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Attached are the slides for the 11/25/96 vapor pathway presentation of the case study at
the above referenced site. [ included more data than I will actually be presenting. Please call me
at (510) 450-6193 if you want clarification of the content with respect to these slides..
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Table 1. Residential Receptors - Comparison of Representative Concentrations to Tier 1 Risk-Based Screening Levels - Former
Chevron Service Station, 9-5607, 5269 Crow Canyon Road, Castro Valley, California
~ Benzene Ethylbenzene Toluent Xylenes
-Source Exposure Pa‘hway Potentially Representative Represenistive Represcniative Represcntative
Medium | - _ Complete Corncentration’ RBSL" Concentration’ rpsL: | Comcentration” RBSL® | Conceatrstion” RBSLE
Pathway?
Soit | Vaiatilization so Outdoor Air S 4 23 079 9.3 RES 2.7 RES 40 ‘RE§ -
(me/kg) : o _ o o _ o
: Vapar Intrusion w Buildings - Y - 23 0.015 : 913 427 : 27 0.6 40 RES
. Surficial Soil (0-3 ft depth): N NJA 6.3 N/A 71.8% NIA 13,300 NiA 45000
Ingestion/Dermal/Inhalation | :
Leachate o Ground Waier for Y 23 0.05 2.3 515 1.7 122 49 RES
Ingestion -
Ground Valatilization to Cutdoor Air Y 82 39 25 >8 0.70 -2 2.1 >8
Water . |
{mg/N Vapor Intrusion 10 Buildings Y 8.2 0.069 15 T71.3 0.70 118 2l >8
ingayiion 32 0.0085 15 3.65 0.70 1.30 21 Ak
Noles:

RB3L = ASTM RBCA Tier | Risk-Based Screening Lavel
RES = Selected risk level is not excecded far pure compound present at any concentration in sail.
>S5 = Al pure compoumd solubility {mg/l), selected risk Tevel is not exceeded.

a = Representative concentralion in residential area soil ate the maximum concentrations detected in soil Boring samples. The representative seil sample was collected on 8/20/96 from
25 R depih in soil boring SY-7.  The representative concentration in ground water i from well C-9 containing the maximum dissolved hydrocarbon concentrations in the
downgradient residential area. The representative concentrations in well C-9 are from the ground water sample coliecied on January!6, 1996.

b = The RDSLs uscd for benzene are dased on a carcinogenic risk of 1 in 100,000 {107) and California's standard cancer slope factor of 6.1 mg/kg-day.

c = The RBSLs used for non-carcinogenic compaunds are based on a chronic hazard quotient aof 1.0
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Table §. Analytic Results for Vapor Samples - Chevron Service Station #9-5607, 5269 Crow Canyon Road, Castro Valley,
Calilornia. ' ]
Boring Sample D/ B E T X -0 co, CH,
Location Depth (ft) ¢~——parts per billion by volume (ppbv}————> 4-—-———percent by volume———>
SV-1 V-1 @3 <43 <43 <43 <86 2 0076 <0002
. i T . e

sV2 SV2@8 <61 <6l <61 <122 4> B ©.010°
5V-3 SVI@¥ <44 T <44 61 2 025 <0.002
SVv-3 SV3@25 2,100 3,800 680 2,300 21 058 0.004
SV-4 SV4@Y <4.3 <43 <43 <4.6 ST 9 <0.002
SV-4 SV4 @8 <42 © <42 <4.2 5.7 21 0.35 <0.002
SV-4 SV4 @ 11 <42 6.0 <4.2 <8.4 21 0.80 0.007
SV-4 SV4@25° 38,000 140,000 20,000 83,000 Lmr 0.37 0.002
sv4 Sv4 @25 ™ 39,000 140,000 22,000 87,000 Qw* 0.35 0.002
SV-5 sVs@ 12 62 - 1 i 39 22 0.091 <0.002
SV-6 SV-6@ 7 29 42 6.4 75.4 (o1 0.054 0.005
5V7 SV-1@7 <4.2 5.1 <42 6.8 L2t 0.47 <0.002
5V-8 SVE@¥ 40 83 9.5 59 (P 3 <0.002

Abbesvialions: Notes:

B = Benzene by EPA Methed 8020 Sarnpies colleciad dn 8719796 and 8/20/96 by Weiss Associates and analyzed by Aic

E = Ethylbenzene by EPA Mcethod 3020 Toxics, Folsom, California.

