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@<< CAPSULE | [- 826-32%- € "1,_\/(‘

ENVIRONMENTAL ENGINEERING INC.

TELEFAX TRANSMITTAL COVER SHEET

Date: ' February.13, 1998 |
Time: 7:.00 CST i

. To: Scott Seery
Company: Alameda County
Fax #: 1-510-337-8335

From: John M.
CAPSULE ENVIRONMENTAL ENGINEERING, INC.

No. Pages: 19 (including Transmittal Cover Sheet)

Comments:

Scott, in reponse to your February 11 requests, enclosed please find:

1) Copy of the appropriate nine pages from the GSI Guidance Manual, Appendix A, describing the
equations and softwar utilities software steps used to calculate NAFs. A

2) A run of Tier II, SSTL, Site-Specific Parameters, using the 1989 scil concentrations {maximum)
listed on page C10 of Appendix C, Low Risk Determination. 1 also enter the highest concentration%
for the period of record for MW-3. The highest results were the April 1395 results, *

The pages i am faxing you are in the same order as the 7% run and are hand numbered in the lowér
right hand corner. There is a total of nine pages.

The risk calculations are linear equations. This explains why the risk is approximately 14 times
greater than the 7% run. The source term is approximately 14 times greater. The volatilization from

ground water adds little because the concentrations are below the solubility limits.

Call with commants. Thanks. John

If there is A\problem with receipt of this Telefax, please cal} 612/636-2644,
)

1970 Oe;"kcrest Avenue, Suite 215 2709 Water Ridge Parkway, Suite 480
Roseville, Minnesola 55113 Charlotie, North Carolina 28217
{612) 636-2644 Phone / (612) 636-3106 Fax {704) 329-0288 Phone / (704) 329-0277 Fax
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RBCA SITE ASSESSMENT

Se Name: Ingersoll-Rand Equipment Sales (Max. Concentratiens)

Completed By: Jahn MeDermott

Tier 2 Warksheet 9.2

— Sie-Location SanLeandre Califorgiia——-—— - — - — Date Compieted 21211998 — ; —
. Target Risk (Class 4 & B} 1.0E6 O MCL exposure imit? " Galculatian Qption: 1
SUBSURFACE SOIL SSTL VALUES Teorget Risk (Class C) 1.0E5 I PEL exposure [mit?
(> 3FT BGS} “Target Hazard Quotient 1.0E+0
SSTL Resulis ForCm'plehe- Exposure Pathway (‘x" (4% lete)
Representative BETC
Concentration Sail Volatiization to Soil Volatilizstion to Applicablie | Exceeded
CONSTITUENTS OF CORCERN Sail Leaching to Groundwater X indoar Air X Outdoor Air SSTL 7 Required CRF

0 Residervial: | Commercial: | Regulatory(MCL);| Residential: | Commerdial: § Residential | Commerciat
o CAS No. {Name (mofkg) {or-site) {on-sita} (en-site) {an-site) {on-sita) [on-site) on-site) (mikg} "l" f yes| Only if 'yes” left
- 71-43-2{Benzene 3.9E+1 NA NA MNA NA 6.2E-1 NA 1.BE+2 6.26-1 u 6.3E+01
f:'-' d 100-41-4|Ethylbenzene 8.3E+1 NA NA NA NA >Res NA >Res >Res || <1
w 106-88-3( Toluens 2.4E+2 NA NA MNA NA 74E+2 NA »Res 7AE+2 0 <1
$ 1330-20-7| Xylene {mixed isomers) 4.7E+2 NA NA NA NA »Res . NA »Res >Res [m] <1

~ =Res indicates risk-based target concentration greater than ConstRuen resiual aaturation vakie

Nash
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Feb 13 98 11:50a

© Groundwater Services, Inc. {GSI1), 1595-1997. All Rights Reserved.

Software: GS| RBCA Spreadsheet
Version: 1.0.1
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RBCA SITE ASSESSMENT Tier 2 Worksheet 8.3 l

Site Name: Ingersall-Rand Equipment Sales fMax. Goncenirations) Completed By: John McDemmott
- Site-bocation: San-Leandro Calfornia-——- ———————--———Date Completed: 211211998 10F 7
Target Risk (Class A 8.B) 1.056 O MCL exposure fmit? Caloutation Option: 1
GROUNDWATER SSTL VALUES Target Risk (Cioss C) 1.0E-5 O PEL exposure limit?
Targe! Hazard Quotient 1.0E+0 .
SSTL-R For T fete Expr Pathways ("x" if Gomplete}
Representative 5310
Concentration Groundwater Volatifization] Groungwater Volatilization] Appiicable | Exceeded
CONSTITUENTS OF CONCERN Groundwater Ingestion X to Indoor Air X to Outdoor Ajr SSTL 2 Reguired CRF
o Residential: | Commearcial: | Regulatary{MCLY] Residentiak: Commaerciat Rasidentiaf Commercial;
o CAS No. Name . ImgfL) {an-site} (on-site) {en-site) (on-sile) {on-site} [on-site) {an-sita) (malL "8l [ yes! Only if "yes” left
— 71-43-2|Benzene 1.2E+40 A NA NA NA 1.4E+0 NA 3.9E+2 14E+0 O <1
‘T’ Y 100-41-4 |Ethylbenzene . 7.2E-1 NA NA NA NA >S50l NA >Sol >Sol [ <1
) 108-88-3| Toluene ‘ 1.7E+] NA NA NA NA >Sol NA »Sol >Sol 0 <1
{3 1330-20-7 | Xylene {mixed isomers) 3.0E+D NA NA NA NA >Sal NA »Saol >Sol 0 <1
»>8al  indicates risk-based target cancenlration greater than constituent solubility
. Software: GSI RBCA Spreadshest Serial; G-457-1KX-532
@ Groundwater Services, Inc. (GS1), 19951397, All Rights Reserved. Versisn: 1.0.1
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RBCA SITE ASSESSMENT Tier 2 Worksheet 8.1 }
Site Name: Ingersoll-Rand Equipment Sales (Max. Con Site Location: San Leandro, California Completed By: John McDermolt  Date Completed: 27121998 10F9

TIER 2 EXPQSURE CONCENTRATION AND INTAKE CALCULATION

636-31086

Jim iash

1

Feb 13 99 11:50a

SURFACE SOILS: VAPOR AND

Exposiim Concentration

DUST INHALATION 1) Sourge Mecdiug 2} NAF Value (e*3fkg) 3} Exposure Medium 4) Exposure Multiplier 5) Average Daily inlake Rate
Receptot Outdoar Air: POE Cone. {mg/m*3) {114(2) (FEFIEDM{BWRAT) {m"afkg-tay) imgikg-day) (3) X (%)
Surface Soil Cane.
Lonstituents of Concern {mgrkg)
|Benzene 0.0E+0
Ethylbenzene 0.0E30
Toluene - Q.0E+0
Xylene (mixed isomers) 0.0E+0

AEBS = Dermal absarpticn facior (dim)
AF = Adherance factor (mgicm™2)
AT = Averaging lime (days)

BW = Bady weight {kg)
GF = Unils conversion factor
ED = Exposure duration {yrs)

EF = Exposure frequancey (daysiyr]
ET = Exposure time (hr/day)
IR =Inhalation rata (m"3/day)

POE = Foirt of exposure
SA = Skin exposure anea {cm”2iday)

8 Groundwater Servicas, Inc. (G5}, 1985-1997. All Rights Reserved.

Sofware. GS| RECA Gpreadsheet
Version: 1.0

Serial G-457-1KX-532




RBCA SITE ASSESSMENT

Completed By: John McDermott Date Completed: 2112/1958

Site Name: Ingersoll-Rand Equipment Sales (Max. Con Site Location: San Leandro, Califomnia

Tier 2 Worksheet 8.1

Jim Nash

Feb 113 98 11:50a

636-3106

.

TIER 2 EXPOSURE CONCENTRATION AND INTAKE GALCULATION ——

SUBSURFAGE SOILS: VAPOR Exposure Concentration
WHALATION 1) Source Medium 2) NAF Value (m*3lkg} 3) Bxposure Modium %) Exposure Muligion §) Average Daily Intake Rate
Receptor Outdesr Air: POE Conc. (mpm*3) (537 (2 RXEFXEDMABWEAT) (v ang-dday) {rasfig-doy) (33 X (3)
Subsurface Soil Cone.

Constituents of Concem (mg/kg) On-Site Commareial On-Site Cammereisl On-Site Cammercisl On-Ste Coerois!

Benzene 3.9E+1] 3.7ES 1.0E-4 7.0E-2 73ES8

Ethylbenzene 8.3E+1 3.7TE+8 2.2E-4 2.0E-1 4.3E-5

Toluene 2.4E+2 3.TE+S 6.4E4 2.0E-1 1.2E-4

Kylene {mixed isomers) 4.7E+2 3.7E+5 1.3E-3 2.0E-1 2.5E4

NGTE:  ABS = Dermal absorption factor {dim)
" AF = Adherance factor (mgfema2)
AT = Avaraging time {days)

BW = Body waight (kg}
CF =Units conversion factor
ED = Exposure duration (yrs)

EF = Exposure frequencey (cayedyr)
ET = Exposurae tima (hrakday}
IR = Inhalation rate (m~3kay}

POE = Point of axposure
SA = $kin expasue area (cm*2/day)

@ Graundwater Sarvices, Inc. {GSY), 1995-1997. All Righls Reserved.

Scftware: GS1 RBCA Spreadshest
Version: 1.0.1

Serial: G-457KX-532
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RBCA SITE ASSESSMENT

Compieted By: John McDermott

Tier 2 Worksheet B_1

Site Name: Ingersodl-Rand Equipment Sales (Max. Con Site Location: San Leandro, California

TIER 2 EXPOSURE CONCENTRATION AND INTAKE CALCULATION

Date Completed: 2/12/1998

GROUNDWATER: VAPOR Exposura Concomtration TOTAL PATHWAY INFAKE {mghieg-day)
NHALATION 1) Source Mediym 2) NAF Valye (m 3L} 3} Exposure Medium 4) Exposure Mulliptier 5) Average Daily intzke Ratg (Sum incate values from surface,
' Receptor Cutdoor Al POE Cane. (my/avs) (1)1 8] URLEFYEDIBIMKAT) (m3ikg-aay) (migaay){3) X (4) substrfuce & grothdwares routes.|
Groundwaler Conc.
Constituents of Concarmn {mg/L) CnnSite Commereial GrrSite Commencial On-Site Commercial Cr-Site Sommersial On-Ske C
Benzene 1.2E40 B.0E+5 1.5E6 7.0E-2 1.0E-7 T.4E-6
Ethylbenzene 7.2E-1 8.0E+5 8.1E-7 2.0E-1 1.86-7 4.4E-85
Toluene 1.7E+0D 8.2E+5 21E6 2.0E-1 4.1E-7 1.3E4
Xylene (mixed isomers) 3.0E+D 8 8E+5 JAE-H 2.0E-1 6.7E-7 2.5E-4

636-3106

NOYE:  ABS = Dermal absorption fador {dim)
AF = Adherance faclor {mgfem*2)

AT = Avecaging time (days)

BW = Body weight (kg}
CF = Units conversion factor
ED = Exposure dusation [yrs)

EF = Exposure lrequencey {daysivi) .
ET = Zxposurs time (hrafday)
{R = Inhal=tion rale fm*3idey)

POE = Point of exposure
SA = Skin exposure area (cm*2/day)

Jir‘ash

Feb 13 98 11:51a

© Grouncwater Sefvices, Inc. (GSI), 1925-1897, AR Rights Reserves,

Seofiware: GSI RBCA Spreadshaet
Version: 1.0.1

Serial. G457-KX-532




RBCA SITE ASSESSMENT Tier 2 Worksheet 8.2 ]

Site Name: Ingersol-Rand Equipment Szles  Site Location: San Leandre, California Completed By: John McDermott Date Completed: 2/12/1998 i0OF4

77777 ’ TIER 2 PATHWAY RISK CALCULATION
CARCINOGENIC RISK TOXIC EFFECTS
. {2) Tolai Carcinogenic {3} Inhalation [4) Ingividual COC {5} Total Toxicarn (6} Irhalation £7) Indiviquai COC
(1} EPA Intake Rata (mgfka/day) Siope Factor Risk {2) x (3) Intake Rate (mofhgiday} Reference Dose Hezard Quotient (5} / {G)
. Carcinogenic On-Site ’ On-Site On-Site On-Site

Constituents of Concem Ciassification]  Commercial {mghkg-day*-1] Commercial Commerrial {mg/kg-day) Commercial

Benzene A 7.4E-6 2.8E-2 21E-7 2.1E5 1.7E-3 1282
w Ethylbenzene 5] 42E-5 2.9E-1 1.5E4
e Tolene D 1.3E4 11E- 1.1E-3
™ . Xylene (mixed isomers) D 2.5E4 2.0E+0 1.2E4

i
0w Total Pathway Carcinogenic Risk= | 2.1E-7 | 0.0E+0 | Total Pathway Hazard Index= |  14E-2 | 00E+0 |
m
[4¢]
Softwoare: G5! RBLA Spreadsheet Serial: G-457-1KX-532
@ Groundwater Services, Inc. (G8Y), 1995-1897. Ali Rights Reserved. Versian: 1.0.1

Jim Nash

Feb 13 88 11:51a




g : . )
: RBCA SITE ASSESSMENT Tier 2 Worksheet B.1 |

Site Name: Ingersoil-Rand Equipment Sales (Mzx. Con Site Location: San Leandro, California Completed By. John McDermett Date Completed: 2/12/1998 40F9

— T TERZ EXPOSURE CONCENTRATION AND INTAKE CALGULATION

SUBSUAFACE 40ILS: Expasure Comcentration -
VAPOR iNVAUSICN TO BULCINGS 1) Sourge Medium Z) KAF Value (m"3fkg) 3} Expostire Medium 4) Exgosure Myjtiolier 5) Awerage Daily Intske Rete
) Receptor Indogs Adr; POE Cona. (mghn*3) 1)/ (2} {REFEDMBWAT) [ 3fkg-day) {engkg-day} {3} X (4}
Subsurface Soil Cenc,
Constituants of Concem {markg) On-Site Commercial OnSite Commersial On-Site Cammercial Cn-Sie Commercial
Benzene 3.G9E+1 1.3E+3 3.9E-2 7.0E:2 : 2.2E-3

Ethyibenzene 8 3E+1 : 1.3E+3 6.6E-2 2.0F-1 1,3E-2
Tolusne 24E+2 1.3E+3 1.9E-1 2.0E-1 3.7E-2
Xylane {mixed isorners) 4. 7E+2 | 1.3E+3 3.7E-1 2.0E-1 7.3E-2

63656-3106

NOTE:  ARS = Dermal absorption facter (dim) BW = Body weight (kg) EF = Exposure frequencey (daysiyr} PQE = Poird of exposure
AF = Adherance factor (mg/em*2) CF = Linits conversion factor ET = Exposure time (hrsiday) SA = Skin exposure ares (cm*2iday)
AT = Averaging time {days} ED = Exposure duralion {yrs] R = inhalation rate (m"3/day) —
Software: GSi RBCA Spreadsheet . Serial: GA57-IKX-532
@ Groundwater Services, Inc. {GS1), 1995-1987. All Rights Resarvad. Version; 1.0.1

Jim Nash

Feb 13 98 11:51a
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REBCA SITE ASSESSMENT
Site Name: Ingersoi-Rand Fquiprment Sales (Max. Con Site Location: San Leandro, California

Completed By. John McDermott

Tier 2 Worksheet 8.1 |

Date Completed: 2/12/1938

SDF S

TIER 2 EXPOSURE CONCENTRATION AND INTAKE CALCULAT!ON

GROUNDWATER:

VAROR INTRUSIDN Te3 BUR DINGS

Exposure Coscentration

Groundwater Canc.

1) Source Metfum 2) NAF Value [m*3/)

Receptar .

2} Exposure Medium

Indoor At PQE Cone. (Mg/m*8) (1M [2)

4} Exposane Myitipher

(RUEFXEDY(BIRAT) (mMg-day)

35) Average Daily |niake Rate
(mukg-day) 43) X 14)

TOTAL BATHWAY INTAKE jmgfkg-day}
Sum ifake valires from subsurface
£ groundwater routes.)

Constituents of Concern {rmgfl) On.Sita Commercialf On-Site Cormrercial On-Site C Cn-Se Commeseiatl§ On-Site Commercial
1.2E+) - 2.9E+3 4.2E-4 ~__T.0E.2 2.9E-5 22E-3
Ethylbenzene 7.2E-1 2.BE+3 2.5E-4 2.0E-1 S0E-5 1.3E-2
Tolusne 1.7E+Q 29E+3 5 8E-4 2.0E-1 1.1E4 3.7E-2
[Xvlene (rnixed isomers) 3.0E+Q 31E+3 5.5E-4 2.0E-1 1.9E-4 7.3E-2

636-3106

NQTE:

ABS = Dermai absorption factar (dim)

AF = Adherance factor (mg/om*2)
AT = Averaging time (days)

EW = Body weight (lg)

CF = Units conversion facior
ED = Exposura duration {yrs)

EF = Exposure frequencey {dayslyr)
ET = Exposure time (hesiday)
IR = Inhalation rate {m*3/day}

POE = Point of exposure
BAw Skin exposure area (cm*2iday)

Jim Nash

m
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© Groundwater Services, Inc. (GSI), 1995-1557. Al Rights Reserved,

Softwara, GS| RBCA Spreadshest
Version: 1.0.1

Serial; G-457KX.632
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Tier 2 Worksheet 8.2 _]

RBCA SITE ASSESSMENT

Site Name: Ingersofl Rand Equipmert Sales _ Site Location: San Leandro, California

Completed By: John McDermott

Date Completed: 2/12/1988

TIER 2 PATHWAY RISK CALCULATION

CARCINOGENIC RISK

TOXIC EFFECTS

(2) Total Carcinogenic {3) Inhalation {4) dividual COC (5) Total Toxicant (&) Inhalation {7} Individual COC
(1} EPA Intake Rawe (mg/kgfday) Slope Factor Risk {2) x {3) Intake Rate {mgrkgiday) Raference Duse Hszard Quatient (5) / {6}
Cartinogsnic On-Site On-Site Da-Site ’ On-Sie

Constituents of Concem Classification, Commercial | (ma/kg-day®-1 Commercial Commercial {mgikg-day} Commercial

Benzene A - 2.26-3 29E-2 6. 4E-5 6.1E-3 1.7E-3 3.6E40
4] Ethylbenzene o] 1.3E-2 2.9E-1 4.5E-2
= Totuene D 3.7E2 1.1E-1 3.3E1
; . Xylene (mixed somers) ] 7.3E-2 ‘2.0E+0 37E2

1 , =

] Total Pathway Carcinogenic Risk= [ 00E+D ]|  6.4E5 | Total Pathway Hazard index= | Q.DE+0 | "4DE+D |
m
v}

]

© Groundwarer Servicas, Inc. {(G$1), 1995-1397. All Rights Rasarved,

Jiwash
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APPENDIN A: RBCA SPREADSHEET SYSTEM AND MODELING GUIDELINES

i} Help and Roadmap: Each dialog box is equipped with i)a help button to access context-
sensitive, on-line help and ii) 2 “roadmap” to show the user his/her location in the input process.

iv) Input Error Check: The system checks each dialog box for inappropriate data entries (e.g.,
porosity >1} and alerts the user.

v) Default Modeling Parameters: Non-sensitive transport parameters are equipped with
conservative default values that can be used if no measured value is available.

vi) Standard Exposure Factors: The user can enter site-specific exposure factors or select default
values consistent with EPA Reasonable Maximum Exposure (RME) valuves.

= Software Utilitles
The system also contains several utilities to assist the user in development and calculation of key

input parameters; : ‘

) Transport Parameter Calculations: Based on user input, the software can calculgte
groundwater flow velocities, groundwater dispersivity coefficients, and air dispersion coefﬁclems
for direct entry into internal transport models. ‘

ﬁq
fevd| w e
I1
AN

ii) Statistical Calculator: A statistical calculator is provided to calculate the mean, maximurm, qnd
upper 90% or 95% confidence limits of source zone concentrations, based on input data values. \

>
]
L

ﬁ i) Empirical MAF Calculator: For sites under steady-state or diminishing plume conditions, the
software can convert exlstmg groundwater concentration vs. distance information into an

empirical natural attenuation factor (NAF) for each constituent.

tv) Units Conversion: An overall units calculator has been incorporated into the gystem to allow
for easy conversion of site data into the units required by the models. :

RUN CALCULATIONS
After the data are entered, the user can complete all calculations by selecting the Run Caiculations
option. Pressing this button will transfer any new data to the appropriate spreadsheet, select the
desired models, and update all cell formulas. Based upon site information provided by the user, the
RBCA spreadsheet system conducts the following calculations as required for completion of a TlEI' 1
or Tier 2 site evaluation: i

. Exposure Concentrations: Based on representative concentrations of constituents of concern (CO¢3)
present in the affected source media, the spreadsheet system calculates the maximum steady- staI:e
concentrations likely to occur at the point of exposure (POE). To perform these calculations, t
system accounts for cross-media partitioning (e.g., volatilization from soil to air} and lateral transport
from the soutce to the POE (e.g., dissolved contaminant transport via air or groundwater flow). The
source media and exposure pathways included in the software are as follows: |

| SOURCE MEDIA EXPOSURE PATHWAYS

Surface Soils ¢ Inhalation of Volariles and Particulates
* Dermal Contact with Soil
* Ingestion of Soil and Dust
* Leaching to Groundwaterfingestion

Subsurface Soils * Inhalation of Volatiles
* Leaching to Groundwater/Ingestion

E Groundwarter * Ingestion of Potable Water
: * Inhalation of Volatiles

TIER 2 Guidance Manyal for Risk-Based Corrective Action
® Groundwarer Services, kne. (GSI), 1995, All rights reserved,
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APPENDIN A: RBCA SPREADSHEET SYSTEM AND MODELING GUIDELIN

* Baseline Risk Results: For each complete exposure pathway, baseline intake rates and risk levels
associated with current site conditions are tabulated for both individual and cumulative constituent
exposure, To identify critical exposure pathways, a graphical plot is provided comparing cumulative
risks for air, water, and soil exposure pathways.

s Medio Cleanup Values: Site-Specific Target Levels (S5TLs) for each complete exposure pathqu are
provided both for individual constituent and cumulative constituent risk limits (if appllcable) The
software automatically identifies the critical $STL value for each constituent and calculates the
constituent reduction factor (CRF) required to meet the cleanup goal, ;

EXIT TO EXCEL WORKBOOK ‘

If desired, the user can bypass the software interface and directly access the Excel workbook
structure. This feature allows the user to inspect the detailed calculation steps conducted in the
various worksheets or review the modeling equations. This option is recommended only for users
experienced with direct operation of Excel. Further discussion of the worksheet envuonmeht is
provided in Section A .4 of this Appendix.

A.3 Fate and Transport Modelmg Methods

The RBCA Spreadsheet System contains a series of fate and transport models for predicting COC
concentrations at the point of exposure (POE) for indirect exposure pathways, such as air and
groundwater. Under Tier 2, relatively simple analytical models are to be employed for\thls
calculation, representing a minor incremental effort relative to Tier 1. The spreadsheet modeling
system is consistent with Appendix X.2 of ASTM E-1739, although selected aigcnthms and default
parameters have been updated to reflect advances in evaluation methods. ‘

The idealized schematic shown on Figure A.2 illustrates the steps included in the RBCA software
for predicting transport of contaminants from the source zone to the POE for air and groundwater
exposure pathways (Please note that POE attenuation factors and surface water exposure pathways
are not included in the software at this time. See Volume 1, Figure 10.) Each element in Flguré A2
represents a step-specific attenuation factor, corresponding to either a cross-media transfer factor
{CM) or a lateral transport factor (LT). The effective NAF value for each COC on each pathw?y is
then calculated as the arithmetic product of the various attenuation factors occurring along the flow
path from source to receptor. These steady-state NAF values are then used for calculation of
baseline risks and back-calculation of Site-Specific Target Levels (SSTLs), as discussed in Section A2
above. Please note that fate and transport modeling is not required for direct exposure pathways,
such as soil ingestion or dermal contact, where the source and exposure concentrations are equa]
(i.e., NAF = 1). Analytical models used for conservative estimation of each transport factoq are
described below. ‘
|

CROSS-MEDIA TRANSFER FACTORS |

Exposure pathways involving transport of COCs from one medium to another (¢.g., soil-to-air, 50il-
to-groundwater) require estimation of the correspondmg cross-media transfer factor. Various
analytical expressions are available for estimating soil-to-air volatilization factors as a function of site
soil characteristics and the physical/chemical properties of volatile organic COCs. Leaching faltors
for organic and inorganic constituent releases from soil to groundwater can similarly be estlmated
as a function of COC characteristics, soil conditions, and annual rainfall infiltration. Cross-media
transfer equations incorporated in the RBCA Spreadsheet System are presented in Figure A.3
beginning on Page A-11. Detailed discussion of each of these cross-media factors is provided below.

TIER % Guidance Manuai for Risk-Based Corrective Action
® Groundwater Services, Inc. (GSI), 1995. All rights reserved.
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CAPPENDIX A RBCA SPFREADSHEET SYSTEM AND MODELING GUIDELINES
NDIRECY LATERAL TOTAL
BXPQBURE SOURCE l CROSSMEDIA I THRANSPORT EXPOSURE PATHWAY
PATHWAY MECIUM TRANSFER FACTONG FACTORS MEOIUM Na
‘"éi_';:suro?gmg ............ b e T e R T e
Surtace Soli: . Volsali'ﬁtgggon ‘ Equation LT-2 ' | .
+ Surtac 3 i o
Xo&agllzstitaon Fagtor (VFss I Latoral Aie : Anﬂrm ADF
n . ; Disperaion : VF ..+ PEF
raieases : i LMPOE L VFge
ambientalr - Particulale o Factor (DL} |
) mission :
o . L _Factor (PE i
T T TN T R T D e — e~ =
1 . H .
‘g -. : | Guatic g \
3:1?}::":? ! S&ggtfrlfea%e ubsuffacg [liasmeal Alri"' : ”‘"‘:;E t ; ADF
olal : I TaI0! i
{0 ambient air - Sl amrw Z‘;’r?\b { Fagior (ADF) [ Lageet - VF samb
1] 1 .
_._..-.._’«i_--..-‘,ﬁ_.-________..,,..__________..-_______-_____L _______________
‘ %uﬁ' T i Attectad | : Solt E Indioor
Volatilzation | Subgu;fgne : Enclnaadr% ace ; ar || V—-—-—T—-F
10 enelosed i ails Valattization ! i at POR aasp
space I . Factor (VFSGSE ) . E :, : Tier 2
- gy e e i.,..__-...l 7777777
n round T Hooed } | o N & quation LT-2 e m ' ADF RE Cc Al
s Qroundwater: ! Q! ! H H m BN N
Volatization ;| Ground: |—ei Groundwator Dinoarsion S - l © VF wamb
to ambientalir " __waler Factor (VF wamol| ¢ |_Factor (ADF . L A7
= g P T ST :
+ Groundwatar: ! : ; : 1
H Affected : raundwater to ; : 1 !
wencased | Ground- fmmi Eraigied e : - Fwew ||
SpACE ; : lFm (WFwasp) i ‘ | atPOE }
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FIGURE A.2. NAF CALCULATION SCHEMATIC FOR INDIRECT EXPOSURE PATHWAYS IN RBCA
SPREADSHEET SYSTEM

*  VFg! Surface Soil Yolatilization Factor (Equation CM-1}
The surface volatilization factor is the steady-state ratio of the concentration of an organic constituent
in the ambient air breathing zone to the source concentration in the surface soil. The surface
volatilization factor incorporates two cross-media transfer elements: 1) organic vapor fHux from the
surface soil mass to ground surface and ii) mixing of soil vapors in the ambient air breathing zone
directly over the affected surface soil. For each site, the applicable VFyg value corresponds to the lesser
result of two calculation methods (termed CM-1a and CM-1b on Figure A3, page A-11). Equation
CM-1a typically controls for low-volatility organics, as it assumes there is an infinite source of
organics in the surface soils and uses a volatilization rate based primarily on chemical properties.
Equation CM-1b, which typically controls for volatile organics, is based on a mass balance approach.
In this equation, a finite amount of organics is assumed to be present in the surface svil {based on the
representative COC concentration), volatxhzmg at a constant rate over the duration of the expusure
period {e.g., 25-30 vears). Both expressions account for the dilution of organics in ambient air above
the source zone due to mixing with ambient air moving across the site. A simple box mode] is used for
this dilution calculation, based on the following adjustable default assumptions: 2-meter mixing zone
height and 225 em/sec (5 mph) lateral wind speed. The length of the mixing zone is set equal to the
lateral dimension of the exposed affected surface soil area parallel to the assumed wind direction.
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_Key assumptions used in this model and their effect on the SSTL calculation are as follows:

| KEY ASSUMPTIONS: VF o ' EFFECT ON CLEANUP STANDARD
;
i * Uniform COC Concentrations: Constituent levels , C—— '
uniformiy distributed in soil and constant over exposure :

period, o |
* No COC Decay: No bicdegradation or other loss I
mechanism in soil or vapor phase.

i‘ * Finite Source Term: Source term mass adjusted for !
| consmnt volatifization over exposure period. !

* PEF: Soll Particulate Emission Foctor (Equation CMm-2)

The Particulate Emission Factor (PEF) is the steady-state ratio of the concentration of organics in

particulates in the ambient air breathing zone to the source concentration of organics in the surface

. soil. The factor incorporates two cross-media transfer elements: i) the release rate of soil particulates
TIE?2 (dust) from ground surface and ii) mixing of these particulates in the ambient air breathing zone
= directly over the affected surface soil. The ;:articulate release rate is commonly matched |to a

conservative default value of 6.9 x 107" g/cm’-sec {approximately 0.2 Ibs/acre-year), unless a more
A-8 appropriate site-specific estimate is available. (If the site is paved, the particulate release rateT;nd
resultant PEF value for the covered soil area will be zero.) Particulates are assumed to be diluted by
lateral air flow directly over the source zone. For this purpose, a simple box model is employved, based
on the following adjustable default assumptions: 2-meter mixing zone height and 225 cm /sec (5 mph}
lateral wind speed. The length of the mixing zone is matched to the laterel dimension of the exposed
affected surface soil area parallel to the assumed wind direction.

Key assumptions incorporated in this model and their effect on the SSTL calculation are as follows;

KEY ASSUMPTIONS: PEF : EFFECT ON CLEANUP STANDARD

*  Uniform COC Concentrations: Constituent levels _
uniformly distributed in soil and constant over exposure

period.
* No COC Decay: No biodegradation or other foss : ‘{}
mechanism in soil or vapor phase, ‘ :
i * Defaule Emission Rate: Conservative particulate @ .

emission rate,

*  VFm: Subsurface Sol Volatilization Factor {Equation CM.3)
The subsurface soil volatilization factor is comparabie to the surface volatilization equation, except
that the algorithm has been adjusted to account for vapor flux from greater soil depths. The
volatilization factor accounts for two cross-media transfer elements: i) organic vapor flux from the
subsurface affected soil mass to ground surface and if) mixing of soil vapors in the ambient air
breathing zone directly over the affected soil zone. As with the surface soil volatilization factor, VF¢s,
the applicable subsurface soil volatilization factor, VFsamb, cotresponds to the lesser result of two
calculation methods {termed CM-3a and CM-3b on Figure A.3, page A-12). Equation CM.3a, which
corresponds to the expression given in Appendix X.2 of ASTM E-1 739, assumes a constant source
mass in the subsurface and can severely overpredict the soil vapor flux rate. To correct for this
problem, Equation CM-3b, which accounts for a mass balance of the volatilized source mass over the
exposure period {similar to Equation CM-1b) has been incorporated in the RBCA Spreadsheet. With
either equation {CM-3a or CM 3-b), dilution of soil vapors in the ambient air breathing zone is
estimated using the same box model described for Equation CM-1.
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Key assumptions incorporated in this model and their effect on the SSTL calculation are as follows:

KEY ASSUMPTIONS: VF sumb EFFECT ON CLEANUP STANDARD

»  Unifarm COC Concentrations: Constituent levels ———-
uniformly distributed In soll and constant cver exposure ‘
period. )

«  No COC Decay; No biodegradation or other |oss @—
mechanism in soit or vapor phase,

* Finite Saurce Term: Source term mass adjusted
for constant volatilization over exposure period,

*  VF. Subsurface Soil-to-Enclosed-Space Volatilization Factor (Equation CM-4)
This factor is the steady-state ratio of the source concentration of an organic constituent in indoor air
due to the concentration in underlying subsurface soils, Again, two expressions are evaluated:

i) Equation CM-da, which assumes an infinite source mass and is of the same form as Equation CM-3a Tier?2
with a term added to represent diffusion through cracks in the foundation of the building, and RECA
il) Equation CM-4b which accounts for a finite source mass volatilizing at a constant rate over the

exposure period. The applicable VF sesp value corresponds to the lesser of these two expressions. The A-9

soil-to-enclosed-space volatilization factor incorporates two cross-media transfer elements: i) organic
vapor flux from the underlying soil mass through the building floor and ii) mixing of soil vapors with
indoor air, Tier 1 default assumptions in the software include: i} a 1% open crack space in the

e foundation allowing vapors to diffuse into the building and ii) a building air exchange rate of one
exchange every 20 days. When used with these default valuss, the expression yields very conservative
results and can represent the controlling pathway for SSTL calculations for many sites. In such case,
users are advised to conduct direct air or soil vapor measurements prior to proceeding with remedial
measures for this pathway.

Key assumptions used in this model and their effect on the SSTL calculation are as follows:

KEY ASSUMPTIONS: VF gocpn ) EFFECT ON CLEANUP STANDARD

+  Uniform COC Concentrations: Constituent levels ‘ J—
uniformly distributed in soil and constant, over exposure

pertod.

*  No COC Decay: No biodegradation or other loss Cr
mechanism in sail or vapor phase. '

* Finite Source Term: Source term mass adjusted for —mo :
constant volatilization over exposure pericd.

« Default Building Parameters: Conservative defaule G

values for foundation crack area and alr exchange rare.

s VF ... Groundwater Yolatilization Factor (Equation CM-5)

The groundwater volatilization factor is the steady-state ratio of the concentration of an organic
constituent in ambient air to the source concentration in underlying affected groundwater. Vapor flux
rates from groundwater to soil vapor and thence from soil vapor to ground surface are generally
lower than those associated with direct volatilization from affected soils, Consequently, this
groundwater-to-ambient-air volatilization factor is typically not significant in comparison to soil
volatilization factors (i.e., Equations CM-1 or CM-3). This facior accounts for i) steady-state
partitioning of dissolved organic constituents from groundwater to the soil vapor phase, ii) soil vapor
flux rates to ground surface, and iii) mixing of seil vapors in the ambient air breathing zone directly
over the plume. Dilution of organic vapors in the breathing zone is estimated using a box model, as
described for Equation CM-1 above.
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A

Kev assumptions incorporated in this model and their effect on the SSTL calculation are as follows:

KEY ASSUMPTIONS: VF ,amb EFFECT ON CLEANUP STANDARD
i« Vapor Equilibrium: Soil vapor concentrations reach <5
immediate equilibrium with groundwater source.
* No COC Decay: Mo biodegradation or other loss 4
mechanism in groundwater or vapor phase.
+ infinite Source; COC mass in source term constant {‘,‘7

over time.

VF,.p' Groundwater to Enclosed Spoce Volatilization Factor {Equation CM-6}
This factor is the steady-state ratio of the concentration of an organic constituent in indoor air to the
source concentration in the underlying affected groundwater. The algorithm is equivalent to Equation
CM-5, modified to address vapor diffusion through a building floor and enclosed space accumulzation.
Tier 1 default values are the same as those specified for Equation CM-4 and, as noted previously, can
provide a relatively conservative (upper-range) estimate of indoor vapor concentrations. If this
pathway produces the controlling (minimum) RBSL or $5TL value for a given site, the user is ad vised
to conduct divect air or soil vapor measurements to evaluate the actual need for remedial measures.

Key assumptions used in this model and their effect on the S5TL calculation are as follows:

KEY ASSUMPTIONS: VF ywasp EFFECT ON CLEANUP STANDARD

= Vapor Equillbrium: Soil vapor concentrations reach
immediate equilibrium with groundwater source.

+ No COC Decay: No biodegradation or ather loss
mechanism in groundwater ar vapor phase.

+ Infinite Saurce: COC mass in source term constant over
time.

* Default Building Factors: Conservative default values
for foundation crack area and air exchange rate.

G GGG

K,.: Soif Leachate Portition Factor (Equation CM-7) ;

The soi] leachate partition factor is the steady-state ratio between the concentration of an organic
constituent in soil pore water and the source concentration on the affected s0il mass. This factor is
used ta represent the release of soil constituents to leachate percolating through the affected soil zone,

Key assumptions used in this equation and their effect o the S5TL calculation are as follows:

KEY ASSUMPTIONS: K 5 EFFECT ON CLEANUP STANDARD
+ Leachate Equilibrium: Leachate concentrations reach . <
immediate equilibrium with afiected soit source.
* No COC Decay: No bicdegradation or other loss <5
mechanism in soil or leachate.
« Infinite Source: COC mass in soil constant over time, {} J
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s LDF: Lenchate-Groundwater Dilution Factor (Equation CM-8)
The LDF factor accounts for dilution of organics as leachate from the overlying affected soil zone
mixes with groundwater in the underlying water-bearing unit. As indicated on Figure A.2, the
teachate dilution factor (LDF) divided by the soil-leachate partition factor (K., ) represents the steady-
state ratio between the concentration of an organic constituent in the groundwater zone and the
source concentration on the overlying affected soil. To estimate the leachate dilution factor, a simple
box model is used to estimate mass dilution within a mixing zone in the water-bearing unit directl
beneath the affected soil mass (see Equation CM-8, Figure A.3 on page A-13). The leachate volume
entering the water-bearing unit is represented by the deep infiltration term, I, which typically falls in
the range of 0.5% - 5% of annual site precipitation. For the Tier 1 RBSL calculation, a conservative
default infiltration value of 30 cm/vear is used, consistent with the exampie provided in ASTM §-
1739, Appendix X.2. For many sites, this default value (equivalent to an annual rainfall rate of over
200 in/year) may significantly overestimate actual leachate rates.

Key assumptions used in this equation and their effect on the SSTL calculation are as follaws:

KEY ASSUMPTIONS: LDF EFFECT ON CLEANUP STANDARD Tier 2
‘ REB C A

* Rainfail Infiltration: Deep percolation through affecred {} :

soil assumed 1o reach water-bearing unit regardless of soil 1

thickness or permeability. A-11
+ No COC Decay: No biodegradation ar other loss in \f}f

mechanism groundwater zona.
* Defauit Dilution Parameters: Conservative defauit &

- value for infiltration rate.

Equation CM-|; Surface Soil Volatllization Factor (VFss)

CM-1a:
v .
(mgl m’ - air) _ 2wp, DY H 10" . '
* (mg/kg—sail) | UpS,, \me(0,, +k,p, + HE,,)

W.ﬁ"‘%‘?«?‘w’”ﬁ—b SIS % (mg/ kg — soil} | U0,

wir dll'

3_ N
or CM-1b: Wi’[(mglm azr)]_. Wp.d x103

whichever is loss

Equation CM-2: Soil Particulate Emission Factor (PEF).

L1 S — ——

PEF (mglm’—ai.r) - PW < 10°
(mgikg=-soil)| U0,
'g:;:-— '-Mm:;-ﬂl'!l';:" i

1

FIGURE A.3 CROSS-MEDIA PARTITIONING EQUATIONS IN THE RBCA SPREADSHEET SYSTEM Continued
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Centinued
LEquatlon CM-3: Subsurface Soil Volatilization Factor (VFsamb)
U CM-3a:
Blr - — — S 3 R
e breathing zona Isair f— mm[{mm " au}-)J Hp, <103
i _ ; mg ! kg — soil) ",Sa i
| T_ I VAIIoBe Zons [Bus + ksps + H@,,,]l:l " p¥w J
diffusing vﬁpors 2 -
( j 3.
| L—' e o ; orCM-3b:  VF, (mglm a") = Py o0
affected subsudane soils samb (mglkg _ .5‘01.1) Uajraaer
: w ' whichever is lass '
Equation CM-4: Subsurface Suil to Enclosed Space Volatilization Factor (VFsesp)
CM-da:
Ly,: Vel. ¢ Infi, Area Ratic .
Tie"z Lzrac:: _Frnyndat:'):n , Hp, [D_fﬁ / 11:’
SRR 52:@:199 ancicaed-space hicknass : (’"E‘r"" -air) - [ews +heps + H eas] ER Lg x10?
A 12 V. fate == joundation gracks i sesp (mgfkg_sm‘i) oL DeﬁfL
- —Wm_ —— 1+ 3 . '
f vadoss zone [ ER Lg ] ( erack ! Lcmck)n
L
¢ ! diftueing vapars | s
mg!m” —air
or M- VE,, ( — ) =Pl g
(mglkg~soil) | LgpERT
' : whichever is less '
Equation CM-§: Groundwater VYolatilization Factor (VFwamb)
Upir r...__......-._._.._..._ —
brealaing 2008 bar f—=
vadose 20
diffusing vapars (m /mB — air)
Q_ VEamp| e = H x10%
wam
171—3——3—- - S =
' ‘ WD
. ' we :
Equation CM-6: Groundwater to Enclosed Space Volatilization Factor (VFwesp)
Ly: V8l / infi. Amp Ratio ) .
L : Foundali '
ER: 8t S ckness. :
xchange [ - entiosed-space
rite [™  toundation erpcks D:{{ /Lo ;
T— vaskes zons (mglm3‘ - air) . ER Ly x]lﬂa
l i werp (mgfL—-HJO) Dfﬂ?”-pw D;;‘qff-uw ‘
r 1 . I+ . H + -
I e S - 6 Lo || [l
1 capilary zone
w . !
FIGURE A.,3 CROSS-MEDIA PARTITIONING EQUATIONS IN THE RBCA SPREADSHEET SYSTEM Continued

TIER 2 Guidance Manual for Risk-Based Corrective Action
® Groundwater Services, Inc. (GEI), 1995, All rights reserved,




Feb 13 98 11:56a Jim Nash

. 636-3106

APPENDIX A: RBCA SPREADSHEET SYSTEM AND MODELING GUIDELINES

Continued TN
oy
Equation CM-7: Soii Leachate Partition Factor(
Eguation CM-8: Leachate-Groundwater Dilution Factor (LDF)
. 1: infiration Aata |
' ‘ I + ' ' VaO0SE Zons (mg /L= Hzo] _ s
W (img|kg—soil) | By +kyps + HOgs
Ugw ¥ f emnem g
, e Vod
‘ : : bl LDF{dimensionless] =1+ S
o ” . w
a i
Definitions for Cross-Media Transfer Equations
DY sitective diffusivity in vadose zone soils: D:ﬂck Effegtive diffusivity through foundation cracks: I
2 3.33 wat J.33 2 3.33 wat J.33 :
Deﬁ El"_ = Dlir 8 - D Bins D".ﬁ Em_ = Dair M + _D__ Zwerack,
s ! 6% H 9% crack] g , 9% H | 9%
. . }
o TS off I
Dm Effective diffusivity above the water table: pr Effective diffusivity in the capillary zone: !
- ‘ -
2 3.33 3.33
‘DY [Eﬁﬂ] = (h +h ) .{lﬁfﬂ. + _ﬁi_ Deff cm’ DAt B“C“P + D¥e gwca‘p | l
wi cap A4 eff of . = }
) D cap D * cap § 9']% H 3’% i
d Lower depth of surficial soil zone {cm) w Width of soutce aten parallel to wind, or groundwater flow '
dy Thicknesa of affected subsurface soils direction {cm) !
DA Diffusion coetficient in air (cm? /5) By  Ambient air mixing zone haight (cm) i
O¥3t  Diffuyion coefficient in water (cm2/s) 8gw  Groundwater mixing zone thickness (cm) |
ER Enclosed-apace air exchange rate (L/s} n Amalzﬁ-acﬁon of cracks in foundations/walls ‘
fe  Fraction of organic carbon in soil (g-C/g-soif) fem -cracks/ cm?-total acen)
H Henry’s law constant (em® -Hy O) Hom 3 -2ir) Bacap  Volumetric'air content in capillary fringe soils
. ’ . : {em 2-air/ con? -soil)
heap  Thickness of capillary fringe (em) o ‘ . b
: Bacrack  Volumetric air content in-foundation { wail cracks. |
by Thickness of vadose zone (em) {am3-aix/ cm3 total volume) :
I Infiltration rate of water through scil (cm/ year) [ Volumetric air content in vadose zone soils '
. ke  Carbonewater sorption coefficient (g-H0/5-C) {em3-ait /cmS -soil}
' kg Soil-water sorption coefticlent (g-H> O/ g-soll} | ot Total soil porosity {an® -pore-space/ em3 -soil)
Lg Enclosed space volume/infiltration area ratio {cm) Buweap Volurget-rir: watex:; content in capillary fringe soile
Lerack Enclosed space foundation or wall thickness (em) lan 4 Ofem?-s0l)
- Bwerack Volumetric water content in foundation/wall cracks
Lgw Depthio ground.waier heap +hy fom) wer {am ¥ HyO) cie total volume)
Ly Depth to subsurface soit sources (cm) . : ;
. . 2 Byg  Yolumetric water content in vadose zone soils i
Pa Particulate emission rate (g/cm =) {em3-Ha O/ a3 -sail} i
Uy  Wind speed above ground surface in ambient mixing Py - Soil bulk density (g-sil/ om 3-seil) |
zone (em/s) -
t Averaging time for vapor tlux {s}

Vew Groundwater Darcy velodty (am/s)
FIGURE A.3 CROSS-MEDIA PARTITIONING EQUATIONS IN THE RBCA SPREADSHEET SYSTEM

LATERAL TRANSPORT FACTORS
During lateral transport within air or groundwater, COC concentrations in the flow stream will be
diminished due to mixing and attenuation effects (see Figure A.2). Site-specific attenuation factors
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