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DISCLAIMER

This documentEvaluation of Environmental Hazards at Sites witmtaminated Soil and
Groundwater(Fall 2011), is a technical report prepared byf stthe Hawai'i Department
of Health (HDOH), Environmental Management DivisioThe document updates and
replaces the documeBicreening for Environmental Concerns at Sites @itimtaminated
Soil and Groundwatefinterim Final, March 2009 and interim updates).

The document provides guidance for identificatiod avaluation of environmental hazards
associated with contaminated soil and groundwafBne Environmental Action Levels
(EALSs) presented in this document and the accompgrigxt are specificallypot intended

to serve as: 1) a stand-alone decision making ®oQuidance for the preparation of
baseline environmental risk assessments, 3) aaaletermine if a waste is hazardous under
the state or federal regulations, or 4) a rule étemnine when the release of hazardous
substances must be reported to the HDOH.

The information presented in this document is matl faction. HDOH reserves the right to
change this information at any time without pubsi@ice. This document is not intended,
nor can it be relied upon, to create any rightemefible by any party in litigation in areas
associated with HDOH. HDOH may elect to follow thé®armation provided herein or act
at a variance with the information, based on atyaiseof site-specific circumstances.

This document will be periodically updated. Plesesed comments, edits, etc. in writing to
the above contact. This document is not copyrajhtéopies may be freely made and
distributed. It is cautioned, however, that refiessto the action levels presented in this
document without adequate review of the accompgnyamrative could result in
misinterpretation and misuse of the information.
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EQUATIONS FOR DERIVATION OF RISK-BASED SCREENING LEVELSFOR
SOIL, INDOOR AIR AND DRINKINGWATER

1.0 Introduction

This appendix summarizes models and exposure assmsipsed to generate risk-based action levels for
soil, tapwater and indoor air that are incorporaméol the HDOH Tier 1 Environmental Action Levels
presented in Appendix 1. Risk-based action lev@sbil and tapwater follow models and assumptions
used to develop the USEPA Regional Screening LR34 s, USEPA 2011). The RSLs represent a
consolidation of Preliminary Remedial Goals (PR@gViously published by individual USEPA regions.
Previous editions of the HDOH guidance in particuéderenced PRGs developed and published by
USEPA Region IX (USEPA 2004a).

A copy of the 2011 USEPA RSL User’s Guide is atach his document presents a detailed discussion
of the equations and assumptions used to caldiatBLSs. Risk-based soil action levels were
developed for the following exposure scenarios:

* Residential direct exposure;
e Commercial/lIndustrial,
e Construction/Trench Workers.
The USEPA soil RSLs take into account the followingtes of exposure:
* Incidental ingestion;
e Inhalation of vapors or dust;
» Dermal absorption.

Soil exposure assumptions for the Outdoor (vs inddtorker RSLs were referred to for incorporatian i
the Appendix 1 lookup tables (refer to Table I-Appendix 1). The primary difference is an assumed
soil ingestion rate of 100 mg/day vs 50 mg/daypeesvely.

The USEPA RSL guidance only presents risk-basddsbon levels for residential and
commercial/industrial land use scenarios. A thetdd$ action levels is incorporated into the HDOlgrT
1 EALs for construction and trench workers. A sumn@ exposure assumptions for all scenarios is
provided in Table 1. References for the developroéthis exposure scenario are discussed in more
detail below and in Appendix 1. The soil actiondBsvcan be used in site-specific Environmental rthza
Evaluations to evaluate in contaminants in deeptlogrwise isolated soils to help target remediere.

Soil action levels for contaminants that pose naneahealth risks were calculated for a target tthza
guotient of both 1.0, following the approach usgdtSEPA, as well as more conservative hazard
guotient of 0.2. Soail action levels based on a tthgaotient of 0.2 are carried forward for inclusia the
Tier 1 EAL lookup tables (refer to table A, B anseries). This was done in order to take into actou
potential cumulative affects posed by the presehceultiple contaminants with similar health effecin
most instances, this results in HDOH soil actiorele for noncancer concerns that are one-fifttef t
USEPA RSLs. In cases where the USEPA RSL exceedsdretical soil saturation level for a given
chemical (Csat), however, the difference will besleAs discussed in Appendix 1, Csat is used as the
upper limit for direct exposure soil action leveltie USEPA RSL and adjusted DOH action level wéll b
identical both if the RSL and the DOH action legrteed this value. HDOH action levels for some
chemicals may also differ slightly from the oridgitdSEPA RSL due to rounding inconsistencies
between input values in the respective HDOH and RISEpreadsheets.

The USEPA RSLs for tapwater take into account dlaireet of assumed exposure routes:

» Direct ingestion of water;
* Inhalation of vapors during showering or other\atiés.
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Equations used to develop the RSLs and similaryluis develop action levels for this guidance are
presented in the attached USEPA RSL User’s Guide.

The soil leaching model used in the USEPA RSL gquidavas not referred to for use in the Tier 1 EALS.
An alternative model used to develop soil actiarele for this potential environmental hazard is
discussed in Appendix 1.

2.0 Construction/Trench Wor ker s Exposur e Scenario

Direct-exposure screening levels for deep soilaleulated based on a construction/trench worker
exposure scenario. Exposure assumptions are supatiani Table 1. The assumed exposed skin area and
soil ingestion rate are based on guidance presamtbd Supplemental Guidance for Developing Soil
Screening Levels for Superfund Sites (USEPA 200B¢. inhalation rate, body weight, averaging time

and target hazard quotient are set equal to aseamepised in the USEPA RSLs (USEPA 2011) for
consistency with screening levels for occupati@xglosure assumptions. The soil adherence factor is
taken from trench-worker exposure scenario assomptieveloped by the Massachusetts Department of
Environmental Protection for use in calculatingegtiing levels for Deep soils (MADEP 1994).

The Massachusetts Department of Environmental &troteassumes exposure durations of three months
for noncarcinogens (plus use of subchronic RfDgl)seven years for carcinogens. A seven year (versus
three month) exposure duration for carcinogensésiun part because shorter exposure durations were
considered to be beyond the limits of cancer risklefs. For the purposes of this document, a one;tim
three month exposure duration to exposed soilssié avas considered to be inadequate. This may be
particularly true for utility workers who re-visit site numerous times over several years for reutin
maintenance of underground utilities. As notedabl€ 1, a total exposure duration of seven years is
assumed for both carcinogens and noncarcinogensxpasure frequency of 20 days (4 weeks) per year
for 7 years yields a total of 140 days total expesConstruction workers may receive 140 days (nbug

6 months) of exposure in a single year and ne&t thie site again. Using chronic RfDs (generadissl
stringent that subchronic RfDs) and spreadingadted £xposure time over seven years is somewhat
conservative but is consistent with the utility Wer scenario. A target risk of 1E-06 was used toutate
soil screening levels for carcinogens. A targeandzjuotient of 0.2 was used to calculate soilestrey
levels for noncarcinogens. This is consistent @itbumption used to develop screening levels for
residential and industrial/commercial exposure aoes.

The emission of vapors from contaminated soil isebleon part on the calculation of a “Volatilization
Factor” on a chemical-specific basis (USEPA 20&&, equation in attached RSL guidance manual). A
key parameter in this calculation is the term “QMi&fined as the inversion of the ration of the mea
concentration of a VOC in air to the volatilizatithax at the center of site (see VF equation in
attachment). A default value of 68.81 is assigioe@/C for standard residential and
commercial/industrial site scenarios. A defaulEQAlue of 14.31 is assigned for use in trench aork
exposure models for calculation of soil action Iser VOCs in order to take into account the pt&n
for poor air flow in trenches (see Table I-3 in Applix 1).

"Particulate Emission Factors (PEFs)" are interidaelate the concentration of a chemical in sothie
concentration of the chemical in air-born dust. Plig= used for residential and occupational exposure
scenarios (1.316E+09 mg-kg/mg/m3) was taken dirdatin the USEPA Region IX Preliminary
Remediation Goals guidance document (USEPA 2011g.PEF reflects a concentration of air-born
particulate matter of approximately 0.76 ug/m3.sTREF and associated concentration of air-born dust
was not considered to be adequately conservatigerafitions that may occur at construction sites. A
revised PEF for this exposure scenario was detiwedigh use of a "Dust Emission Factor" for
construction sites developed by the USEPA. The Busssion Factor of 1.2 tons of dust per month, per
acre is based on USEPA field studies at apartnwnptex and commercial center developments in semi-
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arid areas (USEPA 1974, 1985). Derivation of thestauction-site PEF is summarized in Table 4. The
derived PEF (1.44E+06 mg-kg/mg/m3) correspondsdorgentration of air-born dust of approximately
700 ug/m3.

3.0 INDOORAIR

Target levels for indoor air were calculated base@quations incorporated into vapor intrusion
spreadsheets published by the USEPA (USEPA 2084¢r to Appendix 4 for a copy of this
guidance and a more detailed discussion of thetieqsa The equations are reproduced below for
reference.

Equation 1: Residential Exposures to Carcinogeict&minants in Indoor Air

TRX AT,

Cair(u /m3 =
(ug/m) EF,. x ED,__xURF

res

Equation 2: Occupational Exposures to Carcinog€eistaminants in Indoor Air

TR X AT,
EF_. x ED,_x URF

occ

Cair (ug/m3) =

Equation 3: Residential Exposures to Noncarcinag€ointaminants in Indoor Air

THQ x AT, x RfC
EF,. X ED,

res

Cair (ug/ma) =

Equation 4: Occupational Exposures to Noncarcinmgéontaminants in Indoor Air

THQ x AT, x RfC
EF.. x ED,_

occ

Cair (ug/ma) =

where URF is the unit risk factor carcinogens (W®¥nfor and RfC carcinogens (ug/m3) is the
reference concentration for noncarcinogens. A summiJRFs and RfCs for specific chemicals is
provided in Table H and E-3 of Appendix 1.
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TABLE 1. HUMAN EXPOSURE PARAMETER DEFINITIONS
AND DEFAULT VALUES

Symbol Definition (units) Default References (refer to USEPA 2002 for full references)
CSFo Cancer slope factor oral (mg/kg-d) - Chemical specific - Appendix 1, Table H
CSFi Cancer slope factor inhaled (mg/kg-d) - Chemical specific - Appendix 1, Table H
RfDo Reference dose oral (mg/kg-d) - Chemical digee Appendix 1, Table H
RfDi Reference dose inhaled (mg/kg-d) -- Chemipalcfic - Appendix 1, Table H
TRr/o Target cancer risk - residential, occupationa 10° USEPA 2011a. See Appendix 1 Table | series ariddex
industrial exposure scenario exceptions

*TRctw Target cancer risk - construction/trench 10° HIDOH (see Appendix 1)
worker exposure scenario

THQ Target hazard quotient 0.2 USEPA 2011a. SgeAgix 1 Table | series and text for

exceptions

BWa Body weight, adult (kg) 70 USEPA 2011a

BWc Body weight, child (kg) 15 USEPA 2011a

ATc Average time — carcinogens (days) 25,550 USEBPAlLa

ATn Average time — noncarcinogens (days) ED*365 BARO1lla

SAar Exposed surface area, adult res*(day) 5,700 USEPA 2011a

SAaw Exposed surface area, adult occ?(day) 3,300 USEPA 2011a

SAc Exposed surface area, child {uay) 2,800 USEPA 2011a

*SAac/tw | Exposed surface area, construction/trench 5,800 USEPA 2011b
worker (cnf/day)

AFar Adherence factor, adult res. (mgfgm 0.07 USEPA 2011a

AFaw Adherence factor, occupational (mgfgm 0.20 USEPA 2011a

*AFctw Adherence factor, construction/trench worker  0.51 Massachusetts DEP (1994)
(mg/cnt)

AFc Adherence factor, child (mg/ém 0.20 USEPA 2011a

ABS Skin absorption (unitless): chemical specific -- USEPA 2011a

IRAa Inhalation rate — adult {fday) 20 USEPA 2011a

IRAC Inhalation rate — child (frday) 10 USEPA 2011a

*IRActw | Inhalation rate — construction/trench worke 20 USEPA 2011b
(m*day)

IRWa Drinking water ingestion — adult (L/day) 2 USk2011a

IRWc Drinking water ingestion — child (L/day) 1 PEXal-EPA (DTSC, 1994)

IRSa Soil ingestion — adult (mg/day) 100 USEPA 2011

IRSc Soil ingestion — child (mg/day) 200 USEPA 28)11

IRSo Soil ingestion — occupational (mg/day) 50 USER1la

*IRSctw | Soil ingestion—construction/trench worker 330 USEPA 2002
(mg/day)

EFr Exposure frequency — residential (d/y) 350 USEBlla

EFo Exposure frequency — occupational (d/y) 250 RISEO11a

*EFctw Exposure frequency — construction/trench 20 Massachusetts DEP (1994)
worker (dly)

EDr Exposure duration — residential (years) 30 USEP11a

EDc Exposure duration — child (years) ® 6 | USEPA201l1a

EDo Exposure duration — occupational (years) 25 RISEO11a

*EDctw Exposure duration — construction/trench 7 modified from Massachusetts DEP (1994)
worker (years)

IFSadj] Ingestion factor, soils (Img-yrl/[kg-d]) 114 | USEPA 2011a

SFSad] Skin contact factor, soils ([mg-yr]/[kg-d]) 361 USEPA 2011a

InhFadj Inhalation factor ([Fayr]/[kg-d]) 11 USEPA 2011a

IFWadj Ingestion factor, water ([1-yr)/[kg-d]) 1.1 | USEPA 2011a

VFw Volatilization factor for water (L/ 0.5 USEPA 2011a

PEFres/o¢ Particulate emission factor {fkg) - 1.32E+09 | USEPA 2011la
residential/occupational exposure scenarios

*PEFctw | Particulate emission factor {km) - 1.44E+06 | Based on Construction Site Dust Emissamtdfs (USEPA
construction/trench worker exposure scenafios 1974, 1985). See attached table.

VFs Volatilization factor for soil (m3/kg) - Chenaicspecific (USEPA 2002, 2011a)

sat Soil saturation concentration (mg/kg) - Chelrgpacific (USEPA 2002, 2011a)
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TABLE 2. VOLATILIZATION FACTOR PARAMETER DEFINITIONS

AND DEFAULT VALUES

Par ameter Definition (units)
VFg Volatilization factor M/kg)
Da Apparent diffusivity (cri/s)
QIC, Inverse of the mean conc. at the center of -
efault acre square source (ghs per kg/m)
QIC, Inverse of the mean conc. at the center of -
rench acre square source (s per kg/m)
T Exposure interval (
rhep Dry soil bulk density (g/cr})
thetey Air filled soil porosity (Lyj,/L i)
n Total soil porosity (lyordLsoil)
thetg,, Water-filled soil porosity (lyatefLsoil
rhcg Soil particle density (g/cfh
Di Diffusivity in air (cm/s)
H Henry's Law constant (at-m*mol)
H' Dimensionless Henry's Law constant
Dw Diffusivity in water (cn/s)
Kqg Soil-water partition coefficient (cm3/g)
Koc x foc
K Soil organic carbc-water partition coefficien
oc (cm®/g)
foc Fraction organic carbon in soil (g/g)
INTERIM FINAL — Fall 2011 6

Hawai'i DOH

Default

68.81 (USEPA 2011a)

14.31 (USEPA 2002)
9.5x 1¢

1.5

0.28 or n-w

0.43 or 1 — (b/s)

0.15

2.65
Chemica-specific
Chemica-specific

Calculated from H bmultiplying by

41 (USEPA 1991a)
Chemical-specific

Chemical-specific

Chemical-specific
0.006 (0.6%)
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TABLE 3. PARTICULATE EMISSION FACTOR PARAMETER DEFINITIONS AND
DEFAULT VALUES - RESIDENTIAL/OCCUPATIONAL SCENARIOS

Par ameter
*PEF

Q/C
\%
Um
Ut

F(x)

Definition (units) Default
Particulate emission factor Yiig) 1.316 x 16
Inverse of the mean concentration at the centar@f-acre-square sourc

90.80

(g/mé-s per kg/m)
Fraction of vegetative cover (unitless) 0.5
Mean annual windspeed (m/s) 4.69
Equivalent threshold value of windspeed at Amfsj 11.32 11.32
Function dependent on Um/Ut derived using Cendh(1985) (unitless) 0.194

* Concentration dust in air (mgfire= 1/(PEF x (1 kg/1,000,000 mg)) = 0.0007 mg/m
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TABLE 4. PARTICULATE EMISSION FACTOR FOR
CONSTRUCTION/TRENCH WORKER EXPOSURE SCENARIO

Dust Gener ated (moder ate to heavy construction) (M qus):

Dust Emission Factor (El

1.2
2400
1089

tons/meacre
Ibs/mo-acre
kgs/mo-acre

USEPA 1974, 19¢
conversion
conversion

Volume Air Passing Over Site Per M

onth Per Acre (Va):

Length Perpendicular To Wind (I 1 acre Default EF are
43560 ft? conversion
4047 m? conversion
64 m L=Area®®
Air Mixing Zone Height (M2) 2 m model assumptio
Ave Wind Speed (V): 4.69 m/s USEPA 2004 (default PRG value)
Seconds per 30.4 Day Month (S): 2.63E+06 sec/month [conversion
Volume Air (Volume-air)f 1.57E+09 m® Volume-air=LxMZxVxS
Aver age Concentration Dust in Air (Cyus-air):
Concentration Dust (yustai)|  6.95E-07 kg/nt (Cair = My,sf Volume-air)
0.695 mg/nt conversion
Particulate Emission Factor (PEF):
Concentration soil in dust gustso:| 1,000,00! mg/ke Model assumptior 100% (100000t
mg/kg) of dust is derived from on-site soi.
PEF] 1.44E+06 (mg/kg)!  |PEF=Gust-soil Cdust-air
(mg/nT)
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Attachment

Text of USEPA Region IX
Preliminary Remediation Goals
Document (June 2011)
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Mid-Atlantic Risk Assessment

You are here: EPA Home" Mid-Atlantic Risk Assessment  Regional Screening Table - User's
Guide

User's Guide (May 2011)

Disclaimer Table of Contents
Home Page

This guidance sets forth a recommended, but not b’vsfar;,ssGN“ésve

mandatory, approach based upon currently available FAQ

information with respect to risk assessment for Equations

response actions at CERCLA sites. This document does Calculator

ic Tabl
not establish binding rules. Alternative approaches for Generic Tables

risk assessment may be found to be more appropriate at

specific sites (e.g., where site circumstances do not match the underlying
assumptions, conditions and models of the guidance). The decision whether to use
an alternative approach and a description of any such approach should be
documented for such sites. Accordingly, when comments are received at individual
CERCLA sites questioning the use of the approaches recommended in this guidance,
the comments should be considered and an explanation provided for the selected
approach.

It should also be noted that the screening levels (SLs) in these tables are based
upon human health risk and do not address potential ecological risk. Some sites in
sensitive ecological settings may also need to be evaluated for potential ecological
risk. EPA's guidance "Ecological Risk Assessment Guidance for Superfund: Process
for Designing and Conducting Ecological Risk Assessment"
http://www.epa.gov/oswer/riskassessment/ecorisk/ecorisk.htm contains an
eight step process for using benchmarks for ecological effects in the remedy
selection process.

1. Introduction

The purpose of this website is to provide default screening tables and a calculator to assist
Remedial Project Managers (RPMs), On Scene Coordinators (OSC's), risk assessors and
others involved in decision-making concerning CERCLA hazardous waste sites and to
determine whether levels of contamination found at the site may warrant further
investigation or site cleanup, or whether no further investigation or action may be required.

Users within and outside the CERCLA program should use the tables or calculator results at
their own discretion and they should take care to understand the assumptions incorporated in
these results and to apply the SLs appropriately.

The SLs presented in the Generic Tables are chemical-specific concentrations for individual
contaminants in air, drinking water and soil that may warrant further investigation or site
cleanup. The SLs generated from the calculator may be site-specifc concentrations for
individual chemicals in soil, air, water and fish. It should be emphasized that SLs are not
cleanup standards. SLs should not be used as cleanup levels for a CERCLA site until the

http://www.epa.gov/reg3hwmd/risk/humar-concentration_table/usersguide. 8/26/201.
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other remedy selections identified in the relevant portions of the National Contingency Plan
(NCP), 40 CFR Part 300, have been evaluated and considered. PRGs (Preliminary
Remediation Goals) is a term used to describe a project team's early and evolving
identification of possible remedial goals. PRGs may be initially identified early in the Remedial
Investigation/ Feasibility Study (RI/FS) process (e.g., at RI scoping) to select appropriate
detection limits for RI sampling. Typically, it is necessary for PRGs to be more generic early
in the process and to become more refined and site-specific as data collection and
assessment progress. The SLs identified on this website are likely to serve as PRGs early in
the process--e.g., at RI scoping and at screening of chemicals of potential concern (COPCs)
for the baseline risk assessment. However, once the baseline risk assessment has been
performed, PRGs can be derived from the calculator using site-specific risks, and the SLs in
the Generic Tables are less likely to apply. PRGs developed in the FS will usually be based on
site-specific risks and Applicable or Relevant and Appropriate Requirements (ARARs) and not
on generic SLs.

2. Understanding the Screening Tables

2.1 General Considerations

Risk-based SLs are derived from equations combining exposure assumptions with chemical-
specific toxicity values.

2.2 Exposure Assumptions

Generic SLs are based on default exposure parameters and factors that represent Reasonable
Maximum Exposure (RME) conditions for long-term/chronic exposures and are based on the
methods outlined in EPA’s Risk Assessment Guidance for Superfund, Part B Manual (1991)
and Soil Screening Guidance documents (1996 and 2002).

Site-specific information may warrant modifying the default parameters in the equations and
calculating site-specific SLs, which may differ from the values in these tables. In completing
such calculations, the user should answer some fundamental questions about the site. For
example, information is needed on the contaminants detected at the site, the land use,
impacted media and the likely pathways for human exposure.

Whether these generic SLs or site-specific screening levels are used, it is important to clearly
demonstrate the equations and exposure parameters used in deriving SLs at a site. A
discussion of the assumptions used in the SL calculations should be included in the
documentation for a CERCLA site.

2.3 Toxicity Values

In 2003, EPA’s Superfund program revised its hierarchy of human health toxicity values,
providing three tiers of toxicity values
(http://www.epa.gov/oswer/riskassessment/pdf/hhmemo.pdf). Three tier 3 sources were
identified in that guidance, but it was acknowledged that additional tier 3 sources may exist.
The 2003 guidance did not attempt to rank or put the identified tier 3 sources into a
hierarchy of their own. However, when developing the screening tables and calculator
presented on this website, EPA needed to establish a hierarchy among the tier 3 sources. The
toxicity values used as “defaults” in these tables and calculator are consistent with the 2003

http://www.epa.gov/reg3hwmd/risk/humar-concentration_table/usersguide. 8/26/201.
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guidance. Toxicity values from the following sources in the order in which they are presented
below are used as the defaults in these tables and calculator.

1. EPA’s Integrated Risk Information System (IRIS)

2. The Provisional Peer Reviewed Toxicity Values (PPRTVs) derived by EPA's Superfund
Health Risk Technical Support Center (STSC) for the EPA Superfund program.

3. The Agency for Toxic Substances and Disease Registry (ATSDR) minimal risk levels
(MRLs)

4. The California Environmental Protection Agency (OEHHA) Office of Environmental
Health Hazard Assessment's Chronic Reference Exposure Levels (RELS) from
December 18, 2008 and the Cancer Potency Values from July 21, 2009.

5. In the Fall 2009, this new source of toxicity values used was added: screening toxicity
values in an appendix to certain PPRTV assessments. While we have less confidence
in @ screening toxicity value than in a PPRTV, we put these ahead of HEAST toxicity
values because these appendix screening toxicity values are more recent and use
current EPA methodologies in the derivation, and because the PPRTV appendix
screening toxicity values also receive external peer review.

6. The EPA Superfund program's Health Effects Assessment Summary. (Note that the
HEAST website of toxicity values for chemical contaminants is not open to users
outside of EPA, but values can be obtained for use on Superfund sites by contacting
Rich Kapuscinski at Kapuscinski.Rich@epa.gov).

Users of these screening tables and calculator wishing to consider using other toxicity values,
including toxicity values from additional sources, may find the discussions and seven
preferences on selecting toxicity values in the attached Environmental Council of States
paper useful for this purpose (ECOS website, ECOS paper).

When using toxicity values, users are encouraged to carefully review the basis for the value
and to document the basis of toxicity values used on a CERCLA site.

2.3.1 Reference Doses

The current, or recently completed, EPA toxicity assessments used in these screening tables
(IRIS and PPRTVs) define a reference dose, or RfD, as an estimate (with uncertainty
spanning perhaps an order of magnitude) of a daily oral exposure to the human population
(including sensitive subgroups) that is likely to be without an appreciable risk of deleterious
effects during a lifetime. It can be derived from a NOAEL, LOAEL, or benchmark dose, or
using categorical regression, with uncertainty factors generally applied to reflect limitations of
the data used. RfDs are generally the toxicity value used most often in evaluating noncancer
health effects at Superfund sites. Various types of RfDs are available depending on the
critical effect (developmental or other) and the length of exposure being evaluated (chronic
or subchronic). Some of the SLs in these tables also use Agency for Toxic Substances and
Disease Registry (ATSDR) chronic oral minimal risk levels (MRLs) as an oral chronic RfD.
Screening toxicity values in an appendix to certain PPRTV assessments were added to the
hierarchy in the fall of 2009. The HEAST RfDs used in these SLs were based upon then
current EPA toxicity methodologies, but did not use the more recent benchmark dose or
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categorical regression methodologies. Chronic oral reference doses and ATSDR chronic oral
MRLs are expressed in units of (mg/kg-day).

2.3.1.1 Chronic Reference Doses

Chronic oral RfDs are specifically developed to be protective for long-term exposure to a
compound. As a guideline for Superfund program risk assessments, chronic oral RfDs
generally should be used to evaluate the potential noncarcinogenic effects associated with
exposure periods greater than 7 years (approximately 10 percent of a human lifetime).
However, this is not a bright line. Note, that ATSDR defines chronic exposure as greater than
1 year for use of their values. The calculator requires the user to select between chronic and
subchronic toxicity values.

2.3.1.2 Subchronic Reference Doses

Subchronic oral RfDs are specifically developed to be protective for short-term exposure to a
compound. As a guideline for Superfund program risk assessments, subchronic oral RfDs
should generally be used to evaluate the potential noncarcinogenic effects of exposure
periods between two weeks and seven years. However, this is not a bright line. Note, that
ATSDR defines subchronic exposure as less than 1 year for use of their values. The calculator
requires the user to select between chronic and subchronic toxicity values.

2.3.2 Reference Concentrations

The current, or recently completed, EPA toxicity assessments used in these screening tables
(IRIS and PPRTV assessments) define a reference concentration (RfC) as an estimate (with
uncertainty spanning perhaps an order of magnitude) of a continuous inhalation exposure to
the human population (including sensitive subgroups) that is likely to be without an
appreciable risk of deleterious effects during a lifetime. It can be derived from a NOAEL,
LOAEL, or benchmark concentration, or using categorical regression with uncertainty factors
generally applied to reflect limitations of the data used. Various types of RfCs are available
depending on the critical effect (developmental or other) and the length of exposure being
evaluated (chronic or subchronic). These screening tables also use ATSDR chronic inhalation
MRLs as a chronic RfC, intermediate inhalation MRLs as a subchronic RfC and California
Environmental Protection Agency (chronic) Reference Exposure Levels (RELs) as chronic
RfCs. Screening toxicity values in an appendix to certain PPRTV assessments were added to
the hierarchy in the fall of 2009. These screening tables may also use some RfCs from EPA’s
HEAST tables.

2.3.2.1 Chronic Reference Concentrations

The chronic inhalation reference concentration is generally used for continuous or near
continuous inhalation exposures that occur for 7 years or more. However, this is not a bright
line, and ATSDR chronic MRLs are based on exposures longer than 1 year. EPA chronic
inhalation reference concentrations are expressed in units of (mg/m3). Cal EPA RELs are
presented in ug/m3 and have been converted to mg/m3 for use in these screening tables.
Some ATSDR inhalation MRLs are derived in parts per million (ppm) and some in mg/m3. For
use in this table all were converted into mg/m3. The calculator requires the user to select
between chronic and subchronic toxicity values.
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2.3.2.2 Subchronic reference Concentrations

The subchronic inhalation reference concentration is generally used for exposures that are
between 2 weeks and 7 years. However, this is not a bright line, and ATSDR subchronic MRLs
are based on exposures less than 1 year. EPA subchronic inhalation reference concentrations
are expressed in units of (mg/m3). Cal EPA RELs are presented in ug/m3 and have been
converted to mg/m3 for use in these screening tables. Some ATSDR intermediate inhalation
MRLs are derived in parts per million (ppm) and some in mg/m3. For use in this table all
were converted into mg/m3. The calculator requires the user to select between chronic and
subchronic toxicity values.

2.3.3 Slope Factors

A slope factor and the accompanying weight-of-evidence determination are the toxicity data
most commonly used to evaluate potential human carcinogenic risks. Generally, the slope
factor is a plausible upper-bound estimate of the probability of a response per unit intake of a
chemical over a lifetime. The slope factor is used in risk assessments to estimate an upper-
bound lifetime probability of an individual developing cancer as a result of exposure to a
particular level of a potential carcinogen. Slope factors should always be accompanied by the
weight-of-evidence classification to indicate the strength of the evidence that the agent is a
human carcinogen.

Oral slope factors are toxicity values for evaluating the probability of an individual developing
cancer from oral exposure to contaminant levels over a lifetime. Oral slope factors are
expressed in units of (mg/kg-day)-1. When available, oral slope factors from EPA’s IRIS or
PPRTV assessments are used. The ATSDR does not derive cancer toxicity values (e.g. slope
factors or inhalation unit risks). Some oral slope factors used in these screening tables were
derived by the California Environmental Protection Agency, whose methodologies are quite
similar to those used by EPA’s IRIS and PPRTV assessments. Screening toxicity values in an
appendix to certain PPRTV assessments were added to the hierarchy in the fall of 2009.
When oral slope factors are not available in IRIS then PPRTVs, Cal EPA assessments, PPRTV
appendices or values from HEAST are used.

2.3.4 Inhalation Unit Risk

The IUR is defined as the upper-bound excess lifetime cancer risk estimated to result from
continuous exposure to an agent at a concentration of 1 pg/m3 in air. Inhalation unit risk
toxicity values are expressed in units of (ug/m3)-1.

When available, inhalation unit risk values from EPA’s IRIS or PPRTV assessments are used.
The ATSDR does not derive cancer toxicity values (e.g. slope factors or inhalation unit risks).
Some inhalation unit risk values used in these screening tables were derived by the California
Environmental Protection Agency, whose methodologies are quite similar to those used by
EPA’s IRIS and PPRTV assessments. Screening toxicity values in an appendix to certain
PPRTV assessments were added to the hierarchy in the fall of 2009. When inhalation unit risk
values are not available in IRIS then PPRTVs, Cal EPA assessments, PPRTV appendices or
values from HEAST are used.

2.3.5 Toxicity Equivalence Factors

Some chemicals are members of the same family and exhibit similar toxicological properties;
however, they differ in the degree of toxicity. Therefore, a toxicity equivalence factor (TEF)
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must first be applied to adjust the measured concentrations to a toxicity equivalent
concentration.

The following table contains the various dioxin-like toxicity equivalency factors for Dioxins,
Furans and PCBs (Van den Berg et al. 2006), which are the World Health Organization 2005
values.

Dioxin Toxicity Equivalence Factors

Dioxins and Furans

TEF

Chlorinated dibenzo-p-dioxins
| 2,3,7,8-TCDD | |
| l1,2,3,7,8-PeCDD I |
| |l1,2,3,4,7,8-HxCDD | 0.1 |
| |l1,2,3,6,7,8-HxCDD | 0.1 |
| ||1,2,3,7,8,9-HxCDD | 0.1 |
| |l1,2,3,4,6,7,8-HpCDD | 0.01 |
| locbbD | 0.0003 ]
| Chlorinated dibenzofurans || || |
| [2,3,7,8-TCDF | 0.1 |
| |l1,2,3,7,8-PeCDF | 0.03 ]
| |12,3,4,7,8-PeCDF | 0.3 |
| |l1,2,3,4,7,8-HxCDF | 0.1 |
| |11,2,3,6,7,8-HxCDF | 0.1 |
| |11,2,3,7,8,9-HxCDF | 0.1 |
| |12,3,4,6,7,8-HxCDF | 0.1 |
| |l1,2,3,4,6,7,8-HpCDF | o0.01 |
| l1,2,3,4,7,8,9-HpCDF | 0.01 |
| |locDF | 0.0003 |
| PCBs |
| [IUPAC No.| Structure I |
>Non-ortho | 77  |3,3.,4,4'-TetraCB  |(0.0001 |
| 81 |3,4,4,5-TetraCB  [0.0003 |
| 126 |]3,3',4,4',5-PeCB llo.1 |
| 169 |3,3',4,4',5,5-HxCB [0.03 |
>Mono-ortho | 105 |[2,3,3',4,4'-PeCB l0.00003]
| 114 |2,3,4,4',5-PeCB 10.00003]
| 118 |[2,3',4,4',5-PeCB l0.00003]
| 123 |[2,3,4,4',5-PeCB 10.00003]
| 156 |2,3,3',4,4',5-HxCB |(0.00003]
| 157 |22,3,3',4,4',5'-HxCB |(0.00003|
| 167 2,3'.4,4',5,5-HxCB [0.00003]
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| 189 ]2,3,3',4,4',5,5'-HpCB|[0.00003]
>Di-ortho* | 170 |2,2',3,3',4,4',5-HpCB|[0.0001 |
| 180 [2,2',3,4,4',5,5'-HpCB|0.00001|

* Di-ortho values come from Ahlborg, U.G., et al. (1994), which are the WHO 1994 values
from Toxic equivalency factors for dioxin-like PCBs: Report on WHO-ECEH and IPCS
consultation, December 1993 Chemosphere, Volume 28, Issue 6, March 1994, Pages 1049-
1067.

Carcinogenic polycyclic aromatic hydrocarbons

Provisional Guidance for Quantitative Risk Assessment of Polycyclic Aromatic Hydrocarbons
(EPA/600/R-93/089, July 1993), recommends that a toxicity equivalency factor (TEF) be used
to convert concentrations of carcinogenic polycyclic aromatic hydrocarbons (cPAHs) to an
equivalent concentration of benzo(a)pyrene when assessing the cancer risks posed by these
substances from oral exposures. These TEFs are based on the potency of each compound
relative to that of benzo(a)pyrene. For the toxicity value database, these TEFs have been
applied to the toxicity values. Although this is not in complete agreement with the direction in
the aforementioned documents, this approach was used so that toxicity values could be
generated for each cPAH. Additionally, it should be noted that computationally it makes little
difference whether the TEFs are applied to the concentrations of cPAHs found in
environmental samples or to the toxicity values as long as the TEFs are not applied to both.
However, if the adjusted toxicity values are used, the user will need to sum the risks from all
cPAHs as part of the risk assessment to derive a total risk from all cPAHs. A total risk from all
cPAHs is what is derived when the TEFs are applied to the environmental concentrations of
cPAHs and not to the toxicity values. These TEFs are not needed and should not be used with
the Cal EPA Inhalation Unit Risk Values used, nor should they be used when calculating non-
cancer risk. See FAQ no. 15.

The following table presents the TEFs for cPAHs recommended in Provisional Guidance for
Quantitative Risk Assessment of Polycyclic Aromatic Hydrocarbons.

Toxicity Equivalency Factors for Carcinogenic Polycyclic Aromatic Hydrocarbons

| Compound | TEF |
|Benzo(a)pyrene ||1.0 |
[Benz(a)anthracene|[0.1 |
Benzo(b) 0.1
fluoranthene '
Benzo(k)

fluoranthene 0K
[Chrysene |0.001]
Dibenz(a,h) 1.0
anthracene '
Indeno(1,2,3-c,d) 0.1
pyrene )

2.4 Chemical-specific Parameters

Several chemical specific parameters are needed for development of the SLs.
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2.4.1 Sources

Many sources are used to populate the database of chemical-specific parameters. They are
briefly described below.

1.

10.

11.

12.

13.

The Estimation Programs Interface (EPI) SuiteTM was developed by the US
Environmental Protection Agency's Office of Pollution Prevention and Toxics and
Syracuse Research Corporation (SRC). These programs estimate various chemical-
specific properties. The calculations for these SL tables use the experimental values
for a property over the estimated values.

. EPA Soil Screening Level (SSL) Exhibit C-1.

. WATERS, which has been replaced with WATERS9.

Syracuse Research Corporation (SRC). 2005. CHEMFATE Database. SRC. Syracuse,
NY. Accessed July 2005.

. Syracuse Research Corporation (SRC). 2005. PHYSPROP Database. SRC. Syracuse,

NY. Accessed July 2005.

. Yaws' Handbook of Thermodynamic and Physical Properties of Chemical Compounds.

Knovel, 2003.
(http://www.knovel.com).

. EPA Soil Screening Level (SSL) Table C.4

(http://www.epa.gov/superfund/health/conmedia/soil/index.htm).

. Baes, C.F. 1984. Oak Ridge National Laboratory. A Review and Analysis of Parameters

for Assessing Transport of Environmentally Released Radionuclides through
Agriculture. http://homer.ornl.gov/baes/documents/ornl5786.html. Values are also
found in Superfund Chemical Data Matrix (SCDM)
(http://www.epa.gov/superfund/sites/npl/hrsres/tools/scdm.htm).

. NIOSH Pocket Guide to Chemical Hazards (NPG), NIOSH Publication No. 97-140,

February 2004. (http://www.cdc.gov/niosh/npg/npg.html).

CRC Handbook of Chemistry and Physics . (Various Editions)

Perry'sChemical Engineers' Handbook (Various Editions).McGraw-Hill. Online version
available at:http://www.knovel.com/web/portal/browse/display?

EXT KNOVEL DISPLAY bookid=2203&VerticallID=0. Green, Don W.; Perry, Robert
H. (2008).

Lange's Handbook of Chemistry (Various Editions). Online version available
at:http://www.knovel.com/web/portal/browse/display?

EXT KNOVEL DISPLAY bookid=1347&VerticalID=0. Speight, James G. (2005).
McGraw-Hill.

U.S. EPA 2004. Risk Assessment Guidance for Superfund Volume I: Human Health
Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment) Final.
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OSWER 9285.7-02EP.July 2004. Document and website
http://www.epa.gov/oswer/riskassessment/ragse/index.htm">http://www.epa.gov/oswe

2.4.2 Hierarchy by Parameter

Generally the hierarchies below will work for organic and inorganic compounds.

1.

10.

11.

Organic Carbon Partition Coefficient (Koc) (L/kg). Not applicable for inorganics. EPI

estimated values; SSL, Yaw estimated values; EPI experimental values; Yaw
Experimental values

. Dermal Permeability Constant (K,) (cm/hr). EPI estimated values; RAGS Part E.

