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9T APR~8 PH I: L8 Research and Technology

Ms. Juliet Shin

Alameda County Health Care Services
1131 Harbor Bay Parkway, Suite 250
Alameda, CA 94502-6577

RE: Groundwater Evaluation
Chevron Station 9-0504
15900 Hesperian Boulevard
San Lorenzo. California

Dear Ms, Shin:

In response to our telephone conversation of March 21, 1997, Chevron Research and Technology
Company (CRTC) is providing additional information concerning the above referenced site. Recalling,
further documentation was requested about the selection of the parameters used to evaluate vapor
inhaiation at the site, Specifically, Alameda County had concerns about the selection of the water and air
content for the vadose zone, capillary fringe, and building foundation. To address these concerns, further
justification on the sclection of the parameters is provided. Additionally, where appropriate, some of the
parameters were changed, as we discussed on the telephone, and the risk associated with vapor inhaiation
in indoor air by offsite residential receptors was recalculated with these new parameters,

SUMMARY
1)  Total Porosity. A total porosity of 0.45 was selected to represent the clayey silt at the site.
2}  Vadose Zone Parameters. The volumetric air content and volumetric water content of the vadose

zone can be adequately approximated by specific yield and specific retention, respectively. Values
of 0.07 for air content and 0.38 for water content were used for the clayey silt.

3)  Capillary Fringe Parameters, The volumetric air content of the capillary fringe was estimated fo be
one-half of the specific vield of the vadose zone, which is 0.035. Likewise, the volumetric water
content was estimated to be the specific retention of the vadose zone plus one-half of the specific
yicld, which is 0.415.

4)  Building Foundation Parameters. The defauit parameters from ASTM E1739-95 were used for the
air and water content of the foundation of the offsite residential building; the values being 0.26 and
0.12, respectively.

5)  Potential Health Rigk to Offsite Receptors. The potential health risk associated with the inhalation
of benzene in indoor air by residential receptors due to volatilization from offsite groundwater is
1.8x 107,




SELECTION OF PARAMETERS ff\""

Total Porosity, A total porosity value of 0.45 was selected to represent the clayey silt of the site. This
value was taken from Everett et al. (1984; Table 3-1). The value represents the fotal porosity for a sandy
clay, which CRTC believes adequately represents the conditions at the site.

Volumetric Air Content of the Vadose Zone, The volumetric air content of the vadose zone at the site was
approximated by a specific yield value of 0.07 for a sandy clay (Everett et al., 1984). The specific yield
value represents the portion of the porosity that is subject to gravity drainage. By using the specific yield
value for the air content of the vadose zone, this assumes that the vadose zone at the site is fully gravity
drained at all times and this void space is thus available as a pathway for vapor migration. Additionally,
by making this assumption, any infiltrating water, whether rainfall or irrigation, would not occupy this
void space, therefore inferring that the infiltrating water would percolate through other pore space within
the vadose zone in order to recharge the aquifer.

Volumetric Water Content of the Vadose Zone. Specific retention was used to approximate the volumetric
water content of the vadose zone. The specific retention, S,, was determined from the following
relationship (Fetter, 1993):

S, =6, -5,
where;
a = total porosity (0.45; Evereit et al, 1984)
S, = specific yield (0.07; Everett et al, 1984) {/(i‘

The specific retention, which is 0.38 in this case, is the water within a soil that is retained by capillary
forces against gravity drainage. This value represents the water content that is relatively immobile; hence,
if the soil is not subject to evapotranspiration, the specific retention will represent the minimum value for
the volumetric water content.

Volumetric Air and Water Content of the Capillary Fringe. The volumetric air content and water content
of the capillary fringe at the site was estimated. The volumetric air content was taken as one-half of the
specific yield of the vadose zone, which is 0,035. Likewise, the volumetric water content was taken as the
specific retention of the vadose zone plus one-half of the specific yield, which is 0.415. This approach for
determining the volumetric water and air content assumes that half of the air space within the vadose zone
becomes saturated with water in the capillary fringe area. The approach seems reasonable in that limited
references are available for the selection of these parameters.

