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1. INTROQDUCTION

1.1 SCOPE

At the request of Chevron U.S.A. Inc., EA conducted a soil vapor
contaminant assessment (SVCA) at Chevron Service Station (8S)
9-3356 in Castro Valley, California, on 2 March 1989. This

report describes the investigation and presents the results.

1.2 SITE SETTING

Chevron 8S 9-3356 is located on the southwest corner of the
intersection of Center Street and Heyer Avenue in Castro Valley
{Figure 1). The elevation of the site is about 290 feet above
sea level (MSL), and the topographic gradient is approximately
400 feet per mile (0.08), down to the southwest (USGS 1947). The
nearest natural drainage is an unnamed creek which flows south-
ward and passes about 2,600 feet to the west at its closest

point.

Judging from local topography (USGS 1947}, the direction of
groundwater flow is expected to be toward the south-southwest.
The depth to groundwater beneath the site is unknown.

The site is in a predominantly residential district with the
nearest residences located about 100 feet to the east (across
Center Street), 150 feet to the northeast (across the intersec-
tion}, 150 feet to the south, and 200 feet to the northwest. The
nearest schools are about 1,200 feet to the north-northwest and
1,200 feet to the south. There is no hospital within 1,000 feet
of the site. No known underground storage tanks (UST) for
petroleum products are known to be located within 1,000 feet of

the site.

c51/93356 1
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Figure 1. Location and topography of Chevron SS 9-3356,
Castro Valley, CA.
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2. SOIL VAPOR CONTAMINANT ASSESSMENT

Following a subsurface gasoline release, as free product migrates
downward towards the groundwater some of the gasoline will be
adsorbed to the soils, and some will vaporize. In the case of a
spill of sufficient volume to exceed the soil binding capacity,
free liquid will reach groundwater, at which point it will float
and may begin to vaporize and solubilize. On the basis of these
and other physicochemical properties and behaviors of hydrocarbon
mixtures, described in Appendix A, it can be seen that associated
with any groundwater, soil, or free-product contamination there
is vapor phase contamination. The SVCA technique takes advantage
of thig, and through the collection and analysis of soil vapor
permits rapid delineation of the extent of contamination.

2.1 8VCA SAMPLING

On 2 March 1989, EA conducted an SVCA at Chevron 85 9-3356 in
Castro Valley. Soil gas samples were taken at 16 points (Figure
2) located as follows: V1-V4 and V14-V15 adjacent to the tank
field, V5-V8 near the pump islands, V16 at the waste oil tank,
V9-V12 near the south site boundary, and V13 located about 5 feet
beyond the south boundary.

Vertical profiles, ranging in depth between 3 and 15 feet were
made at V1-V5 and Vi6é. Two-sample vertical profiles were made at
v7 and V8. Impenetrable subsoil was encountered at sampling
point V15 at a depth of 9.5 feet.

The gamples were collected and analyzed according to the fol-
lowing protocol: First, a vacuum pump is used to purge approxi-
mately five soil probe volumes, to ensure that a representative
soil gas sample is taken. This requires between 1 and 20
minutes. A vacuum gauge on the sampling apparatus (Figure 3)
measures the vacuum between the tip of the probe and the pump.

After the appropriate purging period, a valve is closed and the

c51/93356 2
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vacuum in the probe decays. The vacuum reading during purge and

the vacuum release time are recorded on the SVCA Data Sheet.

In general, the soil's gas permeability is indicated by the
vacuum release time and the vacuum during purge. A short vacuum-
release time suggests that there is free flow of soil gas fronm
the vadose zone through the probe; a long vacuum release time
indicates a high resistance to soil gas transport, which may
result in a hydrocarbon concentration measurement that is below
the actual level. 1In most situations, vacuum release is rapid
(within three minutes), and the sample is considered representa-

tive.

The samples are collected through a septum with a microsyringe
and injected into an HNU 421 chromatograph for analysis. The HNU
421 is a laboratory-size, temperature-programmable gas chromato-
graph equipped with a flame ionization detector (FID). The
hydrogen-air flame ionizes compounds, generating an energy
increase in the detector, which appears as an electrical signal.
vapor samples are injected into the gas chromatograph, separated
on an analytical column, sensed by the detector, integrated, and
reported as individual compounds on chromatograms. The instru-
ment is operated isothermally at 55 C and the capillary column
flow rate is 10 mi/min. These conditions ensure peak retention
time stability and prevent contaminant buildup within the column.
Blanks and standards are run every 6-8 samples to verify that the
system is free of contamination, and to ensure system reproduci-
bility.