T =Toluene by EPA Method 8020

X = Xylenes by EPA Method B020

©; = Qxygen by ASTM Mecthod D3416

CO; = Carbon diozide by ASTM Method D3416
CHy = Meibane by ASTM Mecthod D3416

<n = Mot detected at derection limils of n ppbv
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Table 2. “Analytic Results for Soil Boring Samples - Chevron Service Station #9-5607, 5269 Crow Canyon Road, Castro
Valley, California. :
Boring Sample ID/Depth Below TPH-G B E T X
Location Ground Surface (ft) — —parts per million {mg/ kg
§v-1 55-1@5% <10 <0.005 <0.005 <0.0405 <0.005
5VY-1 55-1@ 10 <10 <0.005 <0.005 - <0.005 <0005
Sv-1 s5-l@20 <1.0 <0.005 <0.005 <0.005 0.014
SV-2 ss2 @3 <1.0 <0.005 <0.005 <0.005 <0.005 -
Sv-2 552@%8 <10 <0.005 <0.05 <0Q.005 <0.005
Sv-2 ss2@ 10 <1.0 <0.005 <0.005 <0.005 <(.005
Sv-2 552@ 11 <1.0 <(.005 <0,005 <(0.005 <0.045
3va SSA@y <l.0 < 0.005 <0.003 <0.005 <{.005
SV-3 $53@ 10 <10 <0.005 <{.005 <0.005 <0.005
5V-3 sSa@il 17 0.67 0.74 0.38 1.2
5vV-4 $S4@0 <10 < 0.5 <0.005 < 0.5 0.012
SvV4 SS4 @ 9.5 <14 <0.005 < 0.005 <{.,005 <0.005
sv4 §S54 @235 97 ()_5_? <0.010 1.4 2.9
SVY-5 S5-5@5 <10 <0.005 <0.005 < 0.005 <{.005
5v-5 SS5@ 10 <1.0 <0.005 <0.0035 <0.005 <0005
SV-5 58-5@ 21458 <1.0 <0.005 <0.005 <0005 <0.005
5v-6 55-60@% <i.0 <0.005 <0005 <0.005 <0.005
SV-6 58-6@ 10 <1.0 <0.005 <0.005 <Q.005 <0.003
Sv-6 $5-6 @ 25 61 0.85 0.65 1.2 3.6
V-7 SS-1@ 8 <1.0 <0.005 <0.005 < 0.005 <0.005
s5v-9 Ss-T@ 10° «<1.0 <0.005 <0.005 <0.005 < (.005
5v-7 S5-1 @ 25 400 23 2.7 9.3 40
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Table 2. Analytic Results for Soil Boring Samples - Chevron Service Station #9-5607, 5269 Crow Canyon Road, Castro
Valley, California. : '
Boring Sample ID/Depth Below TPH-G B - E T X
Localion Ground Surface (ft) + - parts per miilion {mg/kg) >

SV-8 858 @¥ - <10 <0.005 <0.005 <0.005. . <0.005
Sv-8 $s8@ 10 ' <LO ’ <0.005 . -<0.005 <0.005 <Q.005
SV-§ - 35-B@2¥ ' <10 <0005 <0.005 <0.005 <0.005

Abbrevinigns: Notes: _

TPH-G = Total pearoleum hydrocarbons as gésu]ina by Modificd EFA Method 8015 - Samples eqllecied on $/19/96 and 8/20/96 by Weiss Associates and analyzed by

B = Benzene by EPA Method 8020 Sequoia Analyiical, Redwood City, California.

bE:ZT 966T/BZ/TT
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E = Ethylbznzene by EFA Method 3020

T =Toluene by EPA Mehod 8020

X = Xylenes by EPA Method 8020

<n = Not detected al detection limits of n ppb
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Table 3. Physical Property Mezsurements for Soil Sarples - Chevron Service Station #9-5607, 5269 Crow Canyon Road,
Castro Valley, California.
, Depth Collected Below foe Dry Density Natural Density  Grain Deasity Porosity
Sample ID Ground Surface (ft) % {g/cc) {g/cc) (gfee) {ec/ce)
5v-] | 6 - 1.94 2.21 2.68 0.277
Sv-1 10 -— 1.84 - 2.16 2.69 0.315
SV 3 0.30 - —
V-2 15 0.23 — - -
5V-3 3 0.20 - -
§V-3 21.5 0.14 — -
SV4 5 0.29 —
SV-4 23 0.14 - -
Abbxeviations: Notes:

foc = Fraction of Organic Carbon by Watley-Black Methed
glce = grams per cubic cemtimeter

co/ee = porous volume/total volume of soil

D¢y density by American Petrolenmn Institute RP-40

Natural density by American Petroleam Institunte RP-40
Grain density by American Petrojeum Institute RUP-40
Porosity by American Peroleum Instirute RP-4D

