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1.0 INTRODUCTION

This report presents the results of vapor extraction testing activities performed at Former Mobil
Station 04-H6J located at 1024 Main Street in Pleasanton, California (Figure 1).

The vapor extraction testing activities were conducted to;

®  Assess the feasibility of using vapor extraction to mitigate hydrocarbon-affected soil
beneath the site;

Estimate air extraction rates;
Calculate the approximate vacuum radius of influence; and
*  Estimate influent hydrocarbon vapor concentrations from wells used for vapor extraction.

Test results may be used to:
*  Design an extraction well field array;
Estimate the cumulative flow rate capacity of the treatment equipment; and
¢  Select the type of treatment technology.
Appendix A includes definitions of terms and abbreviations used in this report.
2.0 BACKGROUND
2.1 HYDROGEOLOGIC SETTING
The site is located within the Amador Subbasin of the Livermore Valley Ground Water Basin.
Ground water in the shallower deposits is generally unconfined. The estimated depth to regional
ground water is approximately 90 feet below grade (fbg) with a westerly to northerly gradient
direction (Ritchie, Edwin A., 1988),
2.2 SUBSURFACE STRATIGRAPHY

Soil types encountered in the vadose zone consist of interbedded clayey silt, silty clay, sandy
silt, silty sand, sand, and sandy gravel.

2.3 HYDROCARBON-AFFECTED SOIL

Hydrocarbon concentrations in soil are present in the vicinity of the former underground storage
tanks, product lines, and dispenser islands. Hydrocarbon concentrations in soil extend vertically
to ground water in the vicinity of the former underground storage tanks to a depth of
approximately 40 feet below grade.

2.4 CONSTRUCTION OF TEST WELLS

The monitoring wells used in the vapor extraction tests are constructed of 2-, 4-, and 6-inch-
diameter PVC casing with 0.010, 0.020, and 0.030-inch-slot screened intervals. Backfill




material at the screened intervals consists of No. 2/16, No. 3 Monterey, and medium and coarse
aquarium sand. Refer to Tables 1 and 2 for the screened intervals of the wells used in the vapor
extraction testing.

3.0 VAPOR EXTRACTION TEST ACTIVITIES

Vapor extraction tests were performed at this site as outlined in Appendix B. Each test array
consisted of extracting vapors from one well (the test well) and observing vacuum responses in
other wells (the observation wells).

The test conditions were as follows:

. Test date: November 18, 1993

. Test wells: Vapor Monitoring Well VMW-1 (13 to 35 feet below grade), and Monitoring
Wells MW-1 (35 to 37 feet below grade), MW-2 (30 to 38 feet below grade), and MW-7
(10 to 30 feet below grade) (see Figure 2 for well locations)

. Observation wells: Vapor Monitoring Wells VMW-1, VMW-2, VMW-3, and VMW-4,
Monitoring Wells MW-1, MW-2, MW-3, MW-4, MW-5, MW-7, MW-9 and MW-10, and
Recovery Well RW-1 (see Figure 2 for well locations)

®  Test types: constant-flow-rate and step-flow-rate

¢ Test durations: 30 to 60 minutes

*  Distance between test wells and observation wells: 19 to 83 feet

For the purpose of determining the range of hydrocarbons present in the subsurface, air samples
were collected from Vapor Monitoring Well VMW-1 and Monitoring Well #W-1.; The samples
were analyzed for:

o Total petroleum hydrocarbons (TPH) using EPA Method 8015 modified; and
. Benzene, toluene, ethylbenzene, and total xylenes (BTEX) using EPA Method 8020

Refer to Appendix C for a description of the analytical methods used, and copies of the official
Laboratory Reports, QA/QC Reports, and Chain of Custody Records.

4.0 CHARACTERIZATION ANALYSIS

Stabilized vacuum responses in the observation wells were assumed to be at steady-state
conditions, and were used to calculate the soil transmissibility to air (kh/x), the soil permeability
(k), and an effective radius of influence (ERI). In order to estimate these parameters, a
steady-state solution of Darcy’s law, as applied to compressible gas flow, was used to simulate
the subsurface flow conditions. Refer to Appendix D for a mathematical description of the
Darcy analytical solution, and for calculations performed to estimate the soil transmissibility to
air, soil permeability, and ERI.

Transient vacuum data were analyzed using the Hantush method. This method assumes air
leakage from the ground surface and no air storage. This analysis method permits the
calculation of the soil transmissivity to air (T), storativity (S), and the dimensionless leakage
factor (r/B). The soil permeability to air (k) is calculated from the soil transmissivity. Refer
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to Appendix E for a mathematical deseri

ption of the Hantush analytical solution and type-curve

matching techniques,

5.0 FINDINGS AND DISCUSSION

5.1 FIELD OBSERVATIONS

Field observations recorded during the tests were as follows:

During the step-rate test from Vapor Monitoring Well VMW-1, vacuum levels of 38 to
111 in. HyO were detected in the extraction well while extracting vapors at flow rates
ranging from 21 to 54 standard cubic fest per minute (scfm).

During the step-rate test from Monitoring Well MW-1, vacuum levels of 50 to 222 in,
H,0 were detected in the extraction well while extracting vapors at flow rates ranging
from 10 to 20 standard cubic feet per minute (scfm).

During the constant-flow-rate test from Vapor Monitoring Well VMW-1, a near-steady-
state vacuum level of 110 in. H;0 was detected in the extraction well while extracting
vapors at a flow rate of approximately 54 scfm. Vacuum levels ranging from 0.06 to 0.67
in. H;O were detected in Vapor Monitoring Wells VMW-2, VMW-3, and VMW-4, and
Monitoring Wells MW-1, MW-2, and MW-4. These monitoring wells are located at
distances ranging from 19 to 42 feet from the extraction well. A vacuum level of 3 in.
H,0 was detected in Recovery Well RW-1, which is located 4 feet to the northwest of
Vapor Monitoring Well VMW-1,

During the constant-flow-rate test from Monitoring Well MW-1, a near-steady-state
vacuum level of 222 in, H;0 was detected in the extraction well while extracting vapors
at a flow rate of approximately 22 scfm. Vacuum levels ranging from 0.02 to 4.7 in. H,0
were detected in Vapor Monitoring Wells VMW-2, VMW-3, VMW-4 and Monitoring
Wells MW-4, MW-5 MW-9, and MW-10. These observation wells are located at
distances ranging from 13 to 78 feet from the extraction well,

During an abbreviated constant-flow-rate test from Monitoring Well MW-2, a vacuum
level of approximately 230 in. H,0 was detected in the extraction well while extracting
vapors at a flow rate of approximately 9 scfm. No vacuum responses were detected in any

During the constant-flow-rate test from Monitoring Well MW-7, a vacuum level of
approximately 63 in. H,0 was detected in the extraction well while extracting vapors at
a flow rate of approximately 55 scfm. All observation wells were located to the east of
the extraction well during this test due to the site well layout and the proximity of MW-7
to Santa Rita Road. No vacuum responses were detected in any of the observation wells

which were located at distances ranging from 26 to 100 feet to the east of the extraction
well,



Refer to Tables 1 and 2 for a summary of the field observation data from the step-flow-rate and
constant-flow-rate tests.

