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1. INTRODUCTION

1.1 SCOPE

At the request of Chevron U.S.A. Inc., EA Engineering, Science,
and Technology, Inc. (EA} conducted a Soil Vapor Contaminant
Assessment (SVCA) at the site of former Chevron Service Station
(SS) 9-0020 in Oakland, California. This report describes the

SVCA technique, the site investigation, and its results.
1.2 SITE SETTING

Chevreon SS 9-0020 is located in Oakland, California (Figure 1},
on the southwest corner of the intersection of 17th and Harrison
streets (Figure 2). At present the site is a parking lot. Land
use nearby is mainly commercial and residential. A dry cleaning
facility is located on 17th Street, one building to the west of
the site.

The site is located on the edge of Oakland City Center. Broadway
Street, where major department stores and large office buildings
are located, lies within one-~quarter mile to the west of the
site. A residential aréa,r consisting mostly of large apartment
buildings, is located to the northeast of the site, near Lake

Merritt. —————

1.3 HYDROGEOLOGY

The downtown portion of the City of Oakland lies over Quaternary
marine and non-marine alluvial deposits consisting of layers of
sand and gravel interspersed with thick sections of sandy clay
and clay. The uppermost of these strata is the Merritt Sand,
which underlies the site (Helley et al. 1972). These deposits
are unconsolidated, and the aquifers in the area tend to be
unconfined. '
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Figure 1. Location of Chevron Service Station 9—.0020, Oaklapd
California.
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No soil borings are available for the site, so the site-specific
subsurface geclogy and water table depth are unknown. There are
a number of wells within several blocks, and a cathodic
protection well in the area indicates.a ground water depth of 20
feet (Alameda County Flood Control and Water Conservation
District 1987). The site is at an elevation of approximately 35
feet, about 30 feet above the surface of Lake Merritt, located
about 2,000 feet to the east (see Figure 1). The immediate
topographical gradient is approximately 65 feet per mile, a
little over one percent, sloping down to the east, toward Lake
Merritt. The ground-water gradient is presumed to follow

topography, i.e., about a one percent slope down to the east.
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2. SOIL VAPOR CONTAMINANT ASSESSMENT

Following a subsurface gasoline release, as free product migrates
downward towards the ground water 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 ground water, 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 ground-water, soil, or free-
product contamination there is vapor phase contamination. The
SVCA techniqué takes advantage of this, and through the collec-
tion and analysis of soil vapor permits rapid delineation of the
extent of contamination.

2,1 FIELD INVESTIGATION

EA conducted an SVCA at the site of former Chevron SS 9-0020 on
17 December 1987. Soil vapor samples were taken from 11l N
locations at depths between 3 and 13 feet (Figure 3). Vertical
profiles were completed at sample points Vi (3, 5.5, 8, 10.5, and
13 feet), V2 and V9 (3, 8 feet), V3 (3, 5.5, 8, and 10.5 feet),
and V6 (3, 8, and 13 feet).

-

2.2.1 Sample Collection Methods

Before each sample was collected, a vacuum pump was used to purge
previously collected vapor from the probe to ensure that the
sample was not contaminated. The vacuum pressure reading on the
purging apparatus was recorded. This vacuum pressure is related
to the so0il’s gas permeability: a high reading suggests that
there is a resistance to soil gas movement and a vacuum is being
created between the tip of the probe and the pump. If this

vacuum is maintained through the pumping period, a representative
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sample of the soil gas may not be obtained, and anomalously low
hydrocarbon readings may result. In most situations, initial
vacuums are released and the vacuum pressure readings drop. A
low reading indicates that there is a free flow of soil gas from
the vadose zone through the probe, and after purging the sample
is assumed to be representative.

The samples were 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
chromatograph 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 60°C and the capillary column
flow rate is 10 ml/min. These conditions ensure peak retention
time stability and prevent contaminant build-up within the
colurmn. Blanks are run to verify that the system is free Qf
contamination; as necessary, the instrument is re-calibrated by
injecting standards and by running ambient air blanks. These
data, along with multiple standard runs, ensure system reproduc—
ibility.

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-seconds (V-sec). The instrument is calibrated with a
multicomponent standard consisting of known concentrations of
benzene, toluene, xylene, and ethylbenzene. 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.

