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1.  INTRODUCTION

I  .  A  JL(JTE

At  the  reques t  o f  Chev ron  U .S .A .  I nc . ,  EA  Eng inee r ing ,  Sc ience ,

and Technology, Inc.  conducted a SoiI  Vapor Contaminant

Assessment (SVCA) at  Chevron Service Stat ion 9-1121 in Tracy,

CaLifornia.  This report  descr ibes the SVCA process, presents the
resul ts for the si te survey, and makes recommendat ion for further

ac t i ons  based  on  these  resu l t s .

I . 2  S ITE  SETT ING

Chevron Service Stat ion 9-7]-27 is located near the Grant Line

Road exi t  f rom fnterstate 580 in Alameda County,  Ca.I i fornia
(F igu re  1 ) .  I t  i s  l oca ted  i n  an  i so la ted  a rea  and  i s  su r rounded
by pastures (Figure 2).  There are no houses or businesses in

close proximi ly to the si te.  the nearest structures being
associated with a wind farm approximately 0.25 mi le f rom the

si . te.  The si te is on the top af  a Ieveled hi I I ,  wi th st .eep
sides on the east and southeast boundaries of  the si te.  The

Engineering Department of  the City of  Tracy did not know of any
wel ls in the general  v ic ini ty of  the si te (VincenL ]-981 ,  personal

communicat. ion).

1.3 PRTNCTPLES OF SOIL VAPOR CONTAMTNANT ASSESSMENT

The soil vapor survey, or SVCA, technique takes advantage of the
behavior of hydrocarbon rnixtures 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 I I  migrat.e downwards

towards the ground water,  some of the gasol ine wi l l  volat i l ize,
and sone wi l l  adsorb to the soi ls.  In the case of a spi l l  of

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

CHvl2 :  B 20
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I iqu id wi I I  reach ground water ,  a t  which point  i t  wi l l  f loat  and

may begr in to  vapor ize and so. Iubi . l - ize.

Like most hydrocarbon l iquids, gasol ine is a complex mixture of

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

The contaminants found in ground water located beneath a layer of

f loat ing hydrocarbon are gieneral ly less hydrophobic and are

general ly found in concentrat ions proport ionaf 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 r t y

of a given compound in the bulk hydrocarbon !o i ts solubi l i ty in

wa te r )  and  to  the i r  pe rcen t  compos i t i on  i n  t he  gaso l i ne .  I t  may

be noted that concentrat ion of  total  benzene, toluene, and

xylenes in product-  saturated water may exceed 10-20 mg/L (API

1985 ) .

l fydrocarbons wi]- I  a l-so volat i l ize into the air-  or gas-f i l led

soi l -  interst ices. volat i l izat ion is largefy a funct ion of  vapor

pressure. The natures of  the contaminant mixtures, in terms 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. That is,  the more hydrophi l ic hydrocarbons wi l l  be

more l ikely to move into ground water,  whi le the more vofat i le

compounds are more likely to move into the vapor phase, and the

compounds t.hat are both ]-ess volatile and more hydrophobic are

more l ikely to remain in the free product or be adsorbed to soi ls

( I l inchee and Reisinger 1987) .

Hydrocarbons not remainingi in the free product will- partition

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

of  a var iety of  interact ing forces. In ground water '  contami-

nants wi. I I  migrate with the ground-water f low, 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 l -e

surfaces (Bruel l  and Hoag 1,986).  The resul t  is a net retardat ion

in the welocity of movement of those compounds refative to that

CHV12 :  I2O



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

analogous to laboratory chromatography. The compound with the

Least af f in i ty for the porous medium is Ieast 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 medium is part ly a

functj-on of the compound's hydrophobicity--that is, the more

hydrophobic a compound the more l ikely i t  is  to adsorb to the

sol id medium. Aqueous solubi l i ty is a good indicator of .hydro-

phobici ty:  the more soluble a compound is,  the less hydtophobic

and more hydrophi l ic i t  is ,  and vice versa. Vapor pressure is a

gaod indicator of  volat i l i ty;  compounds with higher vapor

pressures are more volat i le.

In determining the environmental  fate of  var ious hydrocarbon

compounds in a hydrocarbon mixture such as gasol ine, those which

have a high vapor pressure are more l ikely to move inLo the vapor

phase, or evaporate.  Compounds with high solubi l i ty are more

Iikel-y to move into ground water from the free product and, once

in ground rdater, tend to move more rapidly. Compounds of Low

vapor pressure and low solubiLi ty tend to remain j -n the free
product or be adsorbed to the sol id matr ix and remain relat ively

immobi le.