5.2 SOIL PERMEABILITY TO AIR

Soil transmissibility to air values (kh/u) were calculated by applying pairs of vacuum and
distance data obtained in the field to the Darcy solution, Transmissibilities to air were calculated
from the pairs of observation well data that meet the criteria outlined in Appendix D. No values
could be obtained for the zones affected by Monitoring Wells MW-2 and MW-7 due to a lack
of pertinent data. The soil parameters calculated from the steady state test results are as follows:

Vapor Monitoring Well VMW-1 (15 to 35 feet below grade):
¢  Soil transmissibility to air value (kh/x): 124,442 d-ft/cp
. Vertical extraction interval (h): 35 feet

¢  Soil permeability to air (k): 64 darcy

Monitoring Well MW-1 (35 to 37 feet below grade):

¢  Soil transmissibility to air value (kh/p): 8,087 d-ft/cp
¢  Vertical extraction interval (h): 37 feet

¢  Soil permeability to air (k): 3.64 darcy

These soil permeability values fall within the range of permeabilities considered appropriate for
vapor extraction (Johnson et al., 1988). A summary of the soil parameters derived from the
steady-state tests is presented in Table 3.

Using the Hantush type-curve matching, the soil parameters calculated from the transient test
results are as follows:

Vapor Monitoring Well VMW-1 (15 to 35 feet below grade):
e  Soil transmissivity value: 0.093 to 0.32 fi¥/min
e  Soil permeability to air: 20.63 to 70.99 darcy

Moritoring Well MW-1 (35 to 37 feet below grade):
¢  Soil transmissivity values: between 0.01 to 0.07 ft%/min
®  Soil permeability to air: between 1.94 to 13.59 darcy

The permeability values calculated using the Hantush method are in general agreement with the
calculated steady state values derived from the Darcy equation, however, some of the
assumptions included in the Hantush model are not met. A summary of the soil parameters
derived from the transient tests is presented in Table 4. The Hantush type-curve matches are
included in Appendix E.

5.3 EFFECTIVE RADIUS OF INFLUENCE

The estimated effective radius of influence (ERI) (distance at which a pressure drawdown of
0.10 in. H,O is expected to prevail, resulting in air flow through the subsurface) is computed




using the estimated soil transmissibility values. The average ERI values for each zone are as

follows:

Vapor Monitoring Well VMW-1:

* Flow rate: 54 scfm
e ERI: 41 feet

Monitoring Well MW-1:
o Flow rate: 22 scfm
¢ ERI: 44 feet

Monitoring Well MW-2:
¢ Flow rate; 9 scfm
e ERI: less than 10 feet

Monitoring Well MW-7:
¢ Flow rate: 55 scfm
e ERI: less than 26 feet

5.4 LABORATORY ANALYSIS OF VAPOR SAMPLES

Laboratory analysis of air samples collected from VMW-1 and MW-1 indicate hydrocarbon

concentrations as follows:;
Vapor Monitoring Well VMW-1:

Purgeable hydrocarbons:
Benzene:

Toluene:

Ethylbenzene:

Xylene:

Monitoring Well MW-1:

Purgeable hydrocarbons:
Benzene:

Toluene:

Ethylbenzene:

Xylene:

6.0 CONCLUSIONS

90,000 ug/l or 19,305 (parts per million by volume) ppmv
2,500 ug/1 or 784 ppmv

3,400 ug/1 or 904 ppmv

300 ug/l or 69 ppmv

1,200 ug/1 or 277 ppmv

200,000 ug/l or 42,900 ppmv
4,200 ug/l or 1,317 ppmv
3,800 ug/l or 1,010 ppmv
610 ug/l or 141 ppmv

1,700 ug/l or 392 ppmv

®  The levels of pressure communication detected within the unsaturated zone dadicate that
vapor extraction is a feasible remediation altemnative for the mitigation of hydrocarbon-
affected soil in the vadose zone at the site,



*  The results of the test reflect the extremely variable soil types at the site and anisotropic
conditions, The site stratigraphy of interbedded lenses of medium to coarse material (sand
and silty sand of higher permeability) with fine grained material (silt and clay of low
permeability), affects the direction and magnitude of vacuum propagation. This can be
seen in the lack of pressure communication during the test conducted from MW-7
(screened 10-30 fbg). At flow rates of approximately 55 scfm no responses were detected
within 26 feet of this extraction well. This effect is likely a result of flow from this well
being drawn through sand lenses that extend to the west of the extraction well under Santa
Rita Road. The lack of response to the cast is likely due to the presence of less permeable
soils between MW-7 and the observation wells. In comparison, responses from extraction
well VMW-1 (screened 13-35 fbg) were recorded at a distance of 41 feet from the
extraction well to the west in VMW-4 (screened 10 to 30 fbg). Minor responses were
recorded as far as 78 feet to the north of extraction well MW-1, in Monitoring Well MW-
10. However, to the east of extraction well MW-1 no responses were recorded only 19
feet away in RW-1, indicating anisotropic conditions. Differences in soil permeability
such as those demonstrated during vapor extraction testing, will cause hydrocarbons to be
preferentially removed from the more permeable soil horizons, and asymmetric radii of
influence during vapor extraction. Careful placement of vapor extraction wells, and screen
intervals during well installation, can accommodate some of these variances in soil
permeability for vapor extraction.

*  Laboratory analysis of air samples from Vapor Monitoring Well VMW-1 and Monitoring
Well MW-1 indicate that significant quantities of hydrocarbons can be recovered by vapor
extraction.

