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MEMORANDUM

Richmend, California
August 23, 18986

Health Risk Evaluation - 2nd Addendum
ASTM Vapor Volatilizatlon Calculations
Former Chevron Station #9-5630

997 Grapt Avenue, San Lorenzo CA

Mr. Phil Briggs:
San Ramon, California

Based on the review of my Dacembet 12, 1995 Memorandum to Mark Milier/Chevron Products
regarding a Health Risk Evaluation for this site, Ms. Madullah Logan of the ACHCS has
requestsd that the vapor volatilization factor {(VFwesp) calculation be rerun for this site with all
site assumptions/default values noted during the solving of the equation. The equations in ASTM
RBCA document E 1739-95 Table X2.5 wers solved utilizing all site-specific and default
parameters given below,

Based on the results of this risk evaiuation, the estimated health risk associated with the
exposure to vapor volatilization from the groyndwater plume at this site range between 1e-7 and
1e-8 {one in 10,000,000 to one in 100,000,000). At these risk levels the site does not pose a
threat to hurman health or the environment and should be submitted for site closure.

ASTM BRBGA VFwesp Equation - Vapor Volatllization Groundwater io Enclosed-Space

The volatilization factor (VFwesp) for inhalation of vapors emanating from a groundwater plume
that have migrated thraugh the soil column and intc an enclosed space (residence) was
calculated for this site. To solve this equation it is necessary to solve equations for effective
diffusion through soils (D), cracks (D), Capillary (C*..) and groundwater (D) surfaces.
These equations are listed in Table X2.5.

Using the ASTM RBCA document E 1733-95 (Table ¥2.5 attached) and Tables X2.6 and X2.7
parametars, the VFwesp value is calculated in step 1) below. The VFwesp value is then
combined with actual site groundwater concentration values to calculate a vapor concentration (C
buttding) in the enclosed space (step 2). The Chemical Intake value is generated for spegific
receptor characteristics {step 3) and a Risk value is calculated by muliplying the Cancer Slope
Factor for benzene (0.029 mg/Kg-day) times the calculated Chemical Intake value {step 4),

1) Volatilization Factor wesp - (VFwesp) - groundwater {o enclosed space vapors:
A) See attached E 1739-95 Table X2.5; note that VFwesp calculation requires the solving
of equations for effective diffusion betwsen groundwater and soil and for effective
diffusion between soil and foundation crack.

2) Vapor concentration in a building - C (building) = VFwesp * C (groundwater)
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3) Intake Value - Intake = C (building} * Respiration rafg = DNays exposed * Years exposed
Receptor Weight * Days/years * Litetime (years)

4) Risk Value - Risk = Intake * Cancer Slope Factor for Benzene (0.029 mg/Kg-day)

VFwesp Input parameters

Eor this site, a known depth to groundwater of 1.80 meters (6 feet) will be modeled. An estimated
total porosity (qT) of 38% was input into the equation. The height of the capillary zone was
estimated at 30 cm with an estimated vadose zone of 150 cm thicknass. The solving of equation
2) above will be for the maximurn site benzene groundwater concentration (9/21 in well C-3), for
the maximum benzane concentration in the last 4 quarters of monitoring and for the currant site
(6/96) benzene concentration. For equation 3) above, the modeled receptor will be a resident
adult with a 70 year lifetime, weighing 70 kilograms, who is exposed for 30 years, at 350 day/year
at a breathing rate of 15 m'/day.

The following ASTM RBCA Tabie X2.6 Residential default values for were used during tha
solving of this vapor volatilization equation: ER (air exchange rate) of 0.00014 8", L,
{volumef/infiltration ratio) of 200 cm, L, (wall thicknass) of 15 cm and n {fraction cracks) of 0.01
cm-cracks/em®-total area were used in the solving of the equation.

ASTM RBCA default parameters for the volumetric waler content and volumetric air content of
the capillary zane, vadose zone and foundation from Table X2.6 were used in the solving of
these equations. The default values for volumetric water content of capillary zone (4,.,), vadose
zone (q,,} and foundation crack {q,...) were 0.342, 0.12 and 0.12. The defauit values for
volumetric air content for capillary zone (q,.,,), vadose zone (qas) and foundation crack (Dot
were 0.038, 0.26 and 0.26.

Chemical spacific parameters for benzene from ASTM RBCA Table X2.7 were used as follows:
Diffusion coefficient in air (D) of 0.083 em?/sec, Diffusion coefiicient in water (D™) of 1.1e-5
cm?/sec and the Henry’s Law Constant (H) of 0.22 L-H,0/L-air were appligd in these equations.

Sglved Equations

The results of solving the equations for D*,_, , D™, , D™, and D,,, are as follows:
D™ = 7.26e-3 cm/sec; D7, = 7.26e-3 cm'/sec; D™, = 2.2e-5 cm¥sec and D, = 1.3e-4

em¥/sec. Substituting these values into the VFwesp eguation and solving the equation resulted in

a calculated VFwesp of 4.94e-3 (mg/m*-aif)Ame/L-H.O).