. Molecular Weight (MW) (g/mole). EPI; CRC89; PERRY; LANGE; YAWS

Water Solubility (S) (mg/L). EPI experimatal values; SSL; CRC; PERRY; LANGE;
YAWS experimental values; Yaws estimated values; EPI estimated values; PHYSPROP

. Unitless Henry's Law Constant (H"). EPI experimental values; SSL; YAWS

experimental values; EPI estimated values; PHYSPROP

. Henry's Law Constant (atm-m3/mole). EPI experimental values; SSL; YAWS

experimental values; EPI estimated values; PHYSPROP

. Diffusivity in Air (Dia) (cm2/s). WATERS equations; SSL
. Diffusivity in Water (Dia) (cm2/s). WATERY equations; SSL

. Fish Bioconcentration Factor (BCF) (L/kg). EPI experimental values; EPI estimated

values

Soil-Water Partition Coefficient (Kq) (cm3/g). SSL; BAES

Density (g/cm3). CRC; PERRY; LANGE; IRIS

3. Using the SL Tables

The "Generic Tables" page provides generic concentrations in the absence of site-specific

exposure assessments. These concentrations can be used for:

Prioritizing multiple sites or operable units or areas of concern within a facility or
exposure units

Setting risk-based detection limits for contaminants of potential concern (COPCs)

Focusing future site investigation and risk assessment efforts (e.g., selecting COPCs
for the baseline risk assessment)

Identifying contamination which may warrant cleanup

Identifying sites, or portions of sites, which warrant no further action or investigation
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Initial cleanup goals when site-specific data are lacking

Generic SLs are provided for multiple exposure pathways and for chemicals with both
carcinogenic and noncarcinogenic effects. A Summary Table is provided that contains SLs
corresponding to either a 10-6 risk level for carcinogens or a Hazard Quotient (HQ) of 1 for
non-carcinogens. The summary table identifies whether the SL is based on cancer or
noncancer effects by including a "c" or "n" after the SL. The Supporting Tables provide SLs
corresponding to a 10-6 risk level for carcinogens and an HQ of 1 for noncarcinogens. Site
specific SLs corresponding to an HQ of less than 1 may be appropriate for those sites where
multiple chemicals are present that have RfDs or RfCs based on the same toxic endpoint. Site
specific SLs based upon a cancer risk greater than 10-6 can be calculated and may be
appropriate based upon site specific considerations. However, caution is recommended to
ensure that cumulative cancer risk for all actual and potential carcinogenic contaminants
found at the site does not have a residual (after site cleanup, or when it has been determined
that no site cleanup is required) cancer risk exceeding 10-4. Also, changing the target risk or
HI may change the balance between the cancer and noncancer endpoints. At some
concentrations, the cancer-risk concerns predominate; at other concentrations, noncancer-HI
concerns predominate. The user must take care to consider both when adjusting target risks
and hazards.

Tables are provided in either MS Excel or in PDF format. The following lists the tables
provided and a description of what is contained in each:

Summary Table - provides a list of contaminants, toxicity values, MCLs and the lesser
(more protective) of the cancer and noncancer SLs for resident soil, industrial soil,
resident air, industrial air and tapwater.

Residential Soil Supporting Table - provides a list of contaminants, toxicity values and
the cancer and noncancer SLs for resident soil.

Industrial Soil Supporting Table - provides a list of contaminants, toxicity values and
the cancer and noncancer SLs for industrial soil.

Residential Air Supporting Table - provides a list of contaminants, toxicity values and
the cancer and noncancer SLs for resident air.

Industrial Air Supporting Table - provides a list of contaminants, toxicity values and
the cancer and noncancer SLs for industrial air.

Residential Tapwater Supporting Table - provides a list of contaminants, toxicity
values, MCLs and the cancer and noncancer SLs for tapwater.

3.1 Developing a Conceptual Site Model

When using generic SLs at a site, the exposure pathways of concern and site conditions
should match those used in developing the SLs presented here. (Note, however, that future
uses may not match current uses. Future uses are potential site uses that may occur in the
future. At Superfund sites, future uses should be considered as well as current uses. RAGS
Part A, Chapter 6, provides guidance on selecting future-use receptors.) Thus, it is necessary
to develop a conceptual site model (CSM) to identify likely contaminant source areas,
exposure pathways, and potential receptors. This information can be used to determine the
applicability of SLs at the site and the need for additional information. The final CSM diagram
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represents linkages among contaminant sources, release mechanisms, exposure pathways,
and routes and receptors based on historical information. It summarizes the understanding of
the contamination problem. A separate CSM for ecological receptors can be useful. Part 2 and
Attachment A of the Soil Screening Guidance for Superfund: Users Guide (EPA 1996)
contains the steps for developing a CSM.

As a final check, the CSM should address the following questions:

Are there potential ecological concerns?

Is there potential for land use other than those used in the SL calculations (i.e.,

residential and commercial/industrial)?

Are there other likely human exposure pathways that were not considered in

development of the SLs?

Are there unusual site conditions (e.g. large areas of contamination, high fugitive dust
levels, potential for indoor air contamination)?

The SLs and later PRGs may need to be adjusted to reflect the answers to these questions.

Below is a potential CSM of the quantified pathways addressed in the SL Tables.

PRIMARY
SOURCES

PRIMARY
RELEASE
MECHANISM

SECONDARY
SOURCES

Release cr
Spill

SECONDARY
RELEASE
MECHANISM

Resuspension
and
Volatihzation

Infiltration
and
Percolation

Conceptual Site Model of Quantified Exposure Pathways for SL Table

Exposure RECEPTOR
Media
Exposure | Resident
'E]' Inhalation o
Exposure Resident
Drinki
“.wm *—*1 Ingestion
Inhalation
Exposure |Resident
.| Ingestion L
Inhalation ®
e

3.2 Background

EPA may be concerned with two types of background at sites: naturally occurring and
anthropogenic. Natural background is usually limited to metals whereas anthropogenic (i.e.

human-made) “background” includes both organic and inorganic contaminants.
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Please note that the SL tables, which are purely risk-based, may yield SLs lower than
naturally occurring background concentrations of some chemicals in some areas. However,
background considerations may be incorporated into the assessment and investigation of
sites, as acknowledged in existing EPA guidance. Background levels should be addressed as
they are for other contaminants at CERCLA sites. For further information see EPA's guidance
Role of Background in the CERCLA Cleanup Program, April 2002, (OSWER 9285.6-07P) and
Guidance for Comparing Background and Chemical Concentration in Soil for CERCLA Sites,
September 2002, (OSWER 9285.7-41).

Generally EPA does not clean up below natural background. In some cases, the predictive
risk-based models generate SL concentrations that lie within or even below typical
background concentrations for the same element or compound. Arsenic, aluminum, iron and
manganese are common elements in soils that have background levels that may exceed risk-
based SLs. This does not mean that these metals cannot be site-related, or that these metals
should automatically be attributed to background. Attribution of chemicals to background is a
site-specific decision; consult your regional risk assessor.

Where anthropogenic “background” levels exceed SLs and EPA has determined that a
response action is necessary and feasible, EPA's goal will be to develop a comprehensive

response to the widespread contamination. This will often require coordination with different
authorities that have jurisdiction over the sources of contamination in the area.

3.3 Potential Problems

As with any risk based screening table or tool, the potential exists for misapplication. In most
cases, this results from not understanding the intended use of the SLs or PRGs. In order to
prevent misuse of the SLs, the following should be avoided:

Applying SLs to a site without adequately developing a conceptual site model that
identifies relevant exposure pathways and exposure scenarios.

Not considering the effects from the presence of multiple contaminants, where
appropriate.

Use of the SLs as cleanup levels without adequate consideration of the other NCP
remedy selection criteria on CERCLA sites.

Use of SL as cleanup levels without verifying numbers with a toxicologist or regional
risk assessor.

Use of outdated SLs when tables have been superseded by more recent values.
Not considering the effects of additivity when screening multiple chemicals.

Applying inappropriate target risks or changing a cancer target risk without
considering its effect on noncancer, or vice versa.

Not performing additional screening for pathways not included in these SLs (e.g,.
vapor intrusion, fish consumption).

Adjusting SLs upward by factors of 10 or 100 without consulting a toxicologist or
regional risk assessor.
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4. Technical Support Documentation

The SLs consider human exposure to individual contaminants in air, drinking water and soil.
The equations and technical discussion are aimed at developing risk-based SLs or PRGs. The
following text presents the land use equations and their exposure routes. Table 1 presents
the definitions of the variables and their default values. Any alternative values or
assumptions used in developing SLs on a site should be presented with supporting rationale
in the decision document on CERCLA sites.

4.1 Residential Soil

4.1.1 Noncancer

The residential soil land use equation, presented here, contains the following exposure
routes:

incidental ingestion of soil,
365 days <ED

THQ=AT
L year

c (B years}J xBW, (15 Kg)

Slres-soknc ing (mg#ka) =

EF. [351] days

1 200 mg ) 1075k
year

— —=|RS
mg ] '3[ day 1mg

]xEDC (E g,rear]lx
RD_|——
'-"(Kg-day

inhalation of particulates emitted from soil,
365 days

THQ=AT
L year

<ED, (B yeara}]

BLna ssolnc-inh ':mg’fkgj' =

EFr(asn days]xEDc (6 year)<ET _ [24 haurs}[ 1 day ]x 1
year day 24 hours ) o [mg

dermal contact with soil,

THOxAT (2829338 e (5 years)|<BW
- F\ year ¢ -
SI‘resral:ul-m:-n:llar [mgﬂ{g:l-
EF 350 days «ED [E yearjx 1 xSA 2800 |
FL year ¢ [ my E da’
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O Kg-day
Total.
- 1
SLies soknc-tot (mgkg) = 1 . 1 . 1
sL =1 =1

res-soknc-ing res-sol-nc-der res-solnc-inh

4.1.2 Carcinogenic

The residential soil land use equation, presented here, contains the following exposure
routes:
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incidental ingestion of soail,
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CSF =EF =|FS . .
O \Kg-day F\ year adj | 7 Kg-day my
where:
i
ED. (6 j,rears)xIRSE [M] ED,-ED, (24 Years}xIRSa T mg]
IFS .. 114 mg-Year | _ day N (" day
adj| ™ Kg-day BW,_ (15 Kg) BW, (70 Kg)

inhalation of particulates emitted from soil,
365 days

=LT [70
year 70y

TR XATr (

8Lna ssolca-inh ':mg’fkgj' =

gy

R ,Jy (1000 g (B0days) |1 4
e my rl year ] o3

\f'Fs F'EFW

dermal contact with soil,

TRxAT, (qu (70 :-,rears:l]
year

SI‘res—su:ul—[:a-n:har [mg:‘kg)=

1

CSFy [K - ] 350 d 361 mg-Y

908Y) | eF [222.93Y2 | .pFs i =2 TR xABS gx
GIABS L year ad) Kg-day

where:

2
2800 cm 02m
ED, (B years)xSA_ [—] xAF_ [ ; g] ED -ED (24 years)xS

- day
DFS, 4 361 mg-Year | _ em” /.,
e BW, (15 Kg) :
Total.
= 1
Sles sol-ca-tot (MIKY) = i - : - 1
Shres-sokca-ing  Sres-sol-ca-der > res-sol-carinh

4.1.3 Mutagenic

The residential soil land use equation, presented here, contains the following exposure
routes:
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{

incidental ingestion of soail,

TR=AT

365 days
——xLT |70
year [ Fars}]

Pagels of 65

SL . (mokg)=
l-mu- -
res-sol-mu-ing car [_ma 1xEF 380 days| oy (4895 mg-Year
0 | Kg-day r{ year adj Kg-day
where:
200 myg 200 myg
ED xRS | ——= | =10 ED r] =IRS
Fop [ 4895 mg-Year)_ 02 () ':[ day ) ., A [ ]
ad Kg-day BW, (15 Kg) BW, (15 Kg)
100 mg ) 100 mg
EDg 18 E?F)"'Rsa[ T ED15-30(3"3'”'R5a[ T ]"1
BW, (70 Kg) BW, (70 Kg)
inhalation of particulates emitted from soil,
TRxAT, [qu (70 years}]
year
S : /kg)=
Ltes-sokmu-inh (Ma/ke) o (350 days) zdhuurs‘x[ 1 day ]: 1000 pg)
r year re day ) 124 hours mq

[

EDq 5 (¥rs) <IUR [IJ%a]JI

W

dermal contact with soil,

=10 | +

.
-1
EDg. 15 (¥1s) xIUR [%3] x3
A

% f

i

ED, g (¥rs)xIUR [IJ%E]JI :3} +
ED,g.3g (yrs)xIUR [%]1 x1]

5

F

TRxAT, [M xLT (70 years}}
- year
SLyes-sol-mu-der (MIK8)= X
myg
CSFD[ d ] 350 d 1445 mg- Y
Kgday) | er [3509a¥8), negy gi| 2 T | apy
GIABS L year ad) Kyg-day
where:
i 2
0.2mg 2800 cm C
EDg 5 (1) xAF, | =—— ]”3‘”\: [T]’m ED,. g (yr) xAF, [’
DESM. .. 1445 mg-Year | _ \oom "
ad] Kg-day BW, (15 K E
[ 2
007 mqg 5700 em
EDg.1g [¥r) *AF, 7 ]*5% [—d“ ]‘3 EDyg.3p (y1)xAF,
%
+
BW, (70 Kg)
Total.
— 1
Slyes-sokmu-tot (MIKG) = 7 N 7 N 7
sL SL sSL

res-sol-mu-ing

http://www.epa.gov/reg3hwmd/risk/humar-concentration_table/usersguide.
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4.1.4 Vinyl Chloride - Carcinogenic

The residential soil land use equations, presented
routes:

incidental ingestion of soil,

Pagel6 of 65

here, contain the following exposure

- TR
SI‘res:rs|:|il-l::5|-1|r|::-ing (mgﬂ-:g:l— r -1 380 d 114 105K
mg ays mg-yr o
CSF xEF | ————=|=xIFS_ x
0 [Kg-day] ’[ year ] adl[ kg-d ] 1 mg
AT [M «LT (70 yea rs}]
year
' -1 B
mg 200 mg | 107Ky
F =R ®
“5F [Kg-day] S':[ day ] 1 mg
BW, (15 kg}
%
inhalation of particulates emitted from soil,
TR
Slyes soikca-ve-inh (M8} =2 — i
ays ours
IUR ["y:aJ [—] <ED (30 years) xET [ day ]: [
3
AT [—355 L | (70 yaars}] xVF [m—]
k year kg
IUR Fy3
m [1IJEIIJ ug]
3
VF m_]
kg
dermal contact with soil,
- TR
Sles soil-ca-ve der (M) = x
mg
csF [ ]
0 ¥ -
Kyg-day <EF 350 days <DFS .. 361 mg-yr xAEIdej
GIABS L year adj |~ kg-day
AT, [M xLT (70 years]]
year
\
( -1
“Sho [K;dgay] 2800 cm? 02 108K
- cm 2 myg g
xSA | ———— |xAF | ——= | xABSx
GIABS '3[ day ] '3[ e ] 1 mg
BW, (15 kg]
%
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Total.
1
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BLna3—5u:uil--:a-ur-:-tt:nt (mgﬂ{g}: 1 1 1

+ +
sL =1 sL

res-g0il-ca-vc-der

res-soik ca-vc-ing res soil-ca-ve-inh

A number of studies have shown that inadvertent ingestion of soil is common among children
6 years old and younger (Calabrese et al. 1989, Davis et al. 1990, Van Wijnen et al. 1990).
Therefore, the dose method uses an age-adjusted soil ingestion factor that takes into account
the difference in daily soil ingestion rates, body weights, and exposure duration for children
from 1 to 6 years old and others from 7 to 30 years old. The equation is presented below.
This health-protective approach is chosen to take into account the higher daily rates of soil

ingestion in children as well as the longer duration of exposure that is anticipated for a long-
term resident. For more on this method, see RAGS Part B.

4.2 Composite Worker Soil

This landuse is for developing industrial default screening levels that are presented in the
Generic Tables.

4.2.1 Noncancer

The composite worker soil land use equation, presented here, contains the following exposure
routes:

incidental ingestion of soil,
J65 days
year

THQ=AT [ xED . (25 years}] xBW_ . (70 Ko

SLyy-solnc-ing (mg/kg) =

days 1

year

mg

IR 100 —
mg ]: ':""'""'[ day]x[

EF,, [25::1 _
RiD_ | ———
o [kg-day

]:ED ow 125 years) x

inhalation of particulates emitted from soil,

365 days

THQxAT [ v xED,,, (25 yea

SLyy-sol-nc-inh (MO7k9)=

days 8 hours 1 day
EF., [250 Far]:EDDW (25 years)<ET, [ Tay ]: [24 hnum]x E

dermal exposure,
J65 days

THQ!ATGW [ 0
r

\
xED ., (25 years)
4

Sly-sol-nc-der liw;fkg]m

days
EF., [25[1 —] =ED

25 years)x
' year

ow |

mg
RfD =G| ABS
0 [kg-day]
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Total.
_ 1
Sly-sokne-tot (ma/kg)= 1 1 1

+ +
sL Sl‘w—sn:nl-r‘u:-u:han’ SL

w-s0l-nc-ing w-sol-nc-inh

4.2.2 Carcinogenic

The composite worker soil land use equation, presented here, contains the following exposure
routes:

incidental ingestion of soil,
I65 days

TR=AT
b [ year

LT (70 ',rears}]XEiwow (70 Ka)

SI‘w-suI-|::a-ir1g (mgfkg}=

-
days iy mg

EF. |250 ——= |=ED 25 years) xCSF =R 100 — |=

“’"’[ :rear] ow (25 years) xS, [kg-dar] ”“"[ da':r]

inhalation of particulates emitted from soil,

J65 days

TR=AT LT (70
=, W[ Joar = |I

SLy-sol-ca-inh (M97k9)=

days . 8 hours) [ 1day |_
EF., [25D year]xEDUW (25 years)<ET, [ 4oy } [24 hnurs] IUR

dermal exposure,

365 days <L

TR=AT T |70 years) | =BwW
uw[ year (70 :'] :

Slw-sol-ca-der (mg"kg}z

-1
c [ e

days 0l kg-day 3300

EF., [zsn ﬁ]::EDDW (25 years)x STADS “SAow | 2

Total.

_ 1
BLW-SN-CH-W‘ (mg’fkg} - 1 1 1

+ +
= sL =1

w-s0l-ca-ing w-sol-ca-der w-s0l-ca-inh

4.3 Indoor Worker Soil
The indoor worker soil land use is not provided in the Generic Tables but SLs can be created

by using the Calculator to modify the exposure parameters for the composite worker to
match the equations that follow.

4.3.1 Noncancer

The indoor worker soil land use equation, presented here, contains the following exposure
routes:

http://www.epa.gov/reg3hwmd/risk/humar-concentration_table/usersguide. 8/26/201.
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incidental ingestion of soail,

365 days y
o | (mgﬂ{gj: THQxﬂ.‘I’iw [W ED'M (2‘5 years}] wiw (?EI Kg}
W-NC-ing 5
er. [250 335 |<ED. . (25 years)x— xR, [50M9 |12
e year L W17 day 1 mj

rRip | M9
0 | kg-day

THQ=AT [—355 Sk
WL year

inhalation of particulates emitted from soil,

BI‘iw-m:—inh (mgfkgj =

. EDiw

(25 yearal]]

1

days | . 8 hours | [ 1day
EF [250 yearJ ED,,, (25 years)xET, [ Tay J [

Total.

_ 1
Shiw-nc-tot (mQ"fk g} - 1 1
SL

-1 C- N g SI‘i\-v-m:-inh

4.3.2 Carcinogenic

24 hnurs] RIC [mg

The indoor worker soil land use equation, presented here, contains the following exposure

routes:

incidental ingestion of soail,

_ year
SLiw-ca-ing (mg/kg) =

TRAT. [M <LT (70 ye ars)] <BW,,_ (70 Kg)

year kg-day
inhalation of particulates emitted from soil,
365 days

TRxAT.
e

SI‘iw-[::-:i- inh (mgfkg} =

A
days mg
EF., [250 y J:EDiw (25 years)<CSF, [ ] xIR,., [EEI el

mﬂ],[ﬁ

day

XLT|1

1n

/0 yeal

days B hours 1 day
EF., [2513 yaar]xEDiW (25 years)xET,__ [ doy ]x[

Total.

_ 1
SLiw-ca-tot (mgfkg] - 1 1
SL

IW-Ca-ing SI‘i\-ﬂ»f—[::—:i-inh
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4.4 Outdoor Worker Soil

The outdoor worker soil land use is not provided in the Generic Tables but SLs can be created
by using the Calculator to modify the exposure parameters for the composite worker to
match the equations that follow.

4.4.1 Noncancer

The outdoor worker soil land use equation, presented here, contains the following exposure
routes:

incidental ingestion of soil,
365 days
year

THQxAT [ xED,,, (25 yaars}]waﬂw (70 Kg)

Slow-salne-ing (ma/kg) = daye 1

my
EF gw [225 ﬁ]xEDmM (25 years) = oY Row [mu m]

0 | kg-day

inhalation of particulates emitted from soil,

J&5 days

THQ=AT
) ':""""[ year

xED,,,,, (25 ye

SLow-soknc-inh (M/ke)=

days 8 hours 1 day
EF [225 yeaerEDﬂW (25 years)<ET, [ oy ]: [24 huurs} ;

dermal exposure,

THQ=AT_ [waow (25 years
B year
SLow-soknc-der (Makg)=
days | y 1 .
EF':'w [225 year] EDmW (25 yearsj - SADW
RfD =GIABS
© | kg-day
Total.
- 1
SLow-soknc-tot (mokg)= 1 R 1 . 1
SLDW-ED'-HE-ng SLDW-SDl-nC-der S"-:uw-*snl-n-::-inh

4.4.2 Carcinogenic

The outdoor worker soil land use equation, presented here, contains the following exposure
routes:
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incidental ingestion of soail,

365 days
TRxAT [W xLT (70 yea rs}] xBW (70 Kg

Sme-.e—snI-[:a-ing (mQIkQ}:

-1
days my mg

EF__ [225 xED_ (25 years)xCSF =R 100 —=

“"’“’[ :afear} ow (26 years) “(kg-daw] “W[ da:r}

inhalation of particulates emitted from soil,

J65 days
TREAT . [W xLT [?l

SLoy-sokca-inh (MKG) =

days 8 hours 1 day
EF g [225 yeaerEDﬂw (25 years) <ET, [ day ]x [24 huurs]:lu

dermal exposure,

. 365 days _ y
TR>AT [W LT (70 years}] Bt

SLow-sok-ca-der imgﬂcg):

-1
c [ e

days O\ kg-day 3301

EFy [225 ﬁ]xEnnuW (25 years) T xSAg |

Total.

_ 1
BLuw—sD l-ca-tot (mgfkgj ; 1 1 1

+ +
SL San-sul-ca-der SL

ow-sol-ca-ing ow-sol-ca-inh

4.5 Recreational Soil or Sediment

4.5.1 Noncancer

The recreational soil or sediment land use equation, presented here, contains the following
exposure routes:

incidental ingestion of soil or sediment,

y 365 days _ .
. ATral:[ year ED ecsc [Team:'] BWe csc (KY)

SL. - crbnr (mgfkgjl= .
LrEI:.‘ sal-nc-ing 1 200 mg

——— —x=|RS [—
reCcsc
A iy day
0 Kg-day

days
EFrecsc (year ]xEDrecsc ( years)x
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inhalation of particulates emitted from soil or sediment,

. 365 days _
U2 ATrec[ year recsc (22

SLna c-sol-nc-inh '["' 9/ kg:‘ =

days|_ y hours| [ 1day |
EF"BCSE[year] ED’“’W”E&[J “Trecse (day] [24 hours] RfCl

dermal contact with soil or sediment,

365 days
THQxAT [_YxEanCSE (yearsj]xE

_ year

Slyec-soknc-der (Makg)= | 1
ays
EFrecsc [ 1|rEE,r]":EI:!reru::s::: (year)x - “SArecse
[ann[ g ]:Gmas]
Ko-day
Total.
3 (mokg) = !
Lreu:—snl—nu:—iut 9/kg 1 N 1 N 1

SLnau::-s::lI-r‘u:-ir‘:g 5Lrtarl:-sn:nl-r'n:vl:i er SLnan:.- solnc-inh

4.5.2 Carcinogenic

The recreational soil or sediment land use equation, presented here, contains the following
exposure routes:

incidental ingestion of soil or sediment,

365 days
TR=AT — 1=
“rec [ year

_"| 'E
CSF mg «Fs .| M9, 10 "Ka
0\ Kg-day ad | Ky mg

days 200 mg
[ mg] EDrgcsc [ Years) xEF g [Year]xIRSrecm [ day ] EDrecsa ( vears)<EF,
IFS - = +
-ad B
rec-adj | kg . [Kg} ;
inhalation of particulates emitted from soil or sediment,

365 days
TR=AT . [W xLT (70 years}]

SI‘re c-sal-ca-inh Iirn gfkg:l = 3
-1
IUR “y R N T |
m3 my recs | year [m3] [MB]
vF
5
4

hours 1 day
EDyg s (¥ears) xETygcq [ day ]x[za hnurs]

xLT (70 yea rs}]

Sltecsol-ca-ing (mo/kg) =

where:
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dermal contact with soil or sediment,

TR XATrE c

Page23 of 65

(365 days
year

LY

xLT (70 ye ar-s)]

Ay b (makg)=

1
mg
F
T [Kg-day]

™

GlABS

where:

ED o csc [ years)xEF,

2
days Y mig
recsc [year] *SArecse [ day ]XAFrecsl: [cmz] EDrec

&
«DFS_ .| -M9 | aBs, x| 100

mg|_
DFSrec-adj [ Kg ]_

Total.

+
BWiecsc [Kg]

1

Slyec-sokca-tot (MIKY) = ]

+

1 1

+

SLreu::-s-:nI-n::au-ir'lg

4.5.3 Mutagenic

sL

sL

rec-sol-ca-der rec-sol-ca-inh

The recreational soil or sediment land use equation, presented here, contains the following

exposure routes:

incidental ingestion of soil or sediment,

TR=AT. .

=1

[355 days

xLT (70 years]l]

re c-sol-mu-ing (makg)=
mg
CSF, [Kg_ 2

where:

IFSM mg

-1 Eye )
mg 10" Ky

x|FSM_ 4. | — =
rr] a"J[KQJ [ mg

days 200 mg )
7 =|R
0-2 [year] 302[ day

=10 ED?-E [yr:leFz_E [

+

]: EDg (y1)<E

rec-adj[ Kg

EDg.1g (¥1) *EFg. ¢

BWq.5 (Ka) B!

http://www.epa.gov/reg3hwmd/risk/humar-concentration_table/usersguide.
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inhalation of particulates emitted from soil or sediment,

365 ds
TR!ATrEc [—

year

B|-|r|3r:—su:ul-ml.|-inh [mgﬂ‘g): 7

[ 1 day ]K[ml:unpg}c o, 1 ;
24 hours mgy B m3
%

Kg g

i
days hours
ot s )0 (35} 1] o)
\ \

i
days haurs
EDg.1g (¥1s) *EFg. 15[],“,] Elg.16 [ ] 'UR[/a] +

LY
dermal contact with soil or sediment,

k'
TR=AT [—355 dyS 1 (70 years)
_ year
SI‘reu:—su:ul—mu-dnar [mgfkg)- -
2]
CSF
0 b
9] | DFsM, y [ 22| <aBS 10°Kg
GIABS a e
where
E ( r:leF dEI'jI'S =AF =G x10 E [
Oo-2 y)*Efg. year | 0-2 ﬁﬂ? Dog
DFSMqc.ad [E +
ik B2 (KEIJ
days m cm?
EDE15(FFI"EFE1E[,,W]‘AFE 15[ 2]"5‘[‘*5-15[ ay]ﬂ EDyg
+
BWE_ 16 (K0)
Total.
_ 1
Slyec-sokmu-tot (Meke) = 1 N 1 . 1

SL sL sL

rec-sol-mu-ing rec-sol-mu-der rec-sol-mu-inh

4.5.4 Vinyl Chloride - Carcinogenic

The recreational soil or sediment land use equations, presented here, contain the following
exposure routes:

http://www.epa.gov/reg3hwmd/risk/humar-concentration_table/usersguide. 8/26/201.
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incidental ingestion of soil or sediment,

_ TR
SLnal::-su'tl--:a-1-r-:-ilrlg (mgmgj_ ( -1 d 108K
mg ays mg-yr 9
F 1T | xgF —2 |xIF - .
J65 days
AT [W xLT (70 ye ars)]
%
¢ -1 -B
mg 200 mg)_10"Kg
F x| )
CSF, [Kg.day] I;tsr'au::s-:[ day ] 1 mg
Er""“"'fn?z-:s::: [kg}

%
inhalation of particulates emitted from soil or sediment,

— TR
8L c-soilca-ve inh (MO7ke) =

i
-1
g . days . . hours .
IUR[43] EFrecs[Fear] EDrecs(Wars} Elrecs [ day] [

365 days m?

%

( 1
IUR I-'y3
m | 1000 pg
mg

3
m
VF| —
| y

dermal contact with soil or sediment,

™

= TR
SLiec-soilca-ve der (mg:"kg;]— 7 1
mg
CSF [—
? K&da:r] days 361 mg-yr
EF —— |=DFS .| ——————|=ABS
GIABS * recs[}.ear * rec-ad] kg-day c

365 days
AT o cs [W xLT (70 years}]

1
mgy
©SF [Kg—da y] em? mg 108K
*SAracse | 7o | *AFrecsc | — [*ABS*

GIABS day . Tmg
BW e esc ':kg:'
LY
Total.
B 1
e I (mgﬂ{g}_ 1 N 1 - 1

sL =1

rec-g0il-ca-vc-der st

rec-soikca-vc-ing rec-soil-ca-vc-inh
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A number of studies have shown that inadvertent ingestion of soil is common among children
6 years old and younger (Calabrese et al. 1989, Davis et al. 1990, Van Wijnen et al. 1990).
Therefore, the dose method uses an age-adjusted soil ingestion factor that takes into account
the difference in daily soil ingestion rates, body weights, and exposure duration for children
from 1 to 6 years old and others from 7 to 30 years old. The equation is presented below.
This health-protective approach is chosen to take into account the higher daily rates of soil
ingestion in children as well as the longer duration of exposure that is anticipated for a long-
term resident. For more on this method, see RAGS Part B.

4.6 Recreational Surface Water

4.6.1 Noncarcinogenic
The surface water land use equation, presented here, contains the following exposure routes:

incidental ingestion of water,

365 days .
THQ=AT, [—KEDrecwc [years)] BW .y
- ( AY= year
rec-water-nc-ing \H9 :' = days = | 0.05L
recwce | year | rewch‘earﬁ}‘—mg *MWecowe | Ty
RfD_| —
“[ku-d]
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dermal,
FOR INORGANICS:

DA [ ug ]x 1000 cm?
Vet | cm2. event L

SLran-waier-nn—der (“gﬂ'}: w [em ). et hours
Pl hr recwc | eyant
FOR ORGANICS:
hours * Pevent [':"'z'ug"
IF ETrEu:wc: [M] st |[hr:| then SLrec-wate r-nc-der [" gfL):
m E * fen’er
2x FA x K [L] S
Pl ke
ar,
hours * D'ﬂ‘event [:
IFET ¢ cwe [even_t]}t (hr) then SLyo o water-ne-der (ML) = "
cm “Trecwe [E
FAzK |—|% | ————
P [ hr ] 1+ B
where:
J65 days 1000 p
DA [ ug ]' B [W"Enfem [mm)]x[ mg
event 3 B
cm“- event
1 events
= BY — |=ED ars) = [
rib (M9 |.ciABS mwc[ day ] reowe (12319
0| Kg-day
Total.
_ 1
SLrEE-WEIiEf-nD-tI:Ii [“9’1‘:" 1 R 1
SL sL

rec-waterne-ing rec-water-nc-der

4.6.2 Carcinogenic

The surface water land use equation, presented here, contains the following exposure routes:
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incidental ingestion of water,

365 days 1000
TRAT, [—FxLT (70 ye arsj] x[ HQ]

B year mg
8I‘rE: c-water-ca-ing (“g'ﬂ‘) B -1 L
cefF |9 | xipw | —
0| kg-day adj | kg
where:
events | [ days i
L Evreu:wc:[ day . EDremr[: (Years}: EFrec:wu: year * ETreu::wu: p
lFWad' [_]= / \ / \
\Kg BW gcwe (K0)
events | [ days L
EVecwa [ day ) ED\p cwa (¥8318)* EF 5 oa | Vear *Elrecwa X
BWie cwa (K0)
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dermal,
FOR INORGANICS:

3
DAavent [ ug ]x 1000 cm
cm?- event L

SLI‘EE-WElEr-Ea-dE!r “"gﬂ'}: o ET hours
“p [W] = recw-adj [event]
FOR ORGANICS:
hours " -
IF ET ocw-adj [M] <t (hr).then SLioc yater-ca-der (MOL) =
or,

hours = _
IFET e cw- adj [even_t]}t (hr) then SLo ¢ water-ca-ger (ML) =
T [
recw-ad
FA = K ﬂ s —J
PA hr 1+B
where:
TR=AT_ .. [—355 da¥s T (70 years]]hr[mun ug]
DA [ ug ]: year mg
event | cm- event N -1
0 [Kg-da'_-,r] < DFW cm-event
GIABS ad] kg
where :
events) . days |,
— em2-event ) EVecwe [ day ] ED gewe (¥29%S) * EFgewe [ year} “Arecwe [cn
ad kg BW gcwe (K9)
events days ;
EVecwa [ day ]"EDrecwa (vears) x EF o [ year ]xs’a‘rewa [':m
BWre ca (K9)
and:
ET hours <ED ET hours <ED
ET [hﬂurs} FECWE | event e (years) + recwa | event recwa (v
recw-ad | eyent ED pcowe (¥82rS) + ED, .. (years)
Total.
_ 1
SLig c-water-ca-tot (bot )= i 1

+
SLrec-water—ca-ing S"rtau:.-ﬁnrautnsrr-l:.au-lziew
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4.6.3 Mutagenic
The surface water land use equation, presented here, contains the following exposure routes:

incidental ingestion of water,
TRxAT [—35;?'5 xLT (70 years}] x [mm “9]

recw mg

-1
mg_ | [
CSF, [Kg_day] IFWMyg ¢ g [KQJ

SI‘re c-water-mu-ing |[|.|g.fl_:| =

where:

days 005L events

EDp.» (yr]:EFD 2[ ] IRV, 5 [ ] xEVy 5 [ ] ETIZI-?[
WM —|= yoar
rec-adj | Kgy EWD-E (Kg}
days 0osL events |
ED, 6 (¥1)=EFy g [arear} XIRW2. 5( hr ]“EVE-E [ day ]XETE-E [l
BW, ¢ [15)
005 L events
ED =EF, =|R =BV, =ET,
6-16 (1) 515[],9&,] "“’515( ] 5-15[ day ] E
E'Ws-w ()
days 0DaL events
ED r)=EF. x| Ry, xEV, :
BWig-30 (K'EII
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dermal,
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FORINORGANICS:

DA gvant [c 3 = ]x [1 |mLm3 ]

m*- event
SLig c.water-mu-der (PIL)= ML hours
p [ hr] recw-madj[went]
FOR ORGANICS:
DA [_
event | _ 2
hours il _ crme-
I7 Errecw-madj [Event] = 0 |:hr:| dhen SLyo o water-mu-der [“gﬂ':"
ey B Tevi
2xFA x| | —
p [ hr ]
or,
hours}_ .= DAWE”
IF BT ecw-madj [avent]}i (br) then SLygc yater- mu-der (H91L)=
N BT e ow-ma
x — | ——
p [ hr ] 1+
where:
TR > AT ocw (355 LT (70 -fearsll]"‘ [mEﬂD!-‘JPQ]
ug _
DAgyvent [ 2 ]_ 1
cm©- event . [ mg ]
0 | Kg-day events- cm?
= DFWM | —
GIABS P rec-adj [ kg ]
'(EV events) o
recw0-2 | “qay Do-2 [YE ars
B!
\
events
EViecw 2.6 [ day JXEDE-E (year:
BY

2
. events - cm \
where DFWMrec—adj [—kg ]- .

events
E\"'rrecwEHE[ day ]”EDBJE (ve
3

%

s
events
= [ day ]"5015-30 [

recw 16-30
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and:
hours hours
ETmcwn-z[E,,em] <Dy, (years)+ ETyo 0 [Euent] EDog
hours hours
ET ED ET EC
_ [hws] _ (FTrecws-1 [E,EmJ *EDg. 1 (years) + remm-an[mm] "
recw-madj | ‘ayent EDp 5 [vears) + ED5 g (years) + EDg qp (vears) + EDyp <
Total.
_ 1
SLie c.water-mu-tot (halL)= 1 1

SLre c-water-mu-ing s"rec-wate r-mu-der

4.6.4 Vinyl Chloride - Carcinogenic
The surface water land use equation, presented here, contains the following exposure routes:

incidental ingestion of water,
TR

-1
mg L mg
CSF IFW = x| —=
D[Kg-darJ ) rec'adl[@]x[1ﬂﬂﬂ ugJ .

365 days
AT oe [W xLT (70 years]l]

=, |

Slrec-water-ca-ve-ing (hot)=

-1
mg hr 0.05L mg
CSF xET — |=IRW x
o [I{g—day] recwc [day] FECWC 1000 pyg

BWiacwe (ka)

where:

L ] Evre CwC

|eren-adj [E -

events days
[ day J * EDpg e (¥8978) % EFooye [ year ]x Elrecwe

E.‘NFEDNC (Kg]

days
] * EDygewa (¥8ars)* EFgeyq [ﬁ]x ETrecwa
BW e cwa (KO)

events
da

L 4
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dermal,

DA

[ .
avent
hours |:rn2- v

_J <t (hr) then SL

FET recw-a dj [ avent

rec-water-ve-der (PO/L)=
ch Bx Tevenil

2x FAxKP[F

or,
hours * DAEWM [E
a ETrecw—adj [evant] L [hr:' Il SLrec-watar-vcvder[“gﬂ‘:': h
FA cm ETrec'-.M-adj [;
x —_— ] —
KP [ hr ] 1+B
where:
ug _ TR
DAgyent [ 2 ]' 7 1 S 7
cm”™- event mg mg
CSFD[ ] 2 CSF, [—]
Kg 9a¥) |«DFw, | SM-events Kg-day
GIABS ad] kg GIABS
3654 1000 :
ays Hg
AT ocur [Wm (70 yearsj] x [m—g] E
5 / .
where:
events days
orw emZ-event ] EVecwe [ day }XEDrecwc (vears) x EF oope [ year ]”S‘ﬂ‘c [szJ :
3| kg BW, (Kg)
and:

haurs hours
huurs] (ETracwc [euem]xEDracwc I:rears:l] * [ETratwa [Evem]xEDracwa (v

ET :
recv-adj [ event EDyg cwe (Years) +EDyqcy,, (vears)
Total.
— 1
SLigcwater-ca-vetot (P9L) = ] N ]
SL SL

rec-water-ca-vc-ing rec-water-ca-vc-der

4.7 Tapwater
The Tapwater calculations do not include the dermal exposure route. It was determined that

too many analytes were outside of the EPA Superfund Dermal Risk Assessment Guidance
(RAGS Part E)'s Effective Predictive Domain (EPD) to include a dermal permeability constant
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(Kp). Some of these were significant analytes, such as persistent chlorinated organics,
including PCBs. Kp can be determined from the molecular weight and the logKow for organic
compounds. Compounds with very high log Kows are outside of the EPD. Section 3.1.2 of

RAGS Part E provides more detail.

