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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 Contamj-nant
Asaessment (SVCA) at  the si te of  former Chevron Service Stat ion
(SS) 9-0020 in Oakland, Cal i fornia.  This report  descr ibes the
SVCA technique, the si te invest igat ion, and i ts resul ts.

T . 2  S I T E  S E T T I N G

Chevron SS 9-0020 is located in Oakland, Cal i fornia (Figure 1),

on lhe southwest cornex of  the intersect ion of  17th and Harr ison

streets (Figure 2).  At present the si te is a parking lot .  Land

use nearby is mainly commercial  and resident iaf ,  A dry c leaning
faci l i ty is . I -ocated on 17th Street,  one bui l -dj-ng to the west of
the  s i t e .

The si te is located on the edge of Oakland City Center,  Broadway
Street,  where major department stores and large off ice bui ld ing's
are located, l ies within one-quarter mi le to the west of  the
si te.  A resident ial  arear consist ing most ly of  farge apartment
bui ld ings, is focated to the northeast of  the si te,  near Lake
Merr i t t  .

1.3 HYDROGEOLOGY

The downtown port ion of  the City of  Oakfand f ies over euaternary
marine and non-marine al luvial  deposi ts consist ing of  layers of
sand and gravel  interspersed with thick sect ions of  sandy clay
and clay.  ?he uppermost of  these strata is the Merr i t t  Sand,
whj.ch underl ies the si te (Hel ley et  aL. L972')  .  These deposi ts
are unconsol idated, and the aquifers in the area tend to be
unconf ined.
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Figure 1. t,ocation of Chevron ServLce Station 9-OO2O. Oaklaad
Cal i fornia.
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No soi . l  bor i -ngs are avai lable for the si te,  so the si te-speci f ic

subsurface geology and water table depth are unknown. There are

a number of wel-ls within severa.I b.locks, and a cathodic
protection well in the area indicates a ground r"rater depth of 20

feet (A1ameda County Ffood Control and Water Conservation

Distr ict  l -987) .  The si te is at  an el-evat ion of  approximately 35

feet,  about 30 feet above the surface of Lake Merr i t t ,  located

about 2,000 feet to the east (see Figure 1).  The i rmediate

topographical gradient is approximately 65 feet per mile, a

I i t t le over one percent,  s loping down to the east,  toward take

Merritt. The ground-water gradient is presurned to follor,r

topography, i .e.r  about a one percent sfope down lo the east.
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2. SOIL VAPOR CONTAMINANT ASSESSMENT

Fol lowing a subsurface gasol ine release, as free product migrales

downward towards the ground water some of the gasofine wiff be

adsorbed to the soiLs and some wi l l  vaporize. In the case of a

spi l1 of  suff ic ient vol-ume to exceed the soi l  b inding capaci ty,

f ree l iquid wi l l  reach ground water,  at  which point  i t  wi f f  f loat

and may begin to vaporize and solubi . I ize.

On the basis of  these and othex physicochemical  propert ies and

behaviors of hydrocarbon rnixtures, described in Appendix A, it

can be seen that associated with any ground-waterT soi l ,  or  f ree-
product contaninat ion there is vapor phase contaminat ion. The

SVCA technique takes advantage of th is,  and through the cof lec-

t ion and analysis of  soi l  vapor permits rapid del ineat ion of  the

extent of  contaminat ion.

2. , I  FIELD INVESTIGATION

EA conducted an SVCA at the si te of  former Chevron SS 9-0020 on
l-7 December L987. Soi l  vapor samples were taken from 11 \
locat ions at  depths between 3 and 13 feet (Figure 3).  vert ical"
p ro f i l es  were  comp le ted  a t  sampfe  po in t s  V1  (3 .  5 .5 ,  8 ,  10 .5 ,  and
13  f ee t )  r  V2  and  v9  (3 ,  I  f ee t ) ,  v3  (3 ,  5 .5 ,  I ,  and  10 .5  f ee t ) ,

and  v6  (3 ,  8 ,  and  L3  fee t ) .
' -"s4'