Solving the equations for estimated Risk to an adult resident at ihe site indicates that the current
site benzene concentration of 0.84 ppb would equate o an estimated health risk of approximately
1e-8 (one in 100,000,000) and at & concentration of 7.4 ppb (12/29/95) an estimated health risk
of 8.3s-7 (about one in 10,000,000) and at the site maximum of 150 ppb (9/6/91) an estimated
heatlth risk of 2e-6 {two in 1,000,000). These risk leveis are at or below acoepted risk levels and
would indicate that the vapors associated with the groundwater plume at this site would not pose
a significant health risk threat to a potential resident on this site.

mma
Based on the known and assumed parameter values at the site, an estimated heaith risk to an

adult residant at this site would bs in the range of 1e-7 to 1e-8 range and therefore would not
represent a significant threat to human health or the environment. Based on the current site
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conditions and this risk evaluation, it is recommended that thig site be submitted fo the ACHCS
{for site closure as soon as possible.

Please call me at 510-242-7086 with questions or camments regarding this mermorandurt.

Sincerely,

Curlis A. Peck, R.G. 5337
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#9-5630 ASTM RBCA - volatilizatio or for Encl Spaces

80 D EQUATI

1) VFwesp = {(1.3e-4 cf/s) / (160 cm)]
0.22) ___[{1.4e-4s") " (200 em)]
{(1.3e-4cm¥Ys) /(180 cm)l [{1.3e-dcm/s/(180cm)] *{1e3d /m’)

1+ [(14eds") " (200cm)] + [(7.28e-3 cms)/ 16 cm)(0.01)]

VFwesp = (0.22) (2.58e-5)
1+ [(2.58e-5) + (0.149)] * 1e3 L/m’
Viwesp = -6)
1 +0.148 *1e3Um’
VEwesp = (4.94e-6)* 1e3Um’
mg/m’-alr
wesp = 4.94e-3 mg/l-water

2) G building = (VFwesp) * (C water) ; where 2a) Maximum site benzene concentration C, =
150 ppb (0.150 mg/L in well C-3 9/6/91); where 2b) Maximum concentration in last 4 quarters C,
= 7.4 ppb (0.0074 ppm in well C-6 12/29/25) and 2¢) Current site concentration C, =0.84 ppb
(0.00084 ppm in well C-6 6/12/96)

[mafm’-air]
G building = 4.9de-3 [mg/L-water] * (0.160 mg/L)

22) C building = 7.41e-4 mg/m’-air at 150 ppb benzene in C-3 (9/6/91)
2b) G Building = 3.66e-5 mg/m-air at 7.4 ppb benzene in C-6 (12/29/96}
2¢) € Building = 4.1¢-6 mg/m’-air at 0.84 ppb benzene in C-6 {6/12/96)
3) Chemical Intake = (C building) * (Respiration Rate) " (Days Exposed)” (Yeare Exposed)
(Receptor Weight) * (Days/year) * (Expected Lifetime)

intake = (Z.41e-4 mo/m*).? (15 m¥/day) * (350 days) " (30 years)
(70 Kg) * (365 days) " (70 years)

\
3a) Chemical Intake = 6.53e-5 mg/Kg-day at 150 ppb benzene

3b) Chemical Iniake = 3.2e-6 mg/Kg-day at 7.4 ppb benzene

4c) Chemical Intake = 3.6e-7 mg/Kg-day at 0.84 ppb benzene
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4) Risk = Chemical Intake * Cancer Potency Factor (benzene); where CPF = 0,029 mg/Kg-d

Aisk = (8.53e-5 mg/Kg-day) " (0.028 mg/Kg-day) -
4a) Risk = 1.9e-6 at 150 ppb benzene - Maximum detected at site 4
-

4b) Risk = 9.3e-9 at 7.4 ppb benzene, the 12/29/95 situation at the site.

4c) Risk = 1e-8 at 0.84 enzene, the rrent site con ne
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he inhalation of airbora¢ chemicals resulting from the
volatilization of chemicals from surficial soils follow guid-
ance piven in Rel (26) for inhalation of airbome chesnicals,
1%2 66 A conceptual madel for the volatilization of chem-
icals from surficial soils 1o outdoor air is depicted in Fig
¥2.3. For simplicity,
- and surficial soil conctenirauons is tepresented in Tables

h ¢ E 1739

X26.6.1

the relationship between cutdoor air

TABLE X2.5{ Volatitization Faclora (VF)).
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x22 =and X23 by
{(mg/m’-air)/(mg/kg-soil)] defined in Table X2.5. It 15 based
on 1he {oliowing assumptions:

the “volatilization factor™ VFE,

Uniformly distributed chemiceal throughout the

depth 0—d (cm) below ground surface,
X2.6.62 Linear equilibrium partitioning within the scil
matrix beiween sarbed, dissolved, and vapor phases, wherc

Leachitig Factor (LF, ). and Effeclive Diffusion Coefliciants oy !