Volumeiric Air and Water Content of the Building Foundation, Default values were used for the
volumetric air and water content of the foundation of the residential building above the groundwater

plume. The default parameters were taken from ATSM E1739-95. These values are 0.26 and 0.12,
respectively.

RISK OF GROUNDWATER VAPOR INTRUSION

The predicted benzene concentration in groundwater for vapor intrusion into residential buildings is 11
parts per billion (see letter of March 11, 1997). The risk pursuant to this benzene concentration was re-
calculated with the new parameters listed above. The potential risk for the inhalation of air in residential
buildings is 1.8 x 107. Hence, by better characterizing the above parameters, the risk for benzene
inhalation has decreased as compared to our previous calculations. Recalling, the letter of March 11,
1997, stated that the potential risk was 2.9 x 107, Additionally, this risk is significantly less than the
acceptable risk range of 1 x 10" and 1 x 10 as established by the United States Environmental Protection



Agency. Hence, the potential risk associated with this pathway is deemed acceptable and no corrective
action is warranted for this pathway.

Please note that except for the parameters mentioned above, all other parameters have remained
unchanged from our letter of March 11, 1997 (Appendix 1).

If you have any questions, or require additional information, please contact me at (510) 242-1284,

Very truly yours,

Do\m@rﬂﬂ(é/w

Dan Gallagher
Hydrogeologist

Attachments

vex J. Randall, CPDS
P. Briggs, CPDS
J. Stambolis, CRTC
T. Buscheck, CRTC
R. Magaw, CRTC



Fax Caver Sheet

DATE: March 21, 1997 TIME: 02:00 pm
TO: Jullet Shin PHONE: nfa
Alameda County FAX: (510) 337-9335
FROM: Dan Gallagher PHONE: (510) 242-1282
Chevron Research FAX; (510) 242-1380
RE: Chavron Station 9-0504, San Lorenzo

Number of pages including cover sheet: 6§

Message

To evaluate hydrocarbon transport at our site, I used a specific yield value to represent the cffective
porosity of the vadose zone and water table aquifer. The number was obtained from Everett et al. (1954).
Attached are pages from the Everett book which contains the table [ used. Additionally, there is some
general information on specific yield and specific retention.

Please eall me if you have additional questions.
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VADOSE ZONE
| MONITORING FOR
. HAZARDOUS WASTE SITES

by

L.G. Everett
L.G. Wilson

E.W. Hoylman

Kaman Tempe
Santa Barbara, California
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NOYES DATA CORPORATION
Park Ridge, New Jersey, US.A,
1984
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TAOLE 3-3. RANGE OF POROSITY VALUES [N i
UNCONSOLIDATED DEPOSITS AND {
AOCKS (after Freeze and :
Cherry, 1979) :

Parosity
{percent) {
Unconsolsdated Deposits !
Gravel 25 to 40
Sand 25 to 50
Sile 35 to 50
Clay . 40 to 70
Rocks i
Eractured basait 5 to 50
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Fiqure 3-1. Variation of porosicy, specific yield, and
specific retention with ?rain size {after
Scott and Scalmanini, 1978).
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62 Vadose Zone Monitoring for Hazasdous Waste Sites

For sandy soils, field capacity may be reached fn a few hours. For soils
finer than sandy soils (e.g.. sandy loams), 2 or 3 days may be required to
reach field capacity, and for medium- to fine-textured spils, a wegk may He
required. For poorly structured ¢lays, the time wii1l be much opreacer (U.5.
EFA et al., 1977). Approximate valdes of field capacity {on a mags dasis)
vary from 4 percent ia sands to 45 perceat in heavy clays and up to 100 per-
cent or more inp organic sofls {Hillel, 1971). Ia terms of matric porentials,
field capacity values for sands range from G.1 to 0.15 bar (1 bar = 0,9869 at-
mosphere). For medium- to fine-textured ¢oils, the correspanding range is 3.3
ro 0.5 bar {U.5. EPA et al., 1977)., The value of 0.3 bar is chosen as an av-
erage value.