CHV21:82X , 4




The concentrations of unidentified compounds are calculated in a
similar manner. "Although petroleum hydrocarbons produce variable
instrumental responses, the assumption may be made that all of
the hydrocarbon constituents have response-to-concentration
ratios approximately eguivalent to that of benzene and that all
guantifications may be based on the ratio for benzene. In the
table describing the results of the assessment, the column
entitled "Peaks Prior to Benzene" represents the sum of the
fesponses in V-sec for all peaks eluting prior to benzene,
proportioned to the calibrated V-sec response for benzene.
Similarly, the column entitled "Total Detected Petroleum
Hydrocarbons™ or "Total Volatile Hydrocarbons" represents the sum
of all V-sec responses, proportioned to that for benzene.

2.1.2 Results of SVCA

Table 1 presents the results of the SVCA. No discernible pattern
of soil vapor hydrocarbon concentrations was found. AlthoughrTDH
was at significant levels throughout the site, benzene was below
detection everywhere, and toluene was below detection at all
points except V1. -

The SVCA results can be used with Henry’s Law to estimate a
ground-water concentration. A Henry’s Law constant (H) is the
ratio of a chemical’s concentration in air to its concentration
in water at equilibrium. It can be estimated by:

H = Cgy/Cy
where
H = Henry’s Law constant, atm-L/mole
Cgy = vapor concentration, atm
Cw = water concentration, mole/L.

For estimating ground-water concentrations, the equation can be
rearranged as:

CHV21:82X% 5
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CONCENTRATIONS OF HYDROCARBON CONSTITUENTS IN SOIL VAPOR AT CHEVRON S5 9-0020,

TABLE 1
17TH AND HARRISON, OAKLAND, CALIFORNIA, 17 DECEMEER 1987
Peaks Total
Not Velatile

Peaks Prior ‘ Ethyl- COtherwise Bydro-

Sanple Depth to Benzene Benzene Toluene o-Xylene m,p~Xylene benzene Identified carbong
Location  {ft) {ppm) (ppm) {ppm) {ppm) (ppm) (ppm) (pprm ) (ppm)
V1/A 3.0 1-5 <1 <1 <1 <1 <1 <1 1-5
V1/B- 5.5 5 <1 <1 <1 <1 <1 <1 5
v1/C 8.0 5 <1 1-5 <1 1-% <1 1-5 10
v1/D 10.5 1-5 <1 <1 <1 <1 <1 <1 1-5
V1/E 13.0 5 <1 <1 <1 <1 <1 <1 5
V2/A 2.0 1~5 <1 <1 <1 <1 1 <1 1-5
V2/B 8.0 1-5 <1 <1 <3 <1 <1 <1 1-5
- V3/a 3.0 10 < <1 <1 <1 <1 <1 10
V3/B 5.5 10 <1 <1 <1 <1 <1 <1 10
v3/C 8.0 5 <1 <1 <1 <1 <1 <1 5
v3/D 10.5 1-5 <1 <1 <1 <1 <1 <1 1-5
vd 3.0 15 <1 <1 <1 <1 <1 <1 15
V5 3.0 10 <1 < <1 <1 <1 <1 10
V6/A 3.0 20 <1 <1 <1 1 <1 <1 20
V6/B 8.0 140 <1 <1 <1 <1 <1 <1 140
v6/C 13.0 1-5 <1 <1 <1 <1 <1 <1 1-5
V7 3.0 -5 <1 <1 <1 <1 <1 1 -5
va 3.0 1-5 <1 <1 <1 <1 <1 <1 1-5
Va/a 3.0 1-5 <1 <1 <1 <1 <1 <1 1-5
vV9/B 8.0 1-5§ <1 <1 <1 <1 <1 1 5

vi0 8.0 1=5 <1 <1 <1 <1 <1 <1 1-5

V11 8.0 5 <1 <1 <1 <1 <1 <1 5

a. Early peaks from blank data subtracted from total peaks prior to benzene.

b. Quantified on the basis of the V-sec:ppm response ratio for benzene (see text).
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TARBLE 1 {continued)
Bﬂﬁmlﬂﬂﬁ
Peaks Total
Not Volatile
Peaks Prior Ethyl- Utherwise Hydro—
to Benzene? Benzene Toluene oOXylene m,p-Xylene benzene Identifégd carbong
Test Time (ppm) {ppm) {(ppm) {ppm) (ppm) (ppm) (ppm) (pom )
1000 <0.1 <0.1 <0.1 0.1 0.1 <0.1 0.1 0.1
1349 1.0 <0.1 0.1 <0.1 <0.1 <0 0.1 1.0
PERCENTAGE OF STANDARD RECOVERED
_ Ethyl-
Benzene Toluene o-Xylene m,p-Xylene benzene
Test Time {ppm) {ppm) {ppm) (ppm) {(ppm)
1035 100 100 100 100 100
1339 97 99 105 104 102
GASOLINE STANDARD
Peaks Total
. Not Volatile
Peaks Prior Ethyl- Otherwise Hydro—
to Benzgpea Benzene Toluene o-Xylene m,p-Xylene benzene Identified carbogs
Sample (ppm) (ppm) {ppm) (ppm) (ppm) (ppm) (ppm? (ppm}
‘Chevron Super
Unleaded 12,0040 25,000 77,000 44,000 76,0600 24,000 180,000 540,000