4.7.1 Noncarcinogenic

The tapwater land use equation, presented here, contains the following exposure routes:

ingestion of water,
1000 pg
my

d
THQxAT, [MxEDr (30 years)]xBWa (70 Ka) x(
x]RWa [&]

year

SLwater-ncing (MIL)=
ater-nc-ing
EF, [350 “—:f]xEn, (30 years) =

ye day

rio | M9
01 kg-d

inhalation of volatiles,

THOxAT [Mﬁn (30 years)]x[w]
L year r mg

EF, [350 da:ﬁ]:EDr (30 years) <ET.., [24 huurs]:[ 1 day ]x 1
year day 24 hours RfC [mg
/

SLW&IEF-I!‘IE—ith (“9“”—):

Total.
1

SLyater-nc-tot (M9/L)= 1 1
+
5L

SL

water-nc-ing water-nc-inh

4.7.2 Carcinogenic

The tapwater land use equation, presented here, contains the following exposure routes:

ingestion of water,
365 days 1000 py
year mg

-1
350 days mg 1.086 L-Year
EF’[ year ]:CSF“[ku-dar] x[lm"’"’l[ Kg-day ]]

TRxﬁ.Tr [ =T (?I:I }ream:]]x [

SI‘water-ca-ing “"g‘ﬂ')=

where:
ED,. (6 years)xIRW [i] ED, -ED, (24 years)xIRW {Q—L]
P _[1.DBE‘-L-‘|’ear]: = lday) “T € a | day
adj | " Kg-day BW, (15 Kg) BW, (70 Ka)
inhalation of volatiles,
TRxAT, [M:u (70 yea rs}J
year

Slyater-ca-inh (“9; L:'=

350 days 24 hours 1 day Hg
EF | ————|=ED, (30 ET IUR
J [ year J: r (30 years)<ET,,, [ day J:[Ed hl:n_lrs};IC [A
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Total.
1

SLyater-ca-tot (H9/L)= 1 1

+
=ik water-ca-ing L

water-ca-inh

4.7.3 Mutagenic

The tapwater land use equation, presented here, contains the following exposure routes:

ingestion of water,

mg

TRxAT, [—35:*;“ xLT (70 yeam}]x[—1mu "QJ

SLwater—rnu-ing (ngiL)= ~ p— S
mg ays 39 L-Year
CSF, xEF, | ——— xlFWMadj b all
Kg-day year Kg-day
where:
£Dg, () <1Rw L]"m ED, g (yr)xIRW [i]”S
FwM_, 332 LYear ) clday] ~ % o(@y)” |
" Kaday 200 =TS BW_ (15 Kg)
(2L 2L
EDE'1E [YF}X|W3 — | x3 ED1E'3D I:'_'f'r} jlc”T'q.l“l.l"a - (=1
\da'.'l' + day
BW, (70 Kg) BW, (70 Kg)

inhalation of volatiles,

TRxAT, [M «LT (70 yaars)]
ol . |I|.Igﬂ.:|= year
water-mu-inh er (30days)  (05L) . (24hours) ( 1day ),
"\ year e = day 24 hours

i k'

f -1 ~| r -1
EDp.; [‘er):MR[l%g] x10 | +|ED, & [yra}:lUR[l%3] x3]+
. \

#
A

A4 g
EDE_1E[yrs]|xIUH[“%3] <3 |+ Enmmumjxlun(“%3] x1]
9 A

L /

i

Total.
1

5Ly ater-mu-tot (M9/L)= 1 1

+
5L water-m u-ing SLwater-mu-inh

4.7.4 Vinyl Chloride - Carcinogenic

The tapwater land use equation, presented here, contains the following exposure routes:
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ingestion of water,

Slyes-water-ca-veing (ot )=

inhalation of volatiles,

SI‘re swater-ca-ve-inh [“gﬂ‘) =

Total.
SL

4.8 Resident Air

4.8.1 Noncarcinogenic

Page37 of 65
TR
X
mg 350 days 1.086 L-yr mg
F <EF, [ 229388 | 1pwy x
CSU[Kg-day] Er[ year ] adl[ kg-day 1000 pg
AT [qu (70 years:]]
year
%
csF, [ M9 -1xmw L P L
0| Kg-day Clday) | 1000 pg N
BW, (15 ko)

TR

i
-1
IUR [l‘y3] <EF [w] xED (30 years)xET [M],
rm year day

365 days
AT [W:LT (70 years:l]

) 22

1

res-water-ca-ve-tot (H9/L)= 1 1

+
SL .
res-water-ca-vc-inh

L res—w ater-ca-vc-ing

Thet air land use equation, presented here, contains the following exposure routes:

inhalation

365 days

TH Q!.-"-'\Tr [ -
year

1000 pg
ED, (30 —_—
o ( :fears]] ' [ mg ]

Al
=1 - [ugfm ]—
res-alr-nc
EF. [350 days

4.8.2 Carcinogenic

24 hours 1 day 1

«ED, (30 years)=ET, { ]x[ ]x
] r ral ™ day 24 hours ) [my
m

year

The air land use equation, presented here, contains the following exposure routes:
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inhalation
365 days

year
350 days 24 hours 1 day

er | 22588 |.gp (30 <ET x <IUR "y

r[ year ] ARLIELE) ra[ day J [2# huurs] [ m>

4.8.3 Vinyl Chloride - Carcinogenic

TRxAT, [ xLT (70 years}]

33
SI‘ree:r:alir-[::an ["g’fm ]_

The air land use equation, presented here, contains the following exposure routes:

inhalation

3= TR
SLrEE'rEiF-CE'Uin}d chloride (IJQ-'m )—

-1
g . 350 days .
R IUFE[AH] EF, [—year ED, (30 yea

IUR ["ya] +
iy AT [Mm (i
'L year

4.8.4 Mutagenic

The air land use equation, presented here, contains the following exposure routes:

inhalation
TRxAT [22293%2 41 7(70 years)
- [ ,e'mB)— f year
Lres-air-mu | M9 o (350 days) oo (24 hours x[ 1 day ]
L year ral day 24 hours

"

i N Of

i -1 -1
EDg (yrs) xIUR [%ﬂ x10 [+|ED, g (yrs) xIUR [U%3] xa] +
N /

\

i -1 ™y i -1
EDg_1g (¥rs) xIUR [%3] x3 |+ ED1E_3u(z.fmjx|UR[P%3] 11]
\ 4 /

\

4.9 Worker Air

4.9.1 Noncarcinogenic

The air land use equation, presented here, contains the following exposure routes:

Inhalation
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365 days
year

THQxAT, ( xED (25 years]] x[ g

SL. . [ fm3]=
w-air-ne \P9 250 days 8 hr 1
EF,, | =222

=ED_ . [25 years)=ET, [ ]x
year ] w )=ET,, 24 hr Rl [myg]
m

1000 pg]

4.9.2 Carcinogenic
The air land use equation, presented here, contains the following exposure routes:
Inhalation

365 days

TR=AT
L [ year

=LT (70 years}]

-1
8 hr ]x“JR “y
24 hr ma

.

SLw-air—ca []"g’fm ]_ 250 d
ays

EFW [—year ]xEDw (25 years]xETw [

4.10 Ingestion of Fish

The ingestion of fish exposure route is not provided in the Generic Tables but SLs can be
created by using the Calculator and the equations that follow:

4.10.1 Noncarcinogenic
The ingestion of fish equation, presented here, contains the following exposure route:

consumption of fish.
365 days

THG=AT
'L year

xED, (30 years}]inWa (70 Kg)

54x10% mg |
day

Slies fsh-nc ing Iimgfkg:l -

year mg

EF, [M] <ED, (30 year) x ———— xIRF, [
RD, [
0 \Kg-day

4.10.2 Carcinogenic
The ingestion of fish equation, presented here, contains the following exposure route:

consumption of fish.

TRxAT, [M xLT (70 ye ars}JXEﬁWa (70 Kg)
_ year
SI‘reE:—fsh—[:;ai-ing (mgfkg)— K “
er |32093¥8 ). ep (30 year)xcsF, [_MI_| xiRr, |2:4x10" mg |,
'L year r O\ Kg-day - day

Note: the consumption rate for fish is not age adjusted for this land use. Also the SL
calculated for fish is not for soil, like for the agricultural land uses, but is for fish tissue.
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4.11 Soil to Groundwater

These equations are used to calculate screening levels in soil (SSLs) that are protective of
groundwater. SSLs are either back-calculated from protective risk-based ground water
concentrations or based on MCLs. The SSLs were designed for use during the early stages of
a site evaluation when information about subsurface conditions may be limited. Because of
this constraint, the equations used are based on conservative, simplifying assumptions about
the release and transport of contaminants in the subsurface. Migration of contaminants from
soil to groundwater can be envisioned as a two-stage process: (1) release of contaminant in
soil leachate and (2) transport of the contaminant through the underlying soil and aquifer to
a receptor well. The SSL methodology considers both of these fate and transport
mechanisms.

SSLs are provided for metals in the Generic Tables based on Kds from the Soil Screening
Guidance Exhibit C-4 . According to Appendix C,

"Exhibit C-4 provides pH-specific soil-water partition coefficients (Kd) for metals.
Site-specific soil pH measurements can be used to select appropriate Kd values
for these metals. Where site-specific soil pH values are not available, values
corresponding to a pH of 6.8 should be used."

If a metal is not listed in Exhibit C-4, Kds were taken from Baes, C. F. 1984. Kds for organic
coumponds are calculated from Koc and the fraction of organic carbon in the soil (foc).Kd for
metals are listed below.

| Chemical || CAS || Kd || Reference |
| Aluminum | 7429-90-5 ||1.50E+03|  Baes, C.F. 1984 |
Antimony (metallic) 7440-36-0 |[4.50E+01 SSG 93?3;223 July
Arsenic, Inorganic 7440-38-2 |[2.90E+01 SSG 93?3;223 July
Barium 7440-39-3 ||4.10E+01||  S5C 9355.4:23 July
Beryllium and compounds 7440-41-7 ||7.90E+02 SSG 93?3;223 July
Boron And Borates Only | 7440-42-8 ||3.00E+00||  Baes, C.F. 1984
Bromate 155441'45' 7.50E+00 Baes, C.F. 1984
Cadmium (Diet) 7440-43-9 ||7.50E+01| SSC 93?39‘2233“"’
Cadmium (Water) 7440-43-9 ||7.50E+01|| SSC 93?39‘2233“"’
| Chlorine | 7782-50-5 | 2.50E-01|  Baes, C.F. 1984 |
Chromium (III) (Insoluble Salts) 16065-83- |11 goE+0p| S9C 9325423 July
| Chromium Salts | 0-00-3 |8.50E+02|] Baes, C.F. 1984 |
Chromium VI (chromic acid mists) 18548_29_ 1.90E+01|| SSC 93?3;223 July
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Chromium VI (particulates) 18548_29_ 1.90E+01| SSC 93?3;223 July
Chromium, Total (1:6 ratio Cr VI : Cr e SSG 9355.4-23 July
IIT) 7440-47-3 ||1.80E+06 1996
| Cobalt | 7440-48-4 |4.50E+01|]  Baes, C.F. 1984 |
| Copper | 7440-50-8 ||3.50E+01|]  Baes, C.F. 1984 |

Cyanide (CN-)

57-12-5 ||9.90E+00

SSG 9355.4-23 July
1996

Fluorine (Soluble Fluoride)

|| 7782-41-4 |1.50E+02]|

Baes, C.F. 1984

Iron

| 7439-89-6 ||2.50E+01]||

Baes, C.F. 1984

Lead and Compounds

|| 7439-92-1 ||9.00E+02||

Baes, C.F. 1984

Lithium

| 7439-93-2 ||3.00E+02||

Baes, C.F. 1984

Magnesium

| 7439-95-4 ||4.50E+00|

Baes, C.F. 1984

Manganese (Diet)

| 7439-96-5 ||6.50E+01|

Baes, C.F. 1984

Manganese (Water)

| 7439-96-5 ||6.50E+01]||

Baes, C.F. 1984

SSG 9355.4-23 July

Mercury (elemental) 7439-97-6 ||5.20E+01 1996
Mercury, Inorganic Salts 0-01-7 5.20E+01 SSG 93?3;223 July

| Molybdenum

| 7439-98-7 ||2.00E+01]|

Baes, C.F. 1984

Nickel Soluble Salts

7440-02-0 ||6.50E+01

SSG 9355.4-23 July
1996

| Phosphorus, White

|| 7723-14-0 |[3.50E+00)|

Baes, C.F. 1984

Selenium

7782-49-2 ||5.00E+00

SSG 9355.4-23 July

1996
Silver 7440-22-4 ||8.30E+00|| S5C 9325.4:23 July
| Sodium | 7440-23-5|[1.00E+02|  Baes, C.F. 1984 |
| Strontium, Stable | 7440-24-6 |[3.50E+01|  Baes, C.F. 1984 |
Thallium (Soluble Salts) 7440-28-0 ||7.10E+01| =°C 9335423 July
| Thorium | 0-23-2 |1.50E+05| Baes, C.F. 1984 |
| Tin | 7440-31-5|[2.50E+02|  Baes, C.F. 1984 |
| Titanium | 7440-32-6 |[1.00E+03|  Baes, C.F. 1984 |
| Uranium (Soluble Salts) || 0-23-8 ||4.50E+02|| Baes, C.F. 1984 |
Vanadium and Compounds 0-06-6 1.00E+03 SSG 93?3;223 July
Vanadium, Metallic 7440-62-2 ||1.00E+03( =°C 9335423 July
Zinc (Metallic) 7440-66-6 ||6.20E+01|| SSC 93?39‘2233“"’

Zirconium

| 7440-67-7 ||3.00E+03)|

Baes, C.F. 1984

Because Kds vary greatly by soil type, it is highly recommended that site-specific Kds be

determined and used to develop SSLs.
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The more protective of the carcinogenic and noncarcinogenic SLs is selected to calculate the
SSL.

4.11.1 Noncarcinogenic Tapwater Equations for SSLs

The tapwater equations, presented in Section 4.4.1, are used to calculate the
noncarcinogenic SSLs for volatiles and nonvolatiles. If the contaminant is a volatile, both
ingestion and inhalation exposure routes are considered. If the contaminant is not a volatile,
only ingestion is considered.

4.11.2 Carcinogenic Tapwater Equations for SSLs

The tapwater equations, presented in Section 4.4.2, are used to calculate the carcinogenic
SSLs for volatiles and nonvolatiles. Sections 4.4.3 and 4.4.4 present the mutagenic and vinyl
chloride equations, respectively. If the contaminant is a volatile, both ingestion and inhalation
exposure routes are considered. If the contaminant is not a volatile, only ingestion is
considered.

4.11.3 Method 1 for SSL Determination

Method 1 employs a partitioning equation for migration to groundwater and defaults are
provided. This method is used to generate the download default tables.

method 1.
7
L L..
water alr '
L [Ew[ Lsuil ]+Ea [Lsuil]xH]
= g —
SSL{mg/kg) =C [ ]:DAF: Kd [kg] + T5 ke
Ph I
4
where:

b
B [Lair =n [Lwater] - [D'3 Lwater] ;
* Lsoil Legit ;"L Lsoi
: [1.5 kg]
b
n[ pore | _ 4. L

L soil ) ps[zﬁﬁk“]

-

L

Kd[ ] u-::[;.;g] oc (0-002 unitless)

4.11.4 Method 2 for SSL Determination

Method 2 employs a mass-limit equation for migration to groundwater and site-specific
information is required. This method can be used in the calculator portion of this website.
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method 2.

mg |, 018 m],
Ew( T ] DAF= I[ Joar ] ED |:?I] years)

[

SSL{mogfkg) =

4.11.5 Determination of the Dilution Factor

The SSL values in the download tables are based on a dilution factor of 1. If one wishes to
use the calculator to calculate screening levels using the SSL guidance for a 0.5 acre source,
then a dilution factor of 20 should be used. If all of the parameters needed to calculate a site
-specific dilution factor are known, they may be entered.

(o ()

[D;eaar ] L (m)
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4.12 Supporting Equations and Parameter Discussion

dilution factor.

Dilution Attenuation Factor (DAF) =1 +

where:

5, 05
d{m) = [u.uﬂzxL (m)J +d,x [1-exp

There are two parts of the above land use equations that require further explanation. They
are the inhalation variables: the particulate emission factor (PEF) and the volatilization factor
(VF).

4.12.1 Particulate Emission Factor (PEF)

Inhalation of contaminants adsorbed to respirable particles (PM10) was assessed using a

default PEF equal to 1.36 x 109 m>/kg. This equation relates the contaminant concentration
in soil with the concentration of respirable particles in the air due to fugitive dust emissions
from contaminated soils. The generic PEF was derived using default values that correspond to

a receptor point concentration of approximately 0.76 u/m?>. The relationship is derived by
Cowherd (1985) for a rapid assessment procedure applicable to a typical hazardous waste
site, where the surface contamination provides a relatively continuous and constant potential
for emission over an extended period of time (e.g., years). This represents an annual
average emission rate based on wind erosion that should be compared with chronic health
criteria; it is not appropriate for evaluating the potential for more acute exposures.
Definitions of the input variables are in Table 1.

With the exception of specific heavy metals, the PEF does not appear to

significantly affect most soil screening levels. The equation forms the basis for
deriving a generic PEF for the inhalation pathway. For more details regarding
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specific parameters used in the PEF model, refer to Soil Screening Guidance:
Technical Background Document. The use of alternate values on a specific site
should be justified and presented in an Administrative Record if considered in
CERCLA remedy selection.

ogr = O, 3,600
" O 0omx(v)xfu ) < (x)
where
Q [Ina ‘B)E
—=Axexp 5
CW

Note: the generic PEF evaluates wind-borne emissions and does not consider dust
emissions from traffic or other forms of mechanical disturbance that could lead to
greater emissions than assumed here.

4.12.2 Volatilization Factor (VF)

The soil-to-air VF is used to define the relationship between the concentration of the
contaminant in soil and the flux of the volatilized contaminant to air. VF is calculated from
the equation below using chemical-specific properties and either site-measured or default
values for soil moisture, dry bulk density, and fraction of organic carbon in soil. The Sail
Screening Guidance: User’s Guide describes how to develop site measured values for these
parameters.

VF is only calculated for volatile organic compounds (VOCs). VOCs, for the purpose of this

guidance, are chemicals with a Henry's Law constant of 1 x 10™> atm-m?>/mole or greater and
with a molecular weight of less than 200 g/mole.

1
Q = a4 7 ]
— = [314=xD, =xT|2 =10 | M

cw ( i ) [ Em?

VF=
prbeA
where
2
In&_-B
i = Axpxp ( c ) and
CW
’I% 10
‘ 2
[[Ba =-:I:II.EI>-:H+EIW xDiw]/'l]
DA= -
pthd+Bw+HaxH
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Diffusivity in Water (cm2/s)

Diffusivity in water can be calculated from the chemical's molecular weight and density, using
the following correlation equation based on WATER9 (U.S. EPA, 2001):

-0.6

MW[L]

1]

Diw [ﬁ]#ﬂﬂmm‘iax[-r C*2?3-15]x mol
p[

s 298.16 : ]
CI'T'I3

where
T typically=25°C

If density is not available,
2
Diw [T] =0 000222= [M‘u"o’]

If density is not available, diffusivity in water can be calculated using the correlation equation
based on U.S. EPA (1987). The value for diffusivity in water must be greater than zero. No
maximum limit is enforced.

Diffusivity in Air (cm2/s).

Diffusivity in air can be calculated from the chemical's molecular weight and density, using
the following correlation equation based on WATER9 (U.S. EPA, 2001):

http://www.epa.gov/reg3hwmd/risk/humar-concentration_table/usersguide. 8/26/201.



Regional Screening Tab- User's Guide | Mi-Atlantic Risk Assessment | US E Page46 of 65

15
n.mzzg:[ﬂcemm] « bo3as]| —1 <MW,
Mw[i]
5 P i} mol
1a 5 ) 0.333 e
(i
gln} +1B
25xp| 3
I:I'I'I3
where
T typically=25°C
_ ka2 . .
MW, = (1-D.DIJEID15 MV J If MWy, is lessthan 0.4, then MW, is setto 0.4,

If density is not available,
05

M 11 gx [3] LI 54
Dia[ ] 1.9 MW[ gl] except for dioxing USE.DI-E[ ] 1 =0.068
VIV [_Q ]
mol

If density is not available, diffusivity in air can be calculated using the correlation equation
based on U.S. EPA (1987). For dioxins, diffusivity in air can be calculated from the molecular
weight using the correlation equation based on EPA's Dioxin Reassessment (U.S. EPA, 2000).

5. Special Considerations

Most of the SLs are readily derived by referring to the above equations. However, there are
some cases for which the standard equations do not apply and/or external adjustments to
the SLs are recommended. These special case chemicals are discussed below.

5.1 Cadmium

IRIS presents an oral "water" RfD for cadmium for use in assessment of risks to water of
0.0005 mg/kg-day. IRIS also presents an oral "food" RfD for cadmium for use in assessment
of risks to soil and biota of 0.001 mg/kg-day. The SLs for Cadmium are based on the oral RfD
for "water", which is slightly more conservative (by a factor of 2) than the RfD for "food".
Because the SLs are considered screening values, the more conservative RfD is used for
cadmium. However, reasonable arguments could be made for applying an RfD for food
(instead of the oral RfD for water) for some media such as soils. RAGS Part E, in Exhibit 4-1,
presents a GIABS for soil of 2.5% and for water of 5%.
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5.2 Lead

EPA has no consensus RfD or CSF for inorganic lead, so it is not possible to calculate SLs as
we have done for other chemicals. EPA considers lead to be a special case because of the
difficulty in identifying the classic "threshold" needed to develop an RfD.

EPA therefore evaluates lead exposure by using blood-lead modeling, such as the Integrated
Exposure-Uptake Biokinetic Model (IEUBK). The EPA Office of Solid Waste has also released a
detailed directive on risk assessment and cleanup of residential soil lead. The directive
recommends that soil lead levels less than 400 mg/kg are generally safe for residential use.
Above that level, the document suggests collecting data and modeling blood-lead levels with
the IEUBK model. For the purposes of screening, therefore, 400 mg/kg is recommended for
residential soils. For water, we suggest 15 pg/l (the EPA Action Level in water), and for air,
the National Ambient Air Quality Standard.

However, caution should be used when both water and soil are being assessed. The IEUBK
model shows that if the average soil concentration is 400 mg/kg, an average tap water
concentration above 5 pg/L would yield more than 5% of the population above a 10 pg/dL
blood-lead level. If the average tap water concentration is 15 ug/L, an average soil
concentration greater than 250 mg/kg would yield more than 5% of the population above a
10 pg/dL blood-lead level.

EPA uses a second Adult Lead Model to estimate SLs for an industrial setting. This SL is
intended to protect a fetus that may be carried by a pregnant female worker. It is assumed
that a cleanup goal that is protective of a fetus will also afford protection for male or female
adult workers. The model equations were developed to calculate cleanup goals such that the
fetus of a pregnant female worker would not likely have an unsafe concentration of lead in
blood.

For more information on EPA’s lead models and other lead-related topics, please go to
Addressing Lead at Superfund Sites.

5.3 Manganese

The IRIS RfD (0.14 mg/kg-day) includes manganese from all sources, including diet. The
author of the IRIS assessment for manganese recommended that the dietary contribution
from the normal U.S. diet (an upper limit of 5 mg/day) be subtracted when evaluating non-
food (e.g., drinking water or soil) exposures to manganese, leading to a RfD of 0.071 mg/kg-
day for non-food items. The explanatory text in IRIS further recommends using a modifying
factor of 3 when calculating risks associated with non-food sources due to a humber of
uncertainties that are discussed in the IRIS file for manganese, leading to a RfD of 0.024
mg/kg-day. This modified RfD has been used in the derivation of some manganese screening
levels for soil and water. For more information regarding the Manganese RfD, users are
advised to contact the author of the IRIS assessment on Manganese.

5.4 Vanadium Compounds
The oral RfD toxicity value for Vanadium, used in this website, is derived from the IRIS oral

RfD for Vanadium Pentoxide by factoring out the molecular weight (MW) of the oxide ion.
Vanadium Pentoxide (V205) has a molecular weight of 181.88. The two atoms of Vanadium

http://www.epa.gov/reg3hwmd/risk/humar-concentration_table/usersguide. 8/26/201.



Regional Screening Tab- User's Guide | Mi-Atlantic Risk Assessment | US E Page48 of 65

contribute 56% of the MW. Vanadium Pentoxide's oral RfD of 9E-03 multiplied by 56% gives
a Vanadium oral RfD of 5.04E-03.

5.5 Uranium

"Uranium Soluble Salts" uses the IRIS oral RfD of 3E-03 mg/kg-day. For the insoluble salts of
Uranium, the oral RfD of 6E-04 mg/kg-day may be used from the Federal Register, Thursday
December 7, 2000. Part II, Environmental Protection Agency. 40 CFR Parts 9, 141, and 142 -
National Primary Drinking Water Regulations; Radionuclides; Final Rule. p 76713.

5.6 Chromium (VI)

It is recommended that valence-specific data for chromium be collected when chromium is
likely to be an important contaminant at a site, and when hexavalent chromium Cr(VI) may

exist. For Cr(VI), IRIS shows an air unit risk of 1.2E-2 per (|Jg/m3). While the exact ratio of
Cr(VI) to Cr(III) in the data used to derive the IRIS air unit risk value is not known, it is
likely that both Cr(VI) and Cr(III) were present. The RSLs calculated using the IRIS air unit
risk assume that the Cr(VI) to Cr(III) ratio is 1:6. Because of various sources of uncertainty,
this assumption may overestimate or underestimate the risk calculated. Users are invited to
review the document “Toxicological Review of Hexavalent Chromium” in support of the
summary information on Cr(VI) on IRIS to determine whether they believe this ratio applies
to their projects and to consider consulting with an EPA regional risk assessor.

In the RSL Table, the Cr(VI) specific value (assuming 100% Cr(VI)) is derived by multiplying
the IRIS Cr(VI) value by 7. This is considered to be a health-protective assumption, and is
also consistent with the State of California's interpretation of the Mancuso study that forms
the basis of Cr(VI)'s estimated cancer potency.

If you are working on a chromium site, you may want to contact the appropriate regulatory
officials in your region to determine what their position is on this issue.

The Maximum Contaminant Level (MCL) of 100 ug/L for "Chromium (total)", from the EPA's
MCL listing is applied to the "Chromium, Total" analyte on this website.

The New Jersey Department of Environmental Protection (NJDEP) recently determined that Cr
(VI) by ingestion is likely to be carcinogenic in humans. NJDEP derived a new oral cancer
slope factor, based on cancer bioassays conducted by the National Toxicology Program
(http://www.state.nj.us/dep/dsr/chromium/soil-cleanup-derivation.pdf). In addition, EPA’s
Office of Pesticide Programs (OPP) has concluded that the weight-of-evidence supports that
Cr(VI) may act through a mutagenic mode of action following administration via drinking
water and has also recommended that Age-Dependent Adjustment Factors (ADAFs) be
applied when assessing cancer risks from early-life exposure (< 16 years of age).

Both of these assessments are considered Tier 3 sources and were used to derive the
screening levels for Cr(VI). We applied ADAFs for early life exposure via ingestion and
inhalation because OPP’s proposed mutagenic mode of action for Cr(VI) occurs in all cells,
regardless of type. Application of ADAFs for all exposure pathways results in more health-
protective screening levels.
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5.7 Aminodinitrotoluenes

The IRIS oral RfD of 2E-03 mg/kg-day for 2,4-Dinitrotoluene is used as a surrogate for 2-
Amino-4,6-Dinitrotoluene and 4-Amino-2,6-Dinitrotoluene.

5.8 PCBs

Aroclor 1016 is considered "lowest risk" and assigned appropriate toxicity values. All other
Aroclors are assigned the high risk toxicity values.

5.9 Xylenes

The IRIS oral RfD of 2E-01 for xylene, mixture is used as a surrogate for the 3 xylene
congeners. The earlier RfD values for some xylene isomers were withdrawn from our
electronic version of HEAST.

5.10 Soil Saturation Limit (Csat)

The soil saturation concentration, Csat, corresponds to the contaminant concentration in soil
at which the absorptive limits of the soil particles, the solubility limits of the soil pore water,
and saturation of soil pore air have been reached. Above this concentration, the soil
contaminant may be present in free phase (i.e., nonaqueous phase liquids (NAPLs) for
contaminants that are liquid at ambient soil temperatures and pure solid phases for
compounds that are solid at ambient soil temperatures).

Equation 4-10 is used to calculate Csat for each volatile contaminant. As an update to RAGS
HHEM, Part B (USEPA 1991a), this equation takes into account the amount of contaminant
that is in the vapor phase in soil in addition to the amount dissolved in the soil’'s pore water
and sorbed to soil particles.

Chemical-specific Csat concentrations must be compared with each VF-based SL because a
basic principle of the SL volatilization model is not applicable when free-phase contaminants
are present. How these cases are handled depends on whether the contaminant is liquid or
solid at ambient temperatures. Liquid contaminant that have a VF-based SL that exceeds the
Csat concentration are set equal to Csat whereas for solids (e.g., PAHs), soil screening
decisions are based on the appropriate SLs for other pathways of concern at the site (e.g.,
ingestion).
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5.11 SL Theoretical Ceiling Limit

The ceiling limit of 10+5 mg/kg is equivalent to a chemical representing 10% by weight of
the soil sample. At this contaminant concentration (and higher), the assumptions for soil
contact may be violated (for example, soil adherence and wind-borne dispersion
assumptions) due to the presence of the foreign substance itself.

5.12 Target Risk

With the exceptions described previously in Sections 5.6 and 5.7, SLs are chemical

concentrations that correspond to fixed levels of risk (i.e., either a one-in-one million [10°]
cancer risk or a noncarcinogenic hazard quotient of 1) in soil, air, and water. In most cases,

where a substance causes both cancer and noncancer (systemic) effects, the 10 cancer risk
will result in @ more stringent criteria and consequently this value is presented in the printed

copy of the Table. SL concentrations that equate to a 107 cancer risk are indicated by 'ca'. SL
concentrations that equate to a hazard quotient of 1 for noncarcinogenic concerns are
indicated by 'nc'.

If the SLs are to be used for site screening, it is recommended that both cancer and
noncancer-based SLs be used. Both carcinogenic and noncarcinogenic values may be
obtained in the Supporting Tables.

Some users of this SL Table may plan to multiply the cancer SL concentrations by 10 or 100
to set 'action levels' for triggering remediation or to set less stringent cleanup levels for a
specific site after considering non-risk-based factors such as ambient levels, detection limits,
or technological feasibility. This risk management practice recognizes that there may be a
range of values that may be 'acceptable' for carcinogenic risk (EPA's risk management range

is one-in-a-million [10°] to one-in-ten thousand [107*]). However, this practice could lead
one to overlook serious noncancer health threats and it is strongly recommended that the
user consult with a toxicologist or regional risk assessor before doing this. Carcinogens are
indicated by an asterisk (‘*') in the SL Table where the noncancer SLs would be exceeded if
the cancer value that is displayed is multiplied by 100. ("**') indicate that the noncancer
values would be exceeded if the cancer SL were multiplied by 10. There is no range of
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'acceptable' noncarcinogenic 'risk' for CERCLA sites. Therefore, the noncancer SLs should not
be multiplied by 10 or 100 when setting final cleanup criteria. In the rare case where
noncancer SLs are more stringent than cancer SLs set at one-in-one-million risk, a similar
approach has been applied (e.g. 'max’).

SL concentrations in the printed Table are risk-based, but for soil there are two important
exceptions: (1) for several volatile chemicals, SLs may exceed the soil saturation level ('sat')

and (2) SLs may exceed a non-risk based 'ceiling limit' concentration of 10> mg/kg (‘max")
for relatively less toxic inorganic and semivolatile contaminant. For more information on the
'sat' value in the SL Table, please see the discussion in Section 5.10. For more information on
the 'max' value in the SL Table, please see the discussion in Section 5.11.

With respect to applying a 'ceiling limit' for chemicals other than volatiles, it is recognized
that this is not a universally accepted approach. Some within the agency argue that all values
should be risk-based to allow for scaling (for example, if the risk-based SL is set at a hazard
quotient = 1.0, and the user would like to set the hazard quotient to 0.1 to take into account
multiple chemicals, then this is as simple as multiplying the risk-based SL by 1/10th). If
scaling is necessary, SL users can do this simply by referring to the Supporting Tables at this
website where risk-based soil concentrations are presented for all chemicals.

In spite of the fact that applying a ceiling limit is not a universally accepted approach, this
table applies a 'max' soil concentration to the SL Table for the following reasons:

Risk-based SLs for some chemicals in soil exceed unity (>1,000,000 mg/kg), which is
not possible.

The ceiling limit of 10+5 mg/kg is equivalent to a chemical representing 10% by
weight of the soil sample. At this contaminant concentration (and higher), the
assumptions for soil contact may be violated (for example, soil adherence and wind-
borne dispersion assumptions) due to the presence of the foreign substance itself.

SLs currently do not address short-term exposures (e.g., pica children and
construction workers). Although extremely high soil SLs are likely to represent
relatively non-toxic chemicals, such high values may not be justified if in fact more
toxicological data were available for evaluating short-term and/or acute exposures.

5.13 Screening Sites with Multiple Contaminants

The screening levels in the tables are calculated under the assumption that only one
contaminant is present. Users needing to screen sites with multiple contaminants should
consult with their regional risk assessors. The following sections describe how target risks can
be changed to screen against multiple contaminants and how the ratio of concentration to
RSL can be used to estimate total risk.

5.13.1 Adjusting Target Risk and Target Hazard Quotient

When multiple contaminants are present at a site the target hazard quotient (THQ) may be
modified. The following options are among the commonly used methods to modify the THQ:

1. The calculator on this website can be used to generate SLs based on any THQ or
target cancer risk (TR) deemed appropriate by the user. The THQ input to the
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calculator can be modified from the default of 1. How much it should be modified is a
user decision, but it could be based upon the number of contaminants being screened
together. For example, if one is screening two contaminants together, then the THQ
could be modified to 0.5. If ten contaminants are being screened together, then the
THQ could be modified to 0.1. The above example weights each chemical equally; it is
also possible to weight the chemicals unequally, as long as the total risk meets the
desired goal. The decision of how to weight the chemicals is likely to be site-specific,
and it is recommended that this decision be made in consultation with the regional
risk assessor.

Note that when the TR or THQ is altered, the relationship between cancer-based and
noncancer-based SLs may change. At certain risk levels, the cancer-based number
may be more conservative; at different risk levels, the noncancer-based number may
be more conservative. The data user needs to consider both cancer and noncancer
endpoints.

2. Similar to the above approach of using the calculator to recalculate SLs based on non-
default target levels, the values in the screening tables themselves can be addressed
directly. Consistent with the above logic, although the EPA Superfund Program has
not developed guidance on this, it is not uncommon that Superfund sites are screened
at a THQ of 0.1. (The cancer-based SLs are already at a target risk of 1E-6 and are
usually not adjusted further in this scenario.) SLs based on a THQ of 0.1 can be
derived by dividing a default SL by 10. Again, note that altering the target HQ can
change the relationship between cancer-based and noncancer-based screening levels;
the data user needs to consider both endpoints. Additional approaches or alternatives
may exist. When screening actual or potential Superfund sites, users are encouraged
to consult with risk assessors in that EPA Regional Office when evaluating or
screening contamination at a site with multiple contaminants to see if they may know
of another approach or if they have a preference.

5.13.2 Using RSLs to Sum Risk from Multiple Contaminants

RSLs can be used to estimate the total risk from multiple contaminants at a site as part of a
screening procedure used by some regions. This methodology, which does not substitute for
a baseline risk assessment, is often called the “sum of the ratios” approach. A step-wise
approach follows:

1. Perform an extensive records search and compile existing data.

2. Identify site contaminants in the SL Table. Record the SL concentrations for various
media and note whether SL is based on cancer risk (indicated by ‘c') or noncancer
hazard (indicated by 'n'). Segregate cancer SLs from non-cancer SLs and exclude (but
don't eliminate) non-risk based SLs 's' or 'm’.

3. For cancer risk estimates, take the site-specific concentration (maximum or 95th
percentile of the upper confidence on the mean (UCL)) and divide by the SL
concentrations that are designated for cancer evaluation 'c'. Multiply this ratio by 10-6
to estimate chemical-specific risk for a reasonable maximum exposure (RME). For
multiple pollutants, simply add the risk for each chemical. See equation below.
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4. For non-cancer hazard estimates, divide the concentration term by its respective non-
cancer SL designated as 'n' and sum the ratios for multiple contaminants. The
cumulative ratio represents a non-carcinogenic hazard index (HI). A hazard index of 1
or less is generally considered 'safe'. A ratio greater than 1 suggests further
evaluation. Note that carcinogens may also have an associated non-cancer SL that is
not listed in the SL Table. To obtain these values, the user should view the Supporting
Tables. See equation below.

conc conc COnc
Hazard Index = [ “]+ ¥ +[_3]

SL: SL}“

5.14 Deriving Soil Gas SLs

The air SLs could apply to indoor air from, e.g., a vapor intrusion scenario. To model indoor
air concentrations from other media (e.g., soil gas, groundwater), consult with regional
experts in vapor intrusion.

For more information on EPA's current understanding of this emerging exposure pathway,
please refer to EPA's recent draft guidance Evaluating the Vapor Intrusion to Indoor Air
Pathway from Groundwater and Soils (Subsurface Vapor Intrusion Guidance) (USEPA 2002)
available on the web at: http://www.epa.gov/osw/hazard/correctiveaction/eis/vapor.htm.

5.15 Mutagens

Some of the cancer causing analytes in this tool operate by a mutagenic mode of action for
carcinogenesis. There is reason to surmise that some chemicals with a mutagenic mode of
action, which would be expected to cause irreversible changes to DNA, would exhibit a
greater effect in early-life versus later-life exposure. Cancer risk to children in the context of
the U.S. Environmental Protection Agency’s cancer guidelines (U.S. EPA, 2005) includes both
early-life exposures that may result in the occurrence of cancer during childhood and early-
life exposures that may contribute to cancers later in life. In keeping with this guidance,
separate cancer risk equations are presented for mutagens. The mutagen vinyl chloride has a
unique set of equations. Consult Supplemental Guidance for Assessing Susceptibility from
Early-Life Exposure to Carcinogens, EPA/630/R-03/003F, March 2005 for further information.

http://www.epa.gov/oswer/riskassessment/sghandbook/chemicals.htm provides more
detailed information about which contaminants are considered carcinogenic by a mutagenic
mode of action. In addition to the previous document's list of these contaminants, Chromium
VI is also now considered carcinogenic by a mutagenic mode of action.