*  The calculated soil permeability to air values from Vapor Monitoring Well VMW-1 are
indicative of a clean sand unit. The calculated soil permeability to air values from
Monitoring Well MW-1 are indicative of a silt to 2 silty sand (Freeze & Cherry, 1979).

®  Vacuum levels achieved in MW-1 (222 in. H,0) were twice as high as those achieved in
Vapor Monitoring Well VMW-1 (110 in. H,0) at flow rates of approximately 22 to 54
scfm, respectively.

¢  The estimated ERI is approximately 41 feet in the vicinity of Vapor Monitoring Well
VMW-1 for flow rates of approximately 54 scfm, and 44 feet in the vicinity of MW-1 for
flow rates of approximately 22 scfm. The effective radius of influence is greatly
influenced by the site stratigraphy. Because of the heterogeneous soil types, and
consequently the extremely variable permeabilities at the site, the actual effective radius
of influence is likely more on the order of approximately 20-30 feet throughout the
extraction interval. In silty or clayey areas of the site with low permeability, such as
around MW-2, the ERI will likely be less than 10 feet.

LIMITATIONS

The vapor extraction test activities and analyses presented in this report have been conducted in accordance with
current practice and the standard of care exervised by geologists, hydrogeologists, and engineers performing similar
tasks in this area. The findings and conclusions are based solely upon an analysis of the observed conditions. If
actual conditions differ from those described in this report, our office should be notified.
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Table 1

Pressure Drawdown Data From Step-Flow-Rate Tests
November 18, 1993
Mobil Station 04-H6J

Screen Pressure Drawdown q
Extraction | Observation | Interval r {in. of H20)
Well Well {foet) {feet) Q = 21 40 b4
VMW-1 13-35 0 38 56 11
VMW-2 15-35 24 0.04 0.18 0.26 H
VMW-3 15-32 30 Q.05 0.3 0.5
VMW-4 13-35 42 0.06 0.1 0.1
MW-1 35-65 21 0.1 0.45 0.7 H
Mw-2 30-68 19 0.01 0.02 0.05
Mw-3 13-35 52 0.01 0.08 0.09
MWwW-4 29-48 26 0.01 0.05 0.09
MW-5 14-34 55 0 0 ]
MW-7 10-30 47 0 0 0
MW-9 256-565 55 0 0 0
MW-10 25-55 83 0 0 ¢
RW-1 25-58 4 0.05 0. 0.2
| Q=10 20 -
. MW-1 35-55 0 50 222 -
VMW-1 13-35 22 0 0
VMW-2 15-35 19 0.3 0.83 - *
VMW-3 16-32 13 1.8 4.5 - ]
VMW-4 12-35 24 0.08 0.2 -
MW-2 30-55 29 0 0.01 - H
MW-3 12-35 38 0 ]
MW-4 29-48 24 0 0.03 --
MW-5 14-34 51 0 0 - H
MW-7 10-30 26 0 0 -
MW-2 25-55 68 0 0
MW-10 25-55 78 0 0 - H
RW-1 25-55 19 4] 0 -
Notes: Q = flow rate in standard ecubic fest per minute

r = horizontal distance from extraction well



Pressure Drawdown From Constant-Flow-Rate Tests
November 18, 1993
Mobil Station 04-H&J

Table 2

mpvep—

Extraction
u Waell

Screen

Prassure

QObservation Interval Flow Rate Drawdown
Well {faet) {ctm) {foat) {in. of H20)
VMW-1 13-35 54 0 110
VMW-2 15-35 24 0.24
VMW-3 15-32 30 0.48 -
VMW-4 12-35 42 0.06
MwW-1 35-5% 21 0.67"
Mw-2 30-58 19 0.3
MwW-3 12-35 52 0
MW-4 29-48 26 0.19 .
MW-5 14-34 55 0
MW-7 10-30 47 0
Mw-9 25-55 55 c
[ MW-10 25-55 83 0
RW-1 25-55 4 3
MW-1 35-55 22 0 222
VMW-1 13-35 22 0
i VMW-2 15-35 19 1.1
VMW-3 15-32 13 4.7
VMW-4 12-35 24 0.3
MW-2 30-55 24 0
MWwW-3 12-35 38 0
MW-4 29-48 24 0.02
i MW-5 14-34 51 0.05
MWwW-7 10-30 26 o}
MW-9 25-55 88 0.05
MW-10 25-55 78 0.05
RW-1 25-5% 19 4]
MW-2 no response in larw wells at almaximum ﬂom:rate of 9 cfrln
MW-7 no response iniany wells at a i’naximum ﬂowrl'ate of 55 cf’m

Notas:

Q = flow rate in standard oubic feet par minute
r = horizontal distance from extraction well




Table 3

Calcutated Soil Parameters from Steady-State-Data Analysis

November 18, 1993
Mobit Station 04-H6J

|

Notes:

, L e P, w
Extraction Flow Rate Transmissibility | Permeability ER| h
Well {cfm) {d-ft/cp) {darcys) {feat)
‘ VMW-1 54 124,442 64 41 q
’ MW-1 22 8,087 3.64 44
MW-2 9 - - - H
‘k MW-7 55 - - -

ER| = estimatad sffectlve redius of influence
c¢fm = cubic feet par minute
d-fticp = darcy-fest/centipoize
-~ = could not be determined




Table 4

Calculated Soil Paramaters for Transient Data Analysis
November 18, 1993
Mobil Station 04-H&J

e . -~ . — ]
Extraction Observation Flow Rate Transmissivity Permeability
Well Well {cfm) {ft2/min) {darcys) l
VMW-1 Mw-4 54 0.28 62.11
MW-2 0.17 37.71 h
VMW-2 0.32 70.99
. VMW-3 0.1 24.40
Mw-1 0.093 20.83 “
Mw-1 VMW-3 22 0.01 1.94
VMW.2 0.03 5.82
VMW-4 0.07 13.59
Motes: cfm = cubic fest per minute
f12/min = square feet per minute




APPENDIX A
GLOSSARY OF TERMS AND ABBREVIATIONS
Conductivi

Soil conductivity is defined as a soil parameter proportional to the soil permeability and the
properties of the fluid flowing through the porous medium.

Darcy’s Law

Darcy’s law describes the flow mechanism of a fluid in a porous medium; it gives a

mathematical relationship between the fluid velocity and the hydraulic gradient under which the
fluid is flowing.

