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Tahle 1
Inhalation of Benzene Vapor in Enclosed Space
Adult Exposure

ARCO Service Station Q608
17601 Haspenan Boylevard
San Lorenzo, California

Determine benzene concentration in air at groundwater-air interface based on groundwater concentration.
(Methodology from Modified Heajth Risk Assessment, October 5,1 993)

Using Henry's Law:
Csv = [Hb x ((CWh/MWb )/ (CWw/MWw))} /Pt ]xDXMWD  x CF
MWa

Where:  Csv = Benzenc Concentration i Air at the Groundwater-Air Interface [micrograms/milliliter]
Hb = Henry's Law Coefficient (Benzerne) {atmospheres]
CWb = Benzene Concentration in Groundwaier {Well MW-10, March 16, 1893) [grams/liter]
MWb = Molecular Weight of Benzene ([grams/mole]
CWw = Water Concentration in Groundwater [gramsfliter]

MWw = Molecular Weight of Water f[grams/mole]
Pt = Tolal Pressure [atmosplieres]
D = Density of Subsurface Air (50 degrees F) [grams/liter]
CF = Conversjon Faclor [1.000 micrograms-liter/gram-milliliter]
MWa = Molecutar Weight of Alr jarams/mole}
Values: Hh = 240 atm
CWb = 3.40E-04 g/l
Mwhb = 78,12 g/muie
CWw = 1,000 g/L
MWw = 18 g/mole
Pt = 1 alm
D = 1.2 giL
CF = 1,000 ug-L/ig-mL
MWwa = 29 y/mole

Solutien: Csv

6.08E-02 ug/mL

3300083B\SV.XLS May 2, 1995
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Tahie 1 {continued)
Inhalation of Benzene Vapor in Enclosed Space
Adull Exposure

ARCO Service Slation 0808
17601 Hesperian Boulevard
san Loronzo, California

Determine Benzene Flux Across Soil Suiface

Using SEASOIL:

P z - (Dax((n- m)A10/3) f n*2 ) x ( Catm - Csv)/L)XCF
Where: P = Pollutant Flux Across the Soil Suace [milligrams per square centimeler-second)
Ba = Apparent Sleady-State Benzene Diffusion Coefficient in Air [square centimeters/second)
n = Soil Forosity [fraction)
m = Suil Maisture [fraction)
Catrn = Benzene Concentration in Air at the Surface [micrograms/milliiiter)
Csv = Benzene Concentration in Air at the Groundwaler-Air Interface [micrograms/miliiliter]
L = Depth of Sail Cover [centimatars]
CF = Conversion Factor [Imilligrams-cublc cen!Jmelerlmicrograms-mjrliliter]

Values: Da 0.077 sq.em/s

n = 0,25

m = 0.2

Catm = 1.980-03 ugiml

Csv = 8.08E-02 ug/mL

L = 357.2 om

CF = 0.001 mg-cu.cm/ug-mL

Solution: P 9.34E-12 my/sq.cm-s
Determine Volume of Air in Enclosen Space (Por Day Basis)

Using Box Model:
v = (AxHxARR)

2
®
-
L]
<
h

Valume of Alr in Enclosed Spuce [eubic meter]

A = Area ot Enclesed Space [square meter)

H = Height of Enclosed Space [squara maeter)

ARR = Air Recirculation Rate [vatumes/day!
Values: A = 186.8 sgq. m

H = 24 m

ARK = 12.0 volumefday

Solution: V

1l

5.438.2 cu. miday

3300063B\3V.XLS May 2, 1995
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Table 1 (continued)
Inhalation of Benzene Vapor in Enciosed Space
Adult Exposure

ARCO Sarvice Station 0608
17601 Hesperian Boulevard
San Lorensoy, California

Determine Benzene Concentration in Enclosod Space {with Crack Factor range of 0.1 to 0.001)

Using Box Mode;
Coes = (PxCFxCfxA)

v
Where: Ces = Benzene Concontration in Enclosed Space [milligrams/cubic meter]
P = Pollutant Flux Across the Soil Sudface [ritligrams per square centimeter-second)]
CF = Conversion Factor {squarc centirmeter-second/square meter-day]
Cf = Crack Factor [fraction]
A = Area of Enclosed Space [square mater]
v = Volume of Air in Enclesed Space [cubic meter/day)
Values: P = 9.24E-12 mgfsq.cm-s
CF = B.BG4E+08 $¢.cmM-5/5¢.m-day
Cf = 0.1 {ury 0.001
A = 1858 uq. m
v = 5.438.2 cu. miday

Solution: Ces 2.76E-05 mg/cu.m (Cf=0.1)

2,76E-07 mg/cu.m (Tt = 0.001)

3300063B\SV. X5 May 2, 1995
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Table 1 {continued)
Inhalation of Benzene Vapor in Enclosed Space
Adull Exposure

ARCO Service Station 0808
17601 Hesperian Boulevard
San Lorenze, California

Determine Carcinogenic Health Risk to Benzene Vapor in Enclosed Space

Equation:
RISK

Where; RISK
Ces
IR
ET
EF
ED
SF
Bw
AT

Values: Ces

IR
ET
EF
ED
SF
BW
AT

Solution: RISK

2300063B\SV.XLS
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n

(CeslexETxEF‘xEDxSF)

BW x AT

Carcinogenic MHealth Rigk

Benzene Concenyation in Enclosed Space [milligrams/cubic meter]
Inhalation Rate {cubic meters/hour]

Exposure Time [hours/diy)

Exposure Froquency [days/ycar]

Exposure Duration [years]

Slope Faclur [kilograms-day/milligram)

Body Weight [kilugra ms)

Averaging Time [days)

2.76E-08 mg/cum  (Crack Facior = 0.1)
2.76E-07 mg/cu.m {Crack Factor = 0.001)
0.83 cu.m/hour
15.36 hours/day
365 daysiyear
70 years
0.029 kg-day/mg
70 kilograms
25550 days

1.4GE-07 (Crack Factor = 0.1}
1.46E-09 (Crack Factor = 0.001)

DRAFT

May 2, 1935
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Tanle 2
Inhalation of Benzene Vaper in Enclosed Space
Children Exposyra

ARCQ service Station 0608
17601 Hesperian Boulevard
Ban Lorenzo, Califonia

Determine benzene concentration in air at groundwater-air interface based on groundwater concentration,
(Methodology from Modified Health Risk Assessment, October 5,1 993)

Using Henry's Law:
Csv = [be((CWthWb)!(CWw!MWw))!P:]xDxMWb x CF
Mwa

Where: Csv = Benzene Concentration in Air at the Groundwater-Ajr Interface {micrograms/milliliter]
Hb = Henry's Law Coefficient (Benzene) (atmospheres)
CWb = Benzene Concentration in Groundwater (Well MW-10, March 18, 1893) [grams/iiter]
MWDB = Molecular Weight of Benzene [grams/maoie]

CWw = Water Concentration in Groundwater [grams/liter]
MWw = Molecular Weight al Water {grams/mole]
Pt = Total Pressure [almospheres)
D = Density of Subsurface Arr (50 degrees F) [gramsiliter)
CF = Conversion Faclor [1,000 micrograms-liter/gram-milliliter]
MWa = Molecular Weight of Air lgrams/mole]
Values: Hbh = 240 &im
CWb = 3.40E.04 g/L
MWb = 7812 g/mule
CWw = 1,000 g/L
MWw = 18 g/mole
Pt = 1 atm
D = 1.2 g/
CF = 1,000 ug-mbLig-L
MWa = 28 g/male

6.08E-02 ug/mL

Solution: Csv

33000823B\SV.XLE May 2, 1005
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Table 2 (rontinue)
Inhalation of Benzene Vapor in Enclosed Space
Children Exposure

ARCOC Service Station 0608
17601 Hespenan Buulevarg
San Lorerzo, California

Detarmine Benzene Flux Across Soil Surface

Using SEASOQ|L:

P =-(Dax((n-m)*"10/3)!n"‘2)x(Catm-Csv)lL)xCF
Where: P = Pollutant Flux Acruss the Soil Surface [milligrams per square centimater]
Da = Apparent Steady-State Bonzene Diffusion Coefficient in Air [square centirneters/second]
n = Soil Porosity [fraction]
m = Soil Meisture [fraction]
Catm = Benzene Concentration in Air af the Surtace [micrograms/millilitar]
Csv = Benzene Concentration in Ajr al the Groundwater-Air Interface [micrograms/milijliter]
L = Depth of Soil Cover [centimeters]
CF = Conversion Factor [milligrams-cubic centimeter/micrograms-mitliliter]
Values: Da = 0.077 sq.cmys
n = 0.25
m = 0.2
Catm = 1,98E-03 uy/mL
Csy = {.0BE-02 ughimi,
L = 357.2 om
CF = 0.001 mg-cu.cmiug-mL

Solution: P 9.34E-12 mg/sq.cimi-s
Determine Volume of Air in Enclosed Space {Per Day Basis)

Using Box Model:

v = {AXxHXARR)
Whera: v = Volume of Air In Fnlosed Space [cubic melegr]
A = Area of Enclosed Space [square meter]

H = Height of Enclosed Space [square meter]

ARR = Air Recircutation Rate (volumessday)
Values: & = 1858 sg.m

H = 24 m

ARR = 12.0 voluma/day

Solution: Vv 5,438.2 vu. miday

33000838\SV.XLS May 2, 1995
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Table 2 (continued)
Inhalation of Benzene Vapor in Enclosed Space
Chiidren Expusure

ARCO Soervice Station 0608
17601 Hesperian Bouievard
San Lorenzoe, California

Determine Benzene Concentration in Enclosed Space {with Crack Factor range of 0.1 to 0,001)

Using Bax Model-

Ces = (PxCExCfxA)
vV
Where: Ces = Beazene Concontration in Enclosed Space [milligrams/cubic meter]
P = Pollutant Flux Across the Sail Surface [milligrams per sguare ventimeter-second)
CF = Conversion Factor [square centimeler-second/square meler-day]
Cf = Crack Factor [fraction)
A = Area of Enclused Space [syuare meter]
vV = Volwne of Air in Enclused Space [cubic meter/day)
Values: P = 9.34E-12 mg/sq.cm-s
CF = B.B4E+«08 5Q.CM-5/50. M- ay
Cf = 0.1 (o 0.001
A = 1858 sq. m
v = 24382 cum

Solution: Ces 2.76E-05 mgfeu.m (Cf= 0.1y

2,76E-07 mgfcu.m (Cr = 0.001)

3300063B\SV.XLS May 2, 1995
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Equation;

Where:

Values;

Sofution:

RISK

RISK
Ces
IR
ET
EF
&ED
3F
Bwy
AT

Ces

R
ET
EF
ED
SF
BW
AT

RISK
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Tahble 2 (continued)
nhatation of Benzene Vapor in Enclosed Space
Childran Exposure

ARCO Service Station 0608
17601 Hesperian Boulevardg
San Lorangp, Californja

Determine Carcinogenic Health Risk to Benzena Vaporin Enclosed Space

LCesx IRxETx Ef x ED x SF )
BW x AT

Carcinogenic Heaith Risk
Benzone Concentration in Enejoged Space {milligrams/gubic meter]
Inhalation Rate leubic meters/hour}

Exposure Time [hoursiaay)

Expasure Frequency {days/year]

Exposure Dhiration [years)

Slope Factor [kitag rams-aaytinilligramnj

Body Waeight [kilograrns]

Averaging Time ldays)

2.76E-05 mg/cu.m

2.78E-07 mofuu.m
V.83 cu.mibaur
15.35 hours/day
365 daysfyoar

9 yeurs

D.029 kg-day/my

25 kilograms

{Crack Factor = 0.1
(Crack Factor = 0.001)

25,550 days
5.29E-08 {(Crack Factor = 0.1)
5.24E-10 (Crack Factor = 0.001)

May 2 1985