Knowing the water content values of a given soil at field capacity and
the observed water content valug 3T & given time, the depth of water applied
at the land surface to bring the soil 10 field capacity may be calculated from
equation 3-1. For layered s0il, it is necessary 10 account for the sum of Lhe
witer contents of indwidual layers (see Brakensiek, Osborn, and Rawls, 1979).

Amang the factops affecting the apparent field capacicty are (Rillel,
1971y (1) soll texture, (2} type of clay (e.g., clays predominantly com-
prised of the montmprilionite type exhibiz a higher water-hglding capacity at
field capacity), (3} organic matter content (the Rnigher the organic matter
level, the higher the field capacity), {4) antecedent water content, (5} pres-
ence of impeding layers, and (6) evepotranspiration. Soi) structure s alse
an important factor ip evaluating field capacity inasmuch as large Interpedal
cracks permiv more rapid drainage than the micrapdraes within the <oil blocks.

The water content ¢f a soil sample at 0.3 bar s obtained in the labora-
tory using the pressure membrane method discussed in Soil Water Characteris-
tics, this sectien. An alternative method to estimate fleld capacity i5 to
agsume thar fleld capacity equals cne-half of the parcentage of water contant
af saturalion; that is, Fo = SP/2, Saturarien percentage is measured in the
laporatory by determining the number of grams of water to saturate 100 grams
of air dry spil (U.S. EPR et al., 1977).

The above discussion relates to the concept of fiald capacity 3§ amployes
by agriculturists, The parallel term used by geonydrologists is "spacific re-
tention,* defined as the "quantity of water per uniz total volume whieh will
aor drain under the influence of qravity" (Cooley, Harsh, and Lewis, 1972),
Specific retention may be viswalized as the water remaining in the gewatered
region of the vadose zone after recession of the water table (Figure 3-1).

Specific Yield

"Specitic yield" 1s 3 term employed by gechydralogists to characterize
storage in an unconfined aquifer. That is, specific yield is "... the valume
of water that an unconfined aguifer releases from storage per unit surface
area of aquifer per yniv decline in the water table” ({(Freeze and Cherry,
1979). Figure 3-1 shows the conceptual relationship between specific yield
and specific retention. As shown in Figures 31 and 3-13, the specific yleld
for 3 medium equals the porosity value minus the value of specific retantign.

WH3L 31SUM §F31EMANSD / LNWOW ANT Ndvﬂ:éﬁ 2B T2 et

1



S-G'd

where T = surface teasion of the Yiquid

a = contact angle

p = dengity of liquid

g = aceeleration of gravity

r = effective radius.

As discussed by Bouwer (1978), the nggative pressyre head in the vadose
zoneg equals the vervical distance above a water table provided wvertical flow
is not occyrring. Consequently, for unifgrm congitions, a plot of the change
in yolumetric water content with distance above 3 water taple vepresents the
water characterisiic curve of the vadose zone material, again assyming Ap ver-
tical “low. In practice, the volumetric water content could be determined us«
ing the neutron moisture logger.

Souwer (1978) describes the nature of characteristic curves far layered
conditiens. The negatrive pressure head stil) equals the vertical distance
above the water table. The warer content-head relatienship, however, depends
on the soil at the measuremant paint. In other wmards, if an irregular wates
content distribution occurs above the water tahle, although head changes oceur
continvously with vertical distance, discontinuities may eccur in water can-
tent distribution. Bouwer (1978) indicates that certain fine-textured sgils
may actuaily be saturated (e.g., contain parched groundwater lenses), whersas
coarser-texwyred materiail above and below may be unsaturated.