2 .2 .T  Samp le  Co l l ec tT -on  Me thods

Before each sample was col-Lected. a vacuun pump was used to purge
previously col lected vapor f rom the probe to ensure that the
sample r^ras not contaminated. The vacuum pressure reading on the
purging apparatus waa recorded. This vacuun pressure is related

to the soi .L 's gas permeabif i ty:  a high reading suggests that
there is a resistance to soi l  gas movement and a vacuum is being
created between the t ip of  the probe and the pump. I f  th is
vacuum is maintained through the pumping per iod, a representat iveI

I CHv2L :82X
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sample of the soif gas may not be obtained, and anomalous]-y l-ow

hydrocarbon read. ings may resul t .  In most s i tuat ions, in i t ia l

vacuums are refeased and the vacuum pressure readings drop. A

lor", 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 representat ive.

The sampfes were coll-ected through a septum with a microsyringe

and injected j -nto an HNU 421- chromatograph for analysis.  The HNu

42L is a laboratory-si ze, temperature-programrable gfas

chromatograph equipped with a f l -ame ionizat ion detector (FID).

The hydrogen-air flame ionj-zes compounds. generating an energy
increase in the detector,  which appears as an electr ical  s ignal  .
Vapor samples are injected into the gas chromatograph, separated

on an anafyt ical  column, sensed by the detector,  integrated, and
reported as indiv idual  compounds on chromatograms. The instru-
ment is operated isothernafly at 60oC and the capillary col-umn
flow rate is l -0 nl /n in.  These condit ions ensure peak retent ion
t ime stabi l i ty and prevent contaminant bui ld-up within the
cofumn, Blanks are run to ver i fy that the system is f ree of
contaminat ion; as necessary,  the instrument is re-cal ibrated by
inject ing standards and by running ambient air  b lanks. These
data, along with mult ip le standard runs, ensure system reproduc-
ib i l i t y .

The chromatograph yields a response in the form of an electr ical
s igna.I ,  measured in vol ts;  th is is recorded and integrated across
t ime by a Shimadzu C-R3A integrator.  The peak area is expressed
as voft-seconds (V-sec).  The instrument is cal ibrated with a
mult icomponent standard consist ing of  known concentrat ions of
benzene, toluene, xylene, and elhylbenzene. The integrator
cal-cu.Iates and stores the response rat io,  V-sec:ppm, The rat io
for each component of  the standard is used to quant i fy the
concentrat ions of  ident i f iabLe vapors in f ieLd samples according
to  the i r  V -sec  va fues .
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The concentrat ions of  unident i f ied compounds are calcul-ated in a

similar manner. Although petroleum hydrocarbons produce variable

instrumental responses, the assumption may be made that all of

the hydrocarbon const i luents have response-to-concentrat ion

rat ios approximately equivalent to that of  benzene and that aI I
quant i f icat ions may be based on the rat io for benzene. In the

table descr ibing the resul ts of  the assessment,  the column

ent i t ]ed rrPeaks Pr ior to Benzene" represents the sum of the

responses in V-sec for al l  peaks elut ing'pr ior to benzene,
proport ioned to the cal ibrated V-sec response for benzene.

Simi lar ly,  the column ent i t led "Total-  Detected petrofeum

Hydrocarbons" or "Total  Votat i fe Hydrocarbons, '  represents the sum

of a1l-  V-sec responses, proport ioned to that for benzene.

2 .1 - .2  Resu l t s  o f  SVCA

Table 1 presents the resul- ts of  the SVCA, No discernible pattern

of soil- vapor hydrocarbon concentrations was found, Although TDH

was at s igni f icant levels throughout the si te,  benzene l ias bel-ow

detection everywhere, and toluene lras belor"r detection at alf
points except Vl  .