6. Using the Calculator

The Calculator can be used to generate site-specific SLs or PRGs. The calculator requires the
user to make some simple selections. To use the calculator Select a landuse. Next, select
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whether you want Default or Site-specific SLs. Selecting default screening levels will
reproduce the results in the generic Generic Tables. Selecting Site-Specific will allow you to
change exposure parameters. Now pick your analytes. To pick several in a row, depress the
left mouse button and drag, then release. Or hold the Ctrl key down and select multiple
analytes that are not in a row. Select the output option. Hit the retrieve button. If you
selected Site-Specific, the next page allows you to change exposure parameters. Hit the
retreive button. SLs are being calculated. The first table presents the input parameters that
were selected. The next table contains the screening levels. This table can be too big to print.
The easiest way to manage this table is to move it to a spreadsheet or a database. To copy
this table, hold the left mouse key down and drag across the entire table. when done, press
Ctrl c to copy. Switch to a spreadsheet and press Ctrl v to paste.

Table 1. Standard Default Factors

Symbol [Definition (units) [Default |Reference
SLs
Sl Resident Air Carcinogenic Contaminant- Determined in this
resTairea (ug/m>) specific calculator
SLres-air-ca-vinyl Resident Air Carcinogenic Vinyl [Vinyl Chloride- Determined in this
chloride Chloride (ug/m?) specific calculator
SLres-air-mu Resident Air Mutagenic (ug/m?) [Mutagen-specific E;Ei'}glg‘red in this
SLoue Resident Air Noncarcinogenic  [Contaminant- Determined in this
resmalrne (ng/m°) specific calculator
SL ) Resident Fish Carcinogenic Contaminant- Determined in this
res-fsh-ca-ing (mg/kg) specific calculator
SLres tehnc. Resident Fish Noncarcinogenic [Contaminant- Determined in this
SRR (mg/kg) specific calculator
Resident Tapwater . : . . .
SLwater-ca-ing Groundwater Carcinogenic gggct%r?mant E;Eiﬁglg‘red in this
Ingestion (ug/L)
Resident Tapwater . : . . .
SLwater-ca-inh Groundwater Carcinogenic Cont_:—}]:mmant Deltel]mtmed in this
Inhalation (bg/L) specific calculator
Resident Tapwater . . . .
: . Contaminant- Determined in this
SLwater-ca-tot ?urg}.ll_r;dwater Carcinogenic Total specific calculator
Resident Tapwater . : . . .
Slres-water-ca-vc-ing |Groundwater Carcinogenic Vinyl gogctﬁ:ir?mant E;Eiﬁglg‘red in this
Chloride Ingestion (ug/L) P
Resident Tapwater . : . . .
SLres-water-ca-ve-inh ||Groundwater Carcinogenic Vinyl gogctﬁ:ir?mant E;Eiﬁglg‘red in this
Chloride Inhalation (ug/L) P
Resident Tapwater . : . . .
SLres-water-ca-ve-tot ||Groundwater Carcinogenic Vinyl gogctﬁ:ir?mant E;Eiﬁglg‘red in this
Chloride Total (ug/L) P
Resident Tapwater . : . . .
SLwater-mu-ing Groundwater Mutagenic gggct%r?mant E;Eiﬁglg‘red in this
Ingestion (ug/L)
Resident Tapwater . . .
SLwater-mu-inh Groundwater Mutagenic Mutagen-specific E;Eiﬁglg‘red inkthis
Inhalation (pg/L)
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SLwater-mu-tot

Resident Tapwater
Groundwater Mutagenic Total

(bg/L)

Contaminant-
specific

Determined in this
calculator

S Lwater—nc—ing

Resident Tapwater
Groundwater Noncarcinogenic
Ingestion (ug/L)

Contaminant-
specific

Determined in this
calculator

SLwater—nc—inh

Resident Tapwater
Groundwater Noncarcinogenic
Inhalation (pg/L)

Mutagen-specific

Determined in this
calculator

SLwater-nc-tot

Resident Tapwater
Groundwater Noncarcinogenic
Total (ug/L)

Contaminant-
specific

Determined in this
calculator

SLres—soI—ca—ing

Resident Soil Carcinogenic

Contaminant-

Determined in this

Ingestion (mg/kg) specific calculator
SL .y Resident Soil Carcinogenic Contaminant- Determined in this
resmsorcader Dermal (mg/kg) specific calculator
SL eacinh Resident Soil Carcinogenic Contaminant- Determined in this
resmsoircarin Inhalation (mg/kg) specific calculator
SL eatot Resident Soil Carcinogenic Total|[Contaminant- Determined in this
resmsoircato (mg/kg) specific calculator
SL | _ Resident Soil Carcinogenic Vinyl|[Vinyl Chloride - Determined in this
resrsofreaveind lIchloride Ingestion (mg/kg) specific calculator
SL ; Resident Soil Carcinogenic Vinyl|Vinyl Chloride- Determined in this
res-soil-ca-ve-der | choride Dermal (mg/kg) specific calculator
SL ; o Resident Soil Carcinogenic Vinyl|[Vinyl Chloride- Determined in this
res=sofrcavert - ICh|oride Inhalation (mg/kg) specific calculator
SL | Resident Soil Carcinogenic Vinyl|Vinyl Chloride- Determined in this
ressoll-ca-vetot i choride Total (mg/kg) specific calculator
, Resident Soil Mutagenic } . ||[Determined in this
SLres-sol-mu-ing Ingestion (ma/kg) Mutagen-specific || = '\ 1otor
Resident Soil Mutagenic Dermal .. |[Determined in this
SLres-sol-mu-der (mg/kg) MUtagen_SpeCIﬂC calculator
, Resident Soil Mutagenic } . ||[Determined in this
SLres-sol-mu-inh Inhalation (mg/kg) Mutagen-specific || = e
Resident Soil Mutagenic Total _ .« [Determined in this
SLres-sol-mu-tot (mg/kg) Mutagen SpeCIﬂC calculator
SL e Resident Soil Noncarcinogenic [Contaminant- Determined in this
restsorneing Ingestion (mg/kg) specific calculator
SL ed Resident Soil Noncarcinogenic [Contaminant- Determined in this
restsonerder Dermal (mg/kg) specific calculator
SL S~ Resident Soil Noncarcinogenic |[Contaminant- Determined in this
restsoinerin Inhalation (mg/kg) specific calculator
SL | Resident Soil Noncarcinogenic [Contaminant- Determined in this
res-sol-ne-tot Total (mg/kg) specific calculator
SLuw-colcai Composite Worker Soil Contaminant- Determined in this
L Carcinogenic Ingestion (mg/kq) |specific calculator
SLw-col-cod Composite Worker Soil Contaminant- Determined in this
Wrsoearder Carcinogenic Dermal (mg/kg) [specific calculator

SI-w—sol—ca—inh

Composite Worker Soil
Carcinogenic Inhalation

(mg/kg)

Contaminant-
specific

Determined in this
calculator

SLw—soI—ca—tot

Composite Worker Soil
Carcinogenic Total (mg/kg)

Contaminant-
specific

Determined in this
calculator
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SLW—soI—nc—ing

Composite Worker Soil
Noncarcinogenic Ingestion

(mg/kg)

Contaminant-
specific

Determined in this
calculator

SLw—soI—nc—der

Composite Worker Soil
Noncarcinogenic Dermal

(mg/kg)

Contaminant-
specific

Determined in this
calculator

SLW—soI—nc—inh

Composite Worker Soil
Noncarcinogenic Inhalation

Contaminant-

Determined in this

specific calculator
(mg/kg) i
SLw-sol-nc-tot Composite Worker Soil Contaminant- Determined in this
Wrsoimnetto Noncarcinogenic Total (mg/kg) |specific calculator
SLiw-colcari Indoor Worker Soil Contaminant- Determined in this
el Carcinogenic Ingestion (mg/kg) [specific calculator
SLiw-cof Indoor Worker Soil Contaminant- Determined in this
w-sol-ca-der Carcinogenic Dermal (mg/kg) |[specific calculator

SLiw—soI—ca—inh

Indoor Worker Soil
Carcinogenic Inhalation

(mg/kg)

Contaminant-
specific

Determined in this
calculator

SLiw—soI—ca -tot

Indoor Worker Soil
Carcinogenic Total (mg/kg)

Contaminant-
specific

Determined in this
calculator

SLiw—soI—nc—ing

Indoor Worker Soil
Noncarcinogenic Ingestion

(mg/kg)

Contaminant-
specific

Determined in this
calculator

SLiw—soI—nc—der

Indoor Worker Soil
Noncarcinogenic Dermal

(mg/kg)

Contaminant-
specific

Determined in this
calculator

SLiw—soI—nc—inh

Indoor Worker Soil
Noncarcinogenic Inhalation

Contaminant-

Determined in this

specific calculator
(mg/kg) >
SLiy-cof Indoor Worker Soil Contaminant- Determined in this
w-sol-nc-tot Noncarcinogenic Total (mg/kg) |specific calculator
SL e Outdoor Worker Soil Contaminant- Determined in this
Ameeer Carcinogenic Ingestion (mg/kg) [specific calculator
SL and Outdoor Worker Soil Contaminant- Determined in this
owrsoircarder Carcinogenic Dermal (mg/kg) |[specific calculator

SLow—soI—ca—inh

Outdoor Worker Soil
Carcinogenic Inhalation

(mg/kg)

Contaminant-
specific

Determined in this
calculator

SLow—soI—ca—tot

Outdoor Worker Soil
Carcinogenic Total (mg/kg)

Contaminant-
specific

Determined in this
calculator

SLow—soI—nc—ing

Outdoor Worker Soil
Noncarcinogenic Ingestion

(mg/kg)

Contaminant-
specific

Determined in this
calculator

SLow—soI—nc—der

Outdoor Worker Soil
Noncarcinogenic Dermal

(mg/kg)

Contaminant-
specific

Determined in this
calculator

SLow—soI—nc—inh

Outdoor Worker Soil
Noncarcinogenic Inhalation

(mg/kg)

Contaminant-
specific

Determined in this
calculator

SI-ow—sol—nc—tot

Outdoor Worker Soil

Contaminant-

Determined in this

Noncarcinogenic Total (mg/kg) |specific calculator
SL ea Recreator Soil Carcinogenic Contaminant- Determined in this
s Ingestion (mg/kg) specific calculator
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SL oand Recreator Soil Carcinogenic Contaminant- Determined in this
rec-sol-ca-der Dermal (mg/kg) specific calculator

SL eacinh Recreator Soil Carcinogenic Contaminant- Determined in this
rec-sol-ca-in Inhalation (mg/kg) specific Calculator

SL | Recreator Soil Carcinogenic Contaminant- Determined in this
rec-sol-ca-tot Total (mg/kg) specific calculator

SL e Recreator Soil Noncarcinogenic |Contaminant- Determined in this
e =3l e g Ingestion (mg/kg) specific calculator

S Recreator Soil Noncarcinogenic [Contaminant- Determined in this
rec-sol-nc-der Dermal (mg/kg) specific calculator

S Recreator Soil Noncarcinogenic [Contaminant- Determined in this
recsolne-in Inhalation (mg/kg) specific EalEl o

SL | Recreator Soil Noncarcinogenic |Contaminant- Determined in this
rec-sol-nc-tot Total (mg/kg) specific calculator

SL g Recreator Surface Water Contaminant- Determined in this
rec-water-ca-der | carcinogenic Dermal (pg/L) specific calculator

SL . ) Recreator Surface Water Contaminant- Determined in this
recwatercand | carcinogenic Ingestion (ug/L) |lspecific calculator

SLrecwat e |RECTeator Surface Water Contaminant- Determined in this
recwaterea™ | carcinogenic Total (ug/L) specific calculator

Recreator Surface Water

. -y~ ] Contaminant- Determined in this
SLrec-water-vc-der gz:%r;?g(ﬁgl/cl_;/myl Chloride specific =l e Eler
Recreator Surface Water : 3 ; ;
SlLrec-water-ve-ing  [|Carcinogenic Vinyl Chloride gggctﬁ:ir?mant- cDaeIEil]?tg]red T {dits
Ingestion (ug/L)
Recreator Surface Water : 3 ; ;
SLrec-water-vc-tot Carcinogenic Vinyl Chloride Cont-?:-mmant- Deltel]mmed i G2
Total (ug/L) specific calculator
SL g Recreator Surface Water Non- [Contaminant- Determined in this
rec-water-nc-der || carcinogenic Dermal (ug/L) specific calculator
SL i Recreator Surface Water Non- |[Contaminant- Determined in this
rec-water-nc-ing | Carcinogenic Ingestion (ug/L)  |[specific calculator
SL . . Recreator Surface Water Non- [Contaminant- Determined in this
rec-waternctot  Icarcinogenic Total (ug/L) specific calculator
Toxicity Values
RfD Chronic Oral Reference Dose Contaminant- EPA Superfund
© (mg/kg-day) specific hierarchy
RFC Chronic Inhalation Reference Contaminant- EPA Superfund
Concentration (mg/m?) specific hierarchy
CSE Chronic oral Slope Factor Contaminant- EPA Superfund
° (mg/kg-day)™* specific hierarchy
IUR Chronic Inhalation Unit Risk Contaminant- EPA Superfund
(ug/m>)™? specific hierarchy
Miscellaneous Variables
. . Determined in this
6
TR target risk 1x10 calculator
. Determined in this
THQ target hazard quotient 1 N
K Andelman Volatilization Factor 0.5 U.S. EPA 1991b (pg.
i (L/m>) : 20)
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Averaging time - resident U.S. EPA 1989 (pg. 6-
ATr (days/year) 365 23)
Averaging time - composite U.S. EPA 1989 (pg. 6-
ATw worker (days/year) 365 23)
_ Averaging time - indoor worker U.S. EPA 1989 (pg. 6-
ATiw (days/year) 365 23)
Averaging time - outdoor U.S. EPA 1989 (pg. 6-
ATow worker (days/year) 205 23)
Averaging time - recreator U.S. EPA 1989 (pg. 6-
ATrec (days/year) 365 23)
LT Lifetime (years) 70 35 e E
Ingestion, and Dermal Contact Rates
IRW Resident Drinking Water 1 U.S. EPA 1989 (Exhibit
¢ Ingestion Rate - Child (L/day) 6-11)
IRW Resident Drinking Water 5 U.S. EPA 1989 (Exhibit
: Ingestion Rate - Adult (L/day) 6-11)
Resident Drinking Water Calculated using the
IFW ag; Ingestion Rate - Age-adjusted [|1.086 age adjusted intake
(L-year/kg-day) factors equation
Resident Mutagenic Drinking Calculated using the
IFWMadj Water Ingestion Rate - Age- 3.39 age adjusted intake
adjusted (L-year/kg-day) factors equation
IRS Resident Soil Ingestion Rate - 200 U.S. EPA 1991a (pg.
¢ Child (mg/day) 15)
IRS Resident Soil Ingestion Rate - 100 U.S. EPA 1991a (pg.
@ Adult (mg/day) 15)
. . . Calculated using the
Resident Soil Ingestion Rate - / 3
IFSaq; A - : 114 age adjusted intake
Age-adjusted (mg-year/kg-day) factors equation
Resident Mutagenic Soil Calculated using the
IFSMagj Ingestion Rate - Age-adjusted [489.5 age adjusted intake
(mg-year/kg-day) factors equation
- - Calculated using the
IRiw E{rﬁgo(rmw%lge; el ArgREido 50 age adjusted intake
g/day factors equation
; : Calculated using the
IRow g:gg?% \;Vdo;k;ar SailiIngestion 100 age adjusted intake
g/day factors equation
Calculated using the
Recreator Surface Water 3 y
IRW'recwc - = age adjusted intake
Ingestion Rate - Child (L/day) factors equation
Calculated using the
Recreator Surface Water 3 y
IRWrecwa - 3 age adjusted intake
Ingestion Rate - Adult (L/day) factors equation
Recreator Surface Water Calculated using the
IFWrec-adj Ingestion Rate - Age-adjusted age adjusted intake
(L-year/kg-day) factors equation
Recreator Surface Water
IRWp-2 Ingestion Rate - Age Segment |0.05 U.S. EPA Region 4
0-2 (L/day)
Recreator Surface Water
IRW3.6 Ingestion Rate - Age Segment |0.05 U.S. EPA Region 4
2-6 (L/day)
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Recreator Surface Water

IRWs-16 Ingestion Rate - Age Segment [0.05 U.S. EPA Region 4
6-16 (L/day)
Recreator Surface Water
IRW16-30 Ingestion Rate - Age Segment [|0.05 U.S. EPA Region 4
16-30 (L/day)
Recreator Mutagenic Surface Calculated using the
IFWMrec-adj Water Ingestion Rate - Age- age adjusted intake
adjusted (L-year/kg-day) factors equation
. . _ Calculated using the
IRSrecsc Eﬁﬁl(‘je?;cﬁr/zgll)lngestlon e age adjusted intake
9/day factors equation
. . _ Calculated using the
IRSrecsa igﬁ:ﬁ?:ﬁr/sd%” )Ingestlon e age adjusted intake
9/day factors equation
. . Calculated using the
Recreator Soil Ingestion Rate - ] ;
IFSrec-adj i N B age adjusted intake
Age-adjusted (mg-year/kg-day) factors equation
Recreator Soil Ingestion Rate - U.S. EPA 1991a (pg.
IRSo-2 Age-segment 0-2 (mg/day) 200 15)
Recreator Soil Ingestion Rate - U.S. EPA 1991a (pg.
IRS2-6 Age-segment 2-6 (mg/day) 200 15)
Recreator Soil Ingestion Rate - U.S. EPA 1991a (pg.
IRS6-16 Age-segment 6-16 (mg/day) || *9° 15)
Recreator Soil Ingestion Rate - U.S. EPA 1991a (pg.
IRS16-30 Age-segment 16-30 (mg/day) 100 15)
Recreator Mutagenic Soil Calculated using the
IFSMrec-adj Ingestion Rate - Age-adjusted age adjusted intake
(mg-year/kg-day) factors equation
Resident soil dermal contact Calculated using the
DFSad; factor- age-adjusted (mg- 361 age adjusted intake
year/kg-day) factors equation
Resident Mutagenic soil dermal Calculated using the
DFSMag; contact factor- age-adjusted 1445 age adjusted intake
(mg-year/kg-day) factors equation
Recreator soil dermal contact Calculated using the
DFSrec-adj factor- age-adjusted (mg- age adjusted intake
year/kg-day) factors equation
Recreator Mutagenic soil Calculated using the
DFSMrec-adj dermal contact factor- age- age adjusted intake
adjusted (mg-year/kg-day) factors equation
IRF, Fish Ingestion Rate (mg/day) |5.4 x 10* ij5§ ERARISS1a(pg.
Resident soil surface area - U.S. EPA 2002 (Exhibit
SA
¢ child (cm?) A 1.2)
Resident soil surface area - U.S. EPA 2002 (Exhibit
SA
i adult (cm?) /0 1-2)
SAqw Worber soil surface area - adult 3300 U.S. EPA 2002 (Exhibit
(cm?) 1-2)
SAqw Worker soil surface area - adult 3300 U.S. EPA 2002 (Exhibit

(cm?)

1-2)
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= Recreator soil surface area - (a:g:acgijajtfsc'lceu dSiirr:%atkhee
recsc a
child (cm?) factors equation
= Recreator soil surface area - (a:gtlacgijajtfsc'lceu dSiirr:%atkhee
recsa
adult (cm?) factors equation
SAo.s Recreator soil surface area -
o age segment 0-2 (cm?)
SA, Recreator soil surface area -
° age segment 2-6 (cm?)
SA Recreator soil surface area -
616 age segment 6-16 (cm?)
SA Recreator soil surface area -
16-30 age segment 16-30 (cm?)
AF Resident soil adherence factor - 0.2 U.S. EPA 2002 (Exhibit
i child (mg/cm?) : 1-2)
AF Resident soil adherence factor - 0.07 U.S. EPA 2002 (Exhibit
° adult (mg/cm?) ' 1-2)
AF Worker soil adherence factor - 0.2 U.S. EPA 2002 (Exhibit
o child (mg/cm?) ' 1-2)
= Recreator soil adherence factor (a:g:acgl:lajtfsc'lceu dSiirr:%atkhee
recsc a
- child (mg/cm?) factors equation
= Recreator soil adherence factor (a:g:acgl:lajtfsc'lceu dSiirr:%atkhee
recsa
- adult (mg/cm?) factors equation
AFo. Recreator soil adherence factor
o - age segment 0-2 (mg/cm?)
AF Recreator soil adherence factor
0 - age segment 2-6 (mg/cm?)
AF Recreator soil adherence factor
616 - age segment 6-16 (mg/cm?)
AF Recreator soil adherence factor
16-30 - age segment 16-30 (mg/cm?)
BW. Recreator Body Weight - child (a:g:acgl:lajtfsieudyi%%atﬁee
(ka) factors equation
BW recea Recreator Body Weight - adult (a:g:acgljajtfsc'lceu dSIirr]1%atkhee
(ka) factors equation
Recreator Body Weight - age
BWo-2 segment 0-2 (kg)
Recreator Body Weight - age
BW2-6 segment 2-6 (kg)
Recreator Body Weight - age
BWs-16 segment 6-16 (kg)
Recreator Body Weight - age
BWi6-30 segment 16-30 (kg)
Fraction of contaminant . -
ABSq4 absorbed dermally from soil gogctﬁ:irgmant- g_i) 0 2R (BN
(unitless) P
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Fraction of contaminant
absorbed in gastrointestinal
GIABS tract (unitless) Note: if the Contaminant- U.S. EPA 2004 (Exhibit
GIABS is >50% then it is set to ||specific 4-1)
100% for the calculation of
dermal toxicity values.
Exposure Frequency, Exposure Duration, and Exposure Time Variables
EF Resident Exposure Frequency 350 U.S. EPA 1991a (pg.
) (days/yr) 15)
EF: Indoor Worker Exposure 250 U.S. EPA 1991a (pg.
" Frequency (days/yr) 15)
EF Outdoor Worker Exposure 225 U.S. EPA 1991a (pg.
ow Frequency (days/yr) 15)
Recreator Exposure Frequency Calculated using the
EFrec (days/yr) age adjusted intake
ys/y factors equation
Calculated using the
EFrecwc _Riﬂ;ﬁjagzra Eé( /poriure e e age adjusted intake
ys/y factors equation
Calculated using the
EFrecwa _Rgfjr&?té) draEé/poS)ure e e age adjusted intake
ys/y factors equation
EFo.» Recreator Exposure Frequency
0- - age segment 0-2 (days/yr)
EFs.6 Recreator Exposure Frequency
i - age segment 2-6 (days/yr)
EF Recreator Exposure Frequency
6-16 - age segment 6-16 (days/yr)
EF, Recreator Exposure Frequency
6-30 - age segment 16-30 (days/yr)
ED Resident Exposure Duration 30 U.S. EPA 1991a (pg.
) (yr) 15)
ED Resident Exposure Duration - 6 U.S. EPA 1991a (pg.
¢ child (yr) 15)
ED Resident Exposure Duration - 24 U.S. EPA 1991a (pg.
a adult (yr) 15)
ED. Indoor Worker Exposure 25 U.S. EPA 1991a (pg.
" Duration - (yr) 15)
ED Outdoor Worker Exposure 25 U.S. EPA 1991a (pg.
ow Duration (yr) 15)
- Calculated using the
EDrec (Rerc)reator Exposure Duration age adjusted intake
Y factors equation
S Calculated using the
EDrecsc ;Rﬁifge?t%r =HpEEliE DU age adjusted intake
Y factors equation
S Calculated using the
EDrecsa sgﬁ{f?t(ﬁ; =HpEEliE DU age adjusted intake
Y factors equation
Exposure Duration - age
EDo-2 segment 0-2 (yr)
Exposure Duration - age
ED2-6 segment 2-6 (yr)
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Exposure Duration - age
EDs-16 segment 6-16 (yr)
Exposure Duration - age
ED16-30 segment 16-30 (yr)
Resident Ambient Air Exposure
ETra Time (hr/hr) 2
Resident Soil Exposure Time
ETrs (hr/hr) 24
ET recs Recreator Soil Exposure Time (a:g(lacgldajtfgceu dSIirr:%atkhee
(hr/hr) factors equation
ET ecsc Recreator Soil Exposure Time - (a:g(lacgldajtfgceu dSIirr:%atkhee
child (hr/hr) factors equation
ET recsa Recreator Soil Exposure Time - (a:g(lacgldajtfgceu dSIirr:%atkhee
adult (hr/hr) factors equation
ET Recreator Surface Water (a:a(lacglda.tfsc,lceu dSIirr:%atkhee
recw Exposure Time (hr/hr) fagctorsJequation
ET Recreator Surface Water (a:a(lacglda.tfsc,lceu dSIirr:%atkhee
recwe Exposure Time - child (hr/hr) fagctorsJequation
ET Recreator Surface Water (a:a(lacglda.tfsc,lceu dSIirr:%atkhee
recwa Exposure Time - adult (hr/hr) fsctorsjequation
EToo Recreator Exposure Time - age
i segment 0-2 (hr/hr)
ET Recreator Exposure Time - age
>0 segment 2-6 (hr/hr)
ETe.16 Recreator Exposure Time - age
i segment 6-16 (hr/hr)
ET16-30 Recreator Exposure Time - age
i segment 16-30 (hr/hr)
ET g Recreator Exposure Time - age- (a:a(lacgl(ja_tfscjceudsm%atﬁee
e adjusted (hr/hr) fsctorsjequation
EVrecwc Recreator Events - child (a:g:acgljajtfgceu dSIirr:%atkhee
(events per day) factors equation
EVrecwa Recreator Events - adult (a:g(lacgldajtfgceu dSIiﬂ%atI:]ee
(events per day) factors equation
EVo.o Recreator Events - age
0- segment 0-2 (events per day)
EV, Recreator Events - age
© segment 2-6 (events per day)
EVe-16 Recreator Events - age
i segment 6-16 (events per day)
Recreator Events - age
EVie-30 segment 16-30 (events per
day)
Soil to Groundwater SSL Factor Variables
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I Infiltration Rate (m/year) 0.18 gl? ERAE3962k(Rg:
source length parallel to ground|_., . ¥F U.S. EPA. 1996a (pg.
L water flow (m) site-specific 31)
i hydraulic gradient (m/m) site-specific gl? ERAE3962k(Rg:
aquifer hydraulic conductivity . ¥F U.S. EPA. 1996a (pg.
K (m/year) site-specific 31)
0 water-filled soil porosity 0.3 U.S. EPA. 1996a (pg.
W (Lwater/LsoiI) ' 31)
0a air-filled soil porosity (Lair/Lsoil) [|= n-Bw 5’3 EPA. 1996a (pg.
n total soil porosity(Lpore/Lsoil) = 1-(pb/ps) U.S. EPA. 1996a (pg.
31)
Ps soil particle density (Kg/L) 2.65 U.S. EPA. 1996a (pg.
31)
Pb dry soil bulk density (kg/L) 1.5 U.S. EPA. 1996a (pg.
31)
H' Dimensionless Henry Law analyte-specific EPI Suite
Constant (unitless)
Kd soil-water partition coefficient |[= Koc*foc for U.S. EPA. 1996a (pg.
(L/kg) organics 31)
Koc soil organic carbon/water analyte-specific EPI Suite
partition coefficient (L/kg)
foc fraction organic carbon in soil |[0.002 U.S. EPA. 1996a (pg.
(9/9) 31)
da aquifer thickness (m) site-specific U.S. EPA. 1996a (pg.
31)
ds depth of source (m) site-specific U.S. EPA. 1996a (pg.
31)
d mixing zone depth (m) site-specific U.S. EPA. 1996a (pg.
31)
Particulate Emission Factor Variables
PEF Particulate Emission Factor - 1.36 x 10°(region ||Determined in this
Minneapolis (m>/kg) -specific) calculator
Inverse of the Mean
Q/C Concentration at the Center of (93,77 (region- Determined in this
a 0.5-Acre-Square Source specific) calculator
(g/m?*-s per kg/m°)
Vv Fraction of Vegetative Cover 0.5 U.S. EPA 1996a (pg.
(unitless) ' 23)
Um Mean Annual Wind Speed (m/s) (4.69 g3§ ERAS1I26aN(pg.
U Equivalent Threshold Value of 11.32 U.S. EPA 1996a (pg.
¢ Wind Speed at 7m (m/s) : 23)
Function Dependent on Um /Ut U.S. EPA 1996a (pg.
) (unitless) Lries 23)
A Dispersion constant unitless PEF and region- |U.S. EPA 2002 (pg. D-
specific 6 to D-8)
As Areal extent of the site or 0.5 (range 0.5 to ||U.S. EPA 2002 (pg. D-
contamination (acres) 500) 2)
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B Dispersion constant unitless PEF and region- |U.S. EPA 2002 (pg. D-
specific 6 to D-8)
C Dispersion constant unitless PEF and region- |U.S. EPA 2002 (pg. D-
specific 6 to D-8)
Volatilization Factor and Soil Saturation Limit Variables
VE Volatilization Factor - Los Contaminant- U.S. EPA. 1996b (pg.
Angeles (m?®/kg) specific 24)
Inverse of the Mean
Concentration at the Center of S. EPA. 1996b
Q/Cu a 68.81 5’4)' : (Pg.
0.5-Acre-Square Source (g/m?-
s per kg/m?)
. . Contaminant- U.S. EPA. 1996b .
Da Apparent Diffusivity (cm?/s) specific 24) (Pg
T Exposure interval (s) 9.5x108 g4§ EPA. 1996b (pg.
Pb Dry soil bulk density (g/cm®) [1.5 g4§ EPA. 1996b (pg.
6 Air-filled soil porosity (Lair/Lsoil) 0.28 U.S. EPA. 1996b (pg.
@ (n-Bw) : 24)
0 Total soil porosity ( Lpore/Lsoil) 0.43 U.S. EPA. 1996b (pg.
(1-(po/ps) : 24)
0 Water-filled soil porosity 0.15 U.S. EPA. 1996b (pg.
" (Lwater/LsoiI) ' 24)
Ps Soil particle density (g/cm?) 2.65 g4§ EPA. 1996b (pg.
- . Contaminant- :
S Water Solubility Limit (mg/L) specific EPI Suite
Dia Diffusivity in air (cm?/s) ;ﬂ;gmant- U.S. EPA. 2001
' Dimensionless Henry's Law Contaminant- .
L Constant specific B
Diw Diffusivity in water (cm?/s) ggggﬁl@'”a”t' U.S. EPA. 2001
K Soil-water partition coefficient |[Contaminant- U.S. EPA. 1996b (pg.
i (L/Kg) (KocXfoc) specific 24)
Soil organic carbon-water Contaminant- '
Koc partition coefficient (L/Kg) specific EPI Suite
Organic carbon content of soil U.S. EPA. 1996b (pg.
f 0.006
* (9/9) 24)

U.S. EPA (Environmental Protection Agency). 1987. Processes, Coefficients, and Models for
Simulation Toxic Organics and Heavy Metals in Surface Waters. EPA/600/3-87/015. Office of
Research and Development, Athens, GA.

U.S. EPA 1989. Risk assessment guidance for Superfund. Volume I: Human health evaluation
manual (Part A). Interim Final. Office of Emergency and Remedial Response. EPA/540/1-

89/002.

U.S. EPA 1991a. Human health evaluation manual, supplemental guidance: "Standard default

http://www.epa.gov/reg3hwmd/risk/humar-concentration_table/usersguide.

8/26/201:



Regional Screening Tab- User's Guide | Mi-Atlantic Risk Assessment | US E Page65 of 65

X re f rs". WER Directive 9285.6-03.
exposure factors c?]%tp:Fﬁvww.ggg.ggv re%?h?vngg/risk/human/rb—concentration_tabIe/usersguide.htm

. . Last updated on Wednesday, July 27, 2011
U.S. EPA 1991b. Risk Assessment Guidance for Superfund, Volume I: Human Hearth

Evaluation Manual (Part B, Development of Risk-Based Preliminary Remediation Goals).
Office of Emergency and Remedial Response. EPA/540/R-92/003. December 1991

U.S. EPA. 1996a. Soil Screening Guidance: User's Guide. Office of Emergency and Remedial
Response. Washington, DC. OSWER No. 9355.4-23
http://www.epa.gov/superfund/health/conmedia/soil/index.htm#user

U.S. EPA. 1996b. Soil Screening Guidance: Technical Background Document. Office of
Emergency and Remedial Response. Washington, DC. OSWER No. 9355.4-17A
http://www.epa.gov/superfund/health/conmedia/soil/introtbd.htm

U.S. EPA. 1997a. Exposure Factors Handbook. Office of Research and Development,
Washington, DC. EPA/600/P-95/002Fa.

U.S. EPA 2000. Exposure and Human Health Reassessment of 2,3,7,8-Tetrachlorodibenzo-p-
Dioxin (TCDD) and Related Compounds. Part I: Estimating Exposure to Dioxin-Like
Compounds. Volume 3--Properties, Environmental Levels, and Background Exposures. Draft
Final Report. EPA/600/P- 00/001. Office of Research and Development, Washington, DC.
September.

U.S. EPA, 2001. WATERS9. Version 1.0.0. Office of Air Quality Planning and Standards,
Research Triangle Park, NC. Web site at
http://www.epa.gov/ttn/chief/software/water/index.html.

U.S. EPA 2002. Supplemental Guidance for Developing Soil Screening Levels for Superfund
Sites. OSWER 9355.4-24. December 2002.
http://www.epa.gov/superfund/health/conmedia/soil/index.htm

U.S. EPA 2004. Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation
Manual (Part E, Supplemental Guidance for Dermal Risk Assessment) Final. OSWER 9285.7-
02EP.July 2004. Document and website
http://www.epa.gov/oswer/riskassessment/ragse/index.htm

U.S. EPA 2009. Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation
Manual (Part F, Supplemental Guidance for Inhalation Risk Assessment) Final. OSWER
9285.7-82. January 2009. Document, memo and website
http://www.epa.gov/oswer/riskassessment/ragsf/index.htm

back to top

http://www.epa.gov/reg3hwmd/risk/humar-concentration_table/usersguide. 8/26/201.



APPENDIX 3

RELEVANT PORTIONS OF

USER'S GUIDE FOR THE JOHNSON AND
ETTINGER (1991) MODEL FOR SUBSURFACE
VAPOR INTRUSION INTO BUILDINGS

SENSITIVITY ANALYSIS OF JOHNSON AND
ETTINGER (1991) MODEL

Hawai'i DOH
Fall 2011



Hawai'i DOH
Fall 2011



USER'SGUIDE FOR
EVALUATING SUBSURFACE VAPOR INTRUSION
INTO BUILDINGS

Prepared By

Environmental Quality Management, Inc.
Cedar Terrace Office Park, Suite 250
3325 Durham-Chapel Hill Boulevard
Durham, North Carolina 27707-2646

Prepared For

Industrial Economics Incorporated
2667 Massachusetts Avenue
Cambridge, Massachusetts 02140

EPA Contract Number: 68-W-02-33
Work Assignment No. 004
PN 030224.0002

For Submittal to
Janine Dinan, Work Assignment Manager
U.S. ENVIRONMENTAL PROTECTION AGENCY
OFFICE OF EMERGENCY AND REMEDIAL RESPONSE
ARIEL RIOS BUILDING, 5202G
1200 PENNSYLVANIA AVENUE, NW
WASHINGTON, D.C. 20460

Revised February 22, 2004



DISCLAIMER

This document presents technica and policy recommendations based on current
understanding of the phenomenon of subsurface vapor intrusion. This guidance does not impose any
requirements or obligations on the U.S. Environmental Protection Agency (EPA) or on the
owner/operators of sites that may be contaminated with volatile and toxic compounds. The sources
of authority and requirements for addressing subsurface vapor intrusion are the applicable and
relevants statutes and regulations.. This guidance addresses the assumptions and limitations that
need to be considered in the evaluation of the vapor intrusion pathway. This guidance provides
instructions on the use of the vapor transport mode that originally was developed by P. Johnson and
R. Ettinger in 1991 and subsequently modified by EPA in 1998, 2001, and again in November 2002.
On November 29, 2002 EPA published Draft Guidance for Evaluating the Vapor Intrusion to Indoor
Air Pathway from Groundwater and Soils (Federal Register: November 29, 2002 Volume 67,
Number 230 Page 71169-71172). Thisdocument is intended to be a companion for that guidance.
Users of this guidance are reminded that the science and policies concerning vapor intrusion are
complex and evolving.
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WHAT'SNEW IN THIS VERSION!

This revised version of the User's Guide corresponds with the release of Version 3.1 of the
Johnson and Ettinger (1991) model (J&E) spreadsheets for estimating subsurface vapor intrusion
into buildings. Several things have changed within the models since Version 2 was released in
December 2000 and since the original version was released in September 1998. The following
represent the major changesin Version 3.1 to be consistent with Draft Guidance for Evaluating the
Vapor Intrusion to Indoor Air Quality from Groundwater and Soils dated November 25, 2002 as
referenced below:

1.

Table 1 lists the chemicals that are commonly found at contaminated sites. This list
has been expanded from the list of chemicals included in Version 2 of the model.
We have a'so applied certain criteriato determine whether it is appropriate to run the
model for these contaminants. Only those contaminants for which all of the
toxicological or physical chemical properties needed to make an assessment of the
indoor inhalation risk are included in the spreadsheets. A chemical is considered to
be sufficiently toxic if the vapor concentration of the pure component poses an
incremental life time cancer risk greater than 1 x 10°° or the noncancer hazard index
isgreater than 1. A chemical is considered to be sufficiently volatileif its Henry's
law constant is 1 x 10”° atm-m*mole or greater. The final chemical list for Version
3 includes 108 chemicals.

Chemical Property Data - The source of chemical data used in the calculation is
primarily EPA’s Superfund Chemical Data Matrix (SCDM) database. EPA’s
WATERS9 database is used for chemicals not included in the SCDM database.
Appendix B contains other data sources. Henry’s Law value for cumene isincorrect
in the above listed reference. The correct value was determined by using EPA’s
system performs automated reasoning in chemistry algorithms found in * Prediction
of Chemical Reactivity Parameters and Physical Properties of Organic Compounds
from Molecular Structure Using SPARE.” EPA-2003.