Effective Radius of Infl

The effective radius of influence is defined as the distance from an air extraction well at which
the calculated pressure drawdown is 0.1 in. H,O. During the transient period, the radius of

influence is a function of extraction time, the soil hydraulic parameters, and the location of
recharge boundaries,

Observation Well

An observation well is a non-extracting well used to observe the vacuum response at a given
distance from the test well. The observation well ideally has a screened casing interval similar
to the air extraction well.

Permegbil

In Darcy’s law, the permeability (k) is a constant of proportionality that relates the flow velocity
and the pressure gradient. In single-phase flow, the permeability is only a function of the porous
medium, and has dimensions of length squared.

Steady-State Flow

Steady-state flow conditions prevail after a period of air extraction. At steady state, the vacuum
impressed at a given distance from an air extraction well does not change as a function of time,

'I'hecloseranobservaﬁonwellistoanairextracﬁonwdlmelessﬁmeisrequimdtomch
steady-state flow.



Storativi

Storativity is the volume of air a soil zone releases from, or takes into, storage per unit surface
area of the zone per unit change in pressure.

Test Ammay

A test array is comprised of one vapor extraction well and a number of observation wells used
for vacuum monitoring. The number of test arrays depends on the availability of existing
monitoring wells that are suitably spaced and constructed (extraction and observation wells with
similar screened casing intervals).

Transient Flow
Transient flow is the early-time flow period that precedes the attainment of steady-state

conditions. During this flow period, the vacuum response observed at a given distance changes
as a function of elapsed time.

Soil transmissibility to air, or the ability of the vadose zone to transmit air to the extraction well,
is mathematically defined as the product of the permeability (k) of the vadose zone and its
thickness (h) divided by the average hydrocarbon-saturated air viscosity (x). The soil
transmissibility is used to model subsurface air flow since estimates of the air viscosity and
vadose zone flow thickness are not always readily available.

Transmissivi

Transmissivity is defined as the product of the vadose zone thickness (h) by the conductivity of
the vadose zone (K).

Vadose Zone

The vadose zone, or unsaturated zone, is the section of soil above the ground water table
through which air flow is taking place.

A-2



Abbreviat

ARB - Air Resources Board

ARS - automatic recovery system

BTEX - benzene, toluene, ethylbenzene, xylene
cfm - cubic feet per minute

¢p - centipoise

d - darcy

EPA - Environmental Protection Agency

ERI - effective radius of influence

fbg - feet below grade

ft/min - feet per minute

ft/day - feet per day

ft*/min - square feet per minute

ft*/day - square feet per day

gpm - gallons per minute

h - height of screen interval or vadose zone thickness
in. H,0 - inches of water

k - soil permeability to air

NA - not available

ND - not detected above detection limit

PPmM - parts per million
psi - pounds per square inch
psia - pounds per square inch absolute

Q - air flow rate
I - distance from extraction well or between observation wells
VES - vapor extraction system
VFH - volatile fuel hydrocarbons
# - air viscosity




APPENDIX B
VAPOR EXTRACTION TEST PROTOCOL

Following is a general description of the vapor extraction test protocol and data acquisition
procedures,

TEST PROTOCOL

One extraction well is connected to the V,R. Systems internal combustion unit; at least two other
vapor extraction/monitoring wells are used as pressure drawdown observation points, During

a series of tests, it is typical that a particular well will function both as an extraction well and
an observation well.

While air is extracted, the pressure level in the observation wells is monitored and recorded.
Data are recorded as net drawdown from the initial soil air (atmospheric) pressure within the
sealed well casing. Each test is conducted until vacuum effects nearly stabilize at the farthest
observation point. Pressure drawdown data are then used in a modeling analysis to estimate soil
air transmissibility. These parameters are necessary to determine the effective area of influence.

PRESSURE MONITORING

Suction pressure was recorded with a magnehelic gauge fitted at the influent end of the blower
to determine air flow rate; well caps fitted with magnehelic pressure gauges with sensitivity
levels as low as 0.01 in. H,0 were used to record the pressure drawdown data from the
observation wells.

AIR FLOW RATE

The air flow rate is obtained by recording the pressure on a magnehelic gauge fitted on a Pitot
tube at the influent end of the vapor conduit hose. Vacuum readings are converted to flow rate
by referring to the appropriate Pitot tube size conversion chart,

VAPOR EXTRACTION TEST EQUIPMENT

The vapor extraction test equipment used is the V.R. Systems Model Number V3. The system
uses an internal combustion engine (Ford 460-cubic-inch 4-cycle engine). The system extracts
vapor using the vacuum created by the engine. The extracted vapors are mixed with a separate
fuel source (propane) and combusted in the engine. If the well effluent vapor concentrations are
higher than 40,000 ppm-C;,, propane is not required as an additional fuel source.



APPENDIX C

Official Laboratory Report and Chain of Custody Record
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1900 Bates Avenue * Sulte LM « Concord, Calfornia 94520
(510) 686-9600 *» FAaX {510) 686-9889

@ SEQUOIA ANALYTICAL
L X4

Alton Geosclence ~ Cllent Project ID; MobllMHGJ/ 300065 " Sampled:  Now 18, 1993
1 30-A Lindbergh Ave. Sample Matrix:  Alr Recelved: Nov 22, 1993
 Livermore, CA 94550 Analysis Method: EPA 5030/8015 /8020 Reported: Nov 29, 1933
“Atte

ntion: Ron Schesie First Sample #: . 311.1683
X S L S e e TR R RN

TOTAL PURGEABLE PETROLEUM HYDROCARBONS with BTEX DISTINCTION

Reporting Sample Sample
Analyte Limit LD. 1.D.
ug/L 311-1683 311-1684
MW-1 VMW-1
Purgeable
Hydrocarbons 5.0 200,000 90,000
Benzene 0.05 4,200 2,500
Toluene 0.05 3,800 3,400
Ethyt Benzene 0.05 610 300
Total Xylenes 0.05 1,700 1,200
Chromatogram Pattern: Gasoline Gasoline
Quality Control Data
Report Limit Muttiplication Factor: 1,000 1,000
Date Analyzed: 11/22/93 11/22/93
Instrument Identification: HP4 HP4
Surrogate Recovery, %: 124 105
{QC Limits = 70-130%)

Purgeable Hydrocarbons are quantitated against a fresh gasoline standard,
Analytes reported as N.D. were not detscted above the stated reporting im