The SVCA resul ts can be used with t tenry 's La$r to est imate a
ground-water concentrat j -on. A Henry,s Lalr  constant (H) is the
rat io of  a chemical 's concentrat ion in air  to i ts concentrat ion
in water at  equi l ibr ium. I t  can be est imated by:

where

H = Csv/Clr

H :  I lenry 's Law constant,  atm-L/mofe

csv :  vapor concentrat ion, atm

Cw = water concentrat ion, moIe,/L.

For est imat ing ground-water concentrat ions, the equat ion can be
rearranged as:

C t lV2 l :82X
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C1a :  Csy/H.

To make the uni ts  compat ib le, the fol lowing conversions are used:

l  ppm soj . l  vapor = l -x10-6 atmosphere

1 mole = mole weight expressed in mi l l igrams

The molecul-ar weights of  benzene and to. luene are 78,000 mg/mole

and  92 ,000  ng lmo le .  respec t i ve l y  (EPA 1986b) ;  t he i r  Henry ' s  Law

cons tan ts  a re  5 .6  a tm-L /mo le  and  6 .4  a tm-L /mo fe  1EPA 1986b) .

Using these data, the expected ground-water concentrat ion of

benzene can be est inated as:

C w - b e n z e n e  :  0  . 0 1 4  C s v - b e n z e n e .

For  to fuene,  the ground-water  concentrat ion can be est imated as

Cw- to .Luene  =  0  .014  Csv - to fuene ,

Throughout the si te,  the detected concentrat ion of  benzene was

bel-ow detect ion: ]ess than 1 ppm. This theoret ical ly

corresponds to a ground-water benzene concentrat ion less than

0.014 mglL, The highest detected concentrat ion of  to luene, in

the vic ini ty of  the waste oi1 tank, was 5 ppm, theoret ical ly

corresponding to a ground-lrater to luene concentrat ion of  0.0?

ng/L. The San Francisco Bay RegionaMater Qual i ty Control  Board
( l -985) found that gasol"  ine-saturated water at  equi l ibr ium wi l l

contain as high as 40 mg/1, of  benzene and from 9 to 76 ng/r ,  of

toluene. Thus, the order-of-magnitude est imat.es of  ground-water

hydrocarbon const i tuents at  the Oakland si te suggest that ground-

water contact wi th f ree product has not occurred.

TDH levels were higher than would be expected from the toluene

and benzene l -eve. ls i f  the source was a petroleum product:  the

concentrat ions of  total  detected hydrocarbons at the respect ive

focat ions are shown in Figure 4.  The chromatograms showed that

CI1v21.:82x
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peaks pr ior to benzene, corresponding to low-boi l ing-point

const i tuents,  contr ibuted afmost af l  of  the hydrocarbon

concentrat j -ons found. Some of the detected ear ly-elut ing peaks

are asymmetrical . An asyrunetric peak indicates that the compound
is po. lar (one in which there is a part ia l  charge in the
mo]ecule )  .

2 . 2  D I S C U S S I O N

Because of the anomalous presence a chromatographic peak that

appears to represent a s ingfe 1ow-boi l ing polar compound in no
predictable UsT-refated pattern,  a set of  standards made up of
1ow-boi. l ing const i tuents l ras used to cal ibrate the qas

chromatograph, and the resul t ing chromatograms used to examine
the unident i f ied const i tuents (Appendix C),  The highest detected

concentrat ion of  th is compound was located in the vic ini ty of  the
waste oi l  !ank. I t  is suspected that th is compound may be
methano. l  or another smaff  alcohol.  Methanol is the metabol ic end
pioduct.  of  bacter ia of  the genus pseudomonas, pseudomonas spp. I
bacter ia commonly found in soi l  and water,  aerobical ly
metabol izes methane (Bai ley 1986).  Methane may be produced by
methanogenic microorganisms that exist  natural ly in soi l .  This
consumption of hydrocarbons by pseud.omonas and similar
microorganisms is a possible source of the smafl  afcohol detected
in the soi- I  vacor.