Toxicity Values— EPA’s Integrated Risk Information System (IRIS) isthe generally
preferred source of carcinogenic unit risks and non-carcinogenic reference
concentrations (RfCs) for inhalation exposure.! The following two sources were
consulted, in order of preference, when IRIS values were not available: provisional
toxicity values recommended by EPA’s National Center for Environmental
Assessment (NCEA) and EPA’s Health Effects Assessment Summary Tables
(HEAST). If no inhalation toxicity data could be obtained from IRIS, NCEA, or
HEAST, extrapolated unit risks and/or RfCs using toxicity data for oral exposure
(cancer dope factors and/or reference doses, respectively) from these same sources

1 U.S. EPA. 2002. Integrated Risk Information System (IRIS). http://www.epa.gov/iriswebp/iris/index.html.

November.
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using the same preference order were used.”? Note that for most compounds,
extrapolation from oral data introduces considerable uncertainty into the resulting
inhalation value. Vaues obtained from inhalation studies or from pharmacokinetic
modeling applied to oral doses will be less uncertain than those calculated using the
eguations noted in footnote 2.

IRIS currently does not include carcinogenicity datafor trichloroethylene (TCE), a
volatile contaminant frequently encountered at hazardous waste sites. The original
carcinogenicity assessment for TCE, which was based on a health risk assessment
conducted in the late 1980's, was withdrawn from IRIS in 1994. The Superfund
Technical Support Center has continued to recommend use of the cancer dope factor
from the withdrawn assessment, until a reassessment of the carcinogenicity of TCE
iscompleted. In 2001, the Agency published a draft of the TCE toxicity assessment
for public comment.®> Using this guidance, TCE target concentrations for the draft
vapor intrusion guidance were calculated using a cancer dope factor identified in that
document, which is available on the NCEA web site. This dope factor was selected
becauseit is based on state-of-the-art methodology. However, because this document
is still undergoing review, the slope factor and the target concentrations cal cul ated
for TCE are subject to change and should be considered “provisiona” values.

Toxicity databases such as IRIS are routinely updated as new information becomes
available; the data included in the lookup tables are current as of December 2003.
Users of these models are strongly encouraged to research the latest toxicity values
for contaminants of interest from the sources noted above. In the next year, IRIS
reassessments are expected for several contaminants commonly found in subsurface
contamination whose inhalation toxicity vaues are currently based on extrapolation.

4. Assumption and Limitations

The Johnson and Ettinger (J& E) Model was devel oped for use as a screening level
model and, consequently, is based on a number of smplifying assumptions regarding
contaminant distribution and occurrence, subsurface characteristics, transport
mechanisms, and building construction. The assumptions of the J&E Model as
implemented in EPA’ s spreadsheet version are listed in Section 2.11, Section 5, and

% The oral-to-inhal ation extrapol ations assume an adult inhalation rate (IR) of 20 m*/day and an adult body weight
(BW) of 70 kg. Unit risks (URs) were extrapolated from cancer dope factors (CSFs) using the following equation:

UR (ug/m*)™* = CSF (mg/kg/d)™ * IR (m*/d) * (1/BW)(kg™ )* (10° mg/ug)
Reference concentrations (RfCs) were extrapolated from reference doses (RfDs) using the following equation:
RfC (mg/m®) = RfD (mg/kg/d) * (1/IR) (m3/d)™* ( BW (kg)

$ USEPA, Trichloroethylene Health Risk Assessment: Synthesis and Characterization — External Review Draft,
Office of Research and Development, EPA/600/P-01-002A, August, 2001.
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Table 12 along with an assessment of the likelihood that the assumptions can be
verified through field evaluation.

Soil Parameters

A list of generaly reasonable, yet conservative, model input parameters for selected
soil and sampling related parameters are provided in Tables 7 and 8. These tables
also provide the practical range, typica or mean value (if applicable), and most
conservative value for these parameters. For building parameters with low
uncertainty and sengitivity, only asingle “fixed” value corresponding to the mean or
typical valueisprovided in Table 9. Soil-dependent properties are provided in Table
10 for soils classified according to the US Soil Conservation Soil (SCS) system. If
site soils are not classified according to the US SCS, Table 11 can be used to assist
in selecting an gppropriate SCS soil type corresponding to the available site lithologic
information. Note that the selection of the soil texture class should be biased towards
the coarsest soil type of significance, as determined by the site characterization
program. These input parameters were devel oped considering soil-physics science,
available studies of building characteristics, and expert opinion. Consequently, the
input parameters listed in Tables 7 and 8 are considered default parameters for afirst-
tier assessment, which should in most cases provide a reasonably (but not overly)
conservative estimate of the vapor intrusion attenuation factor for asite. The soil
water filled porosity (6,) is dependent on the soil type and the default value was
removed from the model set up. Users must define soil type or input avalue for the
porosity.

Building Parameters
Building Air Exchange Rate (Default Value = 0.25 hr™)

Results from 22 studies for which building air exchange data are available were
summarized in Hers et al. (2001). When all the data were analyzed, the 10", 50™,
and 90™ percentile values were 0.21, 0.51, and 1.48 air exchanges per hour (AEH).
Air exchange rates varied depending on season and climatic region. For example, for
the winter season and coldest climatic area (Region 1, Great Lakes area and extreme
northeast US), the 10", 50", and 90™ percentile values were 0.11, 0.27, and 0.71
AEH. In contrast, for the winter season and warmest climatic area [Region 4
(southern California, Texas, Florida, Georgia)], the 10", 50", and 90™ percentile
valueswere 0.24, 0.48, and 1.13 AEH. For this guidance, adefault value of 0.25 for
air exchange rate was selected to represent the lower end of these distributions. The
previous version of the guidance included a default value of 0.45 exchanges per hour.



Building Area and Subsurface Foundation Area (Default Value = 10 m by 10 m)

A Michigan study indicates that a 111.5 m? area approximately corresponds to the
10™ percentile floor space area for residential single family dwellings, based on
statistics compiled by the U.S. Department of Commerce (DOC) and U.S. Housing
and Urban Development (HUD). The previous median value was 9.61 m x 9.61 m.

Building Mixing Height (Default Value = 2.44 m for slab-on-grade scenario; =
3.66 m for basement scenario)

The J& E Model assumes that subsurface volatiles migrating into the building are
completely mixed within the building volume, which is determined by the building
area and mixing height. The building mixing height will depend on a number of
factors including the building height, the heating, ventilation and air conditioning
(HVAC) system operation, environmental factors such as indoor-outdoor pressure
differentials and wind loading, and seasonal factors. For a single-story house, the
variation in mixing height can be approximated by the room height. For amulti-story
house or apartment building, the mixing height will be greatest for houses with
HVAC systems that result in significant air circulation (e.g., forced-air heating
systems). Mixing heights will be less for houses using electrical baseboard heaters.
It is likely that mixing height is, to some degree, correlated to the building ar
exchange rate.

There are little data available that provide for direct inference of mixing height.
There are few sites, with a small number of houses where indoor air concentrations
were above background, and where both measurements at ground level and the
second floor were made (CDOT, Redfields, Eau Claire). Persons familiar with the
data sets for these sites indicate that in most cases afairly significant reduction in
concentrations (factor of two or greater) was observed, although at one site (Eau
Claire, "S’ residence), the indoor TCE concentrations were similar in both the
basement and second floor of the house. For the CDOT site apartments, there was
an approximate five-fold reduction between the concentrations measured for the first
floor and second floor units. Less mixing would be expected for an apartment
because there are less cross-floor connections than for a house. The default value
chosen for a basement house scenario (3.66 m) would be representative of atwo-fold
reduction or attenuation in vapor concentrations between floors.

Crack Width (0.1 cm) and Crack Ratio (Default Value = 0.0002 for basement
house; = 0.0038 for slab-on-grade house)

The crack width and crack ratio are related. Assuming a square house and that the

only crack is a continuous edge crack between the foundation slab and wall
(“perimeter crack”), the crack ratio and crack width are related as follows:

Xi



4(CrackWidth/ / SubsurfaceFoundation Area
SubsurfaceFoundationArea

CrackRatio =

Thereislittleinformation available on crack width or crack ratio. One approach used
by radon researchersisto back calculate crack ratios using amodel for soil gas flow
through cracks and the results of measured soil gas flow rates into a building. For
exampl e, the back-calculated values for a dab/wall edge crack based on soil gas-entry
rates reported in Nazaroff (1992), Revzan et al. (1991), and Nazaroff et al. (1985)
range from approximately 0.0001 to 0.001. Ancther possible approach isto measure
crack openings although this, in practice, is difficult to do. Figley and Snodgrass
(1992) present data from ten houses where edge crack measurements were made. At
the eight houses where cracks were observed, the cracks widths ranged from hairline
cracks up to 5 mm wide, while the total crack length per house ranged from 25 mto
17.3 m. Most crack widths were less than 1 mm. The suggested defaults for crack
ratio is regulatory guidance, literature and models also vary. In ASTM E1739-95, a
default crack ratio of 0.01 isused. The crack ratios suggested in the VOLASOIL
model (developed by the Dutch Ministry of Environment) range from 0.0001 to
0.0000001. The VOLASOIL model values correspond to values for a “good” and
“bad” foundation, respectively. The crack ratio used by J& E (1991) for illustrative
purposes ranged from 0.001 to 0.01. The selected default values fall within the
ranges observed.

Quil (Default Value =5 L/min)

The method used to estimate the vapor flowrate into abuilding (Qsi) isan analytical
solution for two-dimensional soil gas flow to a small horizontal drain (Nazaroff
1992) (“Perimeter Crack Modd”). Use of thismodel can be problematic in that Qg
values are sensitive to soil-air permeability and consequently awide range in flows
can be predicted.

An aternate empirical approach was selected to determine the Qg vaue. This new
approach is based on trace tests (i.e.,, mass balance approach). When soil gas
advection is the primary mechanism for tracer intrusion into a building, the Qs value
is estimated by measuring the concentrations of a chemical tracer in indoor air,
outdoor air, and in soil vapor below a building, and measuring the building
ventilation rate (Hers et a. 2000a; Fischer et al. 1996; Garbesi et a. 1993; Rezvan
et a. 1991; Barbes and Sectro 1989). The Qg vValues measured using this technique
were compared to predicted rates using the Perimeter Crack model, for sites with
coarse-grained soils. The Perimeter Crack model predictions are both higher and
lower than the measured values, but overall are within one order of magnitude of the
measured values. Although the Qg predicted by the models and measured using
field tracer tests are uncertain, the results suggest that a“typical” range for houses on
coarse-grained soilsis on the order of 1 to 10 L/min. A disadvantage with the tracer
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test approach is that there are only limited data, and there do not appear to be any
tracer studiesfor field sites with fine-grained soils.

Because the advective flow zone isrelatively limited in extent, the soil type adjacent
to the building foundation is of importance. In many cases, coarse-grained imported
fill is placed below foundations, and either coarse-grained fill, or disturbed, loose fill
is placed adjacent to the foundation walls. Therefore, a conservative approach for the
purposes of this guidance is to assume that soil gas flow will be controlled by
coarse-grained soil, and not to rely on the possible reduction in flow that would be
caused by fine-grained soils near the house foundation. For these reasons, a soil gas
flow rate of 5 L/min (midpoint between 1 and 10 L/min) was chosen as the input
value.

Convenience Changes

e Default valuesfor soil bulk densities have been added to the lookup tables for the
various soil types.

o Default values for soil water-filled porosity have been updated within the lookup
tables for soil properties for the various soil types.

e Thechemical datalist has been expanded to include 108 chemicals. Chemical
physical properties were reviewed and updated where applicable to provide the
user with more accurate val ues.

e All of the lookup functions within the model s were modified to include an exact
match parameter, rather than a closest match. The models would previously
return data for CAS Numbers not in the lookup tables. Although the
DATENTER sheet informed the user that this CAS Number was not found, it
would return values on the CHEM PROPS sheet that was the closest match. This
caused some confusion and therefore was changed.

e CAS number and soil type pick lists were added to the cells within the models
where the user is required to provide data in a specific format. The pick lists
were added to assist the user from entering data that are not an acceptable
parameter.

¢ All models were modified to require the user to specify the soil type of each
stratum. In addition, a button was added that allows the user to automatically
retrieve the default values for the soil type selected. These additions were added
as a convenience to the user and soil selection can be ignored should site-specific
data be available.

¢ All modelswere modified to include an input for the average vapor flow rate into
the building (Qsir) in liters/minute (L/min). This value can be left blank and the
model will calculate the value of Qg aswas done in previous versions.

Xiii



¢ All moddswere dso modified to include a button that will reset the default value
onthe DATENTER sheet. This button will allow the user to clear al vaues and
reset the default values or reset only those values that have a default value. The

user is aso alowed to specify whether the values should be reset for the
basement or slab-on-grade scenario.
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SECTION 1

INTRODUCTION TO THE VAPOR INTRUSION MODEL
THEORY AND APPLICATION

Volatilization of contaminants located in subsurface soils or in groundwater, and the
subsequent mass transport of these vapors into indoor spaces constitutes a potential inhalation
exposure pathway, which may need to be evaluated when preparing risk assessments. Likewise, this
potentia indoor inhalation exposure pathway may need eval uation when estimating a risk-based soil
or groundwater concentration below which associated adverse health effects are unlikely.

Johnson and Ettinger (J& E) (1991) introduced a screening-level model that incorporates both
convective and diffusive mechanisms for estimating the transport of contaminant vapors emanating
from either subsurface soils or groundwater into indoor spaces located directly above the source of
contamination. In their article, J&E reported that the results of the model were in qualitative
agreement with published experimental case histories and in good qualitative and quantitative
agreement with detailed three-dimensional numerical modeling of radon transport into houses.

The J& E Modd is aone-dimensional analytical solution to convective and diffusive vapor
transport into indoor spaces and provides an estimated attenuation coefficient that rel ates the vapor
concentration in the indoor space to the vapor concentration at the source of contamination. The
model is constructed as both a steady-state solution to vapor transport (infinite or non-diminishing
source) and as a quasi-steady-state solution (finite or diminishing source). Inputs to the model
include chemical properties of the contaminant, saturated and unsaturated zone soil properties, and
structural properties of the building.

This manual provides documentation and instructions for using the vapor intrusion model
as provided in the accompanying spreadsheets.

Model results (both screening and advanced) are provided as either a risk-based soil or
groundwater concentration, or as an estimate of the actual incremental risks associated with a user-
defined initial concentration. That is to say that the model will reverse-calculate an “acceptable” soil
or groundwater concentration given a user-defined risk level (i.e., target risk level or target hazard
guotient), or the model may be used to forward-calculate an incremental cancer risk or hazard
quotient based on an initial soil or groundwater concentration.

The infinite source models for soil contamination and groundwater contamination should be
used asfirst-tier screening tools. In these models, al but the most sensitive model parameters have
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been set equal to central tendency or upper bound values. Vaues for the most sensitive parameters
may be user-defined.

More rigorous estimates may be obtained using site-specific data and the finite source model
for soil contamination. Because the source of groundwater contamination may be located upgradient
of the enclosed structure for which the indoor inhalation pathway is to be assessed, the advanced
model for contaminated groundwater is based on an infinite source of contamination, however, site-
specific values for all other model parameters may be user-defined.

In addition to the finite and infinite source models referred to above, two models that allow
the user to input empirical soil gas concentration and sampling depth information directly into the
spreadsheets. These models will subsequently estimate the resulting steady-state indoor air
concentrations and associated health risks.

Because of the paucity of empirical data available for either bench-scale or field-scale
verification of the accuracy of these models, as well asfor other vapor intrusion models, the user is
advised to consider the variation in input parameters and to explore and quantify the impacts of
assumptions on the uncertainty of model results. At a minimum, a range of results should be
generated based on variation of the most sensitive model parameters.



SECTION 2

MODEL THEORY

Chemical fate and transport within soils and between the soil column and enclosed spaces
are determined by a number of physical and chemica processes. This section presents the theoretical
framework on which the J&E Model is based, taking into account the most significant of these
processes. In addition, this section also presents the theoretical basis for estimating values for some
of the most sensitive model parameters when empirical field data are lacking. The fundamental
theoretical development of this model was performed by J& E (1991).

21 MODEL SETTING

Consider a contaminant vapor source (Csuurce) l0cated some distance (L) below the floor of
an enclosed building constructed with a basement or constructed slab-on-grade. The source of
contamination is either a soil-incorporated volatile contaminant or avolatile contaminant in solution
with groundwater below the top of the water table.

Figure 1 is a simplified conceptual diagram of the scenario where the source of
contamination is incorporated in soil and buried some distance below the enclosed space floor. At
the top boundary of contamination, molecular diffusion moves the volatilized contaminant toward
the soil surface until it reaches the zone of influence of the building. Here convective air movement
within the soil column transports the vapors through cracks between the foundation and the basement
dab floor. This convective sweep effect is induced by a negative pressure within the structure
caused by a combination of wind effects and stack effects due to building heating and mechanical
ventilation.

Figure 2 illustrates the scenario where the source of contamination is below the top of the
water table. Here the contaminant must diffuse through a capillary zone immediately above the
water table and through the subsequent unsaturated or vadose zone before convection transports the
vapors into the structure.

The suggested minimum site characterization information for afirst-tier evaluation of the
vapor intrusion pathway includes. site conceptual model, nature and extent of contamination
distribution, soil lithologic descriptions, groundwater concentrations, and/or possibly near source soll
vapor concentrations. The number of samples and measurements needed to establish this
information varies by site, and it is not possible to provide a hard and fast rule.

3



Stack Effects

Enclosed » Wind Effects
Space

A 4

Air Building Zone
Streamlines of Influence
Vadose
Convection Zone

/ Diffusion

Soil-Incorporated Contamination

Figure 1. Pathway for Subsurface Vapor Intrusion into Indoor Air




Figure 2. Vapor Pathway into Buildings



Based on the conceptua site model, the user can select the appropriate spreadsheet
corresponding to the vapor source at the site and determine whether to use the screening level
spreadsheet (which accommodates only one soil type above the capillary fringe) or the more
advanced version (which allows up to three layers above the capillary fringe). Asmost of the inputs
to the J& E Model are not collected during atypical site characterization, conservative inputs are
typically estimated or inferred from available data and other non-site specific sources of information.

Table 1 lists 114 chemicals that may be found at hazardous waste sites and it indicates
whether the chemical is sufficiently toxic and volatile to result in a potentially unacceptabl e indoor
inhalation risk. It aso provides a column for checking off the chemicals found or reasonably
suspected to be present in the subsurface at a site. Under this approach, a chemical is considered
sufficiently toxic if the vapor concentration of the pure component poses an incremental lifetime
cancer risk greater than 10° or results in a non-cancer hazard index greater than one. A chemical is
considered sufficiently volatileif its Henry's Law Constant is 1 x 10 °atm-m*mol or greater (EPA,
1991). Itisassumed that if a chemical does not meet both of these criteria, it need not be further
considered as part of the evaluation. Table 1 also identifies six chemicals that meet the toxicity and
volatility criteria but are not included in the vapor intrusion models because one or more of the
needed physical or chemical properties has not been found in the literature.

The rate of soil gas entry (Qsi) Or average vapor flow rate into the building is a function
solely of convection; however, the vapor concentration entering the structure may be limited by
either convection or diffusion depending upon the magnitude of the source-building separation (L).

22 VAPOR CONCENTRATION AT THE SOURCE OF CONTAMAINATION

With a general concept of the problem under consideration, the solution begins with an
estimate of the vapor concentration at the source of contamination.

In the case of soil contamination, theinitial concentration (Cr) does not contain a residual-
phase (e.g., nonagqueous-phase liquid or solid); and in the case of contaminated groundwater, the
initial contaminant concentration (Cy) is less than the agueous solubility limit (i.e., in solution with
water).

Given theseinitia conditions, Csyree fOr soil contamination may be estimated from Johnson
et a. (1990) as:

Cop = ——15Cr 0. )
0, +tKypp+ His b,

where Csouce = V@por concentration at the source of contamination, g/cm®-v

H'ts = Henry'slaw constant at the system (soil) temperature, dimensionless
6



TABLE 1. SCREENING LIST OF CHEMICALS

Check Here
Is Is if Known or
Chemical Chemica | Reasonably
Sufficiently | Sufficiently | Suspected to
CAS No. Chemical Toxic?* | Volatile? | bePresent®
83329 Acenaphthene YES YES
75070 Acetaldehyde YES YES
67641 Acetone YES YES
75058 Acetronitrile YES YES
98862 Acetophenone YES YES
107028 | Acrolein YES YES
107131 | Acrylonitrile YES YES
309002 | Aldrin YES YES
319846 | Alpha-HCH (apha-BHC) YES YES
62533 Aniline YES NO NA
120127 | Anthracene NO YES NA
56553 Benz(a)anthracene YES NO NA
100527 | Benzaldehyde YES YES
71432 Benzene YES YES
50328 Benzo(a)pyrene YES NO NA
205992 | Benzo(b)fluoranthene YES YES
207089 | Benzo(k)fluoranthene NO NO NA
65850 Benzoic Acid NO NO NA
100516 | Benzyl acohol YES NO NA
100447 | Benzylchloride YES YES
91587 | Beta-Chloronaphthalene * YES YES
319857 | Beta-HCH(beta-BHC) YES NO NA
92524 Biphenyl YES YES
111444 | Bis(2-chloroethyl)ether YES YES
108601 | Bis(2-chloroisopropyl)ether * YES YES
117817 | Bis(2-ethylhexyl)phthalate NO NO NA
542881 | Bis(chloromethyl)ether * YES YES
75274 Bromodichloromethane YES YES
75252 Bromoform YES YES
106990 | 1,3-Butadiene YES YES
71363 Butanol YES NO NA
85687 Butyl benzyl phthalate NO NO NA
86748 Carbazole YES NO NA
75150 Carbon disulfide YES YES
56235 Carbon tetrachloride YES YES
57749 Chlordane YES YES

(continued)




Check Here
Is Is if Known or
Chemical Chemical | Reasonably
Sufficiently | Sufficiently | Suspected to
CAS No. Chemical Toxic?* | Volatile? | bePresent®
126998 | 2-Chloro-1,3-butadiene(chloroprene) YES YES
108907 | Chlorobenzend YES YES
109693 | 1-Chlorobutane YES YES
124481 | Chlorodibromomethane YES YES
75456 Chlorodifluoromethane YES YES
75003 Chloroethane (ethyl chloride) YES YES
67663 Chloroform YES YES
95578 2-Chlorophenol YES YES
75296 2-Chloropropane YES YES
218019 | Chrysene YES YES
156592 | Cis-1,2-Dichloroethylene YES YES
123739 | Crotonaldehyde(2-butenal) YES YES
998828 | Cumene YES YES
72548 DDD YES NO NA
72559 DDE YES YES
50293 DDT YES NO NA
53703 Dibenz(a,h)anthracene YES NO NA
132649 | Dibenzofuran YES YES
96128 1,2-Dibromo-3-chloropropane YES YES
106934 | 1,2-Dibromoethane(ethylene dibromide) YES YES
541731 | 1,3-Dichlorobenzene YES YES
95501 1,2-Dichlorobenzene YES YES
106467 | 1,4-Dichlorobenzene YES YES
91941 3,3-Dichlorobenzidine YES NO NA
75718 Dichlorodifluoromethane YES YES
75343 1,1-Dichloroethane YES YES
107062 | 1,2-dichloroethane YES YES
75354 1,1-Dichloroethylene YES YES
120832 | 2,4-Dichloroephenol YES NO NA
78875 1,2-Dichloropropane YES YES
542756 | 1,3-Dichloropropene YES YES
60571 Dieldrin YES YES
84662 Diethylphthalate YES NO NA
105679 | 2,4-Dimethylphenol YES NO NA
131113 | Dimethylphthalate NA NO NA
84742 Di-n-butyl phthalate NO NO NA
(continued)




Check Here
Is Is if Known or
Chemical Chemica | Reasonably
Sufficiently | Sufficiently | Suspected to
CAS No. Chemical Toxic?* | Volatile? | bePresent®
534521 | 4,6 Dinitro-2methylphenol (4, 6-dinitro-o- YES NO NA
cresol)
51285 2,4-Dinitrophenol YES NO NA
121142 | 2,4-Dinitrotoluene YES NO NA
606202 | 2,6-Dinitrotoluene YES NO NA
117840 | Di-n-octyl phthalate NO YES NA
115297 | Endosulfan YES YES
72208 Endrin YES NO NA
106898 | Epichlorohydrin * YES YES
60297 Ethyl ether YES YES
141786 | Ethylacetate YES YES
100414 | Ethylbenzene YES YES
75218 Ethylene oxide YES YES
97632 Ethylmethacrylate YES YES
206440 | Fluoranthene NO YES NA
86737 Fluorene YES YES
110009 | Furane YES YES
58899 Gamma-HCH(Lindane) YES YES
76448 Heptachlor YES YES
1024573 | Heptachlor epoxide YES NO NA
87683 Hexachloro-1,3-butadiene YES YES
118741 | Hexachlorobenzene YES YES
77474 Hexachl orocyclopentadiene YES YES
67721 Hexachloroethane YES YES
110543 | Hexane YES YES
74908 Hydrogene cyanide YES YES
193395 | Indeno (1,2,3-cd)pyrene NO NO NA
78831 I sobutanol YES YES
78591 Isophorone YES NO NA
7439976 | Mercury (elemental) YES YES
126987 | Methacrylonitrile YES YES
72435 M ethoxychlor YES YES
79209 Methy acetate YES YES
96333 Methyl acrylate YES YES
74839 Methyl bromide YES YES
74873 Methyl chloride (chloromethane) YES YES
108872 | Methylcyclohexane YES YES

(continued)




Check Here
Is Is if Known or
Chemical Chemica | Reasonably
Sufficiently | Sufficiently | Suspected to
CAS No. Chemical Toxic?* | Volatile? | bePresent®
74953 Methylene bromide YES YES
75092 Methylene chloride YES YES
78933 Methylethylketone (2-butanone) YES YES
108101 | Methylisobutylketone (4-methyl-2- YES YES
pentanone)
80626 M ethylmethacrylate YES YES
91576 2-Methylnaphthalene YES YES
108394 | 3-Methylphenol(m-cresol) YES NO NA
95487 2-Methylphenol (o-cresol) YES NO NA
106455 | 4-Methylphenol (p-cresol) YES NO NA
99081 m-Nitrotoluene YES NO NA
1634044 | MTBE YES YES
108383 | m-Xylene YES YES
91203 Naphthalene YES YES
104518 | n-Butylbenzene YES YES
98953 Nitrobenzene YES YES
100027 | 4-Nitrophenol YES NO NA
79469 2-Nitropropane YES YES
924163 | N-nitroso-di-n-butylamine ® YES YES
621647 | N-Nitroso-di-n-propylamine YES NO NA
86306 N-Nitrosodiphenylamine YES NO NA
103651 | n-Propylbenzene YES YES
88722 o-Nitrotoluene YES YES
95476 o-Xylene YES YES
106478 | p-Chloroaniline YES NO NA
87865 Pentachlorophenol YES NO NA
108952 | Phenol YES NO NA
99990 p-Nitrotoluene YES NO NA
106423 | p-Xylene YES YES
129000 | Pyrene YES YES
110861 | Pyridine YES NO NA
135988 | Sec-Butylbenzene YES YES
100425 | Styrene YES YES
98066 Tert-Butylbenzene YES YES
630206 | 1,1,1,2-Tetrachloroethane YES YES
79345 1,1,2,2,-Tetrachloroethane YES YES
127184 | Tetrachloroethylene YES YES
(continued)

10




Check Here

Is Is if Known or
Chemical Chemica | Reasonably
Sufficiently | Sufficiently | Suspected to
CAS No. Chemical Toxic?* | Volatile? | bePresent®
108883 | Toluene YES YES
8001352 | Toxaphen YES NO NA
156605 | Trans-1,2-Dichloroethylene YES YES
76131 1,1,2-Trichloro-1,2,2-trifluoroethane YES YES
120821 | 1,2,4-Trichlorobenzene YES YES
79005 1,1,2-Trichloroethane YES YES
71556 1,1,1-Trichloroethane YES YES
79016 Trichloroethylene YES YES
75694 Trichlorofluoromethane YES YES
95954 2,4,5-Trichlorophenal YES NO NA
88062 2,4,6-Trichlorophenal YES NO NA
96184 1,2,3-Trichloropropane YES YES
95636 1,2,4-Trimethylbenzene YES YES
108678 | 1,3,5-Trimethylbenzene YES YES
108054 | Vinyl acetate YES YES
75014 Vinyl chloride (chloroethene) YES YES

A chemical is considered sufficiently toxic if the vapor concentration of the pure component poses an incremental
lifetime cancer risk greater than 10°° or a non-cancer hazard index greater than 1.

2 chemical is considered sufficiently volatileif its Henry’s law constant is 1 x 10°° atm-m*mol or greater.

% One or more of the physical chemical properties required to run the indoor air vapor intrusion models was not found
during a literature search conducted March 2003.
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Cr = Initial soil concentration, g/g

op = Soil dry bulk density, g/cm®

8w = Soil water-filled porosity, cm*/cm?

Kg = Soil-water partition coefficient, cm®g (= Ko X foo)
8. = Sail air-filled porosity, cm*cm?®

Ko. = Soil organic carbon partition coefficient, cm®/g
foc = Soil organic carbon weight fraction.

If theinitial soil concentration includes aresidual phase, the user is referred to the NAPL-
SCREEN or NAPL-ADV models as discussed in Appendix A. These models estimate indoor air
concentrations and associated risks for up to 10 user-defined contaminants that comprise aresidud
phase mixture in soils.

Csource fOr groundwater contamination is estimated assuming that the vapor and agueous-
phases arein local equilibrium according to Henry's law such that:

Couee = H7C, ()

source

where Csouce = V@por concentration at the source of contamination, g/cm®-v

H'ts = Henry'slaw constant at the system (groundwater) temperature,
dimensionless

Cn = Groundwater concentration, g/cm>-w.

The dimensionless form of the Henry's law constant at the system temperature (i.e., a the
average soil/groundwater temperature) may be estimated using the Clapeyron equation by:

His = €)
where H'ts =Henry'slaw constant at the system temperature,

dimensionless

AH, ts = Enthalpy of vaporization at the system temperature, cal/mol
12



Ts = System temperature, °K
Tr = Henry's law constant reference temperature, °K
Hr = Henry's law constant at the reference temperature, atm-m>/mol
Rc = Gasconstant (= 1.9872 cal/mol - °K)
R = Gas constant (= 8.205 E-05 atm-m*/mol-°K).
The enthal py of vaporization at the system temperature can be calculated from Lyman et al.

(1990) as:

(1-Ty/Te) @

AH v,TS = AH v,b{ (1_TS /TC )}
where AH, ts = Enthalpy of vaporization at the system temperature, cal/mol

AH, = Enthalpy of vaporization at the normal boiling point, cal/mol

Ts = System temperature, °K
Tc = Critical temperature, °K
Tz =Normal boiling point, °K
n = Constant, unitless.

Table 2 gives the value of n asafunction of theratio Tg/Tc.

TABLE 2. VALUES OF EXPONENT n AS A FUNCTION OF Tg/T¢

TelTc N

<0.57 0.30

0.57-0.71 0.74 (Te/Tc) - 0.116
>0.71 0.41
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23 DIFFUSION THROUGH THE CAPILLARY ZONE

Directly above the water table, a saturated capillary zone exists whereby groundwater is held
within the soil pores at |ess than atmospheric pressure (Freeze and Cherry, 1979). Between drainage
and wetting conditions, the saturated water content varies but is aways less than the fully saturated
water content which is equal to the soil total porosity. Thisis the result of air entrapment in the
pores during the wetting process (Gillham, 1984). Upon rewetting, the air content of the capillary
zone will be higher than after main drainage. Therefore, the air content will vary as a function of
groundwater recharge and discharge. At the saturated water content, Freijer (1994) found that the
relative vapor-phase diffusion coefficient was almost zero. Thisimpliesthat all remaining air-filled
soil pores are disconnected and thus blocked for gas diffusion. Asthe air-filled porosity increased,
however, the relative diffusion coefficient indicated the presence of connected air-filled pores that
corresponded to the air-entry pressure head. The air-entry pressure head corresponds with the top
of the saturated capillary zone. Therefore, to alow for the calculation of the effective diffusion
coefficient by lumping the gas-phase and agueous-phase together, the water-filled soil porosity in
the capillary zone (By ;) is calculated at the air-entry pressure head (h) according to the procedures
of Waitz et d. (1996) and the van Genuchten equation (van Genuchten, 1980) for the water retention
curve:

o -+ 070 ©)
T en)
where Bwe: = Water-filled porosity in the capillary zone, cm*/cm®
8,  =Residual soil water content, cm*/cm®
Bs = Saturated soil water content, cm®/cm?
of = Point of inflection in the water retention curve whered 6,/dh is
maximal, cm™
h = Air-entry pressure head, cm (= 1/a; and assumed to be positive)
N = van Genuchten curve shape parameter, dimensionless
M =1- (UN).

With acalculated value of 8,, ¢, within the capillary zone at the air-entry pressure head, the
air-filled porosity within the capillary zone (B,;) corresponding to the minimum value at which gas
diffusionisrelevant is calculated as the total porosity (n) minus 6y, c.

Hers (2002) computed the SCS class average values of the water filled porosity and the
height of the capillary zone SCS soil textural classifications. Table 3 provides the class average
valuesfor each of the SCS soil types. These data replace the mean va ues devel oped by Schaap and
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Leij (1998) included in the previous U.S. Environmental Protection Agency (EPA) version of the
J& E Models. With the class average values presented in Table 3, a general estimate can be made
of the values of 6,,c; and B, for each soil textural classification.

The total concentration effective diffusion coefficient across the capillary zone (D) may
then be calculated using the Millington and Quirk (1961) model as:

D =D, (622 /n2 )+ (D, / Hys O2E /2 ()
where D™ = Effective diffusion coefficient across the capillary zone, cm?/s
D. = Diffusivity inair, cm?/s

Bz = Soil air-filled porosity in the capillary zone, cm*/cm?

Nne = Soil total porosity in the capillary zone, cm*cm?®

D, = Diffusivity in water, cm%s

H'ts =Henry'slaw constant at the system temperature, dimensionless
Bwe: = Soil water-filled porosity in the capillary zone, cm®/cm®.

According to Fick's law of diffusion, the rate of mass transfer across the capillary zone can
be approximated by the expression:

E= A<Csource - CgO)D(;ezrf / ch (7)
where E = Rate of mass transfer, g/s

A = Cross-sectional area through which vapors pass, cm?

Csource = Vapor concentration within the capillary zone, g/lcm®-v

Cwo = A known vapor concentration at the top of the capillary
zone, g/cm®-v (Cyo is assumed to be zero as diffusion
proceeds upward)

D = Effective diffusion coefficient across the capillary zone,
cm?/s

L, = Thickness of capillary zone, cm.

15



TABLE 3. CLASSAVERAGE VALUES OF THE VAN GENUCHTEN SOIL WATER
RETENTION PARAMETERS FOR THE 12 SCS SOIL TEXTURAL CLASSIFICATIONS

Saturated Residual van Genuchten parameters
Soil texture water water
(USDA) content, 65 | Content, 6, | o (1/cm) N M
Clay 0.459 0.098 0.01496 1.253 0.2019
Clay loam 0.442 0.079 0.01581 1.416 0.2938
Loam 0.399 0.061 0.01112 1.472 0.3207
Loamy sand | 0.390 0.049 0.03475 1.746 0.4273
Silt 0.489 0.050 0.00658 1.679 0.4044
Silty loam 0.439 0.065 0.00506 1.663 0.3987
Silty clay 0.481 0.111 0.01622 1.321 0.2430
Silty clay 0.482 0.090 0.00839 1.521 0.3425
loam
Sand 0.375 0.053 0.03524 3.177 0.6852
Sandy clay 0.385 0.117 0.03342 1.208 0.1722
Sandy clay 0.384 0.063 0.02109 1.330 0.2481
loam
Sandy loam | 0.387 0.039 0.02667 1.449 0.3099
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The value of Ceuree i calculated using Equation 2; the value of A is assumed to be 1 cm?;
and the value of D" is calculated by Equation 6. What remainsisaway to estimate avalue for L.

Lohman (1972) and Fetter (1994) estimated the rise of the capillary zone above the water
table using the phenomenon of capillary such that water molecules are subject to an upward
attractive force due to surface tension at the air-water interface and the molecular attraction of the
liquid and solid phases. The rise of the capillary zone can thus be estimated using the equation for
the height of capillary rise in a bundle of tubes of various diameters equivalent to the diameters
between varying soil grain sizes. Fetter (1994) estimated the mean rise of the capillary zone as:

L = 2 o, COS 1 ®
Pw IR

where Le = Mean rise of the capillary zone, cm

ol = Surface tension of water, g/s (= 73)

A = Angle of the water meniscus with the capillary tube, degrees

(assumed to be zero)

pw = Density of water, g/cm® (= 0.999)

g = Acceleration due to gravity, cm/s? (= 980)

R = Mean interparticle pore radius, cm
and;

R=0.2D 9)

where R = Mean interparticle pore radius, cm

D = Mean particle diameter, cm.

Assuming that the default values of the parameters given in Equation 8 are for groundwater
between 5° and 25°C, Equation 8 reduces to:

L,=—" . (10)

Nielson and Rogers (1990) estimated the arithmetic mean particle diameter for each of the
12 SCS soil textura classifications at the mathematical centroid calculated from its classification
area (Figure 3). Table 4 shows the centroid compositions and mean particle sizes of the 12 SCS ol
textural classes.
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TABLE 4. CENTROID COMPOSITIONS, MEAN PARTICLE DIAMETERS AND DRY
BULK DENSITY OF THE 12 SCS SOIL TEXTURAL CLASSIFICATIONS

Textural Arithmetic mean Dry Bulk
class % clay % silt % sand particle diameter, cm Density g/cm®

Sand 3.33 5.00 91.67 0.044 1.66
Loamy sand | 6.25 11.25 82.50 0.040 1.62
Sandy loam | 10.81 27.22 61.97 0.030 1.62
Sandy clay | 26.73 12.56 60.71 0.029 1.63
loam

Sandy clay | 41.67 6.67 51.66 0.025 1.63
Loam 18.83 41.01 40.16 0.020 1.59
Clayloam | 33.50 34.00 32.50 0.016 1.48
Silt loam 12.57 65.69 21.74 0.011 1.49
Clay 64.83 16.55 18.62 0.0092 1.43
Silty clay 33.50 56.50 10.00 0.0056 1.63
loam

Silt 6.00 87.00 7.00 0.0046 1.35
Silty clay 46.67 46.67 6.66 0.0039 1.38

Given the mean particle diameter datain Table 4, the mean thickness of the capillary zone
may then be estimated using Equations 9 and 10.
24 DIFFUSION THROUGH THE UNSATURATED ZONE

The effective diffusion coefficient within the unsaturated zone may a so be estimated using

the same form as Equation 6:

D =D, (62 In?)+ (D, / H1o) (022 1 n?) (1)
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where D& = Effective diffusion coefficient across soil layer i, cm?/s

D. = Diffusivity inair, cm?/s

B, = Soil air-filled porosity of layer i, cm®cm®

n; = Soil total porosity of layer i, cm*/cm?®

Dw = Diffusivity in water, cm%s

Bwi = Soil water-filled porosity of layer i, cm*cm?®

H'ts =Henry'slaw constant at the system temperature, dimensionless

The overall effective diffusion coefficient for systems composed of n distinct soil layers
between the source of contamination and the enclosed space floor is:

L
D = T (12
Z L /D
where D" =Tota overal effective diffusion coefficient, cm?/s
L; = Thickness of soil layer i, cm

D& = Effective diffusion coefficient across soil layer i, cm?/s

Lt = Distance between the source of contamination and the bottom of the
enclosed space floor, cm.