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

compound's concentrat ion in the vapor phase to i t .s concentrat ion

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 into

Figure 3 graphical ly i l lustrates the vapor pressure, agueous

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

for selected hydrocarbons typicaf ly found i .n gaso.I ine. The

CHv12 :  8 20
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Henry's Law constant is approximated here as the rat io of  vapor

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

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 ing. 
?Compounds

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

volat i l ize from water into air  very rapidly (Lyman et aI  .  L9821 ;

those with Henry's Law constants greater than 0.01 (at t f t '  m"/moLe)

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 3) that tetraethyl  lead (TEL) has an extremely low

solubi l i ty and a relat ively low vapor pressure. As a resul t /

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

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

indicate sfow vofat i l izat ion, i ts l lenry 's Law constant indicates

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

fate of  TEL wouLd be expected to be long-term binding to the

so i I .

On the basis of  these propert ies i t  can be seen that associated

with any g:round water, soil, or free-product contamination is

vapor phase cont.amination. The SVCA technique takes advantage of

this,  and through the col lect ion and analysis of  soj- l  vapor

permits a rapid,  cost-ef fect ive def ineat ion of  the extent of

contamination .

CHYL2:82O



FIELD INVESTIGATIONS

2.L HYDROGEOLOGY

The speci f ic soi ls and hydrology of  the Tracy si te have not been

invest igated. The si te is in the San . foaquin Val ley,  where

Cretaceous marine sediments dominate. The rock tyPes are

typical ly shales and cherts over lain by a]-}uvial  sands and

grave ls  (DMG 1966)  .

2.2 SOIL VAPOR CONTAMINANT ASSESSMENT

On 2? Sateber ! .98?, EA conducted an SVCA at the Tracy si te.  Soi l

g.aF s&mp:les.,lrere t ak*ti#oo l}ron-s-{t€ toc&tions df}d 2 ".idf f:ts,ite

IscatEons (Figure 4),  at  depths of  3 to l? feet.  At SvcA points

vl  (near the tank f ie ld),  V5 (at  the northern end of the eastern

pump is land),  and Vg (near the waste oi l  tank) vert icaL prof i les

of soi l  gas composit ion vrere taken. There is a welf  a long the

southeastern si te boundary.  I ts purpose j -s unknown. A weLf

headspace sample was not taken for analysis because the wel l

could not be opened.

Before each sample was col lected, a vacuum pump was used to purge

previously col lected vapor f rom the probe to ensure that soi l

vapor samples coflected were not contaminated. The vacuum

pressufe reading on the purqing apparatus was recorded. This

vacuum pressure is related to the soi l 's  gas permeabi l i ty and is

useful in data interpretation. The s@)le8 $ete

through a septum.wittr 4 ruicrosyringe and injected into a PFotovac

10$50 chronatograph. f,or analysis .

The Photovac 10S50 is a portable,  programmable, integrat ing gas

chromatograph with a photoionizat ion detector (PID) .  The PID is

a nor idestruct ive f low-through detector that uses high energy

ul traviolet  radiat ion as i ts ionizat ion source. The high energy

CHV12  :  820
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radiat ion ionizes compounds, generat ing an energy increase in the

detector which appears as an electr ical  s igna. l -  measured in voJ-ts;

this is integrated across t ime by the instrument to give a val-ue

for the peak in vol t -seconds (v-sec) .  The instrument is

ca.Librated with star idards consist ing of  known concentrat ions of

hydrocarbon const i tuents (e.9. ,  benzene) in air .  For the reading

of each standard, the instrurnent stores the known concentration

and the V-sec response to i t .  The rat io for the standard, V-

sec:ppm, j .s then used to quant i fy the concentrat ions of

ident i f iable vapors in f ie ld samples according t .o their  v-sec

va lues .

The concentrat ions of  unident i f ied compounds are cafculated in a

simi lar manner.  Al though petrofeum hydrocarbons produce var iable

instrumental  responses, the assumption may be made that.  a l l  of

the hydrocarbon const i tuents have response-to-concent rat  ion

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

table of  resul ts,  the column ent i t led "Peaks Pr ior to Benzene"

represents the sum of the responses in V-sec for aI I  peaks

e]-ut 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  volat i le Hydrocarbons "
represents t .he sum of al l  V-sec responses, proport ioned to that

fo r  benzene .