Symbol e R edla Route (or Definition) Equation
H [D -;y.,u]
VE, Ground anciosed VF, ‘Wﬁﬂ] - ERlq x 10° L.
waler -SPICE VRPOTS —wan
——— g +H0) 1+ |25t ]+ [ oz ]
ER Ly (D Zenbcrwcaln
VE (mg/m-airy) H x 10° L,
VFary  HOUNS wRAET smbier [ouooor) vapars - L‘“Bﬂ-ﬂfdl . - AndGw =
oz )
Vi, (m,ms-.aﬂl_ 2Wp, [FEl) = 10:m1‘-kg c
(r\‘igntg-&dﬂ [T wff_, + Koy * Ho v m-g
VF . Surticlel pods — ambien 8l {vapors) o
VEee l(rngfm’.afr) - Wrd x 10° u‘n'-‘-kg: which s ;|ssP
. (mp/gsoi)]  Usdurt g
[ P ok
VF, Suricial oS — BmDNML Bl (paruculates) VF, [‘"'9’"':"—? LUV Rt 1
tmgmg-soifl]  Vade g
VE pgrty (mgjm“atfjg— Hea x 109 emP-kg 4
VF_. Subustace sols — smbler ar OGSON) (o 4 ks, + Ho] (, o Ynbuds i
DY
Hpy D" Mg
{mglmd-aw) [Bon + 5upy + Hi) [ ERL, ]
vF, — e e A
e Sutsirtace S0l s enclosesapac vager et . [D:'m] ‘ o] =
ERla) D Ecnflcranly
T SuDSHRaCE 5088 wm gTOUN watter e [mmgi“::;] - Tl =g
- tmaikg [0 + Hapa + Hpg) (1 v —ﬁ?-'—) tv
w
r-]
%ﬂ,ﬂ Emmmmmtmmmibm«wmm n_-rf{m._#]-p-ri”_...p-}.f'.'_-
concentralion 9 .23 H &
il 3
%’D:.’L* EHoclive otfusion coetfickent through foundation cracks ow.[?l-to* ‘"'“-a—o---’gp‘;"‘n
28 3
%Dg, Etioctve oitiusion ooetiiciens through capliary tinge D%[——]-D"%"ﬂd-l?‘;%g‘
T
o EHectvs ot ssion Coalfcient between Ground water snd Dgl—-— " (e, + 1) _““;4-&-—14
S0t auxfacs oz, O
cr= S0l conceniration 31 which dissoived pare-wakar 2nd oz~ [_.".’9—] 2 [, 4 O o+ gpg] 3 10° L;g 4
vepor phases become saturgted kg-solt]  se oy
A See Ret (29).
® Ses et (30).
€ See Ref (31).
£ Bared 00 mazt balance.
£ Sea Aet (32).
(40 € Sea Rel (33).
:i}
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P.8/12
(b e 1739
oii. Building, Surlace, and Subsurface pavameters Used in Genereting Example Tier 1 RASLs
Nove—See X210 for justitication of paramelar selecuon,
Paramelttd pefuations, Units Resioenul Commercial/ingustrial