Note that in the case of cracksin the floor of the enclosed space, the value of L does not include the
thickness of the floor, nor does the denominator of Equation 12 include the thickness of the floor and
the associated effective diffusion coefficient across the crack(s). An unlimited number of soil layers,
including the capillary zone, may be included in Equation 12, but all layers must be located between
the source of contamination and the enclosed space floor.

25 THE INFINITE SOURCE SOLUTION TO CONVECTIVE AND DIFFUSIVE
TRANSPORT

Under the assumption that mass transfer is steady-state, J& E (1991) give the solution for the
attenuation coefficient (o) as:
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Dcrack A:rack Qbuilding LT Qsoil LT D A:rack

(13)

where o = Steady-state attenuation coefficient, unitless

D, = Total overall effective diffusion coefficient, cm?/s

Ag = Area of the enclosed space below grade, cm?

Qbilding = Building ventilation rate, cm®/s

Lt = Source-building separation, cm

Qsoil = Volumetric flow rate of soil gasinto the enclosed space,
cm/s

L crack = Enclosed space foundation or slab thickness, cm

Acrack = Areaof total cracks, cm?

Derack = Effective diffusion coefficient through the cracks, cm?/s
(assumed equivalent to D" of soil layer i in contact with
the floor).

Thetotal overall effective diffusion coefficient is calculated by Equation 12. The value of
Ag includes the area of the floor in contact with the underlying soil and the total wall area below
grade. The building ventilation rate (Quilding) May be calculated as:

Quuiging =(Le Wy H ER)/3,600s/h (14)
where Qubuilding = Building ventilation rate, cm®/s
Lg = Length of building, cm
Wg = Width of building, cm
Hg = Height of building, cm
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ER = Air exchangerate, (1/h).

The building dimensions in Equation 14 are those dimensions representing the total "living" space
of the building; this assumes that the total air volume within the structure is well mixed and that any
vapor contaminant entering the structure is instantaneously and homogeneously distributed.

The volumetric flow rate of soil gas entering the building (Qsi) is calculated by the
analytical solution of Nazaroff (1988) such that:

27AP K, X
Qsoil — kv crack (15)
lu In(2 Zcrack / rcrack)
where Qi = Volumetric flow rate of soil gas entering the building, cm®/s

T = 3.14159

AP =Pressuredifferential between the soil surface and the enclosed
space, g/cm-<*

ke = Soil vapor permeability, cm?

Xeack = Floor-wall seam perimeter, cm

J = Viscosity of air, g/cm-s

Zaak = Crack depth below grade, cm

reack = EqQuivalent crack radius, cm.
Equation 15 is an analytical solution to vapor transport solely by pressure-driven air flow to an
idealized cylinder buried some distance (Zqax) below grade; the length of the cylinder istaken to be
equal to the building floor-wall seam perimeter (Xcak). The cylinder, therefore, represents that

portion of the building below grade through which vapors pass. The equivalent radius of the floor-
wall seam crack (reak) ISgiven in J&E (1991) as.

r.crack :77('0\3 / Xcrack) (16)
where reak = Equivalent crack radius, cm
n = Aca/As, (0SSN
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Ag = Area of the enclosed space below grade, cm?
Xoak = Floor-wall seam perimeter, cm.

The variable ok is actually the product of the fixed crack-to-total arearatio (n) and the hydraulic
radius of the idealized cylinder, which is equal to the total area (Ag) divided by that portion of the
cylinder perimeter in contact with the soil gas (Xqak). Therefore, if the dimensions of the enclosed
space below grade (Ag) and/or the floor-wall seam perimeter (Xqak) Vary, and the crack-to-total area
ratio (n) remains constant, the value of rq o« Must also vary. The total area of cracks (Agack) iSthe
product of n and Ag.

Equation 15 requires that the soil column properties within the zone of influence of the
building (e.g., porosities, bulk density, etc.) be homogeneous, that the soil be isotropic with respect
to vapor permeability, and that the pressure within the building be less than atmospheric.

Equation 13 contains the exponent of the following dimensionless group:

Qsoil Lcrack ) (17)
Dcrack A\:rack

This dimensionless group represents the equivalent Peclet number for transport through the building
foundation. Asthe value of this group approaches infinity, the value of « approaches:

Loy
Qbuilding I‘T

(D?‘“ ABJH
Qsoil I‘T

(18)

In the accompanying spreadsheets, if the exponent of Equation 17 istoo great to be calculated, the
value of « is set equal to Equation 18.

With a calculated value of «, the steady-state vapor-phase concentration of the contaminant
in the building (Chuilding) is calculated as:

Chuitding = C (19)

source
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26 THE FINITE SOURCE SOLUTION TO CONVECTIVE AND DIFFUSIVE
TRANSPORT

If the thickness of soil contamination is known, the finite source solution of J& E (1991) can
be employed such that the time-averaged attenuation coefficient (<o>) may be calculated as:

CyAH L
()= Lo=n e ( | j[(ﬁ2+2%)”2—ﬁ] (20)
Qbuilding Csource T AHc
where <o> = Time-averaged finite source attenuation coefficient,
unitless
Pb = Soil dry bulk density at the source of contamination,
glem®
Cr = Initial soil concentration, g/g
AH. = Initial thickness of contamination, cm
Ag = Area of enclosed space below grade, cm?
Quilding = Building ventilation rate, cm®/s
Csource = Vapor concentration at the source of contamination,
glem’-v
T = Exposureinterval, s
L° = Source-building separation at time= 0, cm
and;
eff
(oo - Gz | o
I-T Qsoil D A\:rack
and;
eff
\P — DT Csource . (22)

(L? )2 Py Cr
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Implicit in Equation 20 is the assumption that source depletion occurs from the top boundary
of the contaminated zone as contaminant volatilizes and moves upward toward the soil surface. This
creates a hypothetical "dry zone" (8) that grows with time; conversely, the "wet zone" of
contamination retreats proportionally. When the thickness of the depletion zone (J) is equal to the
initial thickness of contamination (AH.), the source is totally depleted. The unitless expression
(LY AHY[(P? + 2 W)Y2 - B] in Equation 20 represents the cumulative fraction of the depletion zone
at the end of the exposureinterval t. Multiplying this expression by the remainder of Equation 20
resultsin the time-averaged finite source attenuation coefficient (<o>).

With a calculated value for <o>, the time-averaged vapor concentration in the building
(Chuitding) 1S:

CbuiIding :<0(> Csource ' (23)

For extended exposure intervals (e.g., 30 years), the time for source depletion may be less
than the exposure interval. The time for source depletion tp) may be calculated by:

AH, /L9 + g - g°
fo= oy

(24)

If the exposure interval (t) is greater than the time for source depletion tp), the time-averaged
building vapor concentration may be calculated by a mass balance such that:

P, CrAH Ay
Cbuilding === > (25)
Qbuilding 4
where Chuilging= Time-averaged vapor concentration in the building,
glem®-v
Pb = Soil dry bulk density at the source of contamination, g/cm®
Cr = Initia soil concentration, g/g
AH: = Initia thickness of contamination, cm
Ag = Area of enclosed space below grade, cm?

Quilding= Building ventilation rate, cm®/s

T = Exposureinterval, s.
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27 THE SOIL GASMODELS

Use of the J& E Model hastypically relied on atheoretical partitioning of the total volume
soil concentration into the sorbed, agueous, and vapor phases. The model has aso relied on a
theoretical approximation of vapor transport by diffusion and convection from the source of
emissions to the building floor in contact with the soil. Use of measured soil gas concentrations
directly beneath the building floor instead of theoretical vapor concentrations and vapor transport
has obvious advantages that would help to reduce the uncertainty in the indoor air concentration
estimates made by the model.

The soil gas models (SG-SCREEN and SG-ADV) are designed to allow the user to input
measured soil gas concentration and sampling depth information directly into the spreadsheets. In
the new models, the value of the user-defined soil gas concentration is assigned as the vaue of Ceyree
in Equation 19. The steady-state (infinite source) attenuation coefficient () in Equation 19 is
calculated using Equation 13. The steady-state solution for the attenuation coefficient is used
because no evaluation has been made regarding the size and total mass of the source of emissions.
The source of emissions, therefore, cannot be depleted over time. The soil gas models estimate the
steady-state indoor air concentration over the exposure duration. For a detailed discussion of using
the soil gas models as well as soil gas sampling, see Section 4 of this document.

28 SOIL VAPOR PERMEABILITY

Sail vapor permeability (ky) is one of the most sensitive model parameters associated with
convective transport of vapors within the zone of influence of the building. Soil vapor permeability
istypically measured from field pneumatic tests. If field data are lacking, however, an estimate of
the value of k, can be made with limited data.

Soil intrinsic permeability is a property of the medium alone that varies with the size and
shape of connected soil pore openings. Intrinsic permeability (ki) can be estimated from the soil
saturated hydraulic conductivity:

LY (26)
Pw 9
where Ki = Soil intrinsic permeability, cm?
Ks = Soil saturated hydraulic conductivity, cm/s
Mw = Dynamic viscosity of water, g/cm-s (= 0.01307 at 10°C)

ow = Density of water, g/em® (= 0.999)
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g

= Acceleration due to gravity, cm/s? (= 980.665).

Schaap and Lelj (1998) computed the SCS class average values of the saturated hydraulic
conductivity (Ks) for each of the 12 SCS soil textural classifications (Table 5). With these values,
a general estimate of the value of k; can be made by soil type. As an aternative, in situ
measurements of the site-specific saturated hydraulic conductivity can be made and the results input
into Equation 26 to compute the value of the soil intrinsic permeability.

Effective permeability is the permeability of the porous medium to afluid when more than
onefluid is present; it isafunction of the degree of saturation. The relative air permeability of soil
(krg) s the effective air permeability divided by the intrinsic permesability and therefore takes into
account the effects of the degree of water saturation on air permeability.

TABLE 5. CLASS AVERAGE VALUES OF SATURATED HYDRAULIC CONDUCTIVITY
FOR THE 12 SCS SOIL TEXTURAL CLASSIFICATIONS

Soil texture , USDA Class average saturated hydraulic conductivity, cm/h
Sand 26.78
Loamy sand 4.38
Sandy loam 1.60
Sandy clay loam 0.55
Sandy clay 0.47
Loam 0.50
Clay loam 0.34
Silt loam 0.76
Clay 0.61
Silty clay loam 0.46
Silt 1.82
Silty clay 0.40

Parker et al. (1987) extended the relative air permeability model of van Genuchten (1980)
to alow estimation of the relative permeabilities of air and water in atwo- or three-phase system:

kr

where Krg

Ste

M

o =-S5 ) -sm 27)
= Relative air permeability, unitless (0 < kg < 1)

= Effective total fluid saturation, unitless

= van Genuchten shape parameter, unitless.
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Given atwo-phase system (i.e., air and water), the effective total fluid saturation (S) is calculated
as.

-0 .
where Se = Effective total fluid saturation, unitless
8w = Soil water-filled porosity, cm*/cm?
8,  =Residual soil water content, cm*/cm®
n = Soil total porosity, cm*/cm®.

Class average values for the parameters 6, and M by SCS soil type may be obtained from
Table 3.

The effective air permeability (k) is then the product of the intrinsic permeability (k;) and
the relative air permeability (k) at the soil water-filled porosity 6,,.

29 CALCULATION OF A RISK-BASED SOIL OR GROUNDWATER
CONCENTRATION

Both the infinite source model estimate of the steady-state building concentration and the
finite source model estimate of the time-averaged building concentration represent the exposure
point concentration used to assess potential risks. Calculation of arisk-based media concentration
for a carcinogenic contaminant takes the form:

c.— TRX AT, x365days/ yr

c= (29)
URF XEF XED XCying
where Cc = Risk-based media concentration for carcinogens, pg/kg-soil, or
Mo/L-water

TR  =Target risk level, unitless

ATc = Averaging timefor carcinogens, yr
URF = Unit risk factor, ug/m°)™

EF = Exposure frequency, days/yr

ED = Exposureduration, yr
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Chuilging= V @por concentration in the building, ug/m? per ug/kg-soil,
or ug/m® per pg/L-water.

In the case of a noncarcinogenic contaminant, the risk-based media concentration is
calculated by:

Coom THQXAT, . xi365 days/ yr (30)
EF XED x% XChicing
where Cne = Risk-based media concentration for noncarcinogens,

Mo/kg-soil, or pg/L-water

THQ = Target hazard quotient, unitless

ATne = Averaging time for noncarcinogens, yr

EF = Exposure frequency, days/yr

ED = Exposure duration, yr

RfC = Reference concentration, mg/m®

Chuilding = Vapor concentration in the building, mg/m® per

ug/kg-soil, or mg/m?® per pg/L-water.

The spreadsheets calculate risk-based media concentrations based on a unity initial
concentration. That is, soil risk-based concentrations are calculated with an initial hypothetical soil
concentration of 1 pg/kg-soil, while for groundwater theinitia hypothetical concentrationis1 pg/L-
water.

For this reason, the values of Csurce @Nd Chyiiding Shown on the INTERCALCS worksheet
when reverse-cal cul ating a risk-based media concentration do not represent actual values. For these
calculations, the following message will appear on the RESULTS worksheet:

"MESSAGE: The values of Cgurce aNd Chuitging 0N the INTERCALCS worksheet are based
on unity and do not represent actual values.”

When forward-cal culating risks from a user-defined initial soil or groundwater concentration, the
values of Ceurce @Nd Chitging ON the INTERCALCS worksheet are correct.
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210 CALCULATION OF INCREMENTAL RISKS

Forward-calculation of incremental risks begins with an actual initial media concentration
(i.e., ug/kg-soil or pg/L-water). For carcinogenic contaminants, therisk level is calculated as:

_ URF XEF XEDXCyymg
AT, x365days/ yr

Risk

(31)

For noncarcinogenic contaminants, the hazard quotient (HQ) is calculated as:

EF x ED XR?C X Citding

HO = ) 32
Q AT, X365 days/ yr (32)

211 MAJOR MODEL ASSUMPTIONSLLIMITATIONS
The following represent the major assumptions/limitations of the J& E Model.

1 Contaminant vapors enter the structure primarily through cracks and openingsin the
walls and foundation.

2. Convective transport occurs primarily within the building zone of influence and vapor
velocities decrease rapidly with increasing distance from the structure.

3. Diffusion dominates vapor transport between the source of contamination and the
building zone of influence.

4, All vapors originating from below the building will enter the building unless the
floors and walls are perfect vapor barriers.

5. All soil propertiesin any horizontal plane are homogeneous.
6. The contaminant is homogeneously distributed within the zone of contamination.

7. The areal extent of contamination is greater than that of the building floor in contact
with the soil.

8. V apor transport occurs in the absence of convective water movement within the soil
column (i.e., evaporation or infiltration), and in the absence of mechanicd dispersion.

9. The model does not account for transformation processes (e.g., biodegradation,
hydrolysis, etc.).
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10.  Thesoil layer in contact with the structure floor and walls is isotropic with respect
to permeability.

11. Both the building ventilation rate and the difference in dynamic pressure between the
interior of the structure and the soil surface are constant values.

Use of the J&E Model as a first-tier screening tool to identify sites needing further
assessment requires careful evauation of the assumptions listed in the previous section to determine
whether any conditions exist that would render the J& E Model inappropriate for the site. If the
model is deemed applicable at the site, care must be taken to ensure reasonably conservative and
self-consistent model parameters are used as input to the model. Considering the limited site data
typically availablein preliminary site assessments, the J& E Model can be expected to predict only
whether or not a risk-based exposure level will be exceeded at the site. Precise prediction of
concentration levelsis not possible with this approach.

The suggested minimum site characterization information for afirst tier evaluation of the
vapor intrusion pathway includes. site conceptual model, nature and extent of contamination
distribution, soil lithologic descriptions, groundwater concentrations, and/or possibly near source soil
vapor concentrations. The number of samples and measurements needed to establish this
information varies by site and it's not possible to provide a hard and fast rule. Bulk soil
concentrations should not be used unless appropriately preserved during sampling.

Based on the conceptual site model (CSM), the user can select the appropriate spreadsheet
corresponding to the vapor source at the site and determine whether to use the screening level
spreadsheet (which alows only one soil type above the capillary fringe) or the more advanced
version (which alows up to three layers above the capillary fringe). Because most of the inputs to
the J& E Modd are not collected during atypical site characterization, conservative inputs have to
be estimated or inferred from available data and other non-site-specific sources of information.

The uncertainty in determining key model parameters and sensitivity of the J& E Model to
those key mode parametersis qualitatively described in Table 6. As shown in the table, building-
related parameters will moderate to high uncertainty and model sensitivity include: Qsoil, building
crack ratio, building air-exchange rate, and building mixing height. Building-related parameters with
low uncertainty and sengitivity include: foundation area, depth to base of foundation, and foundation
dlab thickness. Of the soil-dependent properties, the soil moisture parameters clearly are of critica
importance for the attenuation value calculations.
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TABLE 6. UNCERTAINTY AND SENSITIVITY OF KEY PARAMETERS FOR THE
VAPOR INTRUSION MODEL

Parameter Sensitivity
Shallower
Shallower Deeper Contamination Deeper
Parameter Contamination Contamination Building Contamination
Uncertainty Building Building Not Building Not
Input Parameter Or Variability Underpressurized Underpressurized Underpressurized Underpressurized
Soil Total Porosity (n) Low Low Low Low Low

Soil Water-filled Porosity (0,)

Moderate to High

Low to Moderate

Moderate to High

Moderate to High

Moderate to High

Capillary Zone Water-filled Porosity (0n, )

Moderate to High

Moderate to High

Moderate to High

Moderate to High

Moderate to High

Thickness of Capillary Zone (L)

Moderate to High

Moderate to High

Moderate to High

Moderate to High

Moderate to High

Soft Dry Bulk Density (py) Low Low Low Low Low
Average Vapor Flowrate into a Building (Qsi) High Moderate to High Low to Moderate N/A N/A

Soil Vapor Permeability(K,) High Moderate to High Low to Moderate N/A N/A

Soil to Building Pressure Differential (AP) Moderate Moderate Low to Moderate N/A N/A
Henry's Law Constant (for single chemical) (H) Low to Moderate Low to Moderate Low to Moderate Low to Moderate Low to Moderate
Diffusivity in Air (Da) Low Low Low Low Low
Indoor Air Exchange Rate (ER) Moderate Moderate Moderate Moderate Moderate
Enclosed Space Height (Hg) Moderate Moderate Moderate Moderate Moderate
Area of Enclosed Space Below Grade (Ag) Low to Moderate Low to Moderate Low to Moderate Low to Moderate Low to Moderate
Depth Below Grade to Bottom of Enclosed Space Low Low Low Low Low

(Lp)

Crack-to-Total Area Ratio (1) High Low Low Moderate to High Low to Moderate
Enclosed Space Floor Thickness (Lera) Low Low Low Low Low
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SECTION 3

SOIL AND GROUNDWATER MODEL APPLICATION

This section provides step-by-step instructions on how to implement the soil and
groundwater contamination versions of the J& E Model using the spreadsheets. This section aso
discusses gpplication of the soil gas versions of the model. The user provides data and selects certain
input options, and views model results via a series of worksheets. Error messages are provided
within both the data entry worksheet and the results worksheet to warn the user that entered data are
missing or outside of permitted limits.

The J&E Model as constructed within the accompanying spreadsheets requires a range of
input variables depending on whether a screening-level or advanced model is chosen. Table 7
provides alist of al major input variables, the range of practical vaues for each variable, the default
value for each variable, and the relative model sensitivity and uncertainty of each variable. Table
7 aso includes references for each value or range of values.

Table 8 indicates the results of an increase in the value of each input parameter. The results
are shown as either an increase or adecrease in the building concentration (Chyiging) Of the pollutant.
An increase in the building concentration will result in an increase in the risk when forward-
calculating from an initial soil or groundwater concentration. When reverse-calculating to a risk-
based “acceptable” soil or groundwater concentration, an increase in the hypothetical unit building
concentration will result in alower “acceptable” soil or groundwater concentration.

A list of reasonably conservative model input parameters for building-related parametersis
provided in Table 9, which also provides the practical range, typical or mean value (if applicable),
and most conservative vaue for these parameters. For building parameters with low uncertainty and
sengitivity, only asingle “fixed” value corresponding to the mean or typical value is provided in
Table 9. Soil-dependent properties are provided in Table 10 for soils classified according to the US
SCS system. If site soils are not classified according to the US SCS, Table 11 can be used to assist
in selecting an appropriate SCS soil type corresponding to the available site lithologic information.

Note that the selection of the soil texture class should be biased towards the coarsest soil type of
significance, as determined by the site characterization program.
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TABLE 7. RANGE OF VALUES FOR SELECTED INPUT PARAMETERS

Input parameter Practical range of values Default value

Soil water-filled porosity (By) 0.04 —0.33 cm*/cm™ Soil dependent see
Table 10

Soil vapor permeability (ki) 10° — 10" cm™© 10° cm™

Soil-building pressure differential (AP) 0—20Pa’ 4 Pd

Mediainitial concentration (Cg, Cy) User-defined NA

Depth to bottom of soil contamination (L) | User-defined NA

Depth to top of concentration (L) User-defined NA

Floor-wall seam gap (w) 0.05-1.0cm® 0.1cm®

Soil organic carbon fraction (fo) 0.001 — 0.006% 0.002*

Indoor air exchange rate (ER) 0.18—1.26 (H™)® 0.25 (h1)eh

Soil total porosity (n) 0.34—0.53 cm’/cm™ 0.43 cm*/cm™

Soil dry bulk density (o) 1.25—1.75 g/cm™ 1.5 g/lem™

4U.S. EPA (1996aand b).
®Johnson and Ettinger (1991).
“Nazaroff (1988).

“Based on transition point between diffusion and convection dominated transport from Johnson and

Ettinger (1991).

®Eaton and Scott (1984); Loureiro et al. (1990).
"Loureiro et al. (1990); Grimsrud et a. (1983).

9 oontz and Rector (1995).
"Parker et al. (1990).
'U.S. DOE (1995).
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TABLE 8. EFFECT ON BUILDING CONCENTRATION FROM AN INCREASE IN INPUT

PARAMETER VALUES
Effect on building
Input parameter Change in parameter concentration
value
Soil water-filled porosity (By) Increase Decrease
Soil vapor permeability (k) Increase Increase
Soil-building pressure differential (AP) Increase Increase
Mediainitial concentration (Cg, Cy)® Increase Increase
Depth to bottom of soil contamination (Ly)° | Increase Increase
Depth to top of concentration (L) Increase Decrease
Floor-wall seam gap (w) Increase Increase
Soil organic carbon fraction (foc) Increase Decrease
Indoor air exchange rate (ER) Increase Decrease
Building volume® (Lg X Wpg X Hjg) Increase Decrease
Soil total porosity (n) Increase Increase
Soil dry bulk density (pp) Increase Decrease

4This parameter is applicable only when forward-cal culating risk.
® Applicable only to advanced model for soil contamination.
¢ Used with building air exchange rate to calculate building ventilation rate.
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TABLE 9. BUILDING-RELATED PARAMETERS FOR THE VAPOR INTRUSION

MODEL
Fixed or Typical or Mean Conservative
Input Parameter Units Variable Vaue Range Vaue Default Value
Total Porosity cm’cm® Fixed Specific to soil texture, see Table 10
Unsaturated Zone Water- cm’cm® Variable Specific to soil texture, see Table 10
filled Porosity
Capillary Transition zone cm’cm® Fixed Specific to soil texture, see Table 10
Water-filled Porosity
Capillary Transition Zone cm’cm® Fixed Specific to soil texture, see Table 10
height
Qi L/min Variable Specific to soil texture, see Table 10
Soil air permesbility m’ Variable Specific to soil texture, see Table 10
Building Depressurization Pa Variable 4 0-15 15 N/A
Henry's law constant (for - Fixed Specific to chemical, see Appendix B
single chemical)
Free-Air Diffusion - Fixed Specific to chemical, see Appendix B
Coefficient (single chemical)
Building Air exchange Rate hrt Variable 0.5 0.1-1.5 0.1 0.25
Building Mixing height — m Variable 3.66 2.44-4.88 244 3.66
Basement scenario
Building Mixing height — m Variable 244 2.13-3.05 213 244
Slab-on-grade scenario
Building Footprint Area — m? Variable 120 80-200+ 80 100
Basement Scenario
Building Footprint Area — m? Variable 120 80-200+ 80 100
Slab-on-Grade Scenario
Subsurface Foundation area m? Variable 208 152-313+ 152 180
— Basement Scenario
Subsurface Foundation area m? Fixed 127 85-208+ 85 106
— Slab-on-Grade Scenario
Depth to Base of Foundation m Fixed 2 N/A N/A 2
— Basement Scenario
Depth to Base of Foundation m Fixed 0.15 N/A N/A 0.15
— Slab-on-Grade Scenario
Perimeter Crack Width mm Variable 1 0.55 5 1
Building Crack ratio — Slab- | dimensionless Variable 0.00038 0.00019-0.0019 0.0019 3.77x 10"
on-Grade Scenario
Building Crack ratio — | dimensionless Variable 0.0002 0.0001-0.001 0.001 2.2x10*
Basement Scenario
Crack Dust Water-Filled cm’cm® Fixed Dry N/A N/A Dry
Porosity
Building Foundation Slab m Fixed 0.1 N/A N/A 0.1

Thickness
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TABLE 10. SOIL-DEPENDENT PROPERTIES FOR THE VAPOR INTRUSION MODEL -
FIRST TIER ASSESSMENT

Unsaturated Zone Capillary Transition Zone
U.S. Soil Saturated Saturated
Conservation Water Residual Water-Filled Porosity Water By cap Height
Service (SCS) Content Water Mean or Typical Content Cap Cap Zone
Soil Texture Total Porosity Content (FCy/3part6;)/2 Range Conservative Modeled Total Porosity @ air-entry Fetter (94)
8 cm¥em?) 6 cm’/em’) | Oy uns (cMYem?) By unca €M¥/em?) Oy ypn (Em¥em?) Oy unee (cm¥em?) 6 (cmlem’) (cm)
Clay 0.459 0.098 0.215 0.098-0.33 0.098 0.215 0.459 0.412 815
Clay Loam 0.442 0.079 0.168 0.079-0.26 0.079 0.168 0.442 0.375 46.9
Loam 0.399 0.061 0.148 0.061-0.24 0.061 0.148 0.399 0.332 375
Loamy Sand 0.39 0.049 0.076 0.049-0.1 0.049 0.076 0.39 0.303 18.8
Silt 0.489 0.05 0.167 0.05-0.28 0.050 0.167 0.489 0.382 163.0
Silt Loam 0.439 0.065 0.180 0.065-0.3 0.065 0.180 0.439 0.349 68.2
Silty Clay 0.481 0.111 0.216 0.11-0.32 0.111 0.216 0.481 0.424 192.0
Silty Clay Loam 0.482 0.09 0.198 0.09-0.31 0.090 0.198 0.482 0.399 133.9
Sand 0.375 0.053 0.054 0.053-0.055 0.053 0.054 0.375 0.253 17.0
Sandy Clay 0.385 0.117 0.197 0.117-0.28 0.117 0.197 0.385 0.355 30.0
Sandy Clay Loam 0.384 0.063 0.146 0.063-0.23 0.063 0.146 0.384 0.333 25.9
Sandy Loam 0.387 0.039 0.103 0.039-0.17 0.039 0.103 0.387 0.320 25.0
Loamy Sand 0.39 0.049 0.076 0.049-0.1 0.049 0.076 0.39 0.303 18.8

TABLE 11. GUIDANCE FOR SELECTION OF SOIL TYPE

If your boring log indicatesthat the following Then you should usethefollowing
materials arethe predominant soil types ... texture classification when
obtaining the attenuation factor

Sand or Gravel or Sand and Gravel, with less than Sand
about 12 % fines, where “fines’ are smaller than 0.075

mm in size.
Sand or Silty Sand, with about 12 % to 25 % fines Loamy Sand
Silty Sand, with about 20 % to 50 % fines Sandy Loam

Silt and Sand or Silty Sand or Clayey, Silty Sand or Loam
Sandy Silt or Clayey, Sandy Silt, with about 45 to 75 %
fines

Sandy Silt or Silt, with about 50 to 85 % fines Silt Loam

These input parameters were developed from the best available soil-physics science,
available studies of building characteristics, and international-expert opinion. Consequently, the
input parameters listed in Tables 9 and 10 are considered default parameters for a first-tier
assessment, which should in most cases provide areasonably (but not overly) conservative estimate
of the vapor intrusion attenuation factor for asite. Justification for the building-related and soil-
dependent parameters values selected as default values for the J& E Model is described below.

31 JUSTIFICATION OF DEFAULT SOIL-DEPENDENT PROPERTIES

The default soil-dependent parameters recommended for afirst tier assessment (Table 10)
represent mean or typical values, rather than the most conservative value, in order to avoid overly
conservative estimates of attenuation factors. Note, however, that the range of values for some
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soil properties can be very large, particularly in the case of moisture content and hydraulic
conductivity. Consequently, selecting a soil type and corresponding typical soil property value
may not accurately or conservatively represent a given site. Note also that Table 9 does not
provide estimates of soil properties for very coarse soil types, such as gravel, gravelly sand, and
sandy gravel, etc., which a'so may be present in the vadose zone. Consequently, in cases where
the vadose zone is characterized by very coarse materials, the J& E Model may not provide a
conservative estimate of attenuation factor.

As discussed above, the J&E Mode is sensitive to the value of soil moisture content.
Unfortunately, thereis little information available on measured moisture contents below buildings.
Therefore, the typical approach is to use a water retention model (e.g., van Genuchten model) to
approximate moisture contents. For the unsaturated zone, the selected default value for soil moisture
isavalue equal to halfway between the residual saturation value and field capacity, using the van
Genuchten model-predicted values for U.S. SCS soil types. For the capillary transition zone, a
moisture content corresponding to the air entry pressure head is calculated by using the van
Genuchten model. When compared to other available water retention models, the van Genuchten
model yields somewhat lower water contents, which results in more conservative estimates of
attenuation factor. The soil moisture contents listed in Table 10 are based on agricultural samples,
which are likely to have higher water contents than soils below building foundations and,
consequently result in less-conservative estimates of the attenuation factor.

3.2 JUSTIFICATION OF DEFAULT BUILDING-RELATED PROPERTIES
Building Air Exchange Rate (Default Value = 0.25 AEH)

The results of 22 studies for which building air exchange rates are reported in Hers et al.
(2001). Ventilation rates vary widely from approximately 0.1 AEH for energy efficient “air-tight”
houses (built in cold climates) (Fellin and Otson, 1996) to over 2 AEH (AHRAE (1985); upper
range). In genera, ventilation rates will be higher in summer months when natural ventilation rates
are highest. Murray and Burmaster (1995) conducted one of the most comprehensive studies of U.S.
residential air exchange rates (sample size of 2844 houses). The data set was analyzed on a seasona
basis and according to climatic region. When al the data were analyzed, the 10", 50" and 90™
percentile values were 0.21, 0.51 and 1.48 AEH. Air exchange rates varied depending on season and
climatic region. For example, for the winter season and coldest climatic area (Region 1, e.g., Great
Lakes areaand extreme northeast U.S.), the 10", 50", and 90" percentile values were 0.11, 0.27 and
0.71 AEH, respectively.. In contrast, for the winter season and warmest climatic area [Region 4
(southern California, Texas, Florida, Georgia)], the 10", 50", and 90™ percentile values were 0.24,
0.48 and 1.13 AEH, respectively. Although building air exchange rates would be higher during the
summer months, vapor intrusion during winter months (when house depressurization is expected to
be most significant) would be of greatest concern. For this guidance, a default value of 0.25 for air
exchange rate was sel ected to represent the lower end of these distributions.
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Crack Width and Crack Ratio (Default Value = 0.0002 for basement house; = 0.0038 for dlab-on-
grade house)

The crack width and crack ratio are related. Assuming asguare house and that the only crack
is acontinuous edge crack between the foundation slab and wall (“perimeter crack”), the crack ratio
and crack width are related as follows:

Crack Ratio = Crack Width x 4 x (Subsurface Foundation Area)™0.5/Subsurface Foundation Area

Little information is available on crack width or crack ratio. One approach used by radon
researchersisto back-calculate crack ratios using amodel for soil gas flow through cracks and the
results of measured soil gas flow ratesinto abuilding. For example, the back-cal culated values for
a dab/wall edge crack based on soil gas-entry rates reported in Nazaroff (1992), Revzan et al.
(1991), and Nazaroff et al. (1985) range from about 0.0001 to 0.001. Ancther possible approach is
to measure crack openings athough this, in practice, is difficult to do. Figley and Snodgrass (1992)
present data from 10 houses where edge crack measurements were made. At the eight houses where
cracks were observed, the crack widths ranged from hairline cracks up to 5 mm wide, while the total
crack length per house ranged from 2.5 mto 17.3 m. Most crack widthswere lessthan 1 mm. The
suggested defaults for crack ratio in regulatory guidance, literature, and modelsaso vary. InASTM
E1739-95, adefault crack ratio of 0.01isused. The crack ratios suggested in the VOLASOIL model
(devel oped by the Dutch Ministry of Environment) range from 0.0001 to 0.000001. The VOLASOIL
model values correspond to values for a“good” and “bad” foundation, respectively. The crack ratio
used by J& E (1991) for illustrative purposes ranged from 0.001 to 0.01. The selected default values
fall within the ranges observed.

Building Area and Subsurface Foundation Area (Default Value = 10 m by 10 m)
The default building areais based on the following information:

o Default values used in the Superfund User’s Guide (9.61 m by 9.61 m or 92.4 m?)

e Default values used by the State of Michigan, as documented in Part 201, Generic
Groundwater and Soil Volatilization to Indoor Air Inhalation Criteria: Technical Support
Document (10.5 m by 10.5 m of 111.5 m?).

The Michigan guidance document indicates that the 111.5 m? area approximately
corresponds to the 10™ percentile floor space area for aresidentia single-family dwelling, based on
statistics compiled by the U.S. Department of Commerce (DOC) and U.S. Housing and Urban
Development (HUD). The typical, upper, and lower ranges presented in Table 9 are subjectively
chosen values. The subsurface foundation areais afunction of the building area, and depth to the
base of the foundation, which is fixed.
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Building Mixing Height (Default Value = 2.44 m for slab-on-grade scenario; = 3.66 m for
basement scenario)

The J& E Model assumes that subsurface volatiles migrating into the building are completely
mixed within the building volume, which is determined by the building areaand mixing height. The
building mixing height will depend on a number of factors including building height; heating,
ventilation, and air conditioning (HVAC) system operation, environmental factors such asindoor-
outdoor pressure differentials and wind loading, and seasonal factors. For asingle-story house, the
variation in mixing height can be approximated by using the room height. For a multi-story house
or apartment building, the mixing height will be greatest for houses with HVAC systems that result
in significant air circulation (e.g., forced-air heating systems). Mixing heights would likely be less
for houses with electrical baseboard heaters. It is likely that mixing height is, to some degree,
correlated to the building air exchange rate.

Little data are available that provides for direct inference of mixing height. There are few
sites, with a small number of houses where indoor air concentrations were above background, and
where both measurements at ground level and the second floor were made Colorado Department of
Transportation (CDOT), Redfields, Eau Claire). Persons familiar with the data sets for these sites
indicate that in most cases afairly significant reduction in concentrations (factor of two or greater)
was observed, athough at one site (Eau Claire, S’ residence), the indoor trichloroethylene (TCE)
concentrations were similar in both the basement and second floor of the house. For the CDOT site
apartments, there was an approximate five-fold reduction between the concentrations measured for
thefirst floor and second floor units (Mr. Jeff Kurtz, EM SI, personal communication, June 2002).

Less mixing would be expected for an apartment because there are less cross-floor connections than
for ahouse. The value chosen for a basement house scenario (3.66 m) would be representative of
atwo-fold reduction or attenuation in vapor concentrations between floors.

Quil (Default Value =5 L/min)

The method often used with the J& E Model for estimating the soil gas advection rate (Qil)
through the building envelope is an analytica solution for two-dimensiona soil gas flow to asmall
horizontal drain (Nazaroff 1992) (“Perimeter Crack Model”). Use of this model can be problematic
in that Qg vValues are sensitive to soil-air permeability and consequently awide range in flows can
be predicted.

An alternate empirical approach isto select a Qi value on the basis of tracer tests (i.e., mass
balance approach). When soil gas advection is the primary mechanism for tracer intrusion into a
building, the Qs can be estimated by measuring the concentrations of a chemical tracer in indoor
air, in outdoor air, and in soil vapor below a building, and by measuring the building ventilation rate
(Herset al. 2000a; Fischer et a. 1996; Garbesi et a. 1993; Rezvan et a. 1991; Garbesi and Sextro,
1989). For siteswith coarse-grained soils (Table 10). The Qg vaues measured using this technique
are compared to predicted rates using the Perimeter Crack model. The Perimeter Crack model
predictions are both higher and lower than the measured va ues, but overall are within one order of
magnitude of the measured va ues. Although the Qg values predicted by the models and measured
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using field tracer tests are uncertain, the results suggest that a“typical” range for houses on coarse-
grained soilsison the order of 1 to 10 L/min. A disadvantage with the tracer test approach is that
only limited data are available and there do not appear to be any tracer studies for field sites with
fine-grained soils.

It is also important to recognize that the advective zone of influence for soil gas flow is
limited to soil immediately adjacent to the building foundation. Some data on pressure coupling
provide insight on the extent of the advective flow zone. For example, Garbes et al. (1993) report
a pressure coupling between the soil and experimental basement (i.e., relative to that between the
basement and atmosphere) equal to 96 percent directly below the slab, between 29 percent and 44
percent at 1 m below the basement floor dab, and between 0.7 percent and 27 percent a a horizonta
distance of 2 m from the basement wall. At the Chatterton site (research site investigated by the
author), the pressure coupling immediately below the building floor slab ranged from 90 to 95
percent and at a depth of 0.5 m was on the order of 50 percent. These results indicate that the
advective zone of influence will likely be limited to a zone within 1 to 2 m of the building
foundation.

Because the advective flow zone is relatively limited in extent, the soil type adjacent to the
building foundation is of importance. In many cases, coarse-grained imported fill is placed below
foundations, and either coarse-grained fill, or disturbed, loose fill is placed adjacent to the foundation
walls. Therefore, a conservative approach for the purposes of this guidance is to assume that soil
gas flow will be controlled by coarse-grained soil, and not rely on the possible reduction in flow that
would be caused by fine-grained soils near to the house foundation. For these reasons, a soil gas
flow rate of 5 L/min (midpoint between 1 and 10 L/min) was chosen as the input value.

