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As requested in our meeting last December, | am sending RBCA spreadsheet tables
(Attachment E) from Cambria's report, Tier 2 BBCA Analysis and Closure Reguest, dated
July 7, 1898, ‘ :

These tables support the results presented in Table 2 of the report. Please direct future
guestions regarding this report to Scott MacLeod.

Thank you,
. Pete
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TABLEE-1

TIER 2 RECA - ESTIMATION OF INDGOR AIR CONCENTRATION OF BENZENE VOLATILIZATION FROM GROUND WATER VIA FOUNDATION CRACKS
ONSITE PAREING STRUCTURE - COMMERCIAL SCENARIO

POINT OF EXPOSURE AT SOURCES C,. H(2) D™
Mean concentration fiom welk MW-8 mg/L am’/em’ em'/s
DBenzens : $6E02 220E-Q1 S.30E-2
Toluene . 40E03 260E-)  BS5S0E-D2
EihyIbenzene 70E03  320E01  T.60E-02
Xyleacs L.IE-02 290E-01 T.2UE-0Z
Nabest

Velatilization factor fom ground watet 1o enclesed space vapor (mg/m M(mg/L)

D“u,
an'’f=
EN0E-05
3 A0E-06
3.50E-06
1.50E-06

D, " )
cma’ls
2.48E-05
2.06E-05
1.71E-0%
1.71E-0§

D" (4)
em'fs
A.3E43
7.5E-03
6.7E-03
6.4E-03

VEpeup= {H X [Do™/ Law) / ER AL % 1B+03 L)} 7 {1+ (O L) HER ALl 240 FLan) / D™ /Lot W)

Henrys law constart (ca’fem’y = Chemical-specific
Effective diffusion between OW & soil surface (em'ls) =

D™ = (g + 1) [(eag/ D™ + e/ O

Thickness of capillary fringe (em) = 25 0.9 fees
Thickness af vadass zone {cm) = 124
Effective diffusioa through capillary Fings (eo'/8) = Chemical-specific
D™ = D™ 2 (B /87 + D™ 1 (VH) X (B ™/ 05
Diffusion coefficient in air fom'/A) = Chemical-specific
Vohunelric air content in capiflary fringe soil (em’/oni’) = 0042
Total soil porasity {om*/on’) = 0.42
Diffusion coefficient in waker (cm'/s) = : Chemical-specific
Volumetsic wates conten! i capillary fings solf fom’Jen’) = 0378
Effective diffusion in soil - vapor concentradion {ormn’/s) = Chemical-specific
D = D™ x (8, 1874 + [D™x (LD x (3, 1871
Vohimetric air cim(zeh i vadose zone sail fem'/em’) = 0.287
Volumetyic water content in vadoze pone soil {om’iom’) = 0.133

=" Depthto ground water = ey + he {om) 1525
Enclosed space air exchange mte (L&) = 0.00023 commercial
Hreighs of roven at foundarion level, abaud 9 foet (cm) 300 commercial
Effecsive diffusion poefficizns trough cracks {om'/s) = D™
D™ = D" X (™™ 1 8 + D™ x W/H) 2 Bcna ™ 761
Volumetrle air content in vadase ons 50il (o’ fee’) = 0.247
Voltumeltic waler content in vadose pones il {ead'fom’) = a1
Thickness of foumdation/wall {cm) = : 15
Arca fraction af crecks im Eovndationforll fem’ fem’) = anm
Cre 2 VP
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51800

D.,"(SJ
cmi*ls
1.3E-04
LIE-H
1.2E-05
9.2E-03

nmct.n(ﬁ)
'
8.JE-03
7.5E-02
6.7E-03
54843

VF oy (1)

(mgim’Mimp/L)
24E-03
24E-03
2.56-03
2.2E.03

Crasens {7)

LI1IEO4
9.55E-06
1.73E-08
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TABLE E-2

TIER 2 RECA - POTENTIAL HEALTH RISKS YIA INHALATION OF INDOOR BENZENE VOLATILIZED FROM GROUND WATER
INTO ON-SITE COMMERCIAL RUILDING

VOC Inhalalion Equation: CDI {mghke-day) =C, x IR » FC x EF x ED) / {BW x AT)