Samples collected on 8/19/96 and 8/20/96 by Weiss Associates and analyzed by
Sequoia Analytical, Redwood City, California and Core Laboratories,
Bakersfield, California.
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Table 4. Anaiytic Results for Ground Water Sample Chcvron Service Station #9-5607, 5269 Crow Canyon Road, Castro
Valley, California.
Boring Sampie TPH-G B - E T X
Location ID + ——parts per million {(mg/L) ' >
Sv-r Ws-1 0.610 _0.028 0.0082 0.025 0.10
Abureviations:

TPH-G = Total petmieum hydrumrbom as gasrullne by Modified EPA Me'lhod 30!5

= Benzene by EPA Method 8020
== Erthylbenzene by EPA Method 8020
= Toluene by EPA Method 8020
= Xylenes by EPA Method 8020

S =i M D

Noles:

Sample collected on I!IIQJ% by Weiss Associates and analymd by anuma

Analytical, Redwood City, California.
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Calcuiation of Air Content and Water Content
Former Chevron SS # 9-5607, 5269 Crow Canyon Road, Castro Valley, CA

M, ~ 0
M, Pratuml = {Mu + Mw) IV\ . M,~0 Pary = Ms IA'A
M, M,

Sample: S5-1@5&'

Peoids = My / V, = 2.68 glcc Let V, = 1cc -
Pary = My / V= 1,94 gicc . M, = 1.84g/cc x 1ec= 194 g :
Prmoral = (Mg + My} V=221 g/ec M, =2.21g/ce x 1cc- 1.94g = 0.27g
M, 7V, =1 gle V, = 0.27g/ (1gfce) = 0.27zc
0, ={V,+V,) IV,’= 0.28 cclce V,=028celecx16e-027cc=0.01 cc
Results ' ‘ T
6,=0.28 ;
By = Vi / V, 8, = 0.27
8, =V, /V, 8, = 0.01

Sample: S5-1 @ 10'

Packds = 'M. IV, =268 glec Let V,= 1cc
Pay = M, / V= 1.84 glcc M,=1.84glccx 1cc=184g
Praorat = (M, + M) /V, = 2.16 g/ec M, = 2.16 g/cc x Tec - 1.84g = 0.32g
M,/V,=1gcc v, = 0.27g / (1g/cc) = 0.32cc
0, = (Vo +V,) V= 0.32 coico Vy=0D32coreex1cc-032cc=000cc
Results .
B, = 0.32 ;
B, =V /V, 6, =0.32
8a=V, 1V, 8, = 0.00 :

JHOHEVROM 1 ZRBLAVIRCONT X8




VAPOR PATHWAY ANALYSIS CASE STUDY -
CHEVRON CASTRO VALLEY (CONTINUED)

(ndoor Air Risk Pradicted by Sail Vapor Data

Farmer Chevron Sarvics Station 95607, 5268 Crow Canyon Road, Castro Valley, Califomia

1996 Waiss Associalss

Soil Specific Parameiters
ASTM 96 . 1.7 Bulk Density{glem?a) or {kg/L)
Calculated Om 0.01 Air Gontenl (vAv)
Cakulated -5 0.27 Water Contert {w/v)
fLab Dala & 0.28 Porosity {uiv)
Site Spec d 91 Deapth {o delectad benzena (cm)

Diftusivity Parsmeters

ASTM %6 H 0.22 Hanry's Gonstant for Benzana
ASTM 96 D" 9.30E-02 Air Diffusion Coefficiant {em*2/s)
ASTM g5 O™ 1.10E-05 Wates Dilfusion Cosfliciant {cm~2/s)
Calculatad D", B.41E-06 Effective Diffusion Coetlicient soil {crv'2/s)

L ab Data
nit Cony
Cafculated

bhonaos
ASTM 96
Calculated

ASTM 96
IASTM 86
ASTM 96
Calfculated

CAL EPA
ASTM 36
ASTM 06
{Calcutated

Frediction of Fiux From Beanzene Concentrabion in $od Vapor

oS — 40 Maasured Benzena Concentralion in Vapor {ppbw)
Crmeasuret 0.13 Measured Benz¢ne Concontratlon in Vapor {ugl)

Fmar 1.19E-11 Maximum Dfffusive Vapor Flux Predicled by
Benzana Concentration in Soil Vapor {uglem® sac]

Indoor Air Concentration
Lb 200 Enclosed Space Valums/iniiltralicn Area Ratio (cm)
ERy-indoor  0.00014 Enclosed Space Air Exchanga Fata {sec’)
Codsa 4.26E-10 Enclossd Space A Concentration {ug/om’)