SEQUOIA

S11683ALT <1>



SEQUOIA ANALYTICAL

1600 Bates Avenue * Sulte LM ¢ Concord, Californla 94520

v (510) 686-9600 * FAX (510) 6869689

-Alton Geosclence - Cllent Project 1D:  Mobil 04-HGJ / 30-0065

+30-A Lindbergh Ave. Matrix: Alr

1 Livermore, CA 94550

tAftention: RonScheele ~ QC Sam Reported: Nov 29, 1993

QUALITY CONTROL DATA REPORT

ANALYTE Benzene Toluene Ethyl Xylenes
Benzens
Method: EPA 8020 EPA 8020 EPA 8020 EPA 8020
Analyst: J.F. JF, JF. JF.
MS/MSD
Batch#: 1122938 1122038 1122938 1122936
Date Prepared: 11/22/93 11/22/93 11/22/93 11/22/93
Date Analyzed: 11/22/83 11/22/93 11/22/63 11/22/93
Instrument I.D.#: HP-4 HP-4 HP4 HP4
Conc. Spiked: 20m9/L 20 ug/L 20 pg/L 60 pg/L
Matrix Spike
% Recovery: 100 100 100 102
Matrix Spike
Duplicate %
Recovery: 100 95 100 58
Relative %
Difference: 0.0 5.1 0.0 40

LCS Batch#: LCS112203 LCS112293 LCS112293 LCS112283
Date Prepared: 11/22/93 11/22/93 /228 11/22/93
Date Analyzed: 11/22/43 11722193 11/22/93 11/22/93
Instrument L.D.#: HP4 HP-4 HP4 HP4
LCS %
Recovery: 102 100 104 03
% Hecovery
Contro! Limits: 71133 72-128 72130 71-120
Pisass Note:
. The LCS s a control sample of known, irterfarent fres matrix that is analyzed using the same reagents,
SEQUOIA ANALYTICAL preparation, and analytical methods employed for the samples. The matrix spike is an aliquot of sample
fortifled with known quantities of specific compounds and subjectad to the antire analytical proceduym. ¥
the recovery of analytes from the matrix spike does not fall within specified controf limits due to matrix
s intarference, the LCS recovery is to be ussd to validate the batch.
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Project Manager
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APPENDIX D

DARCY FLOW MODEL

This appendix includes a description of the Darcy flow model. The steady-state form of Darcy's

equation as applied to radial flow conditions is used to model air flow through the subsurface
and to estimate the soil parameters,

DARCY FLOW MODEL CONDITIONS

Steady-state conditions prevail, after a transient period, for a well extracting a drainage area
(cell) with a completely open outer boundary. The steady-state conditions assume that air
extracted from the soil will be exactly balanced by air entering the soil at the outer boundary.

In the Darcy model, the radius of influence is defined as the outer radius of the drainage area

at which point the pressure is always equal to the initial (atmospheric) pressure once steady-state
flow conditions prevail.

GOVERNING EQUATIONS FOR THE DARCY FLOW MODEL
The general form of the compressible-flow radial diffusivity equation is:

li@rip=45( 1)
r ér pz or kot z

where: = pressure

= radius

= porosity

= permeability

= viscosity .

= pas compressibility factor (z=1 for ideal gas flow)

NE KO -

For steady state, the following boundary conditions apply:
P = p, = pressure at r = r, (outer boundary)

fp=0 forallrand t (z = 1)
8t
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The general form of Darcy’s law for radial flow is:

q =k 2xrth dp 2
® dr
By applying the above boundary conditions, assuming ideal gas flow, and integrating to solve
for the pressure p(r), Darcy’s law becomes:

P(M = [p;? - q.Tup, / (19.88khT,) In(r/0)]% ()

where:  p(r) = pressure at a radius r, psi
P. = pressure at outer boundary, psi
q,, = air extraction rate, ¢fd
= $0il temperature, 515 °R
= temperature at which q,, is measured, 520 °R
= air viscosity, 0.018 centipoise (cp)
= pressure at which g, is measured, 14,7 psia
= air permeability, darcy
= height of the extraction interval, ft.
= radius of influence, ft.
= radius, ft.

"P T AP M

Equation (3) can be applied to the steady-state pressure responses observed in the field to
calculate the soil transmissibility and radius of influence.

Estimates of transmissivities and radii of influence have been calculated for pairs of observation
wells that meet the following criteria:

1. The distances of the two observation wells from the test wells should differ by a minimum
of 10%.

2. The difference in vacuum pressures between the two observation wells should be at least
0.3 in. H,0, and the two observation well pressures should be non-zero

These conditions allow better definition of the vacuum gradient in the computation of the air
transmissibility and the radius of influence.
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CALCULATION OF TRANSMISSIBILITY AND PERMEABILITY

Rearranging equation (3) and applying it to a pair of observation well data, the transmissibility
(kh/u) can be calculated. The equation is as follows:

kh/p = g, Tp,. In(r,/r;) / 19.88T,.(p; - P, “
where:  subscripts 1 and 2 refer to two observation wells
An average transmissibility value is calculated from the values computed for pairs of observation

data that meet the above-mentioned criteria. Using the average transmissibility value, an

estimated extraction interval (h), and air viscosity (1) of 0.018 cp, the permeability of the soil
is calculated using the following equation:

k = Transmissibility*u/h (8))

CALCULATION OF RADIUS OF INFLUENCE

Using the average transmissibility (kh/u), the radius of influence is calculated from the data for
each observation well as follows:

I, =TI exp[‘lg'ssTu:((pez - pmz)fq.:'[pn) khl“] (6)
Notes:
1. Static atmospheric pressure is taken as 14.7 psia or 407 in. H,O.

2. Calculated transmissibility and radius of influence values that are significantly higher or
lower than others are eliminated from averaging calculations,
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Site: Mobil Station 04-H8J

Project/Task Na.: 30-0065

Location: Pleasanton Ca.

T{(R) = 515 Pscipsi) =
TsciR)= 520 Psclin} =
=1440°T*Psc/Tsc/19.88%*407°2/14.7° 2 =

14.7
407
808391

XTRACT MW-1
OBSERV VW-3
VW-2
VW-4
MW-6
OBS. PAIR
MW-1 VW-3
MWwW-1 VW-2
MW-1 VW-4
MW-1 MW-5
MW-1 0
VW-3 VW-2
VW-3 vw-4
VW-3 MW-5
VW-3 o
VW-2 Vw-4
VW-2  MW-5
VW-2 0
VW-4  MW-b
VWw-4 0

MW-b 0

0.167
13
19
24
51

|P1-P2]

217.30
220.90
221.70
221.95
222.00

3.60
4.40
4.65
4.70

0.80
1.05
1.10

0.28
0.30

0.05

DISTANCE VACUUM

222
4.7
1.1
0.3
0.05

R1/R2

0.01
0.01
.01
0.00
#DIV/O1

0.68

0.54

0.25
#DIV/O!