Fleld Capacity {Specific Retention)

Fieid capacity may be defined in a general sense as the volume of water
that a Jnit volume of soil will retain against the force of qravity dyuring
draipage. The concept of field capacity was developed many years ago by agri-
¢ulturists rcencegrned with quantifying the amount of water to apply to ieri-
gated fields. The original premise was that field capacity is a fixed value
reprasenting the amount of water stored in a sail a certain bime after drain-
1ge hasg “essentially ceasad."” By the same token, 1t i3 usually assumed that
during recharge (watting}, water movement will net pecur uptil the medium has
been wetted o fleld capacity. Although these concepts of field capacity agre
useful in an applied sense, they have certain technical lémitatigns. Ka1lel
(1971) discusses such limitations in detail. Briefly, one limitation is that
the simplistic concepr of field capacity fails to account for the dynamic na-
ture of soilewater movemsnt. In particular, drainage does npt really cease at
fleld capacity but may continue at 2 slower rate for a prolonged perind of
time., That is, "The redistridution process is in fact continuous and exhinits
na abrupt 'breaks’ or static lavels. Although its rate decreases coasrantly,
'8 the absapce of a water table bhe process continues and equilibeium s ap-
proached, if at all, enly after very long periods” (Ki1lel, 1971). The modern
conception of field capacity 15 that 1t s not a unique soil property: in-
stead, a range of values is possible.
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Representative sgec1f1c yield values for valiey sediments In {alifernia are
listed in Table
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POROSITY = SPEGIFIC YIELD + SPECIFIC RETENTION
MEASURES THE vOID SACE MEASUREY THE WATER  WEASURES TWE AMOUNT
AVAILABLE IN 4 MATERIAL TO REMQVED BY THE FORCE  OF WaTER RETAINED
9TORE WATER. . OF GRAVITY. N A WMaTERIAL .

Figqure 3-13. Schematic representation of porosity, specific
yield, and specific rerention (after Scott and
Scalmanini, 1978).

TABLE 3-4. COMPILATION OF SPECIFIC YIELD
VALUES FOR VARIOUS MATERIALS
IN CALIFORNIA VALLEYS {after
Cooley, Harsh, and Lewis, 1972)

Average
Specific Yield

Material (parcent)
Clay 2
$int g
Sandy ¢lay b
Fine s&nd 21
Medium sand 26
Coarse sand 27
Gravelly sand éa
Fing gravel 23
Medium gravel 23
Coarcse gravel 22
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APPENDIX 1
SUMMARY OF CHEMICAL AND PHYSICAL PROPERTIES

Chevron Station 9-0504
San Lorenzo

Table of parameters used to determine the volatilization factor VFyey.

PARAMETER VALUE REFERENCE
H: henry's law constant for benzene (unitless) 0.22 ASTM, 1995
h,: thickness vadose zone (cm) 185 estimate
hesp: thickness capillary zone (cm) 30 eslimate
ER: enclosed air exchange rate (L/s) 0.00014 ASTM, 1995 (residential)
Ly enclosed space volume/infiltration area ratio (cm) 200 ASTM, 19935 (residential)
| Lerai: foundation or wall thickness (cm) 15 ASTM, 1995
n: areal fraction of cracks in wall/foundation (unitless) 0.01 ASTM, 1995
| D,y air diffusion coefficient for benzene (cm’/s) 0.093 ASTM, 1995
Do Water diffusion coefficient for benzene (cm*/s) 0.000011 ASTM, 1995
8, soil porosity (unitless) 0.45 Everett et al., 1984
| 6. air content in vadose zone s0ils (unitless) 0.07 Evereit et al., 1984
B...: Water content in vadose zone soils (unitless) 0.38 Everett et al., 1984
O.omek. @i content in foundation/wall cracks (unitless) 0.26 ASTM, 1995
Buerack: Water content in foundation/wall cracks (unitless) 0.12 ASTM, 1995
Oacop: @i content in capillary fringe (unitless) 0.035 estimate
| Bwesp; Water content in capillary fringe (unitless) 0.415 estimate
Note:
1) Sum of 6,5 and O, must equal total soil porosity (6.
2) Sum of Gycep and Bueap must equal total soil porosity (0.
3) Residential parameters were used for ER and Ly.
Table of parameters used to characterize the cancer risk.
PARAMETER VALUE REFERENCE
CR: contact rate (m’/day) 15 ASTM, 1995 (residential)
EF: exposure frequency (days/year) 350 ASTM, 1995 (residential)
ED: exposure duration (years) 30 ASTM, 1995 (residential)
BW: body weight (kg) 70 ASTM, 1995 (residential)
AT: averaging time (days) 25550 ASTM, 1995 (residential)
CSF: cancer slope factor for benzene (kg-d/mg) 0.1 CAL-EPA, 1994
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DATE:

TO:

FROM:

RE:

March 21, 1997 TIME:
Juliet Shin PHONE!
Alameda County FAX:
Dan Gallagher PHONE!
Chevian Research EFAX:

Chevron Station 8-0504, San Lorenzo

Number of pages including cover sheet: 6

Message

02:00 pm

n/a
(510) 337-93235

(510) 242-1282
(510) 242-1380

To evaluate hydrocasbon transport at cur site, I used a specific yield value to represent the effective
porosity of the vadose zone and watet table aquifer. The number was obtained from Everett et al. (1994).
Attached are pages from the Everett book which containg the ble [used. Additionally, there is some
general information on specific yield and specific retention.

Please call e if you have additional questions.
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Chevroen Products Company

March 14, 1997 6001 Bollinger Canyon Road
Burlding L
San Ramon, CA 94583
P.0. Bax 6004
. ) San Ramon, CA 94583-0904
Ms. Jufiet Shin
Alameda County Health Care Services Marketing - Sales West
Department of Environmental Health Phone 510 842-9500

1131 Harbor Bay Parkway, Suite 250
Alameda, CA 94502-6577

Re: Chevron Service Station #9-0504
15900 Hesperian Blvd., San Lorenzo, California

Dear Ms. Shin:

Enclosed is a copy of the re-evaluated Groundwater Transport Evaluation Report, that was prepared by our
Chevron Research and Technology Company (CRTC), for the above noted site. This re-evaluation was
conducted at your request to determine the maximum concentration of benzene within well C-10 if
benzene breakthrough occurs, and to quantify the potential health risk of benzene inhalation for offsite
residential receptors.

To evaluate the potential for benzene occurring in monitoring well C-10 from the upgradient source area
near well C-8, CRTC used the “PRINCE” software program to predict the transport of the benzene
constituent. This software program was used in the original Evaluation Report, however two of the input
parameters were changed as requested. This was that the ninety-five percent upper confidence level (
95UCL). be used in place of the arithmetic mean of the historical benzene concentrations observed in
monitoring well C-8; and that the porosity of the site be more effectively characterized. The 95UCL
calculation produced a value of 100 ppb for the value of the benzene observed in well C-8, while the
arithmetic mean produced a value of 81 ppb. The effective porosity selected was 0.07, which was to
characterize the clayey silt of the site and CRTC believes adequately represents the conditions at the site.
CRTC originally used a porosity of 0.15 for the groundwater modeling.

The results of the latest modeling using the “PRINCE” program and with the changes to the two
parameters noted above, indicate that the maximum benzene concentration in well C-10 should be about 11
ppb. This predicted concentration of benzene in well C-10 exceeded the Tier 1 Risk-Based Screening
Levels for benzene, and for groundwater vapor intrusion into residential buildings. Therefore, to address
this concern, CRTC evaluated this exposure pathway with site-specific data to quantify the potential health
risk. CRTC technically performed a Tier 2 evaluation for this pathway and determined that the health risk
for offsite receptors due to vapor intrusion from groundwater into residential buildings is 2.9 x 10-7. This
risk is less that the acceptable risk range of 1 x 13-4 and 1 x 10-6 and therefore, the risk asseciated with
this pathway is accetable and no corrective action is needed.

If you have any questions or comments to this evaluation, contact Dan Gallagher with CRTC at (510) 242-
1284, or call me at (510) 842-9136.



March 14, 1997

Ms, Juliet Shin

Chevron Service Station # 9-0504
Page 2

Sincerely,
CHEVRON PRODUCTS COMPANY

-

Philip R. Briggs
Site Assessment and Remediation Project Manger

Enclosure

cc. Mr. Bill Scudder, Chevron

Mr. Ron Sykora

David E. Bohannon Organization
60 Hillsdale Mall

San Mateo, CA 94403