The chromatograph yields a response in the form of an electrical

signal, measured in volts; this is recorded and integrated across
time by a Shimadzu C-R3A integrator. The peak area is expressed

as volt-gseconds (V-sec). The instrument is calibrated with a

multicomponent standard consisting of 9.6 ppm benzene, 9.3 ppm

c51/93356 3



toluene, 9.4 ppm o-xylene, 17.7 ppm m,p-xylene, 9.5 ppm ethyl-
benzene, 9.2 ppm n-pentane, 9.5 ppm n-hexane, and 9.4 ppm iso-
octane. The integrator calculates and stores the response ratio,
V-sec:ppm. The ratio for each component of the standard is used
to quantify the concentrations of identifiable vapors in field

samples according to their V-sec values.

The concentrations of unidentified compounds are calculated in a
similar manner. In the table describing the results of the
assessment, the column entitled "Peaks Prior to Benzene" repre-
sents the sum of the responses in V-sec for all peaks eluting
prior to benzene, proportioned to the calibrated V-sec response
for pentane. Similarly, the column entitled "Unidentified Peaks
after Benzene" represents the sum of V-sec responses for uniden-
tified components which elute after benzene, proportioned to the
V-gec response for benzene. The column entitled "Total Volatile

Hydrocarbons" represents the sum of all detected components

(ppm).

2.2 SVCA RESULTS AND DISCUSSION

The results of the SVCA, summarized from chromatograms in
Appendix B, are presented in Table 1. Soil-gas isoconcentration
contours for total volatile hydrocarbons (TVH) at shallow depths
(3-8 feet) and greater depths (9.5-15 feet) are presented in
Figures 4 and 5. Contours for toluene at shallovw depths are
shown in Figure 6. Because the concentrations of benzene were
too low to be measured at all but one point, isoconcentration

contours for this component are not plotted.

As may be seen in Figures 4 and 5, TVH in the shallow (3-8 feet)
soil gas reaches it highest concentration, exceeding 500 ppm on
the south side of the pump islands; it rises to around 100 ppm at
the eouthwest corner of the tank field. 1In the deeper {13 feet)
soil gas, TVH reaches 500 ppm at the southwest corner of the tank
field. Deeper samples were not collected at points V5-V13, in
the vicinity of the pump islands and to the south.

c51/93356 4
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TABLE 1 (Cont.)

Total
Unidentified Volatile
Vacuum Peaks Prior Total Ethyl- Peaks After Hydro-
Sample  Depth Vacuum  Release to Benzene® Benzene Toluene Xylenes benzene benzene carbons
location (ft) (in. Hg) {(rein) {pom) {ppm) (ppm) (ppm ) (ppm) { ppm) (ppm)©
VS/A 3 5 0 3 <1 <1 <1 <1 6 9
V5/B 8 25 1 44 <1 1 <1 <1 1 45
v5/C 13 23 2 19 <1 <1 <1 <1 <1 19
V6 3 23 0 4 <1 <1 <1 <1 2 6
V1/A 3 18 0 280 <1 2 <1 <1 11 290
V7/B 8 20 3 230 <1 2 2 <1 12 250
VB/A 3 23 0 560 <1 13 <1 <1 100 670
V8/B 8 23 2 640 <1 15 <1 <1 170 830
Vo 8 15 0 250 <1 3 <1 <1 15 270
V10 8 21 0 440 <1 2 <1 <1 41 480
Vit 8 22 2 39 <1 < < <1 2 41
Viz* 8 25 15 230 <1 <1 <1 <1 1 230
V13 8 22 G 25 <1 <1 <1 <1 <1 25
vi4d 13 25 2 26 <1 2 & <1 7 35
V15%%* 9.5 25 1.5 14 <1 <1 <1 1 1 15
V16/Aa 3 9 0 14 <l 3 <1 <1 <1 14
V16/B 8 10 0 5 <1 <1 <1 <1 <1 5
V16/C 13 21 0 16 <t <1 <1 <1 1 17

¢51/93356



TARLE 1 CONCENTRATIONS OF HYDRCCRRBON CONSTITUENTS IN SOIL VAPCR CHEVRON SERVICE STAETICH S-335€
19201 CENTER STREET, CASTRO VALLEY, CALTFORNIA, 2 MARCH 1989