0.79
0.37
#DIV/Q!

0.47
#DIV/O!

#DiV/0!|

70.8
27.5
25.8
50.1

k*h/mu

607
€45
674
774
#DIV/O!

2320
3063
6460
#DIV/0!

6391
20575
#DIV/O!

65903
#DIV/OI

#DIV/OL

Page 1

Re{usad)

n
27
26
50

Tlused)

2320
30863

6391
20575

Q (efm) = 22

h(ft) = 40
ONST=C*Q = 1.78E+07
T{avg) = 8087

k(D) = 3.64

Relavg) = 44



XTRACT VMW-1

OBSERV

MW-.2
VMW-2
MW-4

VMW.3
VMW-4

OBS. PAIR

VMW-1
VMW-1
VMW-1
VMW-1
VMW-1

MW-2
Mw-2
MWwW-2
Mw-2

VMW-2
VMW-2
VMW-2

MW-4
MW-4

VMW-3

Mw-2
VMW-2
Mw-4
VMW-3
VMW-4

VMW-2
Mw-4
VMW-3
VMW-4

MwW-4
VMW-3
VMW-4

VMW-3
VMW-4

VMW-4

DISTANCE VACUUM

0.187
19
24
26
30
42

{P1-P2|

109.70
109.76
109.81
109.52
109.94

0.06
0.1
0.18
0.24

0.05
0.24
0.18

0.29
0.13

0.42

110
0.3
0.24
0.19
0.48
0.08

R1/R2

0.01
0.01
0.01
0.01
0.00

0.79
- 0.73
0.63
0.45

0.92
0.80
0.57

0.87
0.62

0.71

30.2
33.2
32.0
72.4
38.3

k*h/mu

2877
2807
2851
2941
3118

208943
153008
-136214
177325

85896
-49905
166789

-26485
197895

42991

Page 2

Relused)
Q (efm) = 54
30 hi{ft) = 35
33 ONST=C*Q = 4.37E+07
32 Tlavg) = 124442
72 k{D) = 64.00
38 Re{avg) = 41
Tiused)
153008
177325
42991



APPENDIX E
HANTUSH FLOW MODEL

The type curve developed by Theis (1935) for aquifer response analysis, and modified by
Hantush (1956) for leaky aquifers, is used for the vapor extraction test transient data analysis,

The theory of aquifer drawdown analysis as applied to vadose zone pressure drawdown analysis
is outlined below.

HANTUSH FLOW MODEL AND TYPE CURVE

The most fundamental type curve in hydrogeology is the Theis (1935) curve; it is a plot of the
well dimensionless head drawdown W(u) versus the dimensionless time change (u) for a confined

aquifer, In different types of aquifers, however, W(u) can also be a function of other parameters
that are incorporated into the Theis type curve.

The radial diffusion equation that describes fluid flow through a confined aquifer is as follows
(Fetter, 1988):

¢h +1 éh =S4 1
o2 r o T &t
where: h = hydraulic head
r = radial distance to a pumping well
S = aquifer storativity
T = aquifer transmissivity
t =time

Hantush (Hantush, 1956) modified the Theis equation to allow consideration for fluid leakage
from above or below the zone of testing. The Hantush equation is applied to vapor extraction
testing. The leaking fluid is assumed to be supplied by an infinite reservoir, which is the earth’s
atmosphere for the case of vapor extraction testing. The rate of fluid leakage is controlled by
the gradient, and by the vertical permeability of the material through which leakage occurs.

The assumptions and conditions included in the derivation by Hantush, as applied to vapor
extraction analysis, are as follows:

1. The flow zone is cylindrical, hoinogeneous, isotropic, of uniform thickness, and of infinite
areal extent.

2. The flow rate is constant.
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3. The test wells are fully penetrating the flow zone, which is semi-confined.
4. Flow to the extraction well is horizontal and unsteady.

5. Fluid is released instantaneously from storage with decline in pressure level. The initial
pressure is constant and uniform.

6. The diameter of the extraction well is very small so that storage in the wells is negligible,

7. The confining beds have infinite areal extent, uniform vertical conductivity, and uniform
thickness.

8. The confining beds are overlain or underlain by an infinite constant-pressure plane source,
9. Flow in the confining layer is vertical.

The solution is then as follows:
(h, - h) = Q/(4xT) Ei(u,1/B) )
where: Ei(u) = exponential-integral function [the well function W(u)]
2

u =
4Tt

r = radius from extraction well
T = air transmissivity of the extraction zone
t = time
S = storativity
Q = pumping rate
(h, - h) = pressure drawdown
B = (Tb/K)*

b, = thickness of confining layer through which leakage occurs
K, = vertical conductivity of confining layer through which leakage occurs

Equation (2) is called the Hantush solution of the radial diffusion equation for leaky aquifers
with no storage in confining zone. The exponential-integral function Ei(u) is a dimensionless
drawdown that is plotted against the dimensionless time or its reciprocal (u or 1/u) on the
Hantush type curve, for different values of r/B.

To analyze the pressure drawdown data from a vapor extraction test, the analyst converts the

pressure drawdown data (in. H,0) to ft. of air. The conversion factor is calculated to be
69.4 ft. of air per in. H,0.
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The analyst then plots the pressure drawdown (ft. of air) versus the elapsed time (t) on a log-log
scale. A curve is fitted to the actual test data plot and the transmissivity (T), the storativity (S),
and the 1/B term related to the confining zone are obtained from a match point.

The soil permeability is calculated from the estimated soil transmissivity value. The calculation
is as follows:

k = Tu/hdg 3
where: = soil permeability
= soil transmissivity
= air viscosity (0.018 ¢p)
= vadose zone thickness

= air density (0.075 Ib/ft* or 0.0012 g/cm?)
= gravitational acceleration constant (32.2 fi/sec? or 981 cm/sec?)

R ogER 5K

Curve-fitting methods can be applied either manually, or by using a computer. A commercially
available software (Geraghty & Miller, 1991) was used to plot and fit a curve through the data

points. The use of the computer to perform curve fitting is advantageous in that it is more
accurate and less time-consuming than manual methods.