The gas chromatograph is operated in backflush mode to prevent

contanination of the analytical cofunn with high concentrations

of interfer ing compounds. Blanks are run to ensure that the

system was free of  contaminat ion. As necessary,  the instrument

is re-cal ibrated by in ject ing standards and by running ambient

air  blanks approximately every two hours through the day. Ttr is

re-cal ibrat ion ensures that the system is operat ing consistent ly

and that parametric changes caused by temperature changes through

the day are accounted for.  These data, along with mult ip le

standard runs, ensure system reproducibi  l i ty.

CHv12 :  8 20



Table 1 presents the resul ts of  the SVCA. Figures 5 through 8

strow isoconcentrat  ions contours for several  const i tuents.

Moderate-to-high levels of  hydrocarbon contaminat ion of  the

shal low soi l  gas were detected. As can be seen from Figures 5

through 8, there appears to be a concentrat j ,on of  hydrocarbons in

the vic ini ty of  the tank f ie ld and perhaps another one nea! the

western pump is land. The soi l  gas hydrocarbon plumes appear to

extend beyond si te boundary to the southeast.

Al though there are no ground-water data for contaminat ion at  th is

si t .e,  the SVCA resul ts can be used to make order-of-magnj- tude

est imates of  potent ia l  d issolved benzene and toluene

concentrat ions. A Henry's Law constant (H) is the rat io of  a

chemical 's concentrat ion in air  to i ts concentrat ion in water at

equiJ- ibr iun. I t  can be est imated by:

H :  Csv/Cw

H =  Henry ' s  Law cons tan t ,  a tm 'L / rno le ;

Cgo, = vapor concentration, atm; and

Cw : water concentrat ion, mole/L,

(Equat ion 1)

where

For est imat ing ground water concentrat ions, equat ion l -  can be

rearranged as:

LW :  LSV/ f l

To make the uni ts compat ible,

(Equat ion 2)

the fol lowinq conversions are used:

1- ppm soil vapor

l  mole

l -x l0-  6 atmosphere

mole weight  expressed in  mi l l igrams

The mofecula!  weights of  benzene and toluene are ?8x103 mg/mole

and 92xl-0- mg/mo1e, respect ively;  their  Henry's Law constants are

5 .6  and  6 .4  a tm 'L /mo le  (EPA 1986) .  Us ing  these  da ta  and  Equa t ion

CHV12  :  I 20



TABLE 1 CONCENTRATIONS OF IiYDROCARBON CONSTITUENTS
1 Vtri#M'A* CTTEVRON SS 9-7127, I_580 AND GRANT

IN SOIL
LINE

ROAD, TRACY, CALIFORNIA, 27 OCTOBER 1987

SampIe
Locat ion

V1
vLlB
'1r1/C

v3
v3 lB
trtrl
v*lB
V J

v5./B
v6
v7
v8
v8 /B
1ro

v10
v l1
vL2
V I J

v14
v15

f  e a K s
Fr io r  t o
Benzene

!  PFr ( /

<5
,.3r ?00
18 ,  OOO

130
10
<5

20, e00
r20

1
630

1,,15O
Y,30O

<1
<1

1
<1
<1
<1
20
<1
<1

Benzene
(ppm)

<1
650

".€so.,-
< 5

I
3; Ego

+30
<1
{o

5{0
<5
<1
<1
<1
<1-
<1
<1
<L
<L
<1

Tol-uene
(ppm)

< I
3 ,  200
2 ,  800

30
10
10

s;&&
1 ;900

<5
<1

1- 60
<5
<1
<1

<10
<1
<1
<1
<1
<1
<1

Tota la
Detected

Hydrocarbons
(ppm)

<5
?15OO

20, ooo
160

30
15

28;std
?r 0og

<5
? sq '

?,3Sq
t . .Agq

< l
<1
r0
<1
<1
<1
25
<1
<1

Depth
a f f  I

3
5
tt

3
5
J

5
5

5
q

I
t

I
5
8

L2
U

L2

Tes t
Time

0948
l _ l ' 3 0

BLANK

Peaks
Pr io r  t o
Benzene

(PPn)

<0 .1
<0 .1

Benzene Toluene
(ppm) (ppm)

<0 .1  <0 .1
<0 .1  <0 .1

PERCENTAGE OF

Test
r_l-me

r00r.
l -306
r44' l

E .--TlEnETtication based on
for benzene; see t.ext.