CHVZ1:82X



C-W = CSV/H'
To make the units compatible, the following conversions are used:

1 ppm soil vapor = 1x10”° atmosphere

1 molie mole weight expressed in milligrams.

The molecular weights of benzene and toluene are 78,000 mg/mole

and 92,000 mg/mole, respectively (EPA 1986h); their Henry's Law
constants are 5.6 atm-L/mole and 6.4 atm-L/mole (EPA 1986b).
Using these data, the expected ground-water concentration of

benzene can be estimated as:

Cw-benzene = 0.014 Cgy-benzene-

For toluene, the ground-water concentration can be estimated as

Cw-toluene = 0.014 Cgy-toluene-

Throughout the site, the detected concentration of benzene was
below detection: less ﬁhan 1 ppm. This theoretically -
corresponds to a ground-water benzene concentration less than
0.014 mg/L. The highest detected concentration of toluene, in
the vicinity of the waste o0il tank, was 5 ppm, theoretically
corresponding to a ground-water toluene concentration of 0.07
mg/L. The San Francisco Bay Regional Water Quality Control Board
(1985) found that gasoline-saturated water at equilibrium will
contain as high as 40 mg/L of benzene and from 9 to 76 mg/L of
toluene. Thus, the order-of-magnitude estimates of ground-water
hydrocarbon constituents at the Oakland site suggest that ground-

water contact with free product has not occurred.

TDH levels were higher than would be expected from the toluene
and benzene levels if the source was a petroleum product: the
concentrations of total detected hydrocarbons at the respective

locations are shown in Figure 4. The chromatograms showed that

CHVZ21:82X , 6
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peaks prior to benzene, corresponding to low-boiling-point
constituents, contributed almost all of the hydrocarbon
concentrations found. Some of the detected early-eluting peaks
are asymmetrical. An asymmetric peak indicates that the compound
is polar (one in which there is a partial charge in the

moclecule) . .

2.2 DISCUSSION

Because of the anomalous presence a chromatographic peak that
appears to represent a single low~boiling polar compound in no
predictable UST-related pattern, a set of standards made up of
low-boiling constituents was used to calibrate the gas
chromatograph, and the resulting chromatograms used to examine
the unidentified constituents (Appendix C). The highest detected
concentration of this compound was located in the vicinity of the
waste oil tank. It is suspected that this compound may be
methanol or another small alcohol. Methanol is the metabeolic end

product of bacteria of the genus Pseudomonas. Pseudomonas spp.,

bacteria commonly found in soil and water, aerobically )
metabolizes methane (Bailey 1986). Methane may be produced by
methanogenic microorganisms that exist naturally in soil. This

consumption of hydrocarbons by Pseudomonas and similar

microorganisms is a possible source of the small alcohol detected

in the soil vapor.
In summary, there appears to be a natural biodegradation product

but no significant petroleum-based hydrocarbon concentration in
s0il gas at the site.

CHV21:82X ' 7




3. CONCLUSIONS

Very minor amounts (averaging 1-5 ppm) of hydrocarbon vapor were
cbserved in soil gas over the entire site of Chevron SS 9-0020,
in Oakland. These vapors are low-boiling compounds (peaks
eluting prior to benzene) which appear to be composed predomi-
nantly of a single polar compound: this may be methanol, whose.
presence is believed to be the product of bacterial metabolism.
The highest concentration of this low-boiling compound was found

near the waste o0il tank.

Except at one point (V1, near the tank field), none of the usual

.aromatics (BTXE) assocliated with gasoline was detected. At V1,

the concentration of toluene reached 1-5 ppm at a depth of &
feet. On this basis, it is concluded that no significant fuel

contamination of soil is present at this site.