ALTCN GEOSCIENCE

Client: MOBIL

Project No.: 30-0085

Location: 1024 MAIN STREET PLEASANTON

MOBIL STATION 04H68J, TEST 1

Time ('min)

1000. E—Trr1rmm— TTTTm T T T T 1T
100. -
E - ]
E 10. E— “E
[ = =
© — ]

[
= - —_
- (=5 avii/] .

[~ ]
1. = —
— [+] o 00 -
0.1 R T RN L
0.01 0.1 1 10,

100.

DATA SET:
Tt.dat
02413194

AQUIFER TYPE:

Lenky

SOLUTION METHOD :
Hantush

TEST DATE:

11/18/93

TEST WELL :

VAPOR MOMITORING WELL VW- 1
OBS. WELL:

MONITORING WELL MW-4

ESTIMATED PARAMETERS :

T = 0.20803 ftzlmln
5 = 0.004122
riB= %,

TEST DATA:

Q = 5S4, ltalnln
r= 26, ft

re = 0,7 1t

rw s 0.5 1t




ALTON GEOSCIENCE Cilent: MOBIL
Project No.: 30-0065 Location: 1024 MAIN STREET PLEASANTON

MOBIL STATION 04H6J, TEST 2

DATA SET:
T2 .dat
1000. — T T T T7TT1 T T 1777 02113794

AQUIFER TYPE:

Leaky

SOLUTION METHOD:
Hantush

TEST DATE:

11718793

TEST WELL:

VAPOR MONITORING WELL VIMW- 1
OBS. WELL:

MONITORIMG WELL MW-2

|
L1ty

100.

ESTIMATED PARAMETERS:

T = D.1585 i'tzmlln
S = 0.002803
rig= 1,

Drawdown (IT)

I'TTTd llI
[ | ll

1

TEST DATA:

0= 54. (t3min

r =19, ft
rce = 0.17 ft
rw = 0.5 ft

o°
10 | L1 1 IIII I .11} [t}

1. 10, 100.
Time (min)




ALTON GEOSCIENCE Client: MOBIL
Project No.: 30-0085 Location: 1024 MAIN STREET PLEASANTON

MOBIL STATION 04H6J, TEST 3

DATA SET:
t3.DAT

1000. LIS LLL B B R N B R EA1| B R 02/13/94

FTTTIT

AQUIFER TYPE: -

Leaky

SOLUTION METHOD:
Hantush

100. TEST DATE:

11118183

TEST WELL:

VYAPOR MONITORING WELL VMvWw- 1

OBS. WELL:

VAPOR MOMiTORING WELL Viw-2

I IIIIHI
L.l llllU[

Jumb
e

T T rr||n|

ESTIMATED PARAMETERS:

T = 0.318 flzfmlﬂ
S = 0.00271%1
rigs 0.7

Drawdown {It)

1 1 1IIIH|

TEST DATA:

Q= 354. rt)imin

r =24 f1
rce = 0. 17 1t
rw = 0.5 fut

0.1 L IIIIHI L Ill“l I 1 llJlHI L 1kl

0.01 0.1 1. 10. 100.
Time (min)

o




ALTON GEOSCIENCE

Client: MOBIL

Project No,:

30-0065

Location: 1024 MAIN STREET PLEASANTON

MOBIL STATION 04H6J, TEST 4

1000.

T TTHN

100.

T 1 IIIIHI

[
e

T llllH'

Drawdown (It)

| IIIIHI

0.1 11 Illllﬂ

LR LLL

I 111} Id

[ EERRAL

i1 III]HI

1.1 Illl“l | l[ll“l L1 1 111FH

[ | !Illld

' NEN

0.01 0.1

1 L]
Time (min)

10. 100.

DATA SET:
T4.DAT
02/13/94

AQUIFER TYPE:

Leaky

SOLUTION METHOQD ;
Hantush

TEST DATE:

11710793

TEST WELL :

YAPOR MONITORING WELL Viw- 4
GBS. WELL:

VAPOR MONITORING WELL Viaw. 3

ESTIMATED PARAMETERS:

T = 0.1088 ftzfmin
S = 0.00138%
riB= 1,

TEST DATA:

Q= 54, ftalmln

r = 30, ft
re = 0,17 It
rw = 0.5 ft




ALTON GEOSCIENCE Client: MOBIL
Project No.: 30-0085 Location: 1024 MAIN STREET PLEASANTON

MOBIL STATION 04H6J, TEST 5

DATA SET:
tS.0AT
17 TV T 1 T T TTT1 02713794

100.

AQUIFER TYPE:

Lenky

SOLUTION METHOD !
Hantush

TEST DATE:

11748193

TEST WELL :

VAPOR MOMITORING WELL vMW- 1
OBS. WELL:

MONITORING WELL Mw-1

U TTTET

t

[T
S

I IIHIll
I llll[ll

I
i

ESTIMATED PARAMETERS-

T « 0.093 rt2/mis
3 = 0.0018
rig= 0.9

Drawdown (ft)

[ )
-

TEST DATA:

G =54, 1t} min

r = 2¢. ft
re = D17 Pt
rew = 0.5 r¢

P Illlll

| lllil

L L L 1 atyglg
100.

0.1 v afnnl
0.1 1

. 10
Time (min)




ALTON GEOSCIENCE Client: MOBIL
Project No.: 30-0085 Location: 1024 MAIN STREET PLEASANTON

MOBIL STATION 04H6J, TEST 6

DATA SET:
6. DAT
02413794

10000. T T T T T T T TTI

-
-
=
£H

AQUIFER TYPE:

Leaky

SOLUT ION METHOD:
Hantysh

1000. TEST DATE:

117168193

TEST WELL:

MONITORING WELL wW-1

OBS. WELL:

VAPOR MOM{TORING WELL ViW-3

I TTTT

Loty

Drawdown (It)

T IIIIHI

—
—

100.

ESTIMATED PARAMETERS:

T =« 0.01018 1tzfm|n
S = 0.0002488
riBa 1,

T IIIIHI

(. llllHI

10,

TEST DATA:

Q= 22, ftaimln
r= 13, ft

rc = 0.17 ft

rw = 0.%5 ft

L IIIIHI
L 11id ill'

1 1 Iill“l I IIIIHI | tlll“' 11 biange

0.01 0.1 1. 10. 100.
Time (min)




ALTON GEOSCIENCE Client: MOBIL
Project No,: 30-0085 Location: 1024 MAIN STREET PLEASANTON

MOBIL STATION 04H6J, TEST 7

DATA SET:
t7.DAT
[ llIIHI P rm 1 TTTTI IR RE 02713194

1000.