In summary, there appears to be a

but no signi f icant petroleum-based

soif  gas at .  the si te.

natura l  b iodegradat ion product

hydrocarbon concentrat.ion in

CHV2L :82X



I
I
I
I
I
T
T
I
I
T
T

3.  CONCLUSIONS

very minor amounts (averaging 1-5 ppm) of  hydrocarbon vapor were

observed in soi l  qas over the ent i re s i te of  Chevron SS 9-0020,

in OakJ-and. These vapors are low-boi.ling compounds (peaks

elut ing pr ior to benzene) which appear to be composed predomi-

nant ly of  a s ingle polar compound: this may be methanolr  whose

pre.sence is bel ieved to be the product of  bacter ial  metabol ism.

The highest concentrat ion of  th is low-boi f inq compound was found

near  the  was te  o i l  t ank .

Except at  one poinL (V1 ,  near the tank f ie ld) r  none of the usuaf

aromatics (BTXE) associated with gasoJ- ine was detected, At v1,

the concentrat ion of  to luene reached 1"-5 ppm at a depth of  I

f ee t .  On  th i s  bas i s ,  i t  i s  conc luded  tha t  no  s iqn i f i can t  f ue l

contaminat ion of  soi f  is present at  th is s i te,

I
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T
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APPENDIX A: PRINCIPTES AND APPLICATION
OF SOIL VAPOR CONTAMINANT ASSESSMENT

The soil vapor survey, or SVCA, technique takes advantage of the

behavior of hydrocarbon mixtures and the physicochemical proper-

t ies of  the indiv idual  components in the subsurface. Fol lowing a

subsurface gasol ine release, f ree product wi l l  migrate downwards

towards the ground water,  some of the gaso.I ine wi] l  volat i l ize,

and sorne wi l l  adsorb to the soi fs.  In the case of a spi11 of

suff ic ient volume to exceed the soi l  b inding capaci ty,  f ree

l iquid wi l f  reach ground water,  at  which point  i t  wi f ] -  f ] -oat and

nay begin to vaporize and solubi f ize.

Lj-ke most hydrocarbon l iquids, gasol ine j -s a complex mixture of

many compounds. each with i ts own physicochemical  propert ies.

The contarninants found in ground water focated beneath a layer of

f loat ing hydrocarbon are general ly less hydrophobic and are
generaf. ly found in concentrat ions proport ional  to the hydro-

ca rbon /wa te r  pa r t i t i on  coe f f i c i en t  ( i . e . ,  t he  re la t i ve  so lub i l i t y
of  a given compound in the bulk hydrocarbon to i ts solubi l i ty in
water)  and to their  percent composit ion in the gasof ine. I t  may

be noted that concentrat ion of  total  benzene, tofuene, and
xylenes in product-saturated l rater may exceed 10-20 mglL (ApI

1985a ) .

Hydrocarbons wi l I  a lso volat i l - ize into the air-  or gas-f i11ed

soif  interst ices. Vol-at i f izat ion i -s largely a funct ion of  vapor
pressure. The natures of  the contaminant mixtures, in terns of
speci f ic component mixtures, in ei ther the aqueous or vapor
phase, are dist inct ly di f ferent f rom each other and from the
gasol ine. ?hat is,  the more hydrophi l ic hydrocarbons wi l l  be
rnore l ikely to move into ground vrater,  whife the more volat i le

compounds are more likely to move into the vapor phase, and the
compounds that are both less vol-atile and more hydrophobic are
more f ikely to remain in the free product or be adsorbed to soi ls
(H  j -nchee  and  Re is inge r  1987) .