3.3 RUNNING THE MODELS
Eight different models are provided in MICROSOFT EXCEL formats.

1. Models for Soil Contamination:
SL-SCREEN-Feb 04.XLS
SL-ADV-Feb 04.XLS

2. Models for Groundwater Contamination:
GW-SCREEN-Feb 04.XLS
GW-ADV-Feb 04.XLS

3. Modd for Soil Gas Contamination
SG-SCREEN-Feb 04 .xIs
SG-ADV-Feb 04.xls

4, Models for Non Aqueous Phase Liquids
NAPL-SCREEN-Feb 04.xls
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NAPL-ADV-Feb 04.xIs

Both the screening-level models and the advanced models allow the user to calculate a risk-
based media concentration or incremental risks from an actual starting concentration in soil or in
groundwater. Data entry within the screening-level modelsis limited to the most sensitive model
parameters and incorporates only one soil stratum above the contamination. The advanced models
provide the user with the ability to enter data for all of the model parameters and also incorporate
up to three individual soil strata above the contamination for which soil properties may be varied.

To run any of the models, simply open the appropriate model file within MICROSOFT
EXCEL. Each model is constructed of the following worksheets:

DATENTER (Data Entry Sheet)

CHEMPROPS (Chemical Properties Sheet)
INTERCALCS (Intermediate Cal cul ations Sheet)
RESULTS (Results Sheet)

VLOOKUP (Lookup Tables).

agrwDNRE

The following is an explanation of what is contained in each worksheet, how to enter data,
how to interpret model results, and how to add/revise the chemical properties data found in the
VLOOKUP Tables. Asexamples, Appendix C contains all the worksheets for the advanced soil
contamination model SL-ADV.

34 THE DATA ENTRY SHEET (DATENTER)

Figure 4 is an example of adataentry sheet. In thiscase, it shows the data entry sheet for the
screening-level model for contaminated groundwater (GW-SCREEN). Figure 5 is an example of
an advanced model data entry sheet (GW-ADV). Note that the screening-level model sheet requires
entry of considerably less data than does the advanced sheet. To enter data, sSsmply position the
cursor within the appropriate box and type the value; al other cells are protected.

Error Messages

In the case of the screening-level models, all error messages will appear in red type below
the applicable row of data entry boxes. For the advanced models, error messages may appear on the
data entry sheet or in the lower portion of the results sheet. Error messages will occur if required
entry data are missing or if data are out of range or do not conform to model conventions. The error
message will tell the user what kind of error has occurred.
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GW-SCREEN
Version 3.1; 02/04

Reset to

Defaults

(enter "X" in "YES" box

OR

YES

and initial groundwater conc. below)

CALCULATE RISK-BASED GROUNDWATER CONCENTRATION (enter "X" in "YES" box)

CALCULATE INCREMENTAL RISKS FROM ACTUAL GROUNDWATER CONCENTRATION

ENTER ENTER
Initial
Chemical groundwater
CAS No. conc.,
(numbers only, Ciy
no dashes) (ug/ll) Chemical
\ 56235 [ | Carbon tetrachloride
ENTER ENTER ENTER ENTER
MORE Depth
¥ below grade Average ENTER
to bottom Depth soilf Average vapor
of enclosed below grade scs groundwater flow rate into bidg.
space floor, to water table, soil type temperature, (Leave blank to calculate)
Li Lt directly above Ts Qi
(cm) (cm) water table °C) L/m
[0 | aw [ st 10 ——
MORE
¥
ENTER ENTER
Vadose zone User-defined ENTER ENTER ENTER ENTER
SCs vandose zone Vadose zone Vadose zone Vadose zone Vadose zone
soil type soil vapor SCs soil dry soil total soil water-filled
{used to estimate OR permeability, soil type bulk density, porosity, porosity,
ermeabilit tem?) Farneters {gfem’) (unitless) {cm*fem™)
SC | sC 163 0.385 0.197
MORE
¥ ENTER ENTER ENTER ENTER ENTER ENTER
Target Target hazard Averaging Averaging
risk for quotient for time for time for Exposure Exposure
carcinogens, noncarcinogens, carcinogens, noncarcinogens, duration, frequency,
TR THQ AT ATy ED EF
(unitless) (unitless) (yrs) (yrs) (yrs) (daysiyr)
1.0E-06 1 70 30 30 350

groundwater ¢

Used to calculate risk-based

oncentration.

Figure 4. GW-SCREEN Data Entry Sheet
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Figure 5. GW-ADV Data Entry Sheet



Figure 6 is an example of an error message appearing on the data entry sheet. Figure 7
illustrates error messages appearing within the message and error summary section on the results
sheet (advanced models only).

Entering Data

Each data entry sheet requires the user to input values for modd variables. Datarequired for
the soil contamination scenario will differ from that required for the groundwater contamination
scenario. In addition, datarequired for the screening-level models will differ from that required for
the advanced models.

Mode Variables--

Thefollowingisalist of all data entry variables required for evaluating either arisk-based
media concentration or the incremental risks dueto actual contamination. A description for which
model(s) the variable is appropriate is given in parenthesis after the name of the variable. In
addition, notes on how the variable is used in the calculations and how to determine appropriate
values of the variable are given below the variable name. A quick determination of which variables
arerequired for a specific model can be made by reviewing the data entry sheet for the model chosen.
Example data entry sheets for each model can be found in Appendix D.

1. Calculate Risk-Based Concentration or Calculate Incremental Risks from Actual
Concentration (All Soil and Groundwater Models)

The model will calculate either a risk-based soil or groundwater concentration or
incrementa risks but cannot cal culate both smultaneoudly. Enter an " X" in only one
box.

2. Chemical CASNo. (All Models)

Enter the appropriate CAS number for the chemical you wish to evaluate; do not
enter dashes. The CAS number entered must exactly match that of the chemical, or
the error message "CAS No. not found" will appear in the "Chemica" box. Oncethe
correct CAS number is entered, the name of the chemical will automatically appear
inthe"Chemical" box. A total of 108 chemicals and their associated properties are
included with each model; see Section 3.7 for instructions on adding/revising
chemicals.
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GW-SCREEN
Version 3.1; 02/04

Reset to

Defaults

RISK-BASED SOIL CONCENTRATION CALCULATIONS:

CALCULATE RISK-BASED GROUNDWATER CONCENTRATION (enter "X" in "YES" box)

OR
CALCULATE INCREMENTAL RISKS FROM ACTUAL GROUNDWATER CONCENTRATION
(enter "X" in "YES" box and initial groundwater conc. below)

ENTER ENTER
Initial
Chemical groundwater  Cannot calculate risk-based concentration and incremental risk simultaneously.
CAS No. conc.,,
(numbers only, Cyy
no dashes) (pgil) Chemical
56235 | | Carbon tetrachloride |

Figure 6. Example Error Message on Data Entry Sheet

Incremental Hazard

Indoor Indoor Risk-based Final risk from quotient
exposure exposure indoor Soail indoor vapor from vapor
soil soil exposure saturation exposure intrusion to intrusion to
conc., conc., soil cone., soil indoor air, indoor air,

carcinogen noncarcinogen conc., Caat cong., carcinogen noncarcinogen

{ug/kg) (ug'kg) (nghg) (ug'kg) (ugrkg) {unitless) (unitless)

| NA [ NA [ NA [ 3.09E+05 | NA | | 8.0E-08 | 7.9E-04

MESSAGE AND ERROR SUMMARY BELOW: (DO NOT USE RESULTS IF ERRORS ARE PRESENT)

SCROLL
DOWN
TO "END"

ERROR: Combined thickness of strata A + B + C must be = depth below grade to top of contamination.

Figure 7. Example Error Message on Results Sheet
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Initial Soil or Groundwater Concentration (All Soil and Groundwater Models) (L)

Enter a value only if incremental risks are to be calculated. Be sure to enter the
concentration in units of pg/kg (wet weight basis soil) or pg/L (groundwater).

Typically, this value represents the average concentration within the zone of
contamination. If descriptive statistics are not available to quantify the uncertainty
in the average value, the maximum value may be used as an upper bound estimate.

Average Soil/Groundwater Temperature (All Models) (Ts)

The soil/groundwater temperature is used to correct the Henry's law constant to the
specified temperature. Figure 8 from U.S. EPA (1995) shows the average
temperature of shallow groundwater in the continental United States. Shallow
groundwater temperatures may be used to approximate subsurface soil temperatures
greater than 1 to 2 meters bel ow the ground surface. Another source of information
may be your State groundwater protection regulatory agency.

Depth Below Grade to Bottom of Enclosed Space Floor (All Models) (Lg)

Enter the depth to the bottom of the floor in contact with the soil. The default value
for dab-on-grade and basement construction is 15 cm and 200 cm, respectively.

Depth Below Grade to Top of Contamination (Soil Models Only) (L)

Enter the depth to the top of soil contamination. If the contamination begins at the
soil surface, enter the depth below grade to the bottom of the enclosed space floor.
The depth to the top of contamination must be greater than or equal to the depth to
the bottom of the floor.
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10.

Depth Below Grade to Water Table (Groundwater Models Only) (L)

Enter the depth to the top of the water table (i.e., where the pressure head is equal to
zero and the pressure is atmospheric).

Note: The thickness of the capillary zone is calculated based on the SCS soil
textural classification above the top of the water table. The depth below
grade to the top of the water table minus the thickness of the capillary zone
must be greater than the depth below grade to the bottom of the enclosed
spacefloor. This meansthat the top of the capillary zoneis always below the
floor.

Depth Below Grade to Bottom of Contamination (Advanced Soil Model Only) (Lg)

Thisvaueis used to calculate the thickness of soil contamination. A value greater
than zero and greater than the depth to the top of contamination will automatically
invoke the finite source model. If the thickness of contamination is unknown, two
options are available:

1 Entering avalue of zero will automatically invoke the infinite source model.

2. Enter the depth to the top of the water table. This will invoke the finite
source model under the assumption that contamination extends from the top
of contamination previously entered down to the top of the water table.

Thickness of Soil Stratum " X" (Advanced Models Only) (hy, X = A, B, or C)

In the advanced models, the user can define up to three soil strata between the soil
surface and the top of contamination or to the soil gas sampling depth, as appropriate.
These strataarelisted as A, B, and C. Stratum A extends down from the soil surface,
Stratum B isbelow Stratum A, and Stratum C isthe deepest stratum. The thickness
of Stratum A must be at least as thick as the depth below grade to the bottom of the
enclosed space floor. The combined thickness of all strata must be equal to the depth
to the top of contamination, or to the soil gas sampling depth, as appropriate. If soil
strata B and/or C are not to be considered, a value of zero must be entered for each
stratum not included in the analysis.

Soil Stratum A SCS Soil Type (Advanced Models Only) (SES — soil)

Enter one of the following SCS soil type abbreviations:
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Abbreviation
C

CL

L

LS

Sl
SIC
SICL
SIL

SL

The SCS soil textural classification can be determined by using either the ATSM
Standard Test Method for Particle-Size Analysis of Soils (D422-63) or by using the
analytical procedures found in the U.S. Natural Resources Conservation Service
(NRCS) Soil Survey Laboratory Methods Manual, Soil Survey Laboratory
Investigations Report No. 42. After determining the particle size distribution of a
soil sample, the SCS soil textural classification can be determined using the SCS
classification chart in Figure 7.

The SCS soil type aong with the Stratum A soil water-filled porosity is used to
estimate the soil vapor permeability of Stratum A which isin contact with the floor
and walls of the enclosed space below grade. Alternatively, the user may define a

SCS Soil Type
Clay

Clay loam
Loam

Loamy sand
Sand

Sandy clay
Sandy clay loam
Silt

Silty clay
Silty clay loam
Silty loam

Sandy loam

soil vapor permeability (see Variable No. 11).
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11.

12.

13.

14.

15.

User-Defined Stratum A Soil Vapor Permeability (Advanced Models Only)(K,)

As an dternative to estimating the soil vapor permesability of soil Stratum A, the user
may define the soil vapor permeability. Asageneral guide, the following represent
the practical range of vapor permeabilities:

Sail type Soil vapor permeability, cm?
Medium sand 1.0x 107 t0 1.0x 10°
Fine sand 1.0x 10%t0 1.0x 107
Silty sand 1.0x 10°to 1.0 x 10°®
Clayey silts 1.0x 10 t0 1.0 x 10°

Vadose Zone SCS Soil Type (Screening Models Only) (SCS — sail )

Because the screening-level models accommodate only one soil stratum above the
top of contamination or soil gas sampling depth, enter the SCS soil type from the list
givenin Variable No. 10.

User-Defined Vadose Zone Soil Vapor Permeability (Screening Models Only) (K,)
For the same reason cited in No. 12 above, the user may alternatively define a soil
vapor permeability. Use the list of values given in Variable No. 11 as a general
guide.

Soil Sratum Directly Above the Water Table (Advanced Groundwater Models Only)
(A, B,orC)

Enter either A, B, or C asthe soil stratum directly above the water table. Thisvaue
must be the letter of the deepest stratum for which a thickness value has been
specified under Variable No. 9.

S Soil Type Directly Above Water Table (Groundwater Models Only) (SCS — soil)
Enter the correct SCS soil type from thelist givenin Variable No. 10 for the soil type

directly above the water table. The soil type entered is used to estimate the rise
(thickness) of the capillary zone.
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16.

17.

18.

Sratum " X" Soil Dry Bulk Density (Advanced Models Only) (Py, x = A, B, or C)

Identify the soil type for each strata and accept the default value or enter a site-
specific value for the average soil dry bulk density. Dry bulk density isused in a
number of intermediate calculations and is normally determined by field
measurements (ASTM D 2937 Method).

Stratum " X" Soil Total Porosity (Advanced Models Only) (n*, x = A, B, or C)

Total soil porosity (n) is determined as:
n=1pyPs

where py, is the soil dry bulk density (g/cm®) and ps is the soil particle density
(usually 2.65 g/cm®).

Stratum " X" Soil Water-Filled Porosity (Advanced Models Only) (6, X = a, b, or
c)

Enter the average long-term volumetric soil moisture content; this is typically a
depth-averaged value for the appropriate soil stratum. A long-term average valueis
typically not readily available. Do not use values based on episodic measurements
unless they are representative of long-term conditions. Table 10 provides a soil-
specific range of typical value for specified soils. The user must define soil type or
input site-specific values.

One option is to use a model to estimate the long-term average soil water-filled
porosities of each soil stratum between the enclosed space floor and the top of
contamination. The HYDRUS model version 5.0 (Vogel et al., 1996) is a public
domain code for simulating one-dimensional water flow, solute transport, and heat
movement in variably-saturated soils. The water flow simulation module of
HYDRUS will generate soil water content as a function of depth and time given
actual daily precipitation data. Model input requirements include either the soil
hydraulic properties of van Genuchten (1980) or those of Brooks and Corey (1966).
The van Genuchten soil hydraulic properties required are the same asthose givenin
Tables3and 4 (i.e, 6, 6, N, a1, and Kg). The HYDRUS model is available from
the U.S. Department of Agriculture (USDA) - Agricultural Research Service in
Riverside, Cdlifornia via their internet website at
http://www.ussl .ars.usda.gov/MODEL S/HY DRUS.HTM. One and two-dimensional
commercia versions of HYDRUS (Windows versions) are available at the
International Ground Water Modeling Center website at
http://www.mines.edu/research/igwmc/software/. Schaap and Leij (1998) have
recently developed a Windows program entitlted ROSETTA for estimating the van
Genuchten soil hydraulic properties based on alimited or more extended set of input

52



19.

20.

21.

22.

23.

24,

datas The ROSETTA program can be found a the USDA website:
http://www.ussl .ars.usda.gov/M ODEL S/rosetta/rosetta.htm. The van Genuchten
hydraulic properties can then be input into HYDRUS to estimate soil moisture
content.

Sratum " X" Soil Organic Carbon Fraction (Advanced Soil Models Only) (foc, X =
A,B,orc

Enter the depth-averaged soil organic carbon fraction for the stratum specified. Soil
organic carbon is measured by burning off soil carbon in a controlled-temperature
oven. This parameter, along with the chemical's organic carbon partition coefficient
(Kog), 1S used to determine the soil-water partition coefficient (Kg).

Vadose Zone Soil Dry Bulk Density (Screening Models Only) (p*)

Because the screening-level models accommodate only one soil stratum above the
top of contamination, identify the soil type and accept the default values or enter the
depth-averaged soil dry bulk density. Theuniversal default valueis 1.5 g/em®, which
is consistent with U.S. EPA (1996a and b) for subsurface soils.

Vadose Zone Soil Total Porosity (Screening Models Only) (m")

Because the screening-level models accommodate only one soil stratum above the
top of contamination, enter the depth-averaged soil tota porosity. The default value
is0.43, which is consistent with U.S. EPA (1996a and b) for subsurface soils.
Vadose Zone Soil Water-Filled Porosity (Screening Models Only) (6,,°)

Because the screening-level models accommodate only one soil stratum above the
top of contamination, enter the depth-averaged soil water-filled porosity. The default
valueis0.30, which is consistent with U.S. EPA (1996a and b) for subsurface soils.
Vadose Zone Soil Organic Carbon Fraction (Soil Screening Model Only) (foc)
Because the screening-level models accommodate only one soil stratum above the
top of contamination, enter the depth-averaged soil organic carbon fraction. The
default value is 0.002, which is consistent with U.S. EPA (1996a and b) for
subsurface soils.

Enclosed Space Floor Thickness (Advanced Models Only) (L crack)

Enter the thickness of the floor dab. All models operate under the assumption that
the floor in contact with the underlying soil is composed of impermeable concrete
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25.

26.

27.

28.

29.

whether constructed as a basement floor or slab-on-grade. The default valueis 10
cm, which is consistent with J& E (1991).

Soil-Building Pressure Differential (Advanced Models Only) (AP)

Because of wind effects on the structure, stack effects due to heating of the interior
air, and unbalanced mechanical ventilation, a negative pressure with respect to the
soil surfaceis generated within the structure. This pressure differential (AP) induces
aflow of soil gas through the soil matrix and into the structure through cracks, gaps,
and openingsin the foundation. The effective range of values of AP is0-20 pascals
(Pa) (Loureiro et al., 1990; Eaton and Scott, 1984). Individual average values for
wind effects and stack effects are approximately 2 Pa (Nazaroff et a., 1985; Put and
Meijer, 1989). Typica vauesfor the combined effects of wind pressures and heating
are4to5Pa(Loureiro et al., 1990; Grimsrud et al., 1983). A conservative default
value of AP was therefore chosen to be 4 Pa (40 g/cm-<?).

For more information on estimating site-specific values of AP, the user isreferred to
Nazaroff et a. (1987) and Grimsrud et al. (1983).

Enclosed Space Floor Length (Advanced Models Only) (Lg)

The default value is 1000 cm (see Variable No. 28).

Enclosed Space Floor Width (Advanced Models Only) (Wg)

The default value is 1000 cm (see Variable No. 28).

Enclosed Space Height (Advanced Models Only) (Hg)

For asingle story home, the variation in mixing height will be the greatest for houses

with HVAC systems that result in significant air circulation (e.g., forced air heat
pump). Mixing heights would be less for houses with electrical baseboard heaters.
The mixing height is approximated by the room height. The default value is 2.44
meters for a single story house without a basement.

For asingle story house with a basement less mixing would be expected because of

the cross floor connections. The default values for a house with a basement is 3.66
m. This value represents atwo-fold reduction in vapor concentrations between the

floors.

Floor-Wall Seam Crack Width (Advanced Models Only) (W)

The conceptual model used in the spreadsheets follows that of Loureiro et a. (1990)
and Nazaroff (1988) and isillustrated in Figure 9. The model is based on asingle-
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Figure 9. Floor Slab and Foundation

family house with a poured concrete basement floor and wall foundations, or
constructed slab-on-grade in similar fashion. A gap is assumed to exist at the
junction between the floor and the foundation along the perimeter of the floor. The
gap exists as aresult of building design or concrete shrinkage. Thisgap is assumed
to be the only opening in the understructure of the house and therefore the only route
for soil gas entry.

Eaton and Scott (1984) reported typical open areas of approximately 300 cm? for the
joints between walls and floor slabs of residential structuresin Canada. Therefore,
given the default floor length and width of 1000 cm, a gap width (w) of 0.1 cm
equates to a total gap area of 900 cm? which is reasonable given the findings of
Eaton and Scott. Thisvalue of the gap width is also consistent with the typical value
reported in Loureiro et al. (1990). The default value of the floor-wall seam crack
width was therefore set equal to 0.1 cm.
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30.

31.

32.

33.

35.

36.

Indoor Air Exchange Rate (Advanced Models Only) (ER)

Theindoor air exchange rate is used aong with the building dimensions to calculate
the building ventilation rate. The default value of the indoor air exchange rate is
0.25/h. Thisvaueis consistent with the 10th percentile of housesin all regions of
the U.S,, asreported in Koontz and Rector (1995). Thisvalueisalso consistent with
the range of the control group of 331 houses in a study conducted by Parker et al.
(1990) to compare data with that of 292 houses with energy-efficient featuresin the
Pacific Northwest.

Averaging Time for Carcinogens (All Models) (AT,)

Enter the averaging time in units of years. The default valueis 70 years.
Averaging Time for Noncarcinogens (All Models) (AT)

Enter the averaging time in units of years. The averaging time for noncarcinogens
is set equal to the exposure duration. The default value for residentia exposure from
U.S. EPA (1996a and b) is 30 years.

Exposure Duration (All Models) (ED)

Enter the exposure duration in units of years. The default value for residential
exposure from U.S. EPA (1996a and b) is 30 years.

Exposure Frequency (All Models) (EF)

Enter the exposure frequency in units of days/yr. The default value for residential
exposure from U.S. EPA (1996a and b) is 350 days/yr.

Target Risk for Carcinogens (All Soil and Groundwater Models) (TR)

If arisk-based media concentration isto be calculated, enter the target risk-level. The
default valueis 1 x 10°°.

Target Hazard quotient for Noncarcinogens (All Soil and Groundwater Models)

(THQ)

If a risk-based media concentration is to be calculated, enter the target hazard
quotient. The default valueis 1.
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The remaining four worksheets include the results sheet (RESULTS) and three ancillary
sheets. The ancillary sheets include the chemical properties sheet (CHEMPROPS), the intermediate
calculations sheet (INTERCALCS), and the lookup tables (VLOOKUP).

35 THERESULTSSHEET (RESULTYS)

Once all data are entered in the data entry sheet, the model results may be viewed on the
RESULTS sheet. For the soil and groundwater models, calculations are presented as either a risk-
based soil or groundwater concentration, or the incremental risks associated with an initial soil or
groundwater concentration. In the case of the advanced models, the user should check the message
and error summary below the results section to ensure that no error messages appear. |f one or more
error messages appear, re-enter the appropriate data.

The RESULTS worksheet shows the indoor exposure soil or groundwater concentration for
either a carcinogen or noncarcinogen as appropriate. When a contaminant is both a carcinogen and
a noncarcinogen, the risk-based indoor exposure concentration is set equal to the lower of these two
values. In addition, the soil saturation concentration (Cg) or the agueous solubility limit (S) isalso
displayed for the soil and groundwater models, respectively.

The equilibrium vapor concentration at the source of contamination is limited by the value
of C« for soil contamination and by the value of Sfor groundwater contamination, as appropriate.
For a single contaminant, the vapor concentration directly above the source of soil contamination
cannot be greater than that associated with the soil saturation concentration; for groundwater
contamination, the vapor concentration cannot be greater than that associated with the solubility
limit. Asaresult, subsurface soil concentrations greater than Cs and groundwater concentrations
greater than S will not produce higher vapor concentrations. Therefore, if the indoor vapor
concentration predicted from a soil concentration greater than or equal to the value of Cs and it does
not exceed the health-based limit in indoor air (target risk or target hazard quotient), the vapor
intrusion pathway will not be of concern for that particular chemical. The sameistrue for an indoor
vapor concentration predicted from a groundwater concentration greater than or equal to the value
of S. That does not necessarily mean, however, that the subsurface contamination will not be of
concern from a groundwater protection standpoint, (ingestion) and the potential for free-phase
contamination (e.g., NAPL) must also be addressed.

For subsurface soils, the physical state of a contaminant at the soil temperature plays a
significant role. When a contaminant isaliquid (or gas) at the soil temperature, the upper limit of
the soil screening level isset at Csi. This tends to reduce the potential for NAPL to exist within the
vadose zone. The case is different for a subsurface contaminant that is a solid at the soil
temperature. In this case, the screening level isnot limited by Cg because of the reduced possibility
of leaching to the water table. If the model estimates arisk-based screening level greater than Ce
for asolid in soils, the model will display the final soil concentration as"NOC" or Not of Concern
for the vapor intrusion pathway.
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In the case of groundwater contamination, the physical state of the contaminant is not an
issue in that the contamination has aready reached the water table. Because the equilibrium vapor
concentration at the source of emissions cannot be higher than that associated with the solubility
limit, the vapor concentration is calculated at the solubility limit if the user enters a groundwater
concentration greater than the value of S when forward-calculating risk. When reverse-calculating
arisk-based groundwater concentration, the model will display the final groundwater concentration
as"NOC" for the vapor intrusion pathway if the model calculates arisk-based level greater than or
equal to thevalue of S. It should be noted, however, that if the soil properties or other conditions
specified in the DATENTER worksheet are changed, the final risk-based soil or groundwater
concentration must be remodeled.

It should also be understood that if acontaminant is labeled "Not of Concern” for the vapor
intrusion pathway, al other relevant exposure pathways must be considered for both contaminated
soils and groundwater.

36 THECHEMICAL PROPERTIES SHEET (CHEMPROPS)

The chemical properties sheet provides a summary of the chemical and toxicological
properties of the chemical selected for analysis. These data are retrieved from the VLOOKUP sheset
by CAS number. All datain the chemical properties sheet are protected.

37 THEINTERMEDIATE CALCULATIONSSHEET (INTERCALYS)

The intermediate cal cul ations sheet provides solutions to intermediate variables. Review of
the values of the intermediate variables may be helpful in an anaysis of the cause-and-effect
relationships between input values and model results. All datain the intermediate cal culations sheet
are protected.

3.8 THE LOOKUP TABLES (VLOOKUP)

The VLOOKUP sheet contains two lookup tables from which individual data are retrieved
for anumber of model calculations. Thefirst tableisthe Soil Properties Lookup Table. Thistable
contains the average soil water retention curve data of Hers (2002) and Schaap and Leij (1998) and
the mean grain diameter data of Nielson and Rogers (1990) by SCS soil type, and the mean dry bulk
density from Lelj, Stevens, et al (1994).

39 ADDING, DELETING, OR REVISING CHEMICALS

Data for any chemical may be edited, new chemicals added, or existing chemicals deleted
from the Chemical Properties Lookup Table within the VLOOKUP worksheet. To begin an editing
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session, the user must unprotect (unseal) the worksheet (the password is"ABC" in capital |etters);
editing of individual elements or addition and deletion of chemicals may then proceed. Space has
been dlocated for up to 260 chemicalsin the lookup table. Row number 284 isthe last row that may
be used to add new chemicals. After the editing session is complete, the user must sort all the data
in the lookup table (except the column headers) in ascending order by CAS number. After sorting
is complete, the worksheet should again be protected (seal ed).
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SECTION 4

SOIL GASMODEL APPLICATION

Two additiona models have been added to allow the user to input measured soil gas
concentration and sampling depth data directly into the spreadsheet. These models eliminate the
need for theoretical partitioning of atotal volume soil concentration or a groundwater concentration
into discrete phases. This section provides instructions for using the soil gas models.

41 RUNNING THE MODELS

Two models are provided as MICROSOFT EXCEL spreadsheets. The screening-level model
istitled SG-SCREEN.xIs (EXCEL). The advanced model istitled SG-ADV .xls.

Both the screening-level and advanced models allow the user to cal culate steady-state indoor
air concentrations and incremental risks from user-defined soil gas concentration data. The models
do not allow for reverse-caculation of arisk-based soil or groundwater concentration. Aswith the
soil and groundwater screening-level models, the SG-SCREEN model operates under the assumption
that the soil column properties are homogeneous and isotropic from the soil surface to an infinite
depth. In addition, the SG-SCREEN model uses the same default values for the building properties
asthe SL-SCREEN and GW-SCREEN models. The advanced model alows the user to specify up
to three different soil strata from the bottom of the building floor in contact with the soil to the soil
gas sampling depth. Finally, the advanced model alows the user to specify values for al of the
model variables.

To run the models, smply open the appropriate file within either MICROSOFT EXCEL
worksheet. Each model is constructed of the following worksheets:

DATENTER (Data Entry Sheet)

CHEMPROPS (Chemical Properties Sheet)
INTERCALCS (Intermediate Cal cul ations Sheet)
RESULTS (Results Sheet)

VLOOKUP (Lookup Tables)

agrwDNPRE

Each worksheet follows the form of the worksheetsin the soil and groundwater models. See Section
4.2 for adescription of each worksheet.
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The DATENTER worksheet of each of the soil gas modelsis different than those of the soil
and groundwater models. Figure 10 showsthe DATA ENTER worksheet of the SG-ADV model.
Note that there is no option for running the model to calculate a risk-based media concentration. As
with the other models, the user enters the CAS number of the chemical of interest. This
automatically retrieves the chemical and toxicological datafor that chemical. The CAS number must
match one of the chemicalslisted in the VLOOKUP workshest, or the message "CAS No. not found"
will appear in the "Chemica" box. The user aso has the opportunity to add new chemicalsto the
database. Next, the user must enter avalue for the soil gas concentration of the chemical of interest.
The user may enter thisvaluein units of pg/m® or parts-per-million by volume (ppmv). If the soil
gas concentration is entered in units of ppmv, the concentration is converted to units of ug/me by:

Cy xMW
Cy'=—"— (33)
RxTg

where C, = Soil gasconcentration, ug/m®

Cy = Soil gas concentration, ppmv

MW = Molecular weight, g/mol

R = Gas constant (= 8.205 E-05 atm-m*/mol-°K)

Ts = System (soil) temperature, °K.

In the soil gas models, the steady-state indoor air concentration is calculated by Equation 19
(i.e., Chuilding = & Csource). The value of the vapor concentration at the source of emissions (Csurce)
is assigned the value of the user-defined soil gas concentration. The value of the steady-state
attenuation coefficient (o) in Equation 19 is calculated by Equation 13. Because no evaluation has
been made of the extent of the source of emissions, steady-state conditions (i.e., a non-diminishing
source) must be assumed.

The SG-SCREEN model operates under the assumption of homogeneoudly distributed soil
properties and isotropic conditions with respect to soil vapor permeability from the soil surfaceto
an infinite depth. The SG-ADV model, on the other hand, allows the user to specify up to three
different soil strata between the building floor in contact with the soil and the soil gas sampling
depth. Soil properties within these three strata may be varied to allow for different diffusion
resistances to vapor transport.

42  SOIL GASSAMPLING

In order to use the soil gas models, soil gas concentrations must be measured at one or more
depths below ground surface (bgs). The user is advised to take samples directly under building dabs
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Figure 10. SG-ADV Data Entry Worksheet
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or basement floors when possible. This can be accomplished by drilling through the floor and
sampling through the drilled hole. Alternatively, an angle-boring rig can be used to sample beneath
the floor from outside the footprint of the building. When sampling directly beneath the floor is not
possible, enough samples adjacent to the structure should be taken to adequately estimate an average
concentration based on reasonable spatial and temporal scales.

Soil gas measurements can be made using several techniques; however, active whole-air
sampling methods and active or passive sorbent sampling methods are usually employed. Typically,
awhole-air sampling method is used whereby a non-reactive sampling probe isinserted into the soil
to aprescribed depth. This can be accomplished manually using a"dam bar," or apercussion power
drill, or the probe can be inserted into the ground using a device such as a Geoprobe.” The
Geoprobe® device is attached to the rear of a specially customized vehicle. Inthefied, therear of
the vehicleis placed over the samplelocation and hydraulically raised on itsbase. The weight of the
vehicleisthen used to push the sampling probe into the soil. A built-in hammer mechanism alows
the probe to be driven to predetermined depths up to 50 feet depending on the type of soil
encountered. Soil gas samples can be withdrawn directly from the probe rods, or flexible tubing can
be connected to the probe tips at depth for sample withdrawal.

Whole-air sampling is typically accomplished using an evacuated Summa or equivalent
canister, or by evacuation to a Tedlar bag. Normal operation includes the use of an in-line flow
controller and a sintered stainless stedl filter to minimize particles becoming entrained in the sample
amosphere. For a 6-liter Summa canister, anormal sampling flow rate for a 24-hr integrated sample
might be on the order of 1.5 ml/min; however, higher sampling rates can be used for grab samples.
The sampling rate chosen, however, must not be so high as to allow for ambient air inleakage
between the annulus of the probe and the surrounding soils. Depending on the target compounds,
excessive air inleakage can dilute the sample (in some cases below the analytical detection limits).

One way to check for inleakage is to test an aliquot of the sample gas for either nitrogen or
oxygen content before the sample is routed to the canister or Tedlar bag. To test for nitrogen in real-
or near real-time requires a portable gas chromatograph/mass spectrometer (GC/MS). A portable
oxygen meter, however, can be used to test for sample oxygen content in real-time with atypical
accuracy of one-half of one percent. If air inleakage is detected by the presence of excessive nitrogen
or oxygen, the seal around the sample probe at the soil surface as well as al sampling equipment
connections and fittings should be checked. Finally, the flow rate may need to be reduced to
decrease or eliminate the air inleakage.

The collection and concentration of soil gas contaminants can be greatly affected by the
components of the sampling system. It is imperative to use materials that are inert to the
contaminants of concern. Areas of sample collection that need particul ar attention are:

o The sedl at the soil surface around the sample probe
o Use of aprobe constructed of stainless steel or other inert material
o Minimization of the use of porous or synthetic materials (i.e., PTFE, rubber, or most

plastics) that may adsorb soil gas and cause cross-contamination
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o Purging of the sample probe and collection system before sampling

. Leak-check of sampling equipment to reduce air infiltration

o Keeping the length of all sample transfer lines as short as possible to minimize
condensation of extracted gasin the lines.

The choice of analytical methods for whole-air soil gas sampling depends on the
contaminants of concern. Concentrations of volatile organic compounds (VOCSs) in the soil gas are
typically determined using EPA Method TO-14 or TO-15. In the case of semi-volatile compounds,
an active sorbent sampling methodology can be used. In this case, alow-volume sampling pumpis
normally used to withdraw the soil gas, which is then routed to a polyurethane foam (PUF) plug.
Vapor concentrations of semi-volatile contaminants sorbed to the PUF are then determined using
EPA Method TO-10. The active soil gas sampling equipment can be assembled to allow for both
canister sampling for volatiles and PUF sampling for semi-volatiles.

Passive sorbent sampling involves burial of solid sorbent sampling devices called cartridges
or cassettes to adepth of normally 5 feet or less. The cassettes may be configured with one or more
sorbents depending on the list of target analytes, and are typicaly left in-ground for 72 to 120 hours
or longer. During this time period, the vapor-phase soil gas contaminants pass through the cassette
and are adsorbed as the soil gas moves toward the soil surface by diffusion and/or convection.
Analytical methods for sorbent sampling depend on the target anal ytes and the sorbent used and may
include EPA Method TO-10 or a modified EPA Method TO-1. Vapor-phase concentrations for
some solid sorbent sampling systems are determined using the total mass of each contaminant
recovered, the time in-ground, the cross-sectional area of the cassette, the diffusivity of the
compound in air, and a quasi-empirical adsorption rate constant.

Recent EPA technology verification reports produced by the EPA National Exposure
Research Laboratory (EPA 1998, 1998a) concluded, at least for two such systems, that the sorbent
methodol ogies accurately accounted for the presence of most of the soil gas contaminants in the
studies. Further, the reports concluded that the sorbent systems showed detection of contaminants
at low concentrations not reported using an active whole-air sampling system. For one system,
however, it was noted that as the vapor concentrations reported for the whole-air sampling system
increased by 1 to 4 orders-of-magnitude, the associated concentrations reported for the sorbent
system increased only marginally. Perhaps the best use of such passive sorbent sampling methods
isto help confirm which contaminants are present in the soil gas and not necessarily contaminant
concentrations.

An excellent discussion of soil gas measurement methods and limitations can be found in the
ASTM Standard Guide for Soil Gas Monitoring in the Vadose Zone D5314-92e1. ASTM Standard
Guides are available from the ASTM website at:
http://www.astm.org.

In addition, soil gas measurement method summaries can be found in the EPA Standard Operating
Procedures for Soil Gas Sampling (SOP No. 2042) developed by the EPA Environmental Response
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Team (ERT) in Edison, New Jersey. This document can be downloaded from the ERT Compendium
of Standard Operating Procedures at the following website:

http://www.ert.org/media_resrc'media_resrcs.asp.

Data Quality and Data Quality Objectives

The results of soil gas sampling must meet the applicable requirements for data quality and
satisfy the data quality objectives of the study for which they are intended. Data quality objectives
are qualitative and quantitative statements derived from the data quality objectives process that
clarify study objectives, define the appropriate type of data, and specify the tolerable levels of
potential decision errors that will be used to support site decisions. Data quality objectives are
formulated in the first phase of a sampling project.

In the second phase of the project, a Quality Assurance Project Plan (QAPP) trandates these
requirements into measurement performance specifications and quality assurance/quality control
procedures to provide the data necessary to satisfy the user's needs. The QAPP is the critical
planning document for any environmental data collection operation because it documents how
quality assurance and quality control activities will be implemented during the life of the project.
Development of the data quality objectives and the QAPP for soil gas sampling should follow the
guidance provided by EPA's Quality Assurance Divison of the Office of Research and Devel opment.
Guidance documents concerning the development and integration of the data quality objectives and
the QAPP can be obtained from the EPA website at:

http://epa.gov/ncerga/ga/ga_docs.html.

In addition to the above guidance, the EPA Regiona Office and/or other appropriate regulatory
agency should be consulted concerning specific sampling requirements.

43 ASSUMPTIONSAND LIMITATIONSOF THE SOIL GASMODEL

As discussed previoudly, the soil gas models operate under the assumption of steady-state
conditions. This means that enough time has passed for the vapor plume to have reached the
building of interest directly above the source of contamination and that the vapor concentrations have
reached their maximum values. Depending on the depth at which the soil gasis sampled, diffusion
of the soil gas toward the building is afunction of the soil properties between the building floor in
contact with the soil and the sampling depth. Convection of the soil gas into the structure is a
function of the building properties and the effective soil vapor permeability. Assumptions and
limitations of the soil gas models are the same as those in Section 2.11 with the exception of the
source vapor concentration that is determined empirically through soil gas sampling.

The user should also recognize the inherent limitations of soil gas sampling. First, the
geologic variability of the subsurface may be considerable. This may be especially problematic for
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shallow soil gas sampling because soil moisture content can vary widely as a function of
precipitation events and surface runoff. The soil moisture content has an exponentia effect on the
rate of vapor diffuson. Transformation processes such as biodegradation can also occur in shallow
subsurface soils. In some cases, only arelatively thin stratum of bioactive soil can greatly reduce
the emission flux toward the soil surface. Finally, subsurface phase equilibriais a dynamic process
resulting in varying vapor-phase concentrations over time at the same sampling location and depth.
These factors can result in significant differencesin measured soil gas concentrations over relatively
small spatial and temporal scales.