CHV21:82X ' 8
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APPENDIX A: PRINCIPLES AND APPLICATION
OF S0IL VAPOR CONTAMINANT ASSESSMENT

The s0il wvapor survey, or SVCA, technique takes advantage of the
béhavior of hydrocarbon mixtures and the physicochemical proper-
ties of the individual components in the subsurface. Following a
subsurface gasoline release, free product will migrate downwards
towards the ground water, some of the gasoline will volatilize,
and some will adsorb to the soils. In the case of a spill of
sufficiént volume to exceed the soil binding capacity, free
liquid will reach ground water, at which point it will float and
may begin to vaporize and solubilize.

Like most hydrocarbon liquids, gasoline is a complex mixture of
many compounds, each with its own physicochemical properties.

The contaminants found in ground water 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 ground water, 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},



Hydrocarbons not remaining in the free product will partition

into either ground water or soil vapor and migrate as the result

-of a variety of interacting forces. In ground water, contami-

nants will migrate with the ground-water flow, interacting with
the rock or so0il geclogical medium. As the contaminants pass
through a medium, organic conétituents 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 ground water 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, i1s 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
solid medium. Aqueous solubility is a good indicator of hydro-
phobicity: the more soluble arcompound is, the less hydrophobic
and more hydrophilic it is, and vice versa. Vapor pressure is a
good indicator of volatility; compounds with higher wvapor

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 sclubility are more
likely to move into ground water from the free product and, once
in ground water, tend to move more rapidly. Compounds of low
vapor pressure and low solubility tend to remain in the free
product or be adsorbed to the solid matrix and remain relatively
immobile.

Dissolved compounds will tend to volatilize from the agqueous
phase. The Henry's Law constant is the equilibrium ratic of a

A-2




compound’ s concentration in the vapor phase to its concentration
in the aqueous 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 illustfates the vapor 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 veolatilize, 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 ground water. It may be ocbserved
(figure 2-1) 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 ground water, and although its low vapor pressure would
indicate slow veolatilization, 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 ground water, 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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APPENDIX C

Use of Low-Molecular-Weight Standards
To Identify Early-Eluting Compounds
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APPENDIX C: USE OF LOW-MOLECULAR~-WEIGHT STANDARDS TO IDENTIFY
EARLY-ELUTING COMPOUNDS
As noted in the text, an unidentified peak was found in the
chromatograms for soil gas samples from site SS 9-0020. The
characteristics of the peak, a strong response, very short
retention time, and longer tailing, suggests that the peak is the
response to a low-molecular-weight, polar hydrocarbon. To
identify the unknown constituents, a number of standards were
made up (Table C-1 and following chromatograms) and run in the
HNu 241 gas chromatograph. O©On the basis of the retention times
and peak shapes of these standards, it is believed that the
unidentified peaks (see site chromatograms, Appendix B) are

-responses to a small alcohol, a small alkane, or a combination of

alcohols and alkanes coeluting. Small alkanes and alcohols were
suspected because they can be formed from natural soil organics
or petroleum hydrocarbons by microbial biodegradatioh. Studies
of microbial decomposition show that alcohols, organic acids, and
other small hydrocarbons can be formed from natural soil
materials by aerobic or anaerobic processes (Odum 1971). The
decomposition of petroleum-related aromatics (such as benzene,
toluene, xylenes, and ethylbenzene) can also form small alkanes
(APT 1985). At the subject site, it is believed that natural

soil organics are the precursors, because no detectable levels of

‘the petroleum aromatics were found.



TABLE C-1 RESPONSE CHARACTERISTICS OF LOW-MOLECULAR-WEIGHT
STANDARDS IN THE HNU421 GAS CHROMATOGRAFPH

Retention Time

Compound {rein, ) FID Sensitivity
Methanol 0.3} (with tailing) Excellent
Ethanol 0.38 (with tailing) Excellent
Methane 0.25 ' Excellent
Ethane 0.25 ‘ Excellent
Propane 0.25 Excellent
Butane 0.35 Excellent
Pentane 0.49 Excellent -
Hexane 0.78 Excellent
Heptane 1.5 Excellent
Acetone 0.42 Excellent
Benzene 1.1 Excellent
Toluene 2.2 Excellent
Ethylbenzene 4.4 Excellent
m,p-Xylenes 4.8 Excellent
o~Xylene 5.6 Excellent
Ammonia 0.26 Poor
‘Hydrogen sulfide 0.26 Poor

loboil.tbl
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compound’s concentration in the vapor phase to its concentration
in the aqueous 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 illustfates the vapor 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 ground water. 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 ground water, 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 ground water, 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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