Dose
MR indoot 15 Daily Indaor Inhalatian Rate {m/day)
EF 250 Exposure Fraquency {dayslyear)
£0 30 Enxposure Duration (years)
Dose 0.06709% Dase {mg)

Risk

SF 0.1 California Cancer Slope Faclor lor Banzene [kg-day/ng)

BW 70 Adull Bady Weight [Xg)

AT, 70 Averaging Time for Carcinogens (years)

Risk 3.75E-09 Risk {positivesipopulation)

Fonmulas
) 6].!) 1 63.3!
I ar VL, L Wy
= + —_——
o P Gman:
FurDP 5=
f ) ) F_
Cm’ - ER"r— indoar X L3

Dose = Ch.ha. A ]Rdin.imha! xEF xED

Dose x SF,

Risk =g ar

1Noles:

ASTM 96 = American Suciely for Tasling and Matarials, March 5, 1936,
Standard Guide for Risk Based Corseciive Action Applied al Petroleumn Relaass
Sies, E 1739-85.

Site Spec: Depih to delacted benzane in tha soil vapor sample rom boring
locatian SV-8.

Lab Baia: Porosity dalarmied by labaratory anatysis of soif from boying SV-1 a1
£ laet balow ground surlace {bgs). Benzene concentralion in Soil Vapor

datarmingd by laboratory analysis of pore Spaca vepos Mom soil boring Sv-B a1 3
feai bgs.

Calgulations: Alr content and walar conlent calculalad from dry density and
natwel density in soil ham boring 5Y-1 at & feer bgs {Calculalion aliached).
Effective diffusivity, ditfusive vapor Hux, enclosed space air concentration, dosa
and risk calewlations from ASTM 96 guidance. Formulas prasanted above.

Lopynght B 1995 Agualizrma Asseciates, Inc. dba Weiss Asaociates
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Outdoor Air Risk Predicted by Sol! Vapor Data K

Fomer Chevron Service Slation 9-5607, 5269 Crow Canyon Road, Castro Valley, California
© 1996 Weiss Assaciates

Soll Specific Paramolars

ASTM 96 P 1.7 Bulk Qensity(g/cm*3) or (kgL )
Caludated [ 0.01 Air Content {viv)
Calarlaled Oy 0.27 Water Conlent (vly) .
LabData {1 0.29 Porosity (viv)
Sila Spec d - 91 Depth to detected benzene (cm)
Diffusivity Parametars
ASTM &6 H 0.22 Henry's Constant for Banzene
ASTM 86 D™ 9.30E-02 Air Diffusion Coefficient {cm*2/s)
ASTM 56 D“* 1.10E-05 Water Ditfusion Coeficient (cmA2/s)
Cakulated D", 8.41E-06 Effeclive Diffusion Goefficient soil {cm™s)

Prediction of Flux From Benzene Concentration In Soil Vapor

LabData | — 40 Measwred Benzene Concenltration in Vapor (ppbv)
Unit Cany Comaasored 0.13 Measured Benzene Concentration in Vapor {ug/L)
Calcrialed Fmw 1.19E-11 Maximum Diffusive Vapor Flux Predicted by
Benzene Concentration in Soil Vapor (ug/cm’-sec)

Outdoor Air Concentration

ASTM 96 Uair 225 Alrvelogity (cmisec)

ASTM 96 W 1500 Wadth of plume parallel to velocity {cm)
ASTM 96 Bair 200 Ambign air mixing heighl {cm)
Caloulated Cyoutoer  3.9BE-13 Outdoor Air Concenlration {ug/cm’)

Dosa )
ASTM 98 IR, -outdoor 20 Daily Owtdoor Air Inhalation Rale {m’iday)
ASTM 96 EF 350 Exposure Frequency (daysiyear)
ASTM 96 ED 30 Exposure Duration {years)
[Calculated Dose H.35E-05 Dose img)
Risk
CALEPA SK 0.1 California Cancer Slope Factor for Benzene (kg-day/mg)
ASTM 88 Bw 740 Adult Body Weight (kg)
ASTH 86 AT, 70 Averaging Time for Carcinogens {years)
Calciated Risk,, 4.67E-12 Outdoor Air Risk Predicled by Soil Vapor Dala

Formulas

BJ)S I 91]3
f.ﬂ' wal Wy
C
= o v meanured
Fm Dl d

_ FouxW
Cv,ambo.r_ Uﬂ" xﬁdr
Dose =Cv,mxIRdn-mx,EF' x BED

Dose x SF,
BW x AT

Risk..=

EPES—-LPS-BT15

Noles;

ASTM 95 = American Sociely for Tesling and Materials, March 5,
19596, Slandard Guide for Risk Based Comective Action Applied at
Pelroleum Release Sites, E 1739-95,

Site Spec: Deplh o delected benzene in the soil vapor sample from
baring location SV-8.