STANDARD RECOVERED

Standard
Benzene Toluene

r-0 0
100
101

100
100

99

the vol t -second:ppm response rat io
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2, the expected ground-water concentrat ion of  benzene can be

es t ima ted  as :

Cw-Benzene = (Csv) ( l -x10-6 atm/ppm) (78x1,03 ng/rnole)

(5 .6  a tm 'L /mo le )

=  0 ,014  C5 . ,7

For toluene, the ground-water concentrat ion can be est imated by:

cw-tot-uene :  (Csv) (1x10-6 atm,/ppm) (92x1-03 mg/mole)

( 6 . 4  a t m ' L / m o l e )

:  0 . 014  c5y

The area between the eastern punp is land and the tank f ie ld (SVCA

point V4) had a benzene concenLrat ion of  3,200 ppm and a tofuene

concentrat ion of  5,200 ppn. Based on tbese soi l  gas

concentrat ions, the ground water may contain 45 mg/L benzene and

70 mg/L toluene. A study sponsored. by the San Francisco Bay

Regional Water Qual i ty Board (1985) found that gasol  ine- saLuEated
water may contain as high as 40 mg/r,  of  benzene and 9-?6 mg/L of

toluene. A simi lar study sponsored by the American Petroleum

Inst i tute (1,985) suggested that the sum concentrat ion of  benzene,

toluene, xyJ-enes, and ethylbenzene in gasol ine-saturated ground

water will be at l-east 10-20 rng,/L. Thus, the SY€* re8rl}t a aE L,tre
Trac.y slte sugg;est there could be faee FrodrrdL &t -'this 6i!q ,

CHY12:.82O



3. CONCLUSIONS AND RECOMMENDATIONS

On 27 October L98'l , EA conducted a SVCA survey at Chevron Service

Stat ion 9-7727 in Tracy. Cal i fornia.  The resul ts of  the survey

suggested that there could be f loat ing free product in the area

of the tank f ie ld and pump is land. I t  is recommended that f ive

ground-water rnoni tor ing wel ls be instal led on the si te (Figure

9).  One wel l  should be placed between SVCA points v4 and VI,  to

conf i rm the contaminat ion in this area, The second and third

wel ls should be along the southern si te boundary,  opposi te the

tank f ie ld,  to def ineate any contaminant plume. Two wel ls should

be placed on the northern and e/estern side boundaries to

establ ish backqround concentrat ions. During wel l  construct ion i t

is recomrnended that soil sampl"es be taken every five feet for

chemical  ana.Lysis.  I f  there is no f loat ing productr  ground-water

samples should be taken. Soi l  and ground-water samples should be

analyzed for total  petroleu.m hydrocarbons, benzene, Lofuene,

xylenesl  and ethylbenzene.
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To make the uni ts compat ible,  the fol lowing conversions are used:

1 ppm soil vapor

1 mole

l-x l -0-o atmosphere

rnole weight expressed in mi l l igrams

The molecular weights of  benzene and toluene are 78xL0J mglmole

and 92x10" mg/mo1e, respect ively, '  their  Henry's Law constants are

5 .6  and  6 .4  a tm 'L /mo le  (EPA 1986) .  Us ing  these  da ta  and  Equa t ion

2t E}:e expected ground-water concentrat ion of  benzene can be

es t ima ted  as :

Cw-Benzene = (Csv) (rx l0-5 atm/ppm) 1?8x103 mg/rnole)

(5 .6  a tn ' L /mo le )

:  0 .014  csv

For toluene, Lhe ground-water concencrat ion can be est imated by:

Cw-toLuene = (Css) (rx10-6 atm/pprn) (92x1-03 mg/nole)

(6 .4  a tm 'L /mo le )

:  0 .014  csv

The area between the eastern purnp island and the tank field (SVCA

point V4) had a benzene concentrat ion of  31200 ppm and a toLuene

concentrat ion of  5r200 ppm. Based on these soi l  gtas

concentrat ions, the ground water may contain 45 mg/L benzene and

1Q ng/L toluene. A study sponsored by the San Francisco Bay

Regional Water Qual i ty Board (1985) found that gasol ine-saturated

water may contain as high as 40 rngr/L of  benzene and 9-76 nq/t  of

toluene. a s imiLar study sponsored by the American Petroleum

Inst i tute (L985) suggested t .hat the sum concentrat ion of  benzene'

toluene, xylenes, and ethyl-benzene in gasol  ine- saturaLed ground

water wi l l  be at  least 10-20 mg/L. Thus'  t .he SVCA resul ts at  the

Tracy si te suggest there could be free product at  th is s i te '

CHV12 :820