Total
Unidentified Volatile
Vacuum Peaks Prior Total Ethyl- Peaks Rfter Bydro—
Samp%e Depth Vacuum Relgase to Benzene® Benzene Toluene Xylenes benzene bonzege carbong
Location (ft) (in. Hg) (rmin) (ppr) {ppm) (ppm) (ppm) (ppm) (ppm) (ppm}
vV1/a 3 16 0 1,2 2 <1 <1 <1 7 21
vVi/B 8 22 0 130 <1 2 a4 <1 9 140
v1/C 13 21 1 520 1 4 <1 <1 25 550
v1/D 5 22 5 25 <1 1 <1 <1 2 27
V2/Aa 3 0 0 <1 <1 <1 <1 <1 <1 <1
V2/B 8 21 0 <1 <1 <1 <1 <1 2 2
v2/C 13 22 0 12 <1 <1 <1 <1 <1 12
v3/a 3 2 0 10 <1 <1 <1 <1 <) 16
V3/B* 8 25 20 9 <1 <1 <1 <1 <1 9
v3/C 13 23 3 10 <1 <1 3%% <1 2 15
V4 /A 3 23 0 < <1 <1 <1 <1 6 6
V4/B 8 21 0 12 <1 <1 <1 <1 <1 12
V4 /C 13 20 2 7 <1 < <1 <1 1 8

a. Early peaks from blank data subtracted from total peaks prior to benzene. Quantification based on V-sec:ppm
ratio for pentane (see text).
b. Quantification based on V-sec:ppm ratic for benzene (see text).
c. Summation of all detected constituents (see text].
* Tight soil encountered at this depth.
** Xylenes adsorbed from previous sample standard.
**% Hard subsoil encountered at this depth.

c51/93356



TABLE 1 (Cont.)
BLANK DATA
Total
Unidentified Volatile
Peaks Prior Ethyl- Peaks After Hydro—
to Benzgne Benzene Toluene oXylene m,p-Xylene benzene Benzene carbons
Test Time (ppm) (ppm) (ppm) {ppm)} {ppm) {ppm) {pom) (ppm)©
0957 < <0.1 “0.1 <0.3 <0.3 <0.3 <0.1 <1
1253 8 <0.1 <0.1 <0.3 <0.3 <0.3 0.2 8
1516 12 <0.1 <0.1 <0.3 <0.3 <0.3 0.1 12
1849 4 <0.1 <0.1 <0.3 <0.3 <0.3 0.3 4
PERCENTAGE OF STANDARD RECOVERED
Ethyl-
Benzene Toluene o—Xylene m,p—Xylene benzene n—Pentane n-Hexane iso-Octane
Test Time (ppm) (ppm) (ppm) (ppm) (opm) {pom) (ppm) (ppm)
1013 100 100 100 100 100 100 100 100
1324 73 62 106 94 84 67 74 79
1526 75 €9 130 111 99 65 72 77

c51/93356
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The concentration of toluene at shallow depths is contoured in
Figure 6, and may be seen to reach over 10 ppm at V8; it falls
below 1 ppm within 40 feet of that point. Toluene was also
measured at points V1 and V14 at 13 feet, at concentrations of 4
and 2 ppm, respectively. Benzene could be measured only at point
V1: its concentration was 2 ppm at 3 feet and 1 ppm at 13 feet.
When compared with TVH levels of 21 and 550 ppm, these benzene
concentrations suggest the presence of relatively unweathered
product. To the south of the pump islands, however, benzene is
below detection while toluene ranged from 2 to 19 ppm, and TVH
ranges from 25 to 830 ppm. This suggests the presence of
relatively old, weathered product.

During sampling, short vacuum release times (<4 minutes) were
observed at the majority of sampling points throughout the site
(Table 1). These release times indicate a relatively free flow
of soil gas into the sampling probe; thus, hydrocarbon readings
should be representative of actual levels. Long vacuum release
times were observed at V3/B and V12, so that actual hydrocarbon

concentrations at these points may be greater than reported.

©51/93356 5



3. CONCLUSIONS

On 2 March 1989, EA conducted a soil vapor contaminant assessment
(SVCA) at Chevron SS 9-3356 in Castro Valley, California. The
investigation measured low-to-moderate levels of total volatile
hydrocarbons (TVH) and low levels of aromatic hydrocarbons (BTXE)

in the soil gas at the site.

The data indicate that the highest concentration of TVH was on
the south side of the pump islands, exceeding 100 ppm over an
area with a diameter of 50 feet at a depth of 8 feet. Benzene
was detected at only one sample point: V1 at 3 feet showed 2
ppm. Toluene exceeded 1 ppm at point V1 (8 feet), and also at
points V7-V10 (all at 8 feet). Considered together, the data
suggest the presence of relatively old, weathered product to the
south of the pump islands, while younger product is present near
the tank field. The fact that TVH reaches its maximum concentra-
tion south of the pump islands, which is also downgradient from
that location, also suggests that the product has aged.