o Lewer gepin of surficiel soil zona, &M 100 cm 100 gm
o~ ddtusion coefticiem in mif, cm?fs cremizalspecific chemcal-speafic
o= ditfusion coefhdend in waler, oréls chamical-spschic nomical-specic
ER encosed-apact 8 exchange rate. s 0.00014 71 ©.00023 s~
foe fracion of brganic carbon In £08, g-GJjg-sail 001 om
H henry's law constant, (em?-HyO)tom-aif) chemical-spedific chamical-specific
[ 3. thekness of capitary fringe, om 5em 5 cm
n, (hickness of vadose zone, om 205 on 295 pm
f infitration rate of water Yraugh So4. cmfyears 30 crivjyesr 30 ¢mjyear
| . carbonawnler sorption oootticent. em?-H,0i5C chemcal-specific cremcat-speciliy
K, soilwnier sorplion coetlicent, e H0/g-so! oo ¥ Koo - foo % Ko
Ly onciosed-5pace volumefirhiralon 8rea rabo, em 200cm 308 cm
| — mmmm\uwaumm.an T5 cm 15 &m
Low depih to ground water = i, + A an 300 cm 300 cm
s gepth to subsiafece gol sources, Cm 100 om 100 em
Pe partiaratle emisgion rate. gfom®-s 69 %107 6.9 x 104
s pure component sol bty n waler, mafL-r0 chemicak-spectic chemical-speciic
U wind specd shove ground gurfact in ambent mixing Zone, Eys 225 emjs Zeh emfs
Vow grours water Darcy waoaty, omfyear 2500 cmfyear 2500 emjyear
w width of siurce area paratiel 1o wand, or ground water flow chrection, < J500 om 1500 cm
Saie ambient air mixing zone haght, em 200 am 200 on
L groema waler mining zone 1kckness, om 200 cm 200 em
9 areal troction of CYIKKS in foundatonsfwals, omzoracksfoni-olal res 0,01 oneracks femEActal efes 0.01 cmi.cracksjon®-1oial area
Bocan volumelric g conten| in capifiary Ifinge soA5, CP-irfem®-Soh 038 orP-arfan®-gol 0.38 om¥-airform-sod
Oppo  VOIUMEiric a¥ CONIER! in foundalionfwak cracks, Git-ajcm® 1aLal velume (.26 cmd-arjom’ (oWl volume 0.26 cm-aq/em? (otal vglume
(. wOhATICUAC i Conlemt In vadose Zona soils, cr-girfomtsod .28 em>airjomsoll 0,26 em-airfem?-30l
or 1otal s0d porosity, G fomsol 096 anjorsol 0.38 om’fem™-zod
8 o  voumedic waler conter in capiinry fringe 5ois, @AnH Ofom?sol 0.342 ome-H,0 o -sof 0.342 en®H,0/cm’-508
Opcras  VORINTIRVSC WELET content in (oundationfwed crackd, G -HO/ar® totsl voluthe 0.12 e+ Q/fcm? folal volume 012 e HyOfern® total volume
e, volumaleic waler content in vadose 2008 sods, g-HOfom-soh 0.12 em* M, 0ye-s0il 0.12 @nt-H /a5l
o 500 tayf denshy, g-sodjomacd 1.7 giomd 17 gjem?
r averaging tma tor vapor fat, 5 7.88x10%s 788 x 10%s

the panifioning 15 a {unction ol constant chemical- and then the volatifization factor is determined from a mass

soil-specific paramensrs, balance assuming that all chemical initially present in the
%37.6.6.3 Diffusion through ihe vadose zone, surficial soit zone volatilizes during the expasure perod.
%2.6.6.4 No loss of chemical as i1 diffuses towards ground X2.7 Subsurface Soifs—Inhalation of Qutdoor Vapors:
surface (that is, no biodegradation), and ¥2.7.0 ln this casc chemical iptake is a result of inhala-

%2.6.6.5 Steady weli-mixed atmospheric dispersion of the tion of outdoor vapors which originate from hydrocarbons

cmanaling vapors within the breathing zone as modeled by 2 contained in subsurface soils located

some distance below

“hox medel™ for air dispersion. ground surface, Here the goal is to determine the RBSL for
X?2.6.7 In the cvent that the time-averaged flux exceeds subsurface soils that corresponds 10 the target RBSL for
that which would occur if all chemical initGally present in the omdoor vaporsin the breathing zone, as given in X2.2.1fthe

surficial soil zone volatilized during the exposure period,  selected targel vapor concentration is some v

TABLE ¥2.7 | Cremical-Speciiic properties Used In the Derivation Exunple Tier 1 RBSLs

alue other than

Chamicn! GAS Number M._. gl H, L-H, Qs D™, s o, ordfs ogti(). Likg og{i.). LG
Benzene T1-432 764 [ 31 0.0534 1.1 X 10°%4 1.594 2134
Toluene 503888 24 Q264 0.0854 84 x 10782 213 2.654
Etrwh banzene 100414 1064 04924 D.U7eA £S5 x 10~ 1.964 3134
Miged xywenes 4230-20-7 1064 029~ 0.072° 8.5 x 107 2384 a6
Naphinulend 91203 1284 0.0454 0.0722 9.4 x 1044 241 a84
Borzo{a)pyrene 50828 252¢ 58 % 1099 0.0507 56 w1022 5.59¢ 5982

_ Ctemc CAS Nurder SF, wgdaghra SF,, kg-ayjmg A, mafvg-oay AD,, mafug-gay

Benzang 71432 0.023*% 0029" .- ae
Tosene 106863 naF C11F
B banetw 100414 . Cer 0.1* 029"
Nited xylonas 1980-207 . 2uF 20F
Naphthalens 91-203 .- . 0.004% 0.0044
Benzo(a)pyrene 50-32-8 73F 8ar . aen

A See Ref (24).

¢ Saa Ref (35).

£ See Ret (M.

P Diftusion ooe'ﬁmmmmhn the mettd of FRScr, Schoflier, and Giadings., from Aot (1.
‘mmmkfﬁwmmﬂ;}- 0.057 toglK,.) — 0006, from Ret (T1)-

f See Rel (2).

@ Sea Ref (3)
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