A-1
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Hydrocarbons not remaining in t.he free product will partition

into ei ther ground water or soi l  vapor and migrate as the resul t

of  a var iety of  int .eract ing forces. In ground water,  contami-

nants wi l ]  migrate with the qround-water f lo l r ,  interact ing with

the rock or soi l  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 part ic le

surfaces (Brueff  and Hoag 1986).  The resul t  is a net retardat ion

in the veloci ty of  movement of  those conpounds relat ive to that

of  the ground water in which they are dissolved. The process is

anal-ogous to laboratory chromatography. The compound with the

Ieast af f in i ty 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 aff in i ty of  a compound for the soi l  porous rnedium is part ly a

funct ion of  the compound's hydrophobici ty-- that is,  the rnore

hydrophobic a compound the more likely it is to adsorb to the

sol id medium. Aqueous solubi l i ty is a good indj-cator of  hydro-
phobici ty:  the more soluble a compound is,  the . Iess hydrophobic

and more hydrophi l ic i t  is ,  and vice versa. Vapor pressure is a
good indicator of  vo. l"at i l i ty;  compounds with higher vapor
pressures are more vol-at i le.

In determining the environmental  fate of  var ious hydrocarbon

compounds in a hydrocarbon mixture such as gasoline, those which

have a high vapor pressure are more l ikely to move into the vapor
phase, or evaporate.  Compounds with high solubi f i ty are more
likely to move into ground vrater from the free product and, once

in ground rrater, tend to move more rapidly. Compounds of low
vapor pressure and l -ow solubi l i ty tend to renain in the f . ree
product or be adsorbed to the sol- id matr ix and remain refat ively

immobi le.

Dissolved compounds wi l - l  tend to volat i l ize from the aqueous
phase. The Henry's Lar",  constant is the equi l ibr ium rat io of  a

A-2
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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-

stantr  the greater i ts tendency to volat i l - ize from water j -nto

Figure A-1 graphical ly i l lustrates the vapor pressure'  aqueous

solubi l i ty,  and Henry's Law constants,  and their  relat ionships,

for selected hydrocarbons typical ly found in gasol ine. The

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

p ressu re  to  so lub i l i t y .

The Henry's Law constant is direct fy related to the tendency of

compounds to volat i l ize,  as opposed to sofubi l iztng. 
,Compounds

with Henry's Law constants greater than 0.001 (atm' m-,hole)

volat i l ize from water into air  very rapidly (Lyman et af .  L982);

those  w i th  Henry ' s  Law cons tan ts  g rea te r  t han  0 .01  (a tm '  m- lmo le )

are general ly voJ-at i l ized so rapidly that they are seldom found

in gasol  ine-contaminated ground water.  I t  may be observed

(Figure A-1) that tetraethyl  l -ead (TEL) has an extremely low

solubi l i ty and a re. Iat ively fow vapor pressure. As a resul t ,

th is const i tuent would not be expected to solubi f ize and migrate

in ground water, and a.l-though its low vapor pressure would

indicate slow volat i l izat ion, i ts Henry's Law constant indicates

t.hat i t  may be more rapidly volat i l ized than solubi l ized. The

fate of  TEL woufd be expected to be longf- terrn binding to the

so i ] .

On the basis of  these propert ies

with any ground water,  soi1,  or

vapor phase contaminat ion. The

thj-s.  and through the col fect ion
permits a rapid,  cosL-effect ive

contaminat ion.

i t  can be seen that associated

free-product contaminat ion is

SVCA technique takes advantage of

and anafysis of  soi l  vapor

del ineat ion of  the extent of

A-3
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APPENDIX C: USE OF LOW-MOLECULAR-WEIGHT STANDARDS TO IDENTIFY
EARIY-ELUTING COMPOUNDS

As noted in the text ,  an unident i f ied peak was found in the
chromatograms for soi l  gas samples from si te SS 9-0020. The

character ist ics of  the peakr a strong response, very short
retenl ion t ime, and longer tai l ing, sugrgests that the peak is the
response to a low-mol-ecular-weight,  polar hydrocarbon. To
ident i fy the unknown const i tuents,  a number of  standards were

made up (Table C-1 and following chromatograms ) and run in the
HNU 241 gas chromatograph. On the basis of  the retent ion t imes
and peak shapes of these standards, i t  is  bef ieved that the
unident i f ied peaks (see si te chromatograms, Appendix B) are