AQUIFER TYPE:

Leaky

SOLUTION METHOD :
Hantush

100. TEST DATE:

11718193

TEST WELL:

MOMITORIMG WELL Ww-1

OBS. WELL:

YAPOR MONITORING WELL Viw-2

T TTITH

P4 (11)

T lllllq
11 IiIIII

ESTIMATED PARAMETERS:

T =0.03 ftQIMIn
S = 0.0002
rif= 9.7

Drawdown (It)
[
=)
T T

1l 1 llllld

TEST DATA:

Q= 22. ftalnln'
r = 19, ft

rc = 0,17 re

rw s 0.% ft

[ I ll[l“l
L1 IIIIHI

0.1 [ | IIIIHI L IlllHl 1_1 IIIIHI L f J1lit)

0.01 0.1 1. 10. 100,
Time (min)




ESTIMATING AIR PERMEABILITY IN SOIL

AlR PERMEABILITY

TEST NO.1
description: VMW-1 TO MW-4
transmissivity (T) = 0.28 ft2/min or 0.004667 ft2/sac
air viscosity (u) = 0.018 ¢p or 3.76E-07 Ib-sec/ft2
vadose zone thickness (h) = 35
air density{d) = 0.075 b/#3
gravitation accelaration (g} = 32.2 ft/sec2
permaability of air in soil (k) = 62.11 darcy
TEST NOQ.2
description: VMW-1 TO MW-2
transmissivity (T) = 0.17 f12/min or 0.002833 ft2/sec
air viscosity (u)} = 0.018 ¢p or 3.76E-07 Ib-sec/ft2
vadose zone thickness (h) = 35 ft
air density(d) = 0.075 Ib/ft3
gravitation accelaration (g) = 32.2 ft/sec2
permeability of air in soil (k) = 37.71 darcy
TEST NO.3
description: VMW-1 TO VMW-2
transmissivity (T) = 0.32 #t2/min or 0.005333 f12/sec
air viscosity {u) = 0.018 cp or 3.76E-07 Ib-sec/ft2
vadose zone thickness (h} = 35 ft
air density{d) = - 0.075 Ib/ft3
gravitation accelaration (g) = 32.2 ft/sec2
permeability of air in soil (k) = 70.99 darcy
TEST NO.4&
description: VMW-1 TO VMW-3
" transmissivity (T} = 0.11 ft2/min or 0.001833 ft2/sec
air viscosity {u) = 0.018 ¢p ofr 3.76E-07 Ib-sec/t2
vadose zone thickness th) = 35 f1
air density{d) = 0.075 Ib/t3
gravitation accelaration {g) = 32.2 ft/sec2
permeability of air in soil (k} = 24.40 darcy



TEST NO.5

description:

transmissivity (T} =

air viscosity {u) =

vadose zone thickness (h} =
air dengity(d) =

gravitation accelaration {g) =

permeability of air in s0il (k) =

TEST NO.8

description:

transmissivity (T)

air viscosity {u)

vadose zone thickness (h)
air density{d)

gravitation accelaration {g)

permeability of air in soil (k) =

TEST NO.7

description:

transmissivity {T)

air viscosity (u)

vadose zone thickness (h)
air density(d)

gravitation accelaration (g)

it n o a

permeability of air in soil (k) =

TEST NO.8

description:

transmissivity (T) =

air viscosity {u) =

vadose zone thickness (h) =
air density(d)

gravitation accelaration {g)

permeability of air in soil (k} =

(k) values for all tests:

VMW-1 TO MW-1
0.093 ft2/min
0.018 ¢p
Bk
0.075 ib/M#t3
32.2 ft/sec2

20.83 darcy

MW-1 TO VMW-3
0.01 ft2/min
0.018 ¢p
40 1t
0.075 b3
32.2 ft/sec2

1.94 darcy

MW-1 TO VMW-2
0.03 ft2/min
0.018 ¢p
40 t
0.075 1b/f3
32.2 ft/sec2

5.82 darcy

MW-1 TO vw-4
0.07 ft2/min
0.018 cp
40 ft
0.075 Ib/#t3
32.2 ft/sec?

13.59 darcy

Test 1

62.11{VMW-1 TO MW-4

Test 2

37.71|VMW-1 TO MW-2

Test 3

or
or

or
or

or
or

or

0.00155 ft2/sec
3.76E-07 lb-sec/ft2

0.000167 #t2/sec
3.76E-07 tb-sec/ft2

0.0005 ft2/sec
3.76E-07 Ib-sec/ft2

0.001167 f12/sec
3.76E-07 Ib-sec/ft2

70.99]VMW-1 TO VMW-2

Test 4

24.40{VMW-1 TO VMW-3

n# 0 unn

Test 5

20.63|VMW-1 TO MW-1

Test 6 =

1.94|MW-1 TO VMW-3

Test 7 =

5.82]MW-1 TO VMW-2

Test 8 =

13.59{MW-1 TO vw-4
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ALTON GEQSCIENCE Client: MOBIL
Project No.: 30-0085 Location: 1024 MAIN STREE PLEASANTON

MOBIL STATION 04H6J, TEST 8

DATA SET:
T8 .DAT
02713794

1000. L O I R O B M 011 B

=

AQUIFER TYPE:

Leaky

SOLUT 10N METHOD :
Hantush

100. TEST DATE:

11/18/93

TEST WELL:

MONITORING WELL ww-1

0BS. WELL:

VAPOR MONITORING WELL V-4
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ESTIMATED PARAMETERS:

T = 0.072% rt/min

S = 0.0003103)
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Calculated (K):
Transmissivity  Thick. Kift/min) Kicmis)
Test 1 = 0.28 35 0.008 0.00407
Test 2 = 0.17 35 0.005 0.00247
Test 3 = 0.32 35 0.009 0.00465
Test 4 = 0.1 35 0.003 0.00160
Test 5 = 0.093 35 0.003 0.00135
Test 6 = 0.01 40 0.000 0.00013
Test 7 = 0.03 40 0.001 0.00038
Test 8 = 0.07 40 0.002 0.00089