¢51/93356 6
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APPENDIX A: PRINCIPLES OF S0IL VAPOR CONTAMINANT ASSESSMENT

The soil vapor survey, or SVCA, technigque takes advantage of the
behavior of hydrocarbon mixtures and the physicochemical proper-~
ties of the individual components in the subsurface. Following a
subsurface gascline release, free product will migrate downwards
towards the groundwater, some of the gasoline will volatilize,
and some will adsorb to the soils. 1In the case of a spill of
sufficient volume to exceed the soil binding capacity, free
liquid will reach groundwater, at which point it will float and

may begin to vaporize and soclubilize.

Like most hydrocarbon liquids, gasoline is a complex mixture of
many compounds, each with its own physicochemical properties.
The contaminants found in groundwater located beneath a layer of
floating hydrocarbon are generally less hydrophobic and are
generally found in concentrations proportional to the hydro-
carbon/water partition coefficient (i.e., the relative solubility
of a given compound in the bulk hydrocarbon to its solubility in
water) and to their percent composition in the gasoline. It may
be noted that concentration of total benzene, toluene, and
xylenes in product-saturated water may exceed 10-20 mg/L (API
1985a).

Hydrocarbons will also volatilize into the air- or gas-filled
soil interstices. Volatilization is largely a function of vapor
pressure. The natures of the contaminant mixtures, in terms of
specific component mixtures, in either the aqueous or vapor
phase, are distinctly different from each other and from the
gasoline. That is, the more hydrophilic hydrocarbons will be
more likely to move into groundwater, while the more volatile
compounds are more likely to move into the vapor phase, and the
compounds that are both less volatile and more hydrophobic are
more likely to remain in the free product or be adsorbed to soils

(Hinchee and Reisinger 1987).

c51/93356 A1



Hydrocarbons ncot remaining in the free product will partition
into either groundwater or soll vapor and migrate as the result
of a variety of interacting forces. In groundwater, contaminants
will migrate with the groundwater flow, interacting with the rock
or s0il geological medium. As the contaminants pass through a
medium, organic constituents in the medium interact with the
contaminants, and some are adsorbed or bound to particle surfaces
(Bruell and Hoag 1986). The result is a net retardation in the
velocity ©of movement of those compounds relative to that of the
groundwater in which they are dissolved. The process is
analogous to laboratory chromatography. The compound with the
least affinity for the porous medium is least retarded and there-
fore moves most rapidly. This compound, then, is present at the

leading edge of a contaminant plume.

The affinity of a compound for the soil porous medium is partly a
function of the compound's hydrophobicity--that is, the more
hydrophobic a compound the more likely it is to adsorb to the
s0lid medium. Aqueous solubility is a good indicator of hydro-
phobicity: the more soluble a compound is, the less hydrophobic
and more hydrophilic 1t is, and vice versa. Vapor pressure is a
good indicator of volatility; compounds with higher vapor
pressures are more volatile.

In determining the environmental fate of various hydrocarbon
compounds in a hydrocarbon mixture such as gasoline, those which
have a high vapor pressure are more likely to move into the vapor
phase, or evaporate. Compounds with high solubility are more
likely to move into groundwater from the free product and, once
in groundwater, tend to move more rapidly. Compounds of low
vapor pressure and low soclubility tend to remain in the free
product or be adsorbed to the solid matrix and remain relatively

immobile.

Dissolved compounds will tend to veolatilize from the agueous

phase. The Henry's Law constant is the equilibrium ratio of a

c51/93356 A-2



compound's concentration in the vapor phase to its concentration
in the aquecus phase. The higher a compound's Henry's Law con-
stant, the greater its tendency to volatilize from water into

air.

Figure A-1 graphically illustrates the wvapor pressure, agueous
solubility, and Henry's Law constants, and their relationships,
for selected hydrocarbons typically found in gasoline. The

Henry's Law constant is approximated here as the ratio of vapor

pressure to solubility.

The Henry's Law constant is directly related to the tendency of
compounds to volatilize, as opposed to solubilizing. Compounds
with Henry's Law constants greater than 0.001 {atm- m3/mole)
volatilize from water into air very rapidly (Lyman et al. 1982);
those with Henry's Law constants greater than 0.01 (atm* m3/mole)
are generally volatilized so rapidly that they are seldom found
in gasoline-contaminated groundwater. It may be observed (Figure
A-1) that tetraethyl lead (TEL) has an extremely low solubility
and a relatively low vapor pressure. As a result, this
constituent would not be expected to solubilize and migrate in
groundwater, and although its low vapor pressure would indicate
slow volatilization, its Henry's Law constant indicates that it
may be more rapidly volatilized than solubilized. The fate of
TEL would be expected to be long-term binding to the soil.

On the basis of these properties it can be seen that associated
with any groundwater, soil, or free-product contamination is
vapor phase contamination. The SVCA technique takes advantage of
this, and through the collection and analysis of soil vapor
permits a rapid, cost-effective delineation of the extent of

contamination.
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