.responses to a sma]]  alcohol,  a smal l  a lkane, or a combinat ion of
alcohols and afkanes coelut ing. Sma1f al-kanes and alcohols were

suspected because they can be formed from natural  soi l  organics
or petroleum hydrocarbons by microbial  biodegradat ion. Studies
of microbiaf  decomposit ion sholr  that alcohol-s,  organic acids, and
other small hydrocarbons can be formed from naturaf soil_
mater ia. ls by aerobie or anaerobic processes (Odum 1971).  The
decomposit ion of  petroleum-reJ_ated aromatics (such as benzene,
toluene, xylenes, and ethylbenzene) can also form sma1l al_kanes
(API 1985) .  At the subject s i te,  i t  is  bet ieved that naturaf
soi-1 organics are the precursors,  because no detectabfe levels of
the petrol-eum aromatics were found.

c-1
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TABLE C-1- RESPONSE
STANDARDS

CHARACTERISTICS OF
IN THE HNU421 GAS

LOW-MOLECUIAR-WEIGHT
CHROMATOGRAPH
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. - ^ n ^ ^ r r h . l

Methanof
Ethanol

Methane
Ethane
Propane
Butane
Pentane
Hexane
Heptane

Acetone

Benz ene
Toluene
Elhyl"benzene
n, p-XyIenes
o-Xyl-ene

Arnmonia

Hydrogen sul.fide

Retent ion Time
(min .  )

0 .3L  (w i t h
0 .38  (w i t h

U  . I J

v  .  z )
U  .  Z J

0.3s
o .49
0 . 7 8
1 . 5

1 . 1
z . z
4 . 4
4 , 8
5.6

u  .  z o

0 .26

ta i l i ng )
rai f  ing )

FID Sensi t iv i ty

Excel lent
Excel lent

Excel lent
Excel lent
Excel lent
Excel  lent
Excel l-ent
Excel lent
Excel.lent

ExceI lent

Excel lent
Excel lent
ExcelIent
Excel lent
Excel  lent

Poor

Poor

l-oboiL tb1
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compound'  s concentrat ion in the vapor phase to i ls concentrat ion

in the aqueous phase. The higher a compound's Henry's Law con-

stant,  the greater i ts tendency to volat i l - ize from water into

a i r .

Figure A-1 graphical ly i l lustrates the vapor pressure'  aqueous

solubi l i tyr  and Henry's Law constants,  and their  relat ionships,

for selected hydrocarbons typical ly found in gasol ine. The

Henry's Law constant is approximat.ed here as the rat io of  vapor

p.ressure to solubi l i ty.

The Henry's Law constant is direct ly related to the tendency of

compounds to volat i l ize,  as opposed to solubi . l iz ingr.  
?Compounds

with Henry's Law constants greater than 0.001 (atm' m"/mole)

vo. lat i f  ize from r.rater into air  very rapidly (Lyman et al  .  L982J;

those with Henry's Law constants greater than 0.01 (atm' m"/mo]-e)

are general ly volat i l ized so rapidly that they are seldom found

in gasol  ine-contaminated ground water.  I t  may be observed

(Figure A-1) that tetraethyl  lead (TEt) has an extremely low

solubi l i ty and a relat ively 1ow vapor pressure. As a resul t ,

t .h is const i tuent r^rould not be expected to sofubi l ize and migrate

in ground water,  and atthough i ts low vapor pressure would

indicate slow volat i f izat ionT i ts Henry's Law constant indicates

that i t  may be rnore rapidly voLat i l ized than solubi l ized. The

fate of TEL would be expected to be long-terrn binding to the

soi . l  .
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On the basis of  these propert ies

with any ground water.  soi1,  or

vapor phase contamj-nat ion. The

thisr and through the col lect ion
permits a rapid,  cost-ef fect ive

contaminat ion.

i t  can be seen that associated

free-product contaminat ion is

SVCA technj-que takes advantage of

and analysis of  soi l  vapor

del ineat ion of  the extent of

A - J
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Figure A-1 . Vapor pressulea, solubilities, and corresponding
Eenry's L,aw constants for major congtituente of
gasoline .
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