. RME BME
€D = Chrenic Daily 1niake {mg/kz-day) BW, = Body Weight (Carcimogenic Bffects) (kg) = 70
C, = Chemical Coseenteation in Air {mglm’ ) BW,, = Body Weight (Noncaccinogenic Effects) kg = 10
IR = Inhalation Rate (m’lduy] = R 20 AT, = Averaging Time (Carcinogenic Effects} {days) = 25,35¢
FC = Fraction frem Contaminaged Sou 1 AT, = Averaging Tane (Moncarcinogenic Elfects) {days) = 9,125
- EF = Exposurc Frequency {days/year): 250 TR = Tasger Expess Cancer Risk = 1E-05
ED = Expasure Duration {years) = 25 THI = Target Hazard Index = 1
Coacemtration Carcicogenic  [Noncarcinogenic Cal.EPA Refexonsce | Excess | Hazard | RME- % Rish | LOOE05] HE=1
Chienical {mg/m”) Dt < Stope Factor | Duse  { Camcer | Quotient| Coniributiow | RBSL | RBSL
_(mphgday) | (mgapdsy) | (oleday)” | mphgday | Risk Cancer [ Hazard | mgt. | mgr. |
Benzeng 1.1E-04 1.TR-06 12E-05 1.0E-01 1.7E.03 HE-07 13802 | 100% | 100% | 5.94B-01) 3.61E+00
Toluene 9.6E-06 6.7B-07 1.9E-04 1.1E-D} I.7E-05 0% 2.35E+02
Ethylbenzens 1.7TEDS 1.2B-86 JAE-0G 2.8E-01 1.2E-05 0% G.0E+02]
Xylenes 2AE-(5 1L7E-06 A.8E-06 20E-01 24805 % 4_59E+0Q2
TOTAL SE-07 | LB | 1% K005

Notes: Blapk means ao data available or not detesmined.
Excess cancer nisk = Cascinogenic CDI x Slope factor.
Hazard quotient = Norcarcinogenic CDY / Reference dosz.
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TIER 2 RECA - AMBIENT AIR CONCENTRATIONS OF BENZENE FROM SOIL GAS < ONSITE COMMERCIAL SCENARIO

CHEMICAL

Benzene
Toluene
EBihylbenzene
Xylenes

TABLEE-2

Cia LCoilgs ) h,, k,
mghg  wmgm’  onom’  on'g em'lg
NA 2.3P+00  2.20E-01 3.830E40! SE-02
BA 2.1B-01 2.60BE-01 135E+(2 2E-0)
NA 96B-01 220BE-01 1.29E+(03 2ZE+00
NA 2.0E400 Z90B-01 2.40E+02 3EOL

D.-
em’ls
9.ME-
8.50E-02
7160502
T.20E-02

Dmr

tm'ls
1.10B-05
Q40E-08
8.50E-08
8.5CE-D6

ASTM Volalization factor from subsurface soil fo ambiens air (mg/m’)/{mp/kg), using sosl copcentration {g/kg) 1o estimake ambieat ail conventratinn (mgtm").
VFn= (@ % 0/ (Bonct (ka2 pol # [ X €} 3 TES0D {em’-kghm-) X 1/ [ + QUss 2 3, A Lal / (D™ 2 WT))
The VP,m hax 2 factors: '

2) The faces *{QH 2 po) / (B + K % pu] + [H 3 8,)) (erenm’) % 10 (oon™-kg/n™g)” (i unit of kgim') el
b) The rest of the VP, g3 equakion is the altzmuation factar bedwean aabient air conceniration apd sml gas conten!

AASG Pator= 1 /{1 + [ x Ba 3 Ls] /[D.™ 2 WD)

Thie peouxct of Facior {a) and 50il coneentration can be replaced with the actwally measured 50il gay coucentraljon at source.

Cruips X AAISG Factor
Hanry's xw constant fen’fem®y =
Soil bulk density {gfom’) =
Volametric air cantent in vadase zone soil (em’Jon’) =
Volumescic wales content in vadose zone sail o’ fon') =
Soil-water seaption coeflicient (cmjlg) = Koo R =
Carbon-waler sorplion coefficient {om’fg) =

Fraciion of orgamic carbon in seil (2/g) =

Effective diffusion in 50t - vapor comcentration (eo’fs) =
D= D" 2 8,5 /8¢) + 10" x (VH) . (B 18
Diffusion coefficical in air (om'/s) =

Diffusion oncfficient in wates (em'fs) =

Totzl soil parosity (cm'/em’) =

Wind speed in the mixing zane {an) =

Ambilznt aic mixing zane height {cm) =

Depth to subsurface soil semoes {gyn}

Widlh of source arca peqpendicular to wind dineoion (cn)
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Chemical-spacific
2
0.297
0.133
Chemleal-specific
Chemical-specific
0.0014
Chemical-specific

Chemical-specific
Chemical-specific
0.42
125
200
91 Scil gas rample collected at 3 feed bgs
1500

D7 {4
an'’/s
B.IE-03
1.5E-03
67803

6.AE-03

liphied by Coea (Rg/kg) will give soil gas concentmation (me/m’)at source;
wation (AASSG Faolor) (unilless), equivalent to for ASTM defeuls scenarin,

AAJSG Factor (1}
Unitless
30E-06
2.3E-06
2.58-06
LIE-06

Cimlut {2}
wgim’
TOE-06
S9E-07
2AE-08
4.7B-06
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TABLE E-3
POTENTIAL HEALTH RISKS VEA INHALATION OF AMBIENT BENZENE FROM SOIL GAS
ONSITE COMMERCIAL SCENARIO

VOC Inhalaticn FyuaGan: CDI (mg/kg-day) = C, x R x FCx EF x ED)/ {BW 1 AT)

AME RME

Dl = Chronic Daily Intake (mg/kg-day) BW, = Body Weight (Cascinogenic Effects) (kg) = T
C, = Chemical Cancentration in Air {mg/m’) BW, = Body Weight (Noncarcinogenic Effects) (kg) = 10
1R =Inhalation Rate (m'/day}= 2E4+01 AT, = Averaging Time (Corcinogenic Effects) (days) = 15,550
FC = Fraction from Contaminated Source = l- AT, = Averaging Time (Noncascinogenic Effects) (days) = 9,125
EF = Exposure Frequency {days/year] = 250 TR = Tarzed Excess Cancer Risk = \E-05
ED = Exposure Duration (years) = 25 T = Targes Hazand Index = |

Concentration Carcinogenic Fchamdnoge,nlc Cal-EPA Reference | Excess | Hazard | BME . % Risk | LME-05 | HI=1
‘Chemical fmghn’) CDI DI Stape Facter | Dase Camver | Quotient}  Contributien | RBSL* | RBSL*

(mglkgdny) | (mypdsy) | tmphaday)’ | mypday | Risk Camcer | Hazard | wg/m’ :

Benzene 7.0E-06 4.98-17 1.4E-06 L.OB-01 1.7E-03 SE08 | 8.0BE-04 S 9% 4 FAE+02} 1.15E+3]
[Taluene SAOE-O7 4 1E-0B LIEAU7 I.1B-01 1. 1E-Gb 0% 9.48-E-Hl$|
Ethylbenzene 24E-06 17807 4.6E-07 29E-01 1.6E-06 0% s.zmmsl
Xylenes 4.7E-06 387 9 7E7 2.0B-01 4.6@—_06 1% 21
TOTAL sE-68 | BAER-04 | 100% | 100% ]
Notes:

Commercial axgosurc parametess are the USEPA standard default volues.

* RBSL for soil gas
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TABLE B-§
TIER 2 RBCA - INDOOR AIR CONCENTRATIONS OF BENZENE MIGRATED INTO COMMERCEAL BUILDINGS V1A FOUNDATION CRACKS
ESTIMATED FROM MEASURED SOIL GAS LEVELS

CHEMICAL Con Coips  HD) k.. K, " D™ D) Dau™(5) IASG Factor (1)
mghkg mgm’ anVon® omlp e 'k em’/s an'’fs an'le Undtless
Benzene NA  23E+00 220B-04 380Ee01 5802 9.MB-02 LHE-0 BIED  8IE-03 9.5E-05
Toluene NA  21E-01 260R-01 1.35Bs02 2B01 9.50B-02 940B-06 7.5B-00  A.6E-0S 3.5E-07
Ethylbenzene NA 96801 320E-01 1.29E+03 2E+00 7.60E-02 BS0E-06 67E03  28E-05 26BN
Hyleaes NA  20E+00 290E-01 240E+02 JE-01 7.20E-02 BSOE-06 64E0)  29B-05 24807

ASTM Volatilizution Factor from subsurface soll 1oenclosed space vapar (mg/m’)/(mg/kg), using soil corcentration (me/ke) to estimats indoor air concenttation {mg/m’).

VFomy= {((H % 5/ e+ (ke )+ (H 2 8,0) 3 1E408 (o -kghm’-g) (D7 112) /ER xLadlH/ U1+ 1D, 113 4 ER AL X [{D,TL) / Deas™ ! Lonad W1}

The VE..; has 2 factoss: .

1) The faztor™[(H A ps) 7 Gwr + (5, X p) + (i1 x 0,0k {@fere’) x 307 (em’-kgim’-g)" {im wmit of kgfm’) mualtiplicd by Coen (mg/kg) will give soil gas concentration {mpfm’) at souroe;

2) The et of the VPie.p cquation is the aftermation factor between iudoos ais concentration and scil gas concentration (AJSG Facte) (unitless), equivaless to for ASTM defmlt rocnatie.
IASSG Factor=  (I(Dy™/Ly) / (ER x La)]}F (1 + [/ L)/ ER aLp)] 1 D L) Pt L DD

Cl'u!ml
H=
=
D=
By =
k.=
Ka: =

The product of Facor (1) and sail concentration can be seplaced with (e actually measared soil gas conccatration at seurce.

Clﬂi@l x [A/SG Pactor

Hency's law constant feri’/om’) = Chemical-specific
Soil balk density {(g/ern’) = 2
Volumetric ajr contewt in vadose rose soil (on’em’) = 0.237
Vaolumetric wates conlent in vadase zane soil (em’/am’y = (N %%)
Scil-wates soepiion coeffidiear (e /g) =Ko 3 L = Chemical-specific
Carhom-waler sarption cosfficient dam’fg) = Chemical-specific
Fraction of ccganic carbom in sail {gfg) = 0.0044
Effective dffusion im soil - vapos concentration fom’fs) = . Chemnical-specific
D.an____ Dlll.'x (an:h.ﬂ ’e]"j + I'D""'K(UH) x(amlﬂl'.ar‘.ﬂ)

Diffusion coefficient in ait {cmJs) = Chemical-specific
Ditfasion coefficient m water (cmi'fs) = Chenwical-specific
Totad sail porosizy fem’/em ) = ' 042
Drepih 1o subsurface sofl smugoes (om) 91 Soil gas sample collacted at 3 feetbgs
Enclosed space air sxcungs rate {Lis) = 0.00023 industrial
Reight of room s fouwdation bavel {om) 300
Effactive diffusion cocfficicnt ¢rough cracie {cm’h) = p-

Dacas™ = D™2 B 7 851 + (D™ 2 (WE) 2 (B 1 6

Vohimetic air content in vadose Zone soif (e’ fem’) = 0.287
Voluneiric watzs canlest in vadoss zone soil (con fora') = 0173
Thickness of foupdation/wall (cm) = 15

Asea fraction of aclky in foundsion/wall {em'fem”) = .01
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mg/m’
1.7E-04
1.5E-08
14E-07
5.6E-37
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TABLE E-6

ESTIMATED FROM MEASURED SOIL GAS LEVELS

VOC Inhalation Bqeation: CDI {mg/kg-day) = C, x IR 1 FCx EF x ED) /(BW 1 AT)

POTENTIAL HEALTH RISES VIA INHALATION OF BENZENE MIGRATED INTO COMMERCIAL BUILDING YiA FOUNDATION CRACKS

RME RME
CDI = Chronie Daify Intake (mg/kg-day) BW, = Body Weight (Cascinogenic Bffects) {kg) = 70
C, = Chemical Concentration in Air (mg/m’) BW,, = Bady Weight (Noacarcinogenic Effects) (kg) = 70
IR = Inhalation Rate (m'/day) = b4l AT, = Averaging Time (Carcinogenic Effects) (days) = 25,550
PC = Fraction frorn Contaminated Sovsce = 4 AT, = Averzging Time {Noncastinogenic Effects) (doys) = 9,135
EF = Exposure Frequency (days/yenr) = 250 TR = Target Excess Cancer Risk = 1E.05
ED = Exposure Diseation (years) = 15 THI = Target Hazard Index = 1
Comeenitration | Carcinogenic  |[Nomcarcinogenic CalEPA Reference | Bxcess | Hazard | RME- % Rish | 1.00E-05]| H1=1
Chesnical (mgfa) o CDL StopeFactor | Dose | Cancer | Quotiemt] Contributien | RBSL* | RBSL*
(mg/hg-day) (mygfig-day) | (mp/kg-day)’ | mpkg-day | Risk Cancer | Hazard ’ !
Reznzene | IE-04 1.7E-05 IA4E-DS L.OE-O) 1.TE-O3 1E-06 | 1.0E-02 130% 108% | 1.90E+01] 1.16E+D2]
Toluene 7.5E-08 1.2E-09 . SE-08 1.1E-OL 1.JE-07 0% 1.&62E-
[Ethylbenzens 24E-07 1.7E-08 4.8E-D8 29E-0l LEEQ7 0% S.80E.
Xylenes 5.6E-07 3.9E-U8 1.1E-07 3.0E-D} 5.5E-07 0% 3 62E 06|
TOTAL 1K | 208402 § 10% | 18% |

Notes; Blank mears no data available or not datemined.
Excess cancer risk = Carcinogenic CDX x Stope Eactor.
Bzard quoticns = Noncarcinogenic CDI/ Reference dose.

* RRBSL. for soil gas
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TABLE E-7
ESTIMATION OF SOIL GAS CONCENTRATION

IN mg/m® FROM ppm/v

Chemical Soil Gas Molecular  Soil Gas (a)
ppmsy  Welght (MW) mg/m’

Benzene 0.72 78.1 2.3
Toluenc 0.057 92 0.21
Ethylbenzcne 0.22 106.2 0.96
Xylenes 0.46 106.2 2.0
Notzs:

() Soil gas (mghn’) = [Soil gas (ppryv) x MW x 1,000 LAn'} 124,450

00ppmfV « W xloootlmd (00 X TRIXIRL g 4 gl
(A ity u%q.s‘b ’

TOTAL P.B8