Lab Dala: Porosity deterrmied by labaratory analysis of soil hom
boring SV-1 8t 6 feet below ground surface {hgs). Benzene
concentration in Sgil Vapor determined by labaratory analysis of pora
space vapor from soil boring SV-5 at 3 feel bgs,

Calculations: Alr content and water content cajculated from dry density
and natural density in sail from boring SV-1 al 6 feet bgs {Calculation
aitached). ERective ditfusivity, diftusive vapor flux, ouldoor air
cancenfration, dose and risk calcrlations from ASTM 95 guidance,
Fonmulas presanied abave.
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VAPOR PATHWAY ANALYSIS CASE STUDY -
CHEVRON CASTRO VALLEY (CONTINUED)

VA

Residential Receptors - Comparison of Representative Concentrations to Tier 2 Site-Specific Target Levels - Former Chevron

Service Station, 9-5607, 5269 Crow Canyon Road, Castso Valley, California

~ Benzene Benzene
Source Medium Exposure Pathway Polentially Complete | Representative Representative Acceptable
Pathway? Concentration SSTL Risk Risk
Ground Water | Valatilization to Owtdoor Air Y wa ' wa 4.67x10" 10°
and Soil '
Vapor Intrusion to Buildings | Y n/a nfa 3.75x10° 10°
Ground Water |Inpestion Y < 0.0005 0.0085 n'a n/a
(mg/l)
Transport to Crow Creek Y < (.0005 0.00! na n/a

Copyright € 1935 Agualizra
Yk prverta e oy b groja it )

As50CiaLe, Ing, Jop MBS Assciates
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VAPOR PATHWAY ANALYSIS CASE STUDY -
CHEVRON CASTRO VALLEY (CONTINUED) WI

BENZENE IN THE GROUND WATER TO INDOOR AIR PATHWAY

Using site-specific soil vapor data and soil physical parameters

~ CALCULATED EXCESS
METHOD CANCERRISK

TIER 1 Model ~107

Using pround water data

(8.2 ppm at ASTM default parameters)
TIER 1 Model ~10°

. Using site-specific soil parameters and depth to ground water

TIER 2 Model with Site-Specific Parameters ~10

Mass balance with biodegradation
TIER 1 Model ~10”

Copyight. § )B95 Aqualierra Associatzs, inc. dba Wenss Asseciaves
fintal -2y A

Page 12
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Tler 2 Evaluation - - Application of Vapor Data VS Application of
Ground Water Data.

#1Low D;ﬂ may hinder vapor transport from Ground Water Source.

# 2 Biodegradation may destroy vapors transporting from Ground Water Source.
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VAPOR PATHWAY ANALYSIS CASE STUDY - '
CHEVRON CASTRO VALLEY (CONTINUED) m g
C WA
Fo=D¥ T ?"f‘
aN.
S | Ground surface §
C = F o ‘ S5
oer ERﬂir-indanr X Lb Fonar

air exchange rate huﬂdinZvalume

to floor area ratio
i

Caymproght @ 1535 Agualicern Assoniates, tng, dba Weisd Assaciates
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VAPOR PATHWAY ANALYSIS CASE STUDY -
CHEVRON CASTRO VALLEY (CONTINUED)

W

Dose = Ciiwo* IR ur-ion * EF % ED

inhalation rate

cancer slope
factor

R; k 3 DosexSE/
DK TBW X AT

carcinogen
/ averaging lime
body

weight

frequency

duration (# years)

i [ Fi = o Faer i
_w ..,.,:" A Asdon stan, loc. s Wess Asaoi ales
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VAPOR PATHWAY ANALYSIS CASE STUDY -
CHEVRON CASTRO VALLEY (CONTINUED) m
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Effective Diffusivity (cm?/s)

0.1

am

0.001

€.0001

ooooo

0.000001

ASTM Effective Diffusivity as a Function of Air Content
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VAPOR PATHWAY ANALYSIS CASE STUDY -
CHEVRON CASTRO VALLEY (CONTINUED)
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VAPOR PATHWAY ANALYSIS CASE STUDY -
CHEVRON CASTRO VALLEY (CONTINUED)
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VAPOR PATHWAY ANALYSIS CASE STUDY -
CHEVRON CASTRO VALLEY (CONTINUED)
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