For these reasons, the planning phase of the soil gas-sampling program should carefully
consider the inherent uncertainties in site-specific sampling and anaytical data. Inthefinal anaysis,
the extent of soil gas sampling is a trade-off between sampling costs and the degree of certainty
required in the soil gas concentration data.
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SECTION 5

ASSUMPTIONSAND LIMITATIONS OF THE J& E MODEL

The J&E Mode is a one-dimensional analytical solution to diffusive and convective
transport of vapors into indoor spaces. The model is formulated as an attenuation factor that relates
the vapor concentration in the indoor space to the vapor concentration at the source. It was devel oped
for use as a screening level mode and consequently is based on a number of smplifying assumptions
regarding contaminant distribution and occurrence, subsurface characteristics, transport mechanisms,
and building construction.

EPA is suggesting that the J& E Model be used at Resource Conservation and Recovery Act
(RCRA) Caorrective Action Sites, Comprehensive Environmental Response, Compensation, and
Liability Act (CERCLA)/Superfund Sites, and voluntary cleanup sites. EPA is not recommending
that the J& E Model be used for sites contaminated with petroleum products if the products were
derived from Underground Storage Tanks. The J&E Model does not account for contaminant
attenuation (biodegradation, hydrolysis, sorption, and oxidation/reduction). Attenuation is
potentialy a significant concern for these type of sites. EPA is recommending that investigators use
OSWER Directive 9610.17: Use of Risk Based Decision-Making in UST Corrective Action
Programs to eval uate these types of sites.

The J& E Model asimplemented by EPA assumes homogeneous soil layers with isotropic
properties that characterize the subsurface. The first tier spreadsheet versions allow only one layer;
the advanced spreadsheet versions allow up to three layers. Sources of contaminants that can be
modeled include dissolved, sorbed, or vapor sources where the concentrations are below the aqueous
solubility limit, the soil saturation concentration, and/or the pure component vapor concentration.
The contaminants are assumed to be homogeneously distributed at the source. All but one of the
Spreadsheets assumes an infinite source. The exception is the advanced model for a bulk soil source,
which alows for afinite source. For the groundwater and bulk soil models, the vapor concentration
at the sourceis calculated assuming equilibrium partitioning. Vapor from the source is assumed to
diffuse directly upward (one-dimensional transport) through uncontaminated soil (including an
uncontaminated capillary fringe if groundwater is the vapor source) to the base of a building
foundation, where convection carries the vapor through cracks and openings in the foundation into
the building. Both diffusive and convective transport processes are assumed to be at steady state.
Neither sorption nor biodegradation is accounted for in the transport of vapor from the source to the
base of the building.

The assumptions described above and in Table 12 suggest a number of conditions that
preclude the use of the Non-NAPL Models as implemented by EPA. These conditions include:
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TABLE 12. ASSUMPTIONS AND LIMITATIONS OF THE VAPOR INTRUSION

MODEL

Assumption

Implication

Field Evaluation

Contaminant

No contaminant freeliquid/precipitate
phase present

J&E Model not representative of
NAPL partitioning from source

NAPL or not at Siteeasier to
evaluation for floating product or soil
contamination sites. Most DNAPL
sites with DNAPL below the water

table defy easy characterization.
Contaminant is homogeneoudly distributed
within the zone of contamination
No contaminant sources or sinks in the | Indoor sources of contaminants | Survey building for  sources,

building.

and/or sorption of vapors on
materials may confound
interpretation of results.

assessment of sinks unlikely

Equilibrium partitioning at contaminant
source.

Groundwater flow rates are low
enough so that there are no mass
transfer limitations at the source.

Not likely

Chemical or biological transformations are
not significant (model will predict more
intrusion)

Tendency to over predict vapor
intrusion for degradable
compounds

From literature

Subsurface Char acteristics

Soil is homogeneous within any horizontal
plane

Stratigraphy can be described by
horizontal layers (not tilted layers)

Observe pattern of layers and
unconformities Note: In simplified
J&E Mode layering is not
considered

All soil propertiesin any horizonta plane
are homogeneous

The top of the capillary fringe must be
below the bottom of the building floor in
contact with the soil.

EPA version of JE Model assumes the
capillary fringe is uncontaminated.

Transport M echanisms

One-dimensional transport

Source is directly below building,
stratigraphy does not influence
flow direction, no effect of two- or
three-dimensional flow patterns.

Observe location of source, observe
stratigraphy, pipeline conduits, not
likely to assess two- and three-
dimensional pattern.

Two separate flow zones, one diffusive
one convective.

Vapor-phase diffusion is the dominant
mechanism for transporting contaminant
vapors from contaminant sources located
away from the foundation to the soil
region near the foundation

No diffusion (dispersion) in the
convective flow zone. Plug flow
in convective zone

Neglects atmospheric pressure
variation effects, others?

Not likely

Not likely

(continued)
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Assumption

Implication

Field Evaluation

Straight-line gradient in diffusive flow
zone.

Inaccuracy in flux estimate at
match point between diffusive and
convective sections of the model.

Not likely

Diffusion through soil moisture will be
insignificant (except for compounds with
very low Henry's Law Constant

Transport through air phase only.

Good for volatiles. Only low
volatility compounds would fail
this and they are probably not the
compounds of concern for vapor
intrusion

From literature value of Henry's Law
Constant.

Convective transport is likely to be most
significant in the region very close to a
basement, or a foundation, and vapor
velocities decrease rapidly with increasing
distance from a structure

Not likely

Vapor flow described by Darcy’s law

Porous media flow assumption.

Observations of fractured rock,
fractured clay, karst, macropores,
preferential flow channels.

Steady State convection Flow not affected by barometric | Not likely
pressure, infiltration, etc.
Uniform convective flow near the | Flow rate does not vary by | Notlikely
foundation location
Uniform convective velocity through crack | No variation within cracks and | Not likely
or porous medium openings and constant pressure
field between interior spaces and
the soil surface
Significant convective transport only | Movement of soil water not | Not likely
occursin the vapor phase included in vapor impact
All contaminant vapors originating from Not likely

directly below the basement will enter the
basement, unless the floor and walls are
perfect vapor barriers. (Makes model over
est. vapors as none can flow around the
building)

Model does not allow vapors to
flow around the structure and not
enter the building

Contaminant vapors enter structures
primarily through cracks and openings in
the walls and foundation

Flow through the wall and
foundation material itself
neglected

Observe numbers of cracks and
openings. Assessment  of
contribution  from  construction
materials themselves not likely

e The presence or suspected presence of residual or free-product non-aqueous phase liquids
(LNAPL, DNAPL, fuels, solvents, etc.) in the subsurface.

e The presence of heterogeneous geologic materials (other than the three layers alowed in the
advanced spreadsheets) between the vapor source and building. The J&E Model does not
apply to geologic materials that are fractured, contain macropores or other preferential
pathways, or are composed of karst.
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e Siteswhere significant lateral flow of vapors occurs. These can include geologic layers that
deflect contaminants from a strictly upward motion and buried pipelines or conduits that
form preferential paths. Significantly different permeability contrasts between layers are
likely to cause lateral flow of vapors. The model assumes the source of contaminants is
directly below the potential receptors.

e Very shallow groundwater where the building foundation is wetted by the groundwater.
e Veysmal building air exchange rates (e.g., < 0.25/h)

e Buildings with crawlspace structures or other significant openings to the subsurface (e.g.,
earthen floors, stone buildings, etc.). The EPA spreadsheet only allows for either slab on
grade or basement construction.

e Contaminated groundwater sites with large fluctuations in the water table elevation. In these
cases, the capillary fringe is likely to be contaminated; whereas in the groundwater source
spreadsheets, the capillary fringe is assumed to be uncontaminated.

In theory the above limitations are readily conceptualized, but in practice the presence of
these limiting conditions may be difficult to verify even when extensive site characterization data
are available. Conditions that are particularly difficult to verify in the field include the presence of
residual non-agueous phase liquids (NAPLS) in the unsaturated zone and the presence and influence
of macropores, fractures and other preferential pathways in the subsurface. Additiondly, in theinitial
stages of evaluation, especialy at the screening level, information about building construction and
water table fluctuations may not be available. Even the conceptually simple assumptions (e.g., one-
dimensional flow, lack of preferential pathways) may be difficult to assess when there are little Site
data available.

The vapor equilibrium models employed to estimate the vapor concentration at the source
of soil contamination is applicable only if "low" concentrations of the compound(s) are sorbed to
organic carbon in the soil, dissolved in soil moisture, and present as vapor within the air-filled soil
pores (i.e., athree-phase system). The vapor equilibrium models do not account for aresidual phase
NAPLs. If residual phase contaminants are present in the soil column, the user isreferred to either
the NAPL-SCREEN or NAPL-ADV model (Appendix A), as appropriate.

In the case of contaminated groundwater, the vapor equilibrium model operates under the
assumption that the contaminant is present at levels below the water solubility limit. If the user-
defined soil concentration is greater than the soil saturation concentration (C) or if the groundwater
concentration is greater than the solubility limit (S), the equilibrium vapor concentration will be
calculated at the value of Cy; oOr S as appropriate.
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The user is also reminded that when estimating a risk-based soil concentration, the model
will compare the calculated soil concentration with the soil saturation concentration above which
aresidual phaseislikely to occur. The soil saturation concentration (Cs) is calculated asin U.S.
EPA (1996aand b). If the risk-based concentration is greater than the saturation concentration and
the contaminant isaliquid or gas at the soil temperature, the final soil concentration will be set equal
to the soil saturation concentration. This tends to eliminate the possibility of allowing a liquid
residual phase to exist within the soil column, which may leach to the water table. If the risk-based
soil concentration is greater than Cg and the contaminant is a solid, the contaminant is not of
concern for the vapor intrusion pathway.

Likewise, the groundwater models will compare the calculated risk-based groundwater
concentration to the aqueous solubility limit of the compound. If the risk-based groundwater
concentration is greater than the solubility limit, the contaminant is not of concern for the vapor
intrusion pathway.

Finally, it should be recognized that the procedures used to estimate both the soil saturation
concentration and the aqueous solubility limit do not consider the effects of multiple contaminants.
The estimated values, therefore, may be artificialy high such that aresidua phase may actudly exist
at somewhat lower concentrations.

The procedures used to estimate the soil vapor permeability of the soil stratum in contact
with the building floor and walls assume isotropic soils and steady-state soil moisture content. In
addition, the calculations do not account for preferential vapor pathways due to soil fractures,
vegetation root pathways, or the effects of a gravel layer below the floor slab or backfill. These
items may act to increase the vapor permeability of in situ soils.

If in situ pneumatic tests are used to measure site vapor permeability, care must be taken to
ensure adequate sampling to reduce the possibility of missing important soil structure effects due to
anisotropy.

Single-point in situ pneumatic tests are typically conducted by measuring the pressure in a
probe as a metered flow of air is passed through the probe and into the soil. Garbesi et al. (1996),
however, demonstrated that soil vapor permeability increases with the sampling length scale. Using
a dual-probe dynamic pressure sampling apparatus, Garbes et al. (1996) demonstrated that the
average soil vapor permeability typically increases up to a constant value as the distance between
the source probe and detector probe increases. On alength scale typica of ahouse (3to 10 m), use
of the dual-probe sampling technique found that the soil permeability was approximately 10 to 20
times higher than that measured by the single-point method. Although arguably the most accurate
means of determining in situ soil vapor permeability, the techniques of Garbes et a. (1996) are
complex and require specialized equipment.

Another method for determining the intrinsic permeability of soil is to conduct empirical
measurements of the saturated hydraulic conductivity (Ks). These data are then input into Equation
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26. The resulting value of k; is then multiplied by the relative air permeability (ky) calculated by
Equation 27 to yield the effective air permeability of the soil.

Estimation of the rise of the capillary zone is based on the equation for the rise of aliquid
in acapillary tube. The procedure assumes that the interstitial space between the soil particlesis
equivaent to the capillary tube diameter and that the resulting rise of water occurs under steady-state
soil column drainage conditions. In actuality, the height of the capillary zone is uneven or fingered
due to the variation in the actual in situ particle size distribution. In addition, the groundwater
models do not account for the episodic rise and fall of the water table or the capillary zone due to
aquifer recharge and discharge. As constructed, the groundwater models do not allow the top of the
capillary zone to be above the bottom of the building floor in contact with the soil. The user should
be aware, however, that in reality the top of the capillary zone may rise to levels above the floor in
Some cases.

Diffusion across the capillary zone is estimated based on lumping vapor and agueous-phase
diffusion together within the calculation of the effective diffusion coefficient. To alow for vapor-
phase diffusion within the capillary zone, the air-filled soil pores must be connected. In redlity, the
capillary zone may be comprised of atension-saturated zone immediately above the water table and
the deep portion of the vadose zone within which the soil water content is strongly dependent on the
pressure head. Diffusion across the tension-saturated zone is dominated by liquid-phase diffusion,
which is typically four orders of magnitude less than vapor-phase diffusion. Therefore, a large
concentration gradient may exist between the top of the water table and the top of the tension-
saturated zone (McCarthy and Johnson, 1993).

Lumping vapor and agueous-phase diffusion together is a less-intensive, although less-
rigorous, method for estimating the effective diffusion coefficient. Theresult istypically ahigher
effective diffusion coefficient relative to separate solutions for aqueous diffusion across the tension-
saturated zone and both vapor and aqueous diffusion across the unsaturated portion of the vadose
zone.

To minimize the possible overestimation of the effective diffusion coefficient, the soil air-
filled porosity within the capillary zone is estimated based on the air-entry pressure head, which
corresponds with the water-filled porosity at which the interstitial air-filled pores first become
connected. The user should be aware that this procedure is inherently conservative if a significant
concentration gradient exists across the tension-saturated zone. This conservatism may be somewhat
offset in that the model does not consider any episodic risein the level of the water table. During
such events, water that had previously been part of the saturated zone (and hence contain higher
contaminant concentrations) is redistributed in the vadose zone resulting in temporary elevationsin
soil gas concentrations.

The model assumesthat all vapors from underlying soils will enter the building through gaps
and openings in the walls, floor, and foundation. This implies that a constant pressure field is
generated between the interior spaces and the soil surface and that the vapors are intercepted within
the pressure field and transported into the building. This assumption isinherently conservative in
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that it neglects periods of near zero pressure differentials (e.g., during mild weather when windows
are left open).

Aswith the estimation procedure for soil vapor permeability, the model assumes isotropic
soilsin the horizontal direction; vertical anisotropy is accounted for by a series of isotropic soil strata
above the top of contamination. Soil properties within the zone of soil contamination are assumed
to be identical to those of the soil stratum directly above the contamination and extend downward
to an infinite depth. Solute transports by convection (e.g., water infiltration) and by mechanica
dispersion are neglected. Transformation processes (e.g., biodegradation, hydrolysis, etc.) are dso
neglected.

The J&E Mode treats the entire building as a single chamber with instantaneous and
homogeneous vapor dispersion. It therefore neglects contaminant sinks and the room-to-room
variation in vapor concentration due to unbalanced mechanical and/or natural ventilation.

51 SOURCE VAPOR CONCENTRATION

As applied in the accompanying spreadsheets, the vapor equilibrium model employed to
estimate the vapor concentration at the source of soil contamination is applicable in the limit of
"low" concentrations where compounds are sorbed to organic carbon in the soil, dissolved is soil
moisture, and present as vapor within the air-filled soil pores (i.e., athree-phase system). The model
does not account for aresidua phase (e.g., NAPL). If resdua phase contaminants are present in the
soil column, the user is referred to either the NAPL-SCREEN or NAPL-ADV mode, as appropriate.

In the case of contaminated groundwater, the vapor equilibrium model operates under the
assumption that the contaminant is present at levels below the water solubility limit. If the user-
defined soil concentration is greater than the soil saturation concentration (C) or if the groundwater
concentration is greater than the solubility limit (S), the equilibrium vapor concentration will be
calculated at the value of Cy; oOr S as appropriate.

The user is also reminded that when estimating a risk-based soil concentration, the model
will compare the calculated soil concentration with the soil saturation concentration above which
aresidual phaseislikely to occur. The soil saturation concentration (Cs) is calculated asin U.S.
EPA (1996aand b). If the risk-based concentration is greater than the saturation concentration and
the contaminant isaliquid or gas at the soil temperature, the final soil concentration will be set equal
to the soil saturation concentration. This tends to eliminate the possibility of allowing a liquid
residual phase to exist within the soil column, which may leach to the water table. If the risk-based
soil concentration is greater than Cg and the contaminant is a solid, the contaminant is not of
concern for the vapor intrusion pathway.

Likewise, the groundwater models will compare the calculated risk-based groundwater
concentration to the aqueous solubility limit of the compound. If the risk-based groundwater
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concentration is greater than the solubility limit, the contaminant is not of concern for the vapor
intrusion pathway.

Finaly, it should be recognized that the procedures used to estimate both the soil saturation
concentration and the aqueous solubility limit do not consider the effects of multiple contaminants.
The estimated vaues, therefore, may be artificialy high such that aresidua phase may actudly exist
at somewhat lower concentrations.

52 SOIL VAPOR PERMEABILITY

The procedures used to estimate the soil vapor permeability of the soil stratum in contact
with the building floor and walls assumes isotropic soils and steady-state soil moisture content. In
addition, the calculations do not account for preferential vapor pathways due to soil fractures,
vegetation root pathways, or the effects of agravel layer below the floor dab or backfill which may
act to increase the vapor permeability with respect to in situ soils.

If in situ pneumatic tests are used to measure site vapor permeability, care must be taken
to ensure adequate sampling to reduce the possibility of missing important soil structure effects
due to anisotropy.

Single point in situ pneumatic tests are typically conducted by measuring the pressurein a
probe as a metered flow of air is passed through the probe and into the soil. Garbesi et al. (1996),
however, demonstrated that soil vapor permeability increases with the sampling length scale. Using
a dual-probe dynamic pressure sampling apparatus, Garbes et al. (1996) demonstrated that the
average soil vapor permeability typically increases up to a constant value as the distance between
the source probe and detector probe increases. On alength scaletypica of a house (3 to 10 m) use
of the dual-probe sampling technique found that the soil permeability was approximately 10 to 20
times higher than that measured by the single point method. Although arguably the most accurate
means of determining in situ soil vapor permeability, the techniques of Garbesi et a. (1996) are
complex and require specialized equipment.

Another method for determining the intrinsic permeability of soil is to conduct empirical
measurements of the saturated hydraulic conductivity (K). These data are then input into Equation
26. The resulting value of k; is then multiplied by the relative air permeability (ky) calculated by
Equation 27 to yield the effective air permeability of the soil.

5.3 RISE OF AND DIFFUSION ACROSSTHE CAPILLARY ZONE

Estimation of the rise of the capillary zone is based on the equation for the rise of aliquid
in acapillary tube. The procedure assumes that the interstitial space between the soil particlesis
equivaent to the capillary tube diameter and that the resulting rise of water occurs under steady-state
soil column drainage conditions. In actuality, the height of the capillary zone is uneven or fingered
due to the variation in the actual in situ particle size distribution. In addition, the groundwater
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models do not account for the episodic rise and fall of the water table or the capillary zone due to
aquifer recharge and discharge. As constructed, the groundwater models do not allow the top of the
capillary zone to be above the bottom of the building floor in contact with the soil. The user should
be aware, however, that in reality the top of the capillary zone might rise to levels above the floor
in some cases.

Diffusion across the capillary zone is estimated based on lumping vapor and agueous-phase
diffusion together within the calculation of the effective diffusion coefficient. To alow for vapor-
phase diffusion within the capillary zone, the air-filled soil pores must be connected. In redlity, the
capillary zone may be comprised of atension-saturated zone immediately above the water table and
the deep portion of the vadose zone within which the soil water content is a strongly dependent on
the pressure head. Diffusion across the tension-saturated zone is dominated by liquid-phase
diffusion which istypically four orders of magnitude less than vapor-phase diffusion. Therefore, a
large concentration gradient may exist between the top of the water table and the top of the tension-
saturated zone (McCarthy and Johnson, 1993).

Lumping vapor and aqueous-phase diffusion together is a less intensive, although less
rigorous, method for estimating the effective diffusion coefficient. Theresult istypically ahigher
effective diffusion coefficient relative to separate solutions for aqueous diffusion across the tension-
saturated zone and both vapor and aqueous diffusion across the unsaturated portion of the vadose
zone.

To minimize the possible over estimation of the effective diffusion coefficient, the soil air-
filled porosity within the capillary zone is estimated based on the air-entry pressure head, which
corresponds with the water-filled porosity at which the interstitial air-filled pores first become
connected. The user should be aware that this procedure is inherently conservative if a significant
concentration gradient exists across the tension-saturated zone. This conservatism may be somewhat
offset in that the model does not consider any episodic rise in the level of the water table. During
such events, water which had previously been part of the saturated zone (and hence contain higher
contaminant concentrations) is redistributed in the vadose zone resulting in temporary elevationsin
soil gas concentrations.

54 DIFFUSIVE AND CONVECTIVE TRANSPORT INTO THE STRUCTURE

Thefollowing isadiscussion of the major assumptions and limitations of the J& E Model for
diffusive and convective vapor transport into buildings.

The model assumesthat all vapors from underlying soils will enter the building through gaps
and openings in the walls, floor, and foundation. This implies that a constant pressure field is
generated between the interior spaces and the soil surface and that the vapors are intercepted within
the pressure field and transported into the building. This assumption isinherently conservative in
that it neglects periods of near zero pressure differentials (e.g., during mild weather when windows
are left open).
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Aswith the estimation procedure for soil vapor permeability, the model assumes isotropic
soilsin the horizontal direction; vertical anisotropy is accounted for by a series of isotropic soil strata
above the top of contamination. Soil properties within the zone of soil contamination are assumed
to be identical to those of the soil stratum directly above the contamination and extend downward
to an infinite depth. Solute transports by convection (e.g., water infiltration) and by mechanical
dispersion are neglected. Transformation processes (e.g., biodegradation, hydrolysis, etc.) are dso
neglected.

An empirical field study (Fitzpatrick and Fitzgerald, 1997) indicated that the model may be
overly conservative for nonchlorinated species (e.g., benzene, toluene, ethylbenzene and xylene) but
in some cases, may underpredict indoor concentrations for chlorinated species. The authors
contribute the likely cause for this discrepancy to the significant biodegradation of the
nonchlorinated compounds.

The J&E Mode treats the entire building as a single chamber with instantaneous and
homogeneous vapor dispersion. It therefore neglects contaminant sinks and the room-to-room
variation in vapor concentration due to unbalanced mechanical and/or natural ventilation.

Finally, convective vapor flow from the soil matrix into the building is represented as an
idealized cylinder buried below grade. Thiscylinder represents the total area of the structure below
the soil surface (walls and floor). Thetotal crack or gap areais assumed to be afixed fraction of this
area. Because of the presence of basement walls, the actual vapor entry rate is expected to be 50 to
100 percent of that provided by the idealized geometry (Johnson and Ettinger, 1991).
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SECTION 6

INTERPRETATION OF RESULTS

The models described herein are theoretical approximations of complex physical and
chemical processes and as such should not be used in a deterministic fashion (i.e., to generate a
single outcome). At the least, arange of outcomes should be explored focusing on the most sensitive
model input variables. In general, using the default values for input variables will result in higher
indoor air concentrations and thus higher incremental risks or lower risk-based media concentrations.
With a redlistic range of outcomes, the risk manager may assess the uncertainty in the model
predictions.

From aconceptua point of view, the vapor intrusion model provides atheoretica description
of the processes involved in vapor intrusion from subsurface soils or groundwater into indoor
structures. A combination of modeling and sampling methods is aso possible to reduce the
uncertainty of the calculated indoor air concentrations. Typically this involves field methods for
measuring soil gas very near or below an actual structure. It should be understood, however, that
soil gas sampling results outside the footprint of the building may or may not be representative of
the soil gas concentrations directly below the structure. For solid building floors in contact with the
soil (e.g., concrete dabs), the soil gas directly beneath the floor may be considerably higher than that
adjacent to the structure. This is typicaly due to a vapor pooling effect underneath the near
impermeable floor. Once a representative average concentration is determined, all vapor directly
below the areal extent of the building is presumed to enter the structure. The soil gas concentration,
along with the building ventilation rate and the soil gas flow rate into the building, will determine
the indoor concentration. When using the soil gas models, it must be remembered that no analysis
has been made concerning the source of contamination. Therefore, the calculated indoor
concentration is assumed to be steady-state. The procedures described in API (1998) can be used
to calibrate the diffusion transport considerations of the J& E Model as well as for calibrating the
Model for transformation processes (e.g., biodegradation). The reader isalso referred to U.S. EPA
(1992) for amore detailed discussion of applying soil gas measurements to indoor vapor intrusion.

Finally, calibration and verification of the model have been limited due to the paucity of
suitable data. Research is needed to provide spatially and temporally correlated measurements
during different seasons, at different locations, with different buildings, and over arange of different
contaminants such that the accuracy of the model may be determined. Appendix E contains
bibliography and references.
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APPENDIX A

USER’'S GUIDE FOR NON-AQUEOUSPHASE LIQUIDS
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Purpose

The NAPL-SCREEN and NAPL-ADV models are designed to forward ca culate incremental
cancer risks or noncarcinogenic hazard quotients due to subsurface soil vapor intrusion into
buildings. The models are specifically designed to handle nonagueous phase liquids or solidsin
soils. The user may specify up to 10 soil contaminants, the concentrations of which form aresidua
phase mixture. A residual phase mixture occurs when the sorbed phase, agueous phase, and vapor
phase of each chemical have reached saturation in soil. Concentrations above this saturation limit
for al of the specified chemicals of a mixture will result in a fourth or residual phase (i.e.,
nonagqueous phase liquid or solid).

Other vapor intrusion models (SL-SCREEN, SL-ADV, SG-SCREEN, SG-ADV, GW-
SCREEN, and GW-ADV) handled only a single contaminant and only when the soil concentration
was at or below the soil saturation limit (i.e., athree-phase system). Use of these models when a
residual phase is present, results in an overprediction of the soil vapor concentration and
subsequently the building vapor concentration.

Residual Phase Theory

The three-phase system models estimate the equilibrium soil vapor concentration at the
emission source (Csurce) USiNG the procedures from Johnson et al. (1990):

H TsCrpb

(1)

Cszource =

where: Coource = Vapor concentration at the source of contamination, g/cm®
His = Henry'slaw constant at the soil temperature, dimensionless
Cr = Initial soil concentration, g/g
P = Soil dry bulk density, g/cm®
Ow = Soil water-filled porosity, cm®/cm?®
Keg = Soil-water partition coefficient, cm’/g ( = Koc X foo)
0. = Soil air-filled porosity, cm*cm®
Ke = Soil organic carbon partition coefficient, cm®/g
foc = Soil organic carbon weight fraction.

In Equation 1, the equilibrium vapor concentration is proportional to the soil concentration
up to the soil saturation limit. When aresidual phase is present, however, the vapor concentration
is independent of the soil concentration but proportional to the mole fraction of the individual
component of the residual phase mixture. In this case, the equilibrium vapor concentration must be
calculated numerically for a series of time-steps. For each time-step, the mass of each constituent
that isvolatilized is calculated using Raoult’ s law and the appropriate mole fraction. At the end of
each time-step, the total mass lost is subtracted from the initial mass and the mole fractions are
recomputed for the next time-step.

A-2



The NAPL-SCREEN and NAPL-ADV models use the procedures of Johnson et al. (2001)
to calculate the equilibrium vapor concentration at the source of emissions for each time-step.
Within each model, the user-defined initial soil concentration of each component in the mixtureis
checked to seeif aresidual phaseis present. Thisisdone by calculating the product of the activity
coefficient of component i in water (o) and the mole fraction of i dissolved in soil moisture (y;) such
that:

Mi
o= [(RV(TS)eaV/RTS)+(M I AN(Y

soil

W, )5 )]

where: M; = Initial moles of component i in soil, moles

PY(Te) = Vapor pressure of i at the average soil temperature, atm
0. = Soil air-filled porosity, cm*cm®
V = Volume of contaminated soil, cm®
R = |deal gas constant, 82.05 atm-cm®/mol-°K
Ts = Average soil temperature, °K
M™C = Total molesin soil moisture dissolved phase, moles
o = Activity coefficient of i in water, unitless
Kgi = Soil-water partition coefficient of i, cm*/g
Mg = Total mass of contaminated soil, g

MWhoo = Molecular weight of water, 18 g/mol

d(MH,°) = 1if M",° >0, and

dMH,°) = 0if M",2=0.

If the sum of all the values of oy for all of the components of the mixtureislessthan 1, the mixture
does not contain aresidual phase and the models are not applicable. In such cases, the SL-SCREEN
or SL-ADV model can be used to estimate the building concentration.

Once it has been determined that a residual phase does exists, the mole fraction of each
component (x) is determined by iteratively solving Equations 3 and 4 subject to the constraint that
the sum of all the mole fractions equals unity (Xx; = 1):

. M
" RV (Ts)6aV / RTs J+ MHC + (M H20 /4 |+ (K 1M i / 05 MWy 20 ) 51M H 20

]

and,

_MiHC
Xi_MHC (4)




where M€ is the number of moles of component i in residual phase and M is the total number of
moles of al components in residua phase. The solution is simplified by assuming that M™.° is
approximately equal to the number of moles of water in the soil moisture. With the mole fraction
of each component at the initial time-step, the equilibrium vapor concentration at the source of
emissionsis calculated by Raoult’s law:

%RV (Ts)MW
C = AS/TT 5
source RTS ( )

where MW is the molecular weight of component i (g/mol).

At the beginning of each succeeding time-step, the number of moles of each chemical
remaining in the soil from the previous time-step are again checked to see if aresidual phaseis
present using Equation 2. When a residual phase is no longer present, the equilibrium vapor
concentration at the source of emissions is calculated by:

c _oyRY(Ts)MW
source — R-I-S .

(6)

Ancillary Calculations

The activity coefficient of component i in water (o) is estimated from its solubility. Because
hydrocarbons are typically sparingly soluble in water, the following generalization has been applied
to compounds that are liquid or solid at the average soil temperature:

o =(1/y;)=(55.55moles/L)MW / S (7)

where S is the solubility of component i (g/L). For gases at the average soil temperature, the
corresponding relationship is:

o =11y, )(1atm/ F}V(TS)): (55.55 moles/ L)(Mvv, (1 atm)/ S F}V(TS)) . (8)

Assuming that the vapor behaves as an idea gas with a relatively constant enthalpy of
vapori zation between 70°F and the average soil temperature, the Claussius-Clapeyron equation can
be used to estimate the vapor pressure at the desired temperature:

PY(Ts) = PV(TR)xepr TxTR J(i : ]m[—PV(TR)H ©)

(Me-Tr \Ts Tr Ps

where: P'(Ty)
P'(TR)

Vapor pressure at the desired temperature Ts, atm
Vapor pressure at the reference temperature Tg, atm
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Ts
Tr
Ts
Ps

Building Concentration

Normal boiling point, °K

Vapor pressure reference temperature, °K
The desired temperature, °K

Normal boiling point pressure = 1 atm.

The vapor concentration within the building or enclosed space (Chuilding) IS calculated using
the steady-state solution of Johnson and Ettinger (1991) such that:

Chuilai ng = LCsource (10)

The steady-state attenuation coefficient (o) is calculated by:

DAy exp(osoltk]
Quuilding LT D3 Ay ack

(11)

o=
exp Qsoil I—crack + DTeff AB + DTeff AB exp Qsoil I—crack -1
D% Ak ) | QouitdingLt | | QsoitLr DY Acrack
where: o = Steady-state attenuation coefficient, unitless
D = Total overall effective diffusion coefficient, cm?/s
Ag = Areaof the enclosed space below grade, cm?
Qbilding= Building ventilation rate, cm®/s
Lt = Source-building separation, cm
Quil = Volumetric flow rate of soil gasinto the
enclosed space, cm®/s
Lorack = Enclosed space foundation or slab thickness, cm
Agack = Areaof total cracks, cm?
Derack = Effective diffusion coefficient through the cracks, cm?s.

Thereader isreferred to Section 2.5 of this Guidance for amore detailed discussion of the derivation
of Equation 11 and procedures for determining values for model input parameters. Except for the
calculation of the equilibrium vapor concentration at the source of emissions, NAPL-SCREEN is
identical to the three-phase model SL-SCREEN and NAPL-ADV is identical to the three-phase

model SL-ADV.

The NAPL-SCREEN and NAPL-ADV models explicitly solve for the time-averaged building
concentration over the exposure duration using aforward finite-difference numerical approach. For

each time-step ot:

M (t+ &)= M; (t) - &(Couitding X Quilding / MW ) (12)
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where M; (t) is the number of moles of component i in soil a the previous time and M;(t+ &) isthe
number of moles at the new time. The time-step interval is variable as afunction of the percent of
mass lost over the time-step. The user may specify a minimum and maximum percent loss allowed,;
these values are applied to the single component of the residual phase mixture with the highest mass
loss rate during each time-step interva. If the user-specified maximum percent loss is exceeded, the
next time-step interval is reduced by half; likewise, if the user-specified minimum percent loss is not
achieved, the next time-step interval isincreased by a factor of two. The instantaneous building
concentration at time =t is calculated using Equation 10 for each time-step. The time-averaged
building concentration is estimated using a trapezoida approximation of the integral.

Model Assumptionsand Limitations

The NAPL-SCREEN and NAPL-ADV models operate under the assumption that sufficient
time has elapsed since the time of initial soil contamination for steady-state conditions to have been
achieved. This means that the subsurface vapor plume has reached the bottom of the enclosed space
floor and that the vapor concentration has reached its maximum value. An estimate of the time
required to reach near steady-state conditions (tss) can be made using the following equations from
API (1998):

2
0, L
I = RVDLGHT (13)
and,
R =1+— W, Pbid (14)
O,HT1s O;H TS
and,

Deff:Da a2 5
n n

10/3 10/3
6 +( Dy, Jew (15)

H ITS

where R, is the unitless vapor phase retardation factor, L+ is the source-building separation (cm), D
is the effective diffusion coefficient (cm?/s), D, isthe diffusivity in air (cm?s), Dy is the diffusivity
in water (cm?/s), and n is the soil total porosity (cm¥cm®). The NAPL-SCREEN and NAPL-ADV
models are applicable only when the elapsed time since initial soil contamination meets or exceeds
the value of 1 (see Using the Modéels).

Emission source depletion is calculated by estimating the rate of vapor loss as afunction of
time such that the mass lost at each time-step is subtracted from afinite mass of contamination at
the source. Thisrequiresthe model user to estimate the dimensions of the emission source, e.g., the
length, width, and thickness of the contaminated zone. The model should only be used, therefore,
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when the extent of soil contamination has been sufficiently determined. It should be noted that
because the NAPL-SCREEN and NAPL-ADV models are one-dimensional, the areal extent of soil
contamination (i.e., length x width) can be less than but not greater than the area extent of the
building floor in contact with the soil.

Each model treats the contaminated zone directly below the building as abox containing a
finite mass of each specified compound. The initial contamination contained within the box is
assumed to be homogeneously distributed. After each time-step, the remaining contamination is
assumed to be instantaneously redistributed within the box to homogeneous conditions. The
diffusion path length from the top of contamination to the bottom of the enclosed space floor
therefore remains constant with time. Use of this simplifying assumption means that the degree of
NAPL soil saturation is not required in the calculation of the total overall effective diffusion
coefficient (D).

Astime proceeds, the concentration of the mixture of compounds within the soil column may
reach the soil saturation limit. Below this point, aresidua phase will cease to exist and the vapor
concentration of each chemical will decrease proportional to its total volume soil concentration.
Theoreticaly, the vapor concentration will decrease asymptotically, approaching but never reaching
zero. Because of the nature of the numerical solution to equilibrium vapor concentration, however,
compounds with high effective diffusion coefficients (e.g., vinyl chloride) may reach zero soil
concentrations while other less volatile contaminants will not. If theinitial soil concentrations are
significantly higher than their respective vaues of the soil saturation concentration, aresidua phase
may persist up to the user-defined exposure duration.

Model assumptions and limitations concerning vapor transport and vapor intrusion into
buildings are those specified for the three-phase models.

Using the Models

Each model is constructed as a Microsoft® Excel workbook containing five worksheets. The
DATENTER worksheet is the data entry worksheet and also provides model results. The
VLOOKUP worksheet contains the “Chemical Properties Lookup Table” with listed chemicals and
associated chemical and toxicological properties. It should be noted that the toxicological properties
for many of these chemicals were derived by route-to-route extrapolation. In addition, the
VLOOKUP worksheet includes the “ Soil Properties Lookup Table” containing values for model
intermediate variables used in estimating the soil vapor permeability. The CHEMPROPS worksheet
provides a summary of the chemical and toxicological properties of the soil contaminants selected
by the user. In addition, the CHEMPROPS worksheet provides calculated values for the soil
saturation concentration (Cs;) and the time to reach steady-state conditions (tss) once al required
data are entered into the DATENTER worksheet. The INTERCALCS worksheet contains cal cul ated
values of intermediate model variables. Finaly, the COMPUTE worksheet contains the numerical
solutions for equilibrium vapor concentration and building vapor concentration as a function of time.



Both models use the Microsoft® SOLVER add-in algorithms to simultaneously solve
Equations 3 and 4 for each of up to 10 chemicals specified by the user. In order to run NAPL-
SCREEN or NAPL-ADV, the SOLVER add-in must be loaded into EXCEL. The user isreferred
to the EXCEL instructions for loading the SOLVER add-in.

On the DATENTER worksheet, the user may specify up to 10 soil contaminants by CAS
number aong with associated soil concentrations in units of mg/kg. The CAS number entered must
match exactly one of the 93 chemicals listed in the VLOOKUP worksheet or the error message
“CAS No. not found” will appear in the“Chemica” box. If thelist of chemicalsand concentrations
entered does not constitute aresidua phase, the error message in Figure 1 will appear after starting
the model.

Figure1l. Residual Phase Error Message

Model Not Applicable!

The mixture of compounds and concentrations listed does not
include aresidual phase.
Thismodel is not applicable!

OK

If this error message box appears, use either the SL-SCREEN or SL-ADV model to estimate
subsurface vapor intrusion into the building.

After starting the model calculations, other error message boxes may appear if data entry
values are missing on the DATENTER worksheet or if entered values do not conform to model
assumptions. If such an error message box appears, fill-in missing data or re-enter data as
appropriate. If entered data values are outside the expected range or if text values are entered where
numeric values are expected, the model calculation macro will be suspended and the run-time error
message in Figure 2 will appear.

Figure2. Run-TimeError Message

Microsoft Visual Basic

Run-time error ‘13’
Type mismatch

Continue End Debug Help

Should this error message appear, click on the “End” button to terminate the macro and return to the
DATENTER worksheet. At this point, the user should review all of the entered values and make

the appropriate corrections.
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In addition to contaminant data, soil