor concentrations will be recorded on the HETI Soil Boring
Log (Figure 1). The selection of soil samples for chemical analysis are typically based on the
following (criteria:

Soil discoloration

Soil odors

Visual confirmation of chemical in soil
Depth with respect to underground tanks
Depth with respect to groundwater
Organic vapor meter reading

o an ge

The soil mepler and liners will be cleaned with a trisodium-phosphate or Alconox solution,
rinsed with clean tap water and air dried or wiped dry with a clean towel prior to each
sampling|event. Soil samples (full liners) selected for chemical analyses will be covered with
aluminum foil or tefion tape and the ends will be sealed with plastic end caps. The end caps
will then pe taped to ensure a more secure seal. The samples will then be labeled and entered
onto a Chain-of-Custody document, and placed in a cooler on blue ice (hard shell) for transport
to a state certified analytical laboratory.

Where cgpper and zinc contamination are the subject of the investigation, stainless steel liners
will be used in lieu of brass liners. Stainless steel liners will also be used when the client,

additional sampling protocol or regulatory agencies require.

Soil boripgs will be backfilled (sealed) to the ground surface using either a neat cement or
cement-Hentonite grout mixture in accordance with appropriate local regulations.

Pending the outcome of the results of the laboratory analyses, excess drill cuttings will remain
on-site dnd, when deemed necessary, covered with a plastic tarp or drummed. Confirmed
uncontaminated soils may be appropriately disposed of on-site by the client. Soils found to
contain toncentrations of contaminants above applicable local or state limits will be placed in
appropriately labeled 55-gallon D.O.T. drums orin a hazardous materials drop bin and left on-
site for proper disposal by the client. At the clients request, HETI will act as the client's agent
by assisting in the disposal of the contained material. In no case will HETI personel sign a
Hazardous Waste Manifest.

Well Construction

Monitoring wells shall be installed using a truck-mounted hollow-stem auger drilling rig or an
air or mud-rotary drilling rig. Typically, the hollow stem rig will be used for the installation
of wells up to 100 feet deep, if subsurface conditions prove favorable. Wells greater than 100

feet in|depth will typically be drilled using air or mud-rotary equipment. Mud-rotary
equipment will typicaily be used when alternate methods have failed or proven ineffective.

Monitoring well casing and screen shall be constructed of a minimum of Schedule 40, flush joint,
threaded, polyvinylchloride (FVC) pipe. The well screen will be factory mill-slotted. The
screen jength shall be determined in the field and shall be placed with the intent of setting the
screendd interval adjacent to the aquifer material. The screen length shall also be set with the
intent bf placing the top of the screened interval a minimum of 2 feet above the static water




level. All screens and casings used will bein a contaminant-free condition when placed in the
ground. Np thread lubrication shall be used, other than teflon tape or distilled water, during
the connection of individual lengths of screened and solid well casing. Screen shall not be
placed in a borehole that creates hydraulic interconnection of two or more distinctly separate
aquifer units. Screen slot size will be chosen to be compatible with the encountered aquifer
i e screen slot size will be chosen to retain a high percentage of the filter pack or
tion. The remainder of the well casing, above the screened interval, shall be of
solid riser ¢asing. A sand pack shall be placed in the remaining anular space surrounding the
well casing to a minimum of 1 foot above the screened interval, Sand pack shall not be placed
such that it interconnects two or more distinctly separate aquifer units. Sand pack shall be
chosen to be compatible with both the aquifer materials and the screen slot size. Sand pack
shall consist of clean, washed, kiln dried silica sand. A minimum 1-foot thick bentonite pellet
or bentonite slurry seal shall be placed above the sand pack. All bentonite shall be hydrated

by either formation water or steam-distilled water. The remaining annular space above the

bentonite seal shall be grouted with a neat cement or bentonite-neat cement mixture and shall
be placed from the top of the bentonite pellet seal to within 6 inches of the top of the well. If
used, the bentonite content of the mixture shail not exceed 5 percent by weight. Sand pack,
bentonite,| and cement seal levels will be confirmed during construction by measuring the
remaining anular space with a calibrated weighted tape. If shallow water table conditions
e screen interval will be placed such that the screen height above the static water
uced and a maximum possible surface seal can be achieved. A field boring log and

ction diagram (Plate A-1) shall be prepared by a representative of HETI for each
pleted. Monitoring and extraction wells shall be constructed with Class-A
cement/bentorite grout or bentonite pellets tremied into position as a base for the well casing if
necessary| The well casing will be set within the aquifer according to the proposed function of
the well and the chemistry of the potential contaminants. :

In the event a monitoring well is required to be installed in an aquifer unit underlying an
existing, shallower aquifer, the well will be completed in the lower aquifer such that only
water fram the lower aquifer is drawn into the well. The upper aquifer will be sealed by
installing|a steel conductor casing which extends to the base of the shallow aquifer, The steel
casing will be tremied into position with an annular neat cement or cement-bentonite grout seal
placed een the outside wall of the casing and the wall of the borehole. The cement grout
will be aflowed a minimum of 72 hours to set prior to advancing the boring beyond the sealed
conductor casing and into the next aquifer. After 72 hours, the boring will be advanced below
the seal and completed as a well as described above but within the steel conductor casing.

The tops|of all well casings will be sealed and placed in a vandal resistant, traffic rated box to
prevent entry of surface contamination, unauthorized entry and tampering.

Monitoring wells will be surveyed to obtain north-end casing elevations to the nearest £ 0.01
foot. Water level measurements will be recorded with an interface probe to the nearest + 0.01
foot and|referenced to either a project datum or mean sea level (MSL). A project site datum is
typically chosen such that it will remain in the event the project site undergoes a physical
change as a result of construction or other cultural disturbance. Where required, the wells will
be surveyed by a licensed land surveyor relative to the nearest bench mark and relative to mean
sea leve]. Typically, the establishment of a known, on-site reference by a licensed survey, is
enough to aliow for the remaining well top elevations to be determined using a survey level and
rod. Unless directed otherwise by local regulatory agencies, the well top elevations will be
established in this manner.




Well Development

After installation, all monitoring wells shall be developed to remove fine grained sediments
¢rom the well and to stabilize sand, gravel and disturbed aquifer materials in the annular area
around the screened interval. Well development will be accomplished by air-lift pump,
suction-lift pump, submersible pump, bladder pump, surge block, bailer or any combination of
the above. All well development equipment will be decontaminated prior to development using
a steamn cleaner and/or trisodium-phosphate solution wash, clean water rinse, and steam
distilled water rinse. Well development will continue until each well is relatively free of
turbidity. [The adequacy of well development will be assessed by a HETI geologist. Where
appropriate, indicator parameters (pH, specific conductance, temperature, and turbidity) will
be monitored during well development. Field instrument calibrations will be performed prior to
use according to manufacturers specifications.

Monitoring wells shall be completed below grade uniess special conditions exist that require
above grade design. Monitoring well casing {including the well locking seal and cap) will be
completed |approximately two inches below the vandal resistant traffic rated road box cover.
Except in Ereas where snow plows might be used, the road box cover shall be completed
approxi y one inch above the existing grade surface to allow for precipitation runoff. All
concrete wprk, both inside and outside the road box, shall be completed with a smooth finish.

Above ground completions will be set inside a 2 to 3 foot tall locking steel protective casing. If
traffic conditions dictate, three 4-inch diameter steel pipes will be set in concrete in a
triangular |pattern to act as bumper posts. The posts will be set 2 feet deep and will be filled
with concrete. A four foot square, 3-inch thick concrete pad which slopes away from the well
will be setjaround each well. Both the protective steel well casing and the bumper posts will be
painted yellow.

The projeqt site shall be left as clean as possible. All soils and excess concrete produced from
each monitoring well will be placed in appropriate areas to be disposed as previously
described| All monitoring well locations will either be broomed or washed down such that
staining of the existing surface cover is minimized.




GROUNDWATER SAMPLING AND ANALYS3IS

Ouality Ast Ouality Control Objecti

The sampling and analysis procedures employed by HETI for groundwater sampling and
monitoring follow specific Quality Assurance/Quality Control (QA/QC) guidelines. Quality

Assurance

/QA) objectives have been established by HETI to develop and implement procedures

for obtaining field data and evaluating water quality in an accurate, precise and complete
manner so that sampling procedures and fieid measurements provide information that is
comparable and representative of the actual field conditions. Quality Control (QC) is
maintained by HETI by using specific field protocols and requiring the analytical laboratory to
perform injternal and external QC checks. It is the goal of HETI to provide data that are
accurate, precise, complete, comparable, and representative. The definitions for accuracy,

' precision, ¢ompleteness, comparability, and representativeness are as follows:

1. Accuracy - the degree of agreement of a measurement with an accepted reference or rue

value.

2. Precision - a measure of agreement among individual measurements under similar

condi

ons. Usually expressed in terms of standard deviation.

3. Completeness - the amount of valid data obtained from a measurement systemn compared to
the amount that was expected to meet the project data goals.

4. Comparability - the confidence with which one data set can be compared with another.

5. Representativeness - the degree to which a sample or group of samples reflect the
charadteristics of a media at a given sampling point. Also includes the degree to which a

sampl

As part of
are to be f

documen

ing point represents the actual parameter variations which are under study.

the HETI QA/QC program, applicable federal, state and local reference documents
bilowed. The procedures outlined in these regulations, manuals, handbooks, guidance
and journals are incorporated into the HETI sampling procedures to assure that: (1)

groundwater samples are properly collected, (2) groundwater samples are identified,

and (3)

, and transported in a manner such that they are representative of field conditions,
emical analyses of samples are accurate and reproducible.




US.E.L.A. 4

USEP.A. ¢

USEPA.¢

' GUIDANCE AND REFERENCE DOCUMENTS USED

339/9-51-002

503/5W611

600/4-79-020

US.E.P.A. | 600/4-82-029

US.EP.A. |- SW-346#, 3rd Edition

40 CFR 136.3e Table It

Resources Conservation and
Recovery Act (OSWER 9950.1)

California

Regional Water Quality

Control Bpard (Central Valley

Region)
Californig

Regional Water Quality

Control Board (North Coast, San
Francisco| Bay, and Central Valley)

California

Regional Water Quality

Control Board (Central Valley

Region}

State of California Department of
Health Services

State of California Water Resources

Board

W

NEIC Manual for Groundwater/
Subsurface Investigation at Hazardous
Waste Sites

Procedures Manual for Groundwater
Monitoring at Solid Waste Disposal
Facilities (August, 1977)

Methods for Chemical Analysis of
Water and Wastes (1983)

Handbook for Sampling and Sample
Preservation of Water and
Wastewater (1982)

Test Methods for Evaluating Solid
Waste - Physical/Chemical Methods
(November, 1986) and latter additions

Required Containers, Preservation
Techniques, and Holding Times

Groundwater Monitoring Technical
Enforcement Guidance Document
(September, 1986)

_ A Compilation of Water Quality Goals

(September, 1988); Updates (October,
1988)

Regional Board Staff
Recornmendations for Initial
Evaluations and Investigation of
Underground Tanks: Tri-Regional
Recommendations (June, 1988)

Memorandum: Disposal, Treatment,
and Refuse of Soils Contaminated with
Petroleum Fractions (August, 1986)

Hazardous Waste Testing Laboratory
Certification List (March, 1987)

Leaking Underground Fuel Tank Control
(LUFT) Field Manual (May, 1988), and
LUFT Field Manual Revision (April,
1989) .




State of California Water Resources Title 23 (Register #85.#33-8-17-

85), Control Board Subchapter 16: Underground Tank
ations; Article 3, Sections 2632

and 2634; Article 4, Section 2647

(October, 1986}

Santa Clara Valley Water District Gnidelines for Investigating Fuel
Leaks (March, 1989)

Santa Clara Valley Water District Guidelines for Preparing or Reviewing
Sampling Plans for Soil and

Groundwater Investigation of Fuel
Contamination Sites (January, 1989)

Alameda County Water District Groundwater Protection Program:

Guidelines for Groundwater and Soil
Investigations at Leaking
Underground Fuel Tank Sites (most  recent

revision)

American Public Health _ Standard Methods for the Examination

Association : of Water and Wastewaters, 16th
Edition

Analytical Chemistry (journal} Principles of Environmental Analysis
Volume 55, pages 2212-18,December,
1983 :

American Petroleum Institute Groundwater Monitoring & Sample Bias

Environmental Affairs Dept., :

June, 1983

The Bay Area Air Quality | Regulation 8 - Rule 40 & Rule 48

Management District '

Because groundwater samples collected by HETI are analyzed in the parts per billion {(ppb)
range for|many analytes, care is exercised to prevent contamination of samples. When volatile
- or semivalatile organic compounds are included for analysis, HETI sampling crew members will
adhere to the following precautions in the field:

1. A new pair of clean, disposable, latex (or comparable material) gloves are to be worn for
each well to be sampled.

possible, samples will first be collected from wells known or suspected to contain the
t contaminants, followed by wells in increasing order of degree of contamination.

ple bottles and equipment are to be kept away from fuels and solvents. When
le, gasoline (used in generators and water pumps) is to be shipped to the project site in

te compartments of the same vehicle or in a separate vehicle as that in which
le bottles are shipped.




4. Sampling bailers are to be composed of polyethylene (when dedicated to the well), Teflon
or stainless steel. Other materials, such as acrylic, may contain phthalate esters which
can interfere with gas chromatography (GC) analyses. Well purging may be
with PVC bailers.

5. Volatile organic groundwater samples are collected so that air passage through the sample
does hot occur or is minimal (to prevent volatiles from being stripped from the samples).
Samplle bottles are filled by slowly running the sample down the side of the bottle until
there fis a positive convex meniscus over the neck of the bottle. The Teflon side of the
septum (in cap) is positioned against the meniscus and the cap is screwed on tightly. The
sample is then inverted and lightly tapped while the sampler inspects the contents of the
bottle for an air bubble. The absence of an air bubble indicates a successful seal. If a bubble
is evident, the cap is removed and more water is added to the sample. The inspection
procedure is repeated and if bubbles persist, the vial is discarded in a container designated
for ubed and broken vials and bottles and the sample filling procedure is repeated with
another vial.

6. Extrlvxals shall be available for use in the event of dropped bottles and/or caps. Any
bottle which has come in contact with the ground shall be considered contamninated and

[

shall|not be used. When replacing septa, or if septa become inverted, care shall be taken to
assure that the Teflon seal faces the interior of the bottle. o

7. All preservatives shall be provided by the contract analytical laboratory.

Laboratory and field handling procedures of samples may be monitored by including QC
samples [for analysis with sample lots from a project site. QC samples may include any
combination of the following:

1. Trip|Blank - Used for purgable organic compounds only; QC samples shall be collected in 40
milliliter (ml) sample vials filled in the analytical laboratory with organic free water.
Trip blanks should be sent to the project site, and travel with the samples from the project
site.| Trip blanks are not opened, and are returned from the project site with the samples
from the project site for analysis.

2  Field Blank - Prepared in the field using steam-distilled water. Field blank QC samples
shall accompany project site samples to the laboratory and shall be analyzed for the same
chemical parameters as those samples taken from the project site.

3. Equipment Blank - Equipment Blank QC samples shall be prepared in the field using field
" equipment rinsate between two different wells after the equipment has been washed and
. The equipment blank will consist of deionized water retained in the sampling
ipment. These QC samples will only be taken when a dedicated bailer is not used for

pling.. .

4. Duplicates - Duplicate QC samples shall be collected "second samples” from a selected
weil and project site. Duplicates shall be collected as either split samples or second-run
samples (i.e. later date) from the same well.

The number and types of QC sampies shall be determined by HETI on a site-specific basis.




- A-1.

GROUNDWATER SAMPLE COLLECTION

This section describes the routine procedures followed by HETI while collecting groundwater

samples f

chemical analysis. These procedures include decontamination, water level

measurements, well purging, physical parameter measurements,. sample collection, sample
preservation, and sample handling. Critical sampling objectives for HETI are to:

1. Collect groundwater samples which are representative of the sampled matrix.

2. Maintai

sample integrity from the time of sample collection to delivery to the analytical

labordtory.

Sample analyses, methods, containers, preservation, and holding times are presented in Table

Decontamihation Praced

All physical parameter measuring and sampling equipment shall be decontaminated prior to
measurement and sample collection using a trisodium phosphate or Alconox solution wash,
followed Hy two separate rinses in tap water, followed by one rinse in steamn-distilled water.
Any sampling equipment surfaces or parts that might absorb spedific contaminants, such. as
plastic purnp valves, impellers, etc., are to be cleaned in the same manner. ‘

Sample bottles, bottle caps, and septa used for sampling volatile organics are thoroughly pre-

cleaned in

either the laboratory or the factory. All appropriate measures shall be taken to

assure continued sterility of the containers issued by the contract laboratory prior to usage at

the project

site.

During field sampling, equipment which has been placed in a well shall be decontamninated by
washing with a trisodium-phosphate or Alconox solution followed by two rinses in tap water
and one rinse in steam-distilled water. '

Water Level Measurements

Prior to purging and sampling any wells, the static-water level shall be measured by use of an
electronid sounder and/or calibrated portable oil-water interface probe. Both static water
level and [separate phase product thickness shall be measured and noted to the nearest +0.01
foot. Interface probe results shall be confirmed by sampling the top of the water column with a
clear bailer and measuring any floating product thickness to the nearest +0.01 foot with an
engineers{scale tape. In all cases a clear bailer sample will be taken from each well to check for
color, sheen and undetected floating product. If floating product of any measureable thickness is
observed| no sampling will be performed for that well. If visible product sheen is observed,
sampling|shall proceed under normal protocols.

The line tised to lower the bailer shall be discarded after each use to preclude the possibility of
cross corjtamination. Field observations (e.g., well integrity, product odor, turbidity, water
color, odprs, etc.) shall be recorded on the HETI Purge/ Sample Sheet (Plate A-2). Before and
after the use of the electric sounder, interface probe, non-dedicated bailer, or any other down

well equip

ment, each will be decontaminated by washing in a trisodium phosphate or Alconax

solution, |followed by a double rinse with tap water, followed by a rinse with steam-distilled

water.




Well Purging
pling commences, weil casing storage water and interstitial water in the artificial
sand pack| shall be purged from the well using: (1) a positive displacement bladder pump
of inert non-wetting Teflon and stainless steel; (2} a pneumatic-airlift pumping
system; (3) a centrifugal pumping system; or (4) a PVC, Teflon or stainless steel bailer. Methods
of purging will be assessed based on the well size, location, depth, accessibility, and known
chemical conditions. Individual well purge volumes are calculated from the casing volumes. In
general, a minimum of 3 to 5 casing volumes will be purged. Wells which dewater or
demonstrate slow recharge capacities (i.e., low yield wells which only recover to 70 percent of
column height after 1 hour) during purging activities may be sampled after fewer
than 3 to 5 purging cycles. If a low yield well is to be sampled, sampling shall not take place
until at least 70 percent of the previously measured water column has been replaced by
e. | Monitoring wells shall be purged according to the protocol flowchart presented in

- recharg
Plate A-3. Water removed from the wells will either be disposed or stored in 55-gallon DOT

future disposal according to proceedures outlined for contaminated soil cuttings in the
Soil Sampling Protocol section above. Where appropriate, physical parameters (pH, specific
ce, and temperature) will be monitored by HETI field crew during well purging
. If necessary, purging may continue until all three physical parameters have
stabilized, Stability shall be defined as a change of less than 02 pH units, less than 10 percent
in micro mhos, and less than 1.0 degree Centigrade. The pH meters shall be read to the nearest
+ 0.1 pH units, Specific conductance meters shall be read to the nearest + 10 micro-mhos per
centimetar. Both types of meters shall be calibrated daily to manufacturer's specifications.
Temperature shall be read to the nearest + 0.1 degree centigrade. Field data coilected while
developing, purging and sampling the wells will be entered onto the HETI Purge/Sampie Sheet
(Plate A{2). Copies of the Purge/Sample Sheets will be reviewed for accuracy and
completeness for each well sampled. -

10




DOCUMENTATION

Each sample container shall be labeled immediately after the sample is collected and sealed. .-
The label |shall include: '

In the
Purge/Sample Sheet (Plate A-2) for each well sampled:

¢ 8 © & & & 0

‘ompany Name (HETD

ource (i.e, well number or code)
pler's identification

ject number

ate and time of collection

ype of preservation (if any) used

q
S

field, the HETI sampling crew will record the following information on the

Project number

Client

Location

Source (i.e., well number or code)

Time and date of development, purging and sampling

Well accessibility and integrity

Pertinent well data (e.g., total depth, product thickness, static water
jevel)

Physical parameters when appropriate (e.g. specific conductance, pH,

temperature) - may be more than one reading

Gallons and well casing volumes purged

Chain-of-Castody

A chain

of-custody record shall be completed and will accompany every shipment of samples to

the analytical laboratory in order to establish documentation tracing sample possession from
the time of collection until delivery to the laboratory. The record will contain the following
information:

Sample or station number or code (ID)

Signature of the collector, sampler, or recorder

Date and time of collection

Place of collection (project address and name of business)

Sample type (soil or water)

Type of analysis requested

Signatures of persons involved in chain of possession (in
chronological order) ‘

Dates and times of individual possession (inclusive)

Laboratory comments regarding the sample receptacle conditions

Samples will always be accompanied by a Chain-of-Custody record. When transferring the
samnples, the individuals relinquishing and receiving the samples will sign, date and note the
time on| the Chain-of-Custody record.

11




Sample Collection. Handling, St 1T

All water samples will be collected in an order such that those parameters most sensitive to
volatilizdtion will be sampled first. A general order of collection for some common groundwater

parameters is as follows:

Volatile Organic Compounds (VOC's)
Total Organic Halogens (TOH)

Total Organic Carbon (TOC)
Extractable Organics

Total Metals

Dissolved Metals

Phenols

Sulfate and Chloride

Nitrate and Ammonia

Turbidity

All samples from the same well shall be collected immediately after purging or when the well
recoverd to 70 percent of the original water column height. All samples from one sampling set
from a single well should be collected on the same day.

All chemical sample handling and storage will be conducted under the direction of HETT's
consulting analytical chemist. All laboratory chemical testing will be accomplished by a state

approv

analytical laboratory.

All water samples will be held at 4°C by packing them in a water-tight container inside an ice

chest

collecti

d covering with hard shelled "blue ice™". In no event shall the time between sample
n and delivery to the contract laboratory be greater than 72 hours. Preservatives will

not be added to any sample by the sampling crew, unless instructed by the consulting analytical
chemist. If added in the field, preservatives shall be supplied by the contract analytical
laboratory. No one will open the samples other than laboratory personnel who will perform
the specified chemical analyses.

If it is
sampli

necessary for samples or sample ice chests to leave the immediate control of the
g crew prior to delivery to the laboratory or laboratory courier, such as shipment by a

commgan carrier (e.g., UPS™), a custody seal will be placed on each sample container and/or
sample{ chest. Custody seals will be placed to ensure that the samples have not been tampered

with d
empla

ing shipment and will contain the samplers signature, the date and time the seal was
ed.

12




TABLE A-1
SAMPL LYSI D R Vv

- - HOLDING TIMES

Analytical Reporting Maximum Holding
Total Petroleum EPA 8015 ppb 40ml glass 4°C
Hydrocarbons ~ (DHS modified) ug/l vial, Teflon HC to pH<2Z™ 14 days
(low to med. b.p. lined septum )
i.e. gasoline}

Benzene EPAS020  ppb  40mlglass 4°C 7 daystw/o preservative)
Toluene ug/l  vial, Teflon HCl to pH<2*™ 14 days (w/preservative)
Ethylbenzene lired septum
Xylenes (BI[EX)

Qil & Grease SM S03A&E prb 1L glass jar, 4°C 28 days
ug/l  Teflon lined H2504 to g
cap pH<2
Total Petrgleum EPA 8015 pPb 1L glass jar, 4°C 14 days
Hydrocarbons  (DHS modified) ug/l  Teflon lined
(high. b.p| cap
i.e. diesel) .
Halogenated EPA 8010 prb 40ml glass 4°C 14 days
Volatile Organics ug/1 vial, Teflon °
(chlorinated _ lined septum
solvents) '
Non-Chlofinated ~ EPA 8020 b as above 4°C 14 days
Solvents ug/l
Volatile Organics EPA 8240 ppb as above 4°C 14 days
(GC/M3) ug/1
Semi-Volatile EPA 8270 pro as above 4°C 14 days
Organics ug/1
(GC/MS)
Metals ICP-EPA 200.7 ppb 100 ml 4°C 6 months
or A AEPA- ug/l HNOS3 to pH<2
* Containers listed are for water - soil containers are to be brass or stainless steel tubes with plastic end
caps.
t Applies|only to liquid samples.
* May vary depending on lab requirements.
13
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" samples shot

SOIL VAPOR EXTRACTION TEST PROTOCOL

Successful design of a Soil Vapor Exiraction (SVE) system requires knowledge of the

following;:

Soil pl
Vapor

Contaminant composition

nume definition
concentration and composition

Flow rate vs applied vacuum
Radius of Influence

The last three of these components are found by testing. The particular aspects of -
these items are expanded as follows: .

Vapor Conce
The determix

for two reasq
provide info;

the con i

ntration and Composition

\ation of vapor conceniration in the extracted air stream is important
ns: to calculate the removal efficiency of the test extraction well and to
rmation necessary to specify the off-gas treatment equipment. Vapor
1d be taken at the beginning and end of the SVE test, which should be

ated soil zone. The initial vapor concentration is representative of the

.conducted fi a long enough time to extract at least one pore volume of vapor from

initial equili
one pore vol

rium vapor concentration, while the concentration measured after
ume has been extracted gives an indication of realistic removal rates.

The initial and final concentration measurements dﬁrlng the VET should be done

using State
8015/8020 (»
from the un

DHS-certified laboratory analysis of vapor samples using methods
nodified). Samples will be collected in evacuated, one-liter Tedlar® bags
diluted vapor stream using a sample pump. The sample data will be

entered ontp a Chain-of-Custody form and each sample labeled with a unique

designation.

Following collection, the sample bag will be placed immediately into

an opaque cpoler to minimize exposure to light Chilling is not required. Samples
will be analyzed as soon as possible, but no more than 72 hours from collection.

A Gastech

1214S LEL/O»> meter, or equivalent, should be used for intermediate

measurements to follow progress. However, these instruments must be calibrated
to an appropriate gas such as hexane or heptane.

The oxygen
designs usi

concentration in the extracted vapor stream must be taken, as this affects

using a thermal or catalytic oxidizer, or internal combustion (IC) engine. A

Gastech 1214S LEL/O3 meter, or equivalent, should be used.




Flow Rate vs

To properly !
during the te

Applied Vacuum

specify the vapor extraction blower, the actual flow rate and vacuum
st must be known. The vapor flow rate should be measured using a

Kurz Model 443 thermal anemometer, or equivalent.

Anemometers should be installed with 10 pipe diameters of straight pipe upstream
and § diameters downstream. The upstream straight pipe may be shortened by
installing straightening vanes. They should be mounted through a tight-fitting hole
in the side of the pipe. Use of a tee fitting would disrupt flow, causing additional

inaccuracy.

Since VETs

are often conducted using existing monitoring wells, water table

upwelling wjthin the well must be considered when determining screen height. In
a monitoring well, approximately one inch of screen height will be lost for every
inch of vacupm applied.

The absolut

e atmospheric pressure should be assumed as the day's' barometric

reading obtained from the local newspaper and corrected for altifude.

- Radius of Influence

Determining soil permeability and radius of influence (Ry) requires that we measure

induced va
Induced vacd
permeabilit)
Company's

permeability.

cuum vs distance or induced vacuum vs time for several points.
qum vs time for several monitoring points is preferable because soil
; may vary with direction. The data can be entered into Shell Oil
HyperVentilate® computer program to determine the soil air

Radial pressure from an extraction well can be simplified for a fixed Pw, PAtm, Rw
and Rj to the following form:

P(r) = Ar? (5)

Where A and b are constants.

Plot P(r) vs
curve fit, to

r using a program such as Cricket Graph®, which will do a logarithmic
determine an average A and b. Then solve for r = R; where P(r) = PAmm-

Vapor Extraction Testing

Vapor extraction testing should be conducted using the attached Vapor Extraction
Test Setup|and Log sheets. Completion of these forms will provide a checklist for
collection of all required information.

2 July &, 1993




Vapor Well Installation Guidelines

Prior to any drilling activities, Hydro-Environmental Technologies, Inc. (HETI) will
verify that necessary drilling permits have been secured.

Prior to drilling, underground and above ground utilities will be located using
Underground Service Alert (USA) and site reconnaissance. To the extent possible,
drilling will be conducted so that distuptions of normal business activities at the
project site are minimized. Drilling equipment will be inspected for suitability and
integrity prior to performing work. :

Wells sel
for remedi

or installed for testing should, if possible, be wells that would be used
tion. At least one well should be installed and screened in the heart of -

 the plume. | Wells screened through clean soils decrease the overall effectiveness of

the system|unless they will be used for air induction wells. Multiple wells are
required for vapor extraction testing to allow measurement of induced pressure as a
function of |distance. ,
Well spacing is a function of soil type. Some guidelines for well spadng- are:

Gravel 30 to 100 £t

Sand 25to0 75t

Silt 15 to 50 ft

Clay 5t040ft

Each pair of wells used for measurements should be screened in the same horizon.

The vertical permeability in undisturbed soils

horizontal
circuiting”
rock.

Dedicated
diameter,

can be as little as 10% of the
permeability. Care must be taken near the surface to prevent "short
of air flow either from the surface, tank field or through paving base

vapor extraction wells are normally screened with 2-inch or 4-inch
0.030-inch slotted casing. A coarse sand pack is used to minimize

resistance to air flow. Typical air flow rates from a single well are 25 to 100 scfm.

tion protocols are found in HETITs "Drilling, Well Construction and
otocols." These will be followed.

.The Test

Prior to any testing activities, HETI will verify that necessary air discharge permits

have been
conducted

minimized.

secured or notifications made. To the extent possible, testing will be
so that disruptions of normal business activities at the project site are
Testing equipment will be inspected for suitability and integrity prior to

performing work.

3 July 6, 1993
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Extracted soil vapor will be treated with an internal combustion engine before
being discharged to the atmosphere. The engine will be rented from a third
party that has specifically modified the engine to treat extracted soil vapor.

A GasEch 12145 LEL meter, or equivalent, will be used to measure the vapor

concenfration in each well. These readings will be recorded. Testing will begin
with the well with the highest concentration.

The depth to water (and product) in each extraction and observation well wil
be measured and recorded. .

ehelic® or manometer will be connected to each observation well
e previously assembled wellhead risers. These instruments will be
vented | prior to beginning the test. '

. After applying vacuum io the extraction well, the vacuum and flow rate will be

recordéd. Within 5 minutes, a vapor sample will be collected from the well. -
Corresponding Qs and LEL readings will be recorded. .

d person will record vacuum vs time in the nearest observation wells.
Initial readings will be taken as frequently as possible until vacuum stabilizes.
Vacuum may stabilize within the nearest observation well within minutes.
Readings of flow, vacuum, extraction well temperature, Ozand vapor
concerltration from the extracton well will be recorded until one pore volume
has been removed. , .

After pne pore volume has been removed, a second vapor sample from the
extraction well will be collected. A corresponding Oz and LEL reading will be
recorded.

Steps 4 through 8 may be repeated on other extraction wells, especially if
screened at different vertical intervals.

4 July 6, 1993




HETI Vapar Extraction Test Setup

ng

11. N

7. ____ Do you have all of the fittings fo piece together what you've sketched?

8 ___ C.alibrate sample equipment (Oz/LEL). Calibrate LEL to heptane in
nitrogen.

9. ____ Check the calibration of pressure test equipment.

'10. ____ Plan layout of equipment at station. Consider traffic patterns and .pohantial

Client: HETI Job Number:
Site Address:
Tester(s): Date:
Items To Be Completed Prior to Test
1. Determine wells to be tested. They are:
ya Cal¢ulate one pore volume on page 5. Calculate the time to remove one
pore volume at:
25 gefm
50 scfm
100| scfm

" Jf the time to remove one pore volume will be over 4 hours, schedule
someone for overtime to continue test on a second shift.

3. Schedule internal combustion engine delivery. Use for ﬁxulti—day or
multi-site tests. Will fuel delivery be required? Do we know how to
operate it? -

4 Complete known well data on sheet 5. Only depth to water should be

maeaasured in field.

5. Schedule sample analysis with lab. Not all labs can do air samples. If we
usé other than the normal lab, a purchase order may be required. Air
samples must be analyzed within 72 hours. Labs don't like to get samples
on| Friday afternoon. Confirm courier pickup or plan to deliver samples.

6. ____ Cgmplete Sketch of Test Setup on Sheet 4 This should be drawn as a
Piping and Instrumentation Diagram (P&ID). Have it reviewed.

vise complaints.

otify station owner of test schedule, if applicable.




HETI Vapor Extraction Test Setup

Client: HETI Job Number:

Site Address:

12, Make up wellhead riser test connections for each well. These utilize =
sdcket couplings and silicone stop-cock grease (Remember chemistry 1ab?)
tg connect to the well. '

13. Charge the test equipment batteries.

14. Cpmplete the Site Safety Plan.

Equipment|and Supplies to Bring to the Test

(

T T TEETTTH

1. Setu
suital
2 Usea3’
these
3. Maeas
well.

1 oy bt o oy o N

Interface probe
T

pe measure .

ellhead risers from Item 12, above

ell lock keys

the piping, hoses and fittings from Item 7, above.

on® pipe thread tape

ipe assembly tools

itot tube (with Magnehelic® and tubing), Kurz meter or venturi meter
ith Magnehelic® and tubing).

traight length of pipe for flow meter. See text for minimum length.

rill and 1/8-inch or 1/4-inch pipe tap to install Pitot tube, Kurz meter and

ressure gauges

edlar® air sample bags in cooler (Ice is not required, but samples must be

ept in dark.) '

Thain of custody forms

fagnehelic® for each observation well, including fittings and tubing to

onnect. Range should be 0 to 2.0 inches of water (in. WwQ).

LEL/Op meter :

Facuum gauge, 100 to 0 in. wC

Pager

[est setup forms

Test logs

| Conductinig The Test

p the internal combustion engine. Inspect testing equipment for

hility and integrity prior to performing work.

in LEL meter to measure the vapor concentration in each well. Record
readings. Start with the well with the highest concentration.

ure the depth to water (and product) in each extracton and observation

Page 2 of __ Revision: 7/6/93




4,

!

A o wm

0o

0

Client

Site Address:

-
o

HETI Vapor Extraction Test Setup

HETI Job Number:

Connect 4 Magnehelic® or manometer on each observation well using.the

previousl

Within 5
LEL read;

v assembled wellhead risers. Vent these prior to beginning the test.

. Apply vacuum to the extraction well. Record the vacuum and flow rate.

minutes, collect a vapor sample from the well. Also collect an Oz and
ng -

A second

Continu

person should record vacuum vs time in the nearest observation

itial readings should be taken as frequently as possible until vacuum
Vacuum may stabilize within the nearest observation well within

extraction well temperature, carbon

taking readings of flow, vacuum,
(using the LEL) from the

ture, Oz and vapor concentration

‘extraction well until ane pore volume has been removed.

After one pore volume has been removed, collect a second vapor sample from

the

If possible,
Record the vacuum,

Repeat
different

ion well .
operate on the extraction well at a second or third vacuum reading.
flow rate and vapor concentration (using the LEL).

eps 4 through 9 on other extraction wells, espedally if screened at
intervals.

Page 3 of __ Revision: 7/6/93




HETI Vapor Extraction Test Setup
Client: HETI Job Number:

Site Address:

Sketch of Test Setup — show all instruments and equipment.

Page 4 of __ | Revision: 7/6/93




HETI Vapor Extraction Test Setup

’ I Client: HETI Job Number:
Site Address:
I Vacuum Source:
l Flow Measuring Instrument
I Barometer Reading: Source: Site Elevation
Pore volume: Vp = eARRZH
Where:
l £A = the air-filled void fracton. If unknown, assume 0.3.
R = radius of the zone of contamination ‘
H = the vertical thickness of the zone of contamination or the screen
I . height, whichever is greater
Well |Well Dia] Glot | G5iot | Depth to | Depth to | Depth to | Screened
l No. Width |Spacing | Screen | Water | Botiom Interval |.
L in. in. in. ft ft ft ft
I Page 5 of __ Revision: 7/6/93




HETI Vapor Extraction Test Log

Client: HETI Job Number:
Site Address:
Tester(s): Date:
Extraction Well:
Time| Applied |Extractn. | Sample - Mon. Mon, Mon. Mon.
Vacuum | Rate Type & | Pt Pt. Pt. Pt. Comments
in. WC Source Vac, " WC | Vac, " WC | Vac, " WC | Vac, " WC
Distance from Extraction Well, ft
7/8/93

Page __ of __




lﬁx‘\nm BECUN BORING DIAMETER ANGLE/BEARING BORING NO
6 Webster St, Alamneda, CA 8/5/93 12 Inches 90 Degrees RW-1
_ [ oRoimeG coNTRACTOR COMPLETED FIRST ENCOUNTEREL WATER DEPTH BOTTOM OF BORING
ils Exploration Seryices, Inc. 8/5/93 5 feet 25 Feet
TOR LOGGED BY STATIC WATER DEPTH/DATE WELL NO.
orris Peterson F. Maroni 5 feet RW-1
MAKE & MODEL SAMPLING METHOD BOTTOM OF WELL
obile Drill B-55 Not Applicable 23 Feet
MATERIAL GLOTSZE  FILTER PACK | WELL SEAL PLANNED USE
6" SCH 40 PVC 0.020" #3 Neat cement with 5% bentonite over hydrated pellets | Recovery Well

WATER|  WELL =~ |GRATIC| MATERIAL CLASSIFICATION & PHYSICAL DESCRIFTION
| ASPHALT
zzizs BASEROCK
- ] SAND (SM); yellow-brown; poorly-graded,
fine sand; trace silt; moist.

R [-iEa |

|

same as above; color change to olive-gray;
increase in silt content to 15%.

o

silty SAND (SM); olive; poorly-graded,
fine-grained; 25% silt; wet.

16

11

13

silty SAND (SM); light yellow-brown;
fine to medium grained; trace silt; wet.

14

15

16

17

18

1%

.............

_ : PLATE
SOIL BORING LOG RW-1 C-2
NV AND
ENVIR® NMENTAL WELL CONSTRUCTION RW-1 SHEET 1 0F1
LOGIESI INC BP Service Station No. 11104 JOB NO.
- 1716 Webster Street
DATE: August 10, 1993 Alameda, CA 9-038

iAPPROV'F.D BY: John H. Tumey, P.E.




ZONE 7 WATER AGENCY

5997 PARKSIDE DRIVE PLEASANTON, CALIFORNIA 245388 VOICE (510) 484-2600

| FAX (510) 462-3914
[DRILLING PERMIT APPLICATION]
[FOR APPLICANT TO COMPLETE| - [FOR OFFICE USE|
C‘l_?\“ OF PROJECT PP ol COMBDP AN ‘PERMITNUMBER 93376
M\ WhER<ITER ST TE LOCATION NUMBER
Al AMEPSA | (A .
P OlL _tomPANY PEAMIT CONDITICNS
400 SotTmCeaTTTre Peliile 20 - 394 - S24¢ o
1A Zp ~ Q¥ : Circled Permit Requiremsnts Apply
RO TE B0\ ' ) :
RN DR D — EAW LTZOAIMEZ ATT AL TIETAH . @GENERAL : '
_ _ 1. A permit appfication shouid be ;ubmittad s0 as o amive atthe
cress wﬁme DI0—S=21 ~2(p2Y Zone 7 affice five days prior 1o praposed starting data. -
' p Q4= 2 Submitto Zone 7 within 60 days after completion of permitted

ity lﬂ-_&:‘ﬂ, EhA
i - . COBRITE M work the original Department of Water Resources Water Well

YPE OF PROJECT Drillers Report or equivalent for well Projects, or drilling logs

nsguction Geotechnical Investigation ~ and location sketch for geotechnical projects.
odic Protection _ General - . 3. Permitis void if project not begun within 90 days of approval

ater Supply 1 Contamination _ date.
jnimﬁng : _’}L - Wait Destruction - WATEFI WELLS, INCLUDING PIEZCMETERS
1.  Minirum surface seal thickness is two inches of cament grout
bndBOSED WATER SUPPLY WELL USE ) placed by tremis.
Domestic industzal _ ° Other N/ A 5 Minimum seal dapth is 50 feet for municipal and industrial weils
U-"IPa1 _ dmigatign or 20 feet for domestic and imigation wells unless a jesser
. ’ _ dapth is spedally approved. Minimum saai dapth far
DRILLING METHOD:_ . monitaring weils is tha maximum depth practicable or 20 fest.
} :IQWY : Air Rotary Auger W EOTECHNICAL. Backill bara hola with compacted cuttings or
Cthar ‘ heavy bantonite and upper twa feet with compacted material. In
. . areas of known or suspactad contamination, ramied cement grout

, CATHGDIC. Fill hole above anoda zone with concrete placed by
PHOJEC‘I‘S . ) u-arnie‘ *

oxts _
0 F;lsa's LICENSE NO. 7 -5RB 269, EXPLORKTTON | snall be used in placs of campacted cuings.
.

W

Dril Hole Dlameter |2 in. Maximum ' E. WELL DESTRUCTION. See anached.
asing Diamster (o in Depth 2.3 &
rfaca Saai Depth 2. Number y
G CHNICAL PROJECTS
Number of Borings |2 Maximum
- Hole Diameter To i Depth 23
Ei:ATED STARTING DATE 2.9.93
ESTIMATED COMPLETIONDATE ~_ R .[%.932 '
Approved %ﬁm /ﬁém Date 15 Jul 93
L:ijby agres to comply with) alt requirements of this permit and Alameda i / ; '
ty Ordinance No. 73-68 Wyman Hong

AFI.ICANTS
SEPATURE TRANCES MAZONY.  Oate T7:15.93 31292




APPENDIX C BRAF T

Equations Used to Calculate
Aquifer Properties and Capture Zones
BP Station No. 11104
Alameda, California

Use of Cooper and Jacob (1946) non-equilibrium equations, as presented by

Driscoll |(1986):

T =Q(0.183)/As K=T/b S = (2.25)Ttp/ r2
where:

T = transmissivity (cn2/sec) Q = pumping rate {(cm3/sec)

As = drawdown over one log cycle (cm)

K = hydraulic conductivity (cm/sec)

b = water bearing zone thickness = 18 feet (estimated) = 549 am

ty = zerqg drawdown intercept (sec) r = distance between wells (cm)

Factors 1y and As calculated from time vs. drawdown plots.

MW-1 (pumping RW-1)

Q = 1.6 gpm = 100 cm?/sec As = 0.14 feet = 4.31 cm
tg = 0.13 min = 7.78 sec T=82ft. =378 cm
Results; ‘

T = 4.3 am?2/sec K=79x103 an/sec $=53x104
MW-2 (pumping RW-1)

Q = 1.6 gpm = 100 cm3/sec As =0.10 feet =29 cm
tp = 3.9 min = 234 sec r=75.1ft =2290 cn
Results

T = 6.4 qm?/sec K =1.2x 102 cm/sec S=64x10%
MW-3 {(pumping MW-2

Q =1.6 gpm = 100 an3/sec As = 0.19 feet = 5.8 cm
tg = 5.0 min = 297 sec r =979 ft. = 2980 an
Results;

T =13 ¢m2/sec K=2.4x%x102cm/sec S=98x104
9-038.AppxA 1 11/3/93




DRAFT

The average hydraulic conductivity value of 1.5 x 102 an/sec is indicative of
a medi sand. The soil encountered during boring installations was
composed of fine sand and silty sand.

The average storativity value is 7.2 x 104, A storativity value of less than 10-3
is noramally indicative of a confined aquifer. Boring log information doe
not show that the ground water is under confined conditions. _

Influence of UST complex

The drawdown data from the extraction well RW-1 is plotted versus time on
the attached graph. The drawdown did not increase at the same rate after
. 25 minutes as it had up to that point. Stabilization of drawdown in a
pumping well typically occurs when the zone of influence of the pumping
well reaches an area of recharge. The area of recharge in this case is most
probably| the backfill of the UST complex. '

Recharge from the UST complex would decrease the amount of drawdown in
the observation wells, and this influence would have a consequent effect on
the calculation of hydraulic conductivity and storativity. This effect would
cause the calculated hydraulic conductivity to be increased, and storativity to
be decrepsed. If pumping is maintained for an extended period of time, the
influence of the UST complex would decrease as the backfill became
dewatered. '

Determination of Stagnation Point

The downgradient stagnation point was analyzed by a method developed by
Keely and Tsang (1983). The method provides for the estimation of

downgra
point do

\dient stagnation point from an extraction well, which is the furthest
wngradient at which water will be induced to flow back toward the

extraction well. The method assumes that transmissivity, T, hydraulic
gradient, i, and pumping rate, Q, are known. The equation is as follows:
Xs = Q/2nTi
where X, = Distance from extraction well to stagnation point (cm.)
Q = Flowrate = 100 am3/sec
T = Transmissivity = 7.9 cm/sec
i = Gradient = 0.009 an/cm
yields: Xs = 220 cm = 2.2 meters

The stagnation point is probably less than that which would be encountered

for long

term pumping system because of an artificially high transmissivity

value, most probably caused by the influence of the tank complex.

9-038.AppxA 2
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Time vs. Drawdown in RW-1, Step Discharge Test
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Constant Discharge Test, Time vs. Drawdown in RW-1

16

14

12 ' U

10

Depth of Transducer, D (ft.)
=]

1 1 10 100 S 1000

Time, T (min)




Constant Discharge Test - Time vs. Drawdown in MW-1
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9-038 - Constant Discharge Test - Depth to Water in MW-2
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9-038 - Constant Discharge Test - Depth to Water in MW-3
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APPENDIXD

Soil Vapor Extraction Pilot Test
Equations and Calculations
BP Station No. 11104
Alameda, California

Test Methads

The tests were carried out according to HETT's Protocol for Soil Vapor Exiraction

Tests.

On August 26, 1993, HETI conducted a vapor extraction pilot test (VE test) by

extracting

soil vapor and ground water from well RW-1, and monitoring the

vacuum influence in vapor points VP-1, VP-2, and well MW-1, and the change in
that influence over time at various extraction flow rates.

Soil Vapor Extraction Test Results

The data ffom the VE test on RW-1 were used to calculate a radius of influence for
vapor extraction. The data were also analyzed to evaluate the permeability to air of
soil surrounding the well and to determine vapor flow rate as a function of

vacuum.
predict the

Determina

The extracted concentrations of hydrocarbons and oxygen were used to

makeup of extracted soil vapor to be expected for a long term system.

tion of Radius of Influence

Vacuum influence was noted in VP-2 (8.2 ft. from RW-1) at all vacuum levels.

Vacuum in

than 58 in
test.

The low v

fluence was not noted in VP-1 (25.8 ft. from RW-1) at vacuum levels less
. WC. No vacuum influence was noted in well MW-1 during the entire

acuum influences noted in the vapor points may have been partially due
urface seals. Higher permeability backfill in the UST complex may have

reduced the spread of vacuum influence by causing short-circuiting of soil vapor.

The screerq
reason tha

The distan
a vacuum
shown on
determine

atmosphe

1s were submerged in MW-1 throughout the test, which is probably the
t no influence was noted in that well during the test.

ces versus monitoring well absolute pressure in the monitoring points at
of 65 in. WC were plotted on a semi-log graph, and the graphical result is
Figure C1. The radius of influence was estimated by using a curve fit to
an equation for monitoring well pressure as a function of distance and

c. Atmospheric pressure is 406.8 in. WC. The graph shows the radius of

solving tl{‘at equation for the distance where subsurface pressure remains at

influence

9-038 analysis.AxB

t 65 in. WC was approximately 27 feet.
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DRAFT

The vapor flow per unit length of well screen, Q/H, is described by the equation

Determination of Soil Permeability

(Johnson, et|al [1990]):
2
Q _ ~Ep [1- (PAtm/Pv) ]
- AV
H P InmRy/R)

The flow rates per unit screen length were used to calculate air permeability of the
subsurface {Oﬂs by inserting ranges of permeabilities into the above equation until

the flow rates most closely approximated the data gathered during the field test.

These equations were solved with the aid of the computer program called
| "Hyperventilate®" (Johnson, et al).
; The flow rdtes observed during the test match the permeability of a fine sand. The
| permeability range was between 1 and 10 darcy. A fine sand was observed in the
| upper five feet of the borings for MW-1 and RW-1.

Vapor Flow Rate

The data from the test on VW-1 were used to determine the relationship between

extracted vapor flow rate and vacuum level. The vacuum versus flow rate for
RW-1 was plotted and appears as Figure C2.

Vapor Concentrations

The concentration of hydrocarbons and oxygen in the extracted vapor stream was
measured using a Gastech combined LEL and O2 meter. The results were:

Well Fraction Calculated
of LEL1 Concentration Concentration?
No, % ppmv* v/
RW-1 20 2,600 17
Note: 1t LEL is the lower explosive limit of hydrocarbons in air, assumed to be

13,000 parts per million by volume (ppmv).
2 | The oxygen concentration is that observed at the end of the test. The
injtial oxygen concentration was 5%, and rose steadily throughout the test.

Vapor sanjple RW-14, taken during the VE test, yielded a TPHo concentration of
2500 pg/L|and BTEX concentrations of 11 pg/L, 30 pg/L, 55 ug/L, and 340 ug/L,
respectively. Vapor sample RW-1B, taken at the end of the test, yielded a TPHo
concentration of 1400 pg/L and BTEX concentrations of 5.0 ug/L, 21 pg/L, 32 ug/L,
and 190 pg/L, respectively.

11/1/98
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DRAFT

The VE test|yielded a relatively small radius of influence of 27 feet. This radius of
influence is large enough to influence MW-1, which is the only well that had
detectable levels of hydrocarbons in subsurface soils.

Conclusions

The radius of influence and vacuum influence may have been negatively affected by
an area of higher permeability in the UST complex backfill and ineffective surface
seals on the vapor wells, so the radius of a permanent system with improved
surface seals should be larger. The relatively high vapor flow rates observed during
the test also| shows that vapor extraction will be effective.

Based on the results of this test, soil vapor extraction combined with ground water
extraction would be an effective remediation technology for this site. The low total
flow rate that is required makes a regenerative blower the most reasonable choice
for a vacuym pump. These pumps are effectively limited to a maximum vacuum
of 50 in. W(. System design parameters would be as follows:

Number|of vapor and ground water extraction wells: ~ One
Initial vapor extraction flow rate (based on 30 scfm total

observations during the test - limited by
vacupum pump)

Initial extraction vacuum at wellhead: | 50 in. WC
(limited by vacuum pump)

Initial extracted hydrocarbon concentration: 1400 pg/L*

Initial extracted benzene concentration: 5ug/L*

Initial extracted oxygen concentration: 17 %
(based on test data)

Initial vapor extraction radius of influence: 27 feet
(based on test)

Ultimate vapor extraction flow rate: 30 scfm total

(based on vacuum pump)

Ultdmate extraction vacuum at wellhead: 50 in. WC
(based on vacuum pump)

* Note: Concentrations of hydrocarbons in extracted soil vapor did not reduce to a
stable level during the tests. The initial concentrations of hydrocarbons are
assumed to be the concentrations measured in the air sample RW-1B taken
at the end of the VE test.

9-038 analysis.AxB 3 11/1/93




Flow Rate, Q (scfm)

FIGURE C? 9-038.2
Vacuum vs. Flow Rate, RW-1

y = 0.4496 + 0.6443x R =1.00
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I THE ASSURANGE OF BUALITY

dro-Environmental Tech. September 03, 1993
63 Mariner Sq. Dr. # 243 PACE Project Number: 430825509

Alameda, CA 9450]

REPORT OF LABORATORY ANALYSIS

I:tn: Ms. Frances Maroni
Client Reference: |BP Station # 11104

l\CE Sampie Number: : 70 0140447
Date Collected: : 08/24/93
te Received: , 08/25/93
ient Sampie ID: RW-1
rarameter Units MOL DATE ANALYZED .

IRGANI(: ANALYSIS

PURGEABLE FUELS AND AROMATICS

TAL FUEL HYDROCARBONS, (LIGHT): - 09/01/93
urgeable Fuels, ps Gasoline (EPA 8015M) ug/L 500 11000 09/01/93
PURGEABLE AROMATILS (BTXE BY EPA 8020M): - 09/01/93
enzene ~ ug/L 5.0 3900 09/01/93

icTuene ug/L 5.0 510 09/01/93
cthylbenzene ug/L 5.0 540 09/01/93
Iy1enes, Total ug/L 5.0 670 09/01/93

These data have been reviewed and are approved for reiease.

C.\Cetr™

arrell C. Cain
egional Director

11 Digital Drive An Equal Opportunity Employer

Movato, CA 94949
TEL: 415-883-510
FAX: 415.883-2567

[A -]
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REPORT OF LABORATORY ANALYSIS

Frances Maroni
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’ INCORP
THE ASSURANG

C1ient Reference:

Nethod De

EQOF GUALLTY

FOOTNOTES September 03, 1993

for page 1 PACE Project Number: 430825509

BP Station # 11104

tection Limit

11 Digital Drive

Novam, CA 94549
TEL: 415-883.8101
FAX: 415-883-2673
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An Equal Oppertunity Employer
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l ) A ATED REPORT OF LABORATORY ANALYSIS
THE ASSURANCE OF GUALITY
. Frances Maroni QUALITY CONTROL DATA September 03, 1993
‘ge 3 PACE Project Number: 430825509
iient Reference: BP Station # 11104
RGEABLE FUELS AND AROMATICS
Batch: 70 24227
Imp1es: 70 014044}
THOD BLANK:
I! . Method
rameter Units MDL Blank
ii[ L FUEL HYDROCARBONS, (LIGHT): -
rgeable Fuels, as Gasoline (EPA 8015M ug/L 50 ND
RGEABLE ARDMATICS (BTXE BY EPA 8020M) -
Benzene | | ug/L 0.5 ND
luene * ° ug/L 0.5 ND
hylbenzene ug/L 0.5 ND
thyl tert-Butyl Ether (MTBE) ug/L 5.0 ND
lene (total) : ug/L g.5 - ND
IBORATOR‘:’ CONTROL| SAMPLE AND CONTROL SAMPLE DUPLICATE:
Reference Dupl
Parameter Units MDL Value Recv Recv RPD
rgeable Fuels, 3s Gasoline (EPA 8015M ug/L 50 1000 97% 85% 13%
;nzene ug/L 0.5 40 102% 103% 0%
fuene ug/L 0.5 40 . 102% 103% 0%
hylbenzene ug/L 0.5 40 104% 106% 1%
thyl tert-Butyl |Ether (MTBE)} ug/L 5.0 40 95% 94% 1%
0.5 120 107% 110% 2%

lene (total) ug/L

11 Qigital Orive
Novato, CA 94848
TEL: 415-883-6100
FAX: 415.883-2673

J
l
l
|
.
|
|
|

An Equal Opportunity Empioyar




: Pﬂfﬁ:ﬂﬁg@ REPORT OF LABORATORY ANALYSIS

Ms. Frances Maron FOOTNOTES September 03, 1993
ge 4. ‘ for page 3 PACE Project Number: 430825509

Client Reference:|BP Station # 11104

L Method Detection Limit

Not detected at or above the MOL.
D Relative| Percent Difference

An Equal Oppertonity Empioyer

11 Digital Drive
Novato, CA 94949
TEL: 415-883-811
FAX: 415.883-251
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| Rcuq ce" REPORT OF LABORATORY ANALYSIS

DRATETD

THE ASSUAANEE OF CUALITY

63 Mariner Sq. Dr. # 243 PACE Project Number: 430827515

gdro-Environmentaﬂ Tech. September 02, 1993
ameda, CA 9450]

Ittn: Ms. Frances Maroni
Client Reference:|BP Station # 11104

!ACE Sample Number: 70 0141885

ate Collected: 08/26/93

ate Received: 08/27/93

ih‘ent Sample ID: RW-1A
arameter. Units MDL DATE ANALYZED

ﬁGANIC ANALYSIS

GASOLINE AND AROMATICS-AIR (M8015/8020)
on-Methane Hydrocarbons, as n-octane ug/L 120 2500 08/31/93

!o]atﬂe Aromatiqg Compounds (EPA M8020) - " 08/31/93
enzene ) ug/L 1.2 11 08/31/93
oluene o _ ug/L 1.2 30 08/31/93
thylbenzene ' ug/L 1.2 55 08/31/93

] 1.2 340 08/31/93

nylenes, Total . ug/L

An Equal Opporturity Employer

11 Digital Drive
- Novato, CA 34944
TEL: 415-883-51%0

FAX: 415-883-2673




NCORPDRATED
THE ASSURANCE QF QUALITY

i
I p“(e | REPORT OF LABORATORY ANALYSIS

. Frances Maroni September 02, 1993
ge 2 PACE Project Number: 430827515
(iient Reference: BP Station # 11104 N
CE Sample Numberi 70 0141893
Date Collected: 08/26/93
te Received: , 08/27/93
jent Sample ID: RW-1B
Parameter Units MDL ‘ DATE ANALYZED .
IGANIC ANALYSIS
GASOLINE AND AROMATICS-AIR (M8015/8020)
n-Methane Hydrodarbons, as n-octane ug/L 50 1400 08/31/93
Jatile Aromatic [Compounds (EPA M8020) - 08/31/93
Benzene ug/L 0.5 5.0 08/31/93
luene ug/L 0.5 21 08/31/93
hylbenzene . ug/L 0.5 32 08/31/93
Xylenes, Total ug/L 0.5 190 08/31/93

l’lES_& data have been reviewed and are approved for release.

Boug_cloee—

Darrell C. Cain
.egicmaﬂ Director

An Equal Opportunity Employer

11 Digital Drive
Novata, CA 94948
TEL: 415.883-6100
FAX: 415.883-2673
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Qce

INCORPIDRATETD

REPORT OF LABORATORY ANALYSIS

THE ASSURAMEE OF QUALITY

Client Reference: |BP Station # 11104

MDL

Method Detection Limit

FOOTNOTES

for pages 1 through

2

September 02, 1993
PACE Project Number: 430827515

11 Digital Drive

Novata, CA 94944
TEL: 415-883-6100
FAX: 415.883-2673

An Equal Opportunity Employer




lIHCDRP

Qce

QRATED

REPORT OF LABORATORY ANALYSIS

THE ASSURANG

s. Frances Maroni
age 4

Client Reference:

IASOLINE AND AROMA
Batch: 70 24012

iamp1es: 70 014184

iETHOD BLANK:

arameter

Non-Methane Hydroc¢

Icﬂ atile Aromatic
enzene
Toluene
thylbenzene
'y]enes, Total

IABORATORY CONTROL SAMPLE AND CONTROL SAMPLE DUPLICATE:

Parameter

E OF CUALITY

QUALITY CONTROL DATA

BP Station # 11104

\TICS-AIR (M8015/8020)
15, 70 0141893

arbons, as n-octane

Compounds (EPA M8020)

on-Methane Hydrocarbons, as n-octane
enzene

Toluene
thylbenzene
ylenes, Total

Units
ug/L

ug/L
ug/L
ug/L
ug/L

Units

ug/L
ug/L
ug/L
ug/L
ug/L

=
r~

4

Qo000
UL L Ln oo

C)C)ODU'\
)
anmm

September 02, 1993

PACE Project Number: 430827515

Recv RPD

Reference
Value Recv
241 a0%
.32 84%
38 85%
43 85%
128 87%

11 Digital Qrive

Novato, CA 94949
TEL: 415-383-6104
FAX: 415.883-2673

An Equal Opportunity Empioyer

3%
2%
2%
3%
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REPORT OF LABORATORY ANALYSIS

THE ASSURANCE OF QUALITY

. Frances Maroni
ge

FOOTNOTES

5 L for page 4

C11ent Reference BP Station # 11104

ML Method Detection Limit

Relative [Percent Difference

W Not detegted at or above the MDL.
D

September 02, 1993
PACE Project Number: 430827515

11 Digital Drive
Novato, CA 94348
TEL: 415-883-510%

FAX: 415-883-267

An Equal Opportumity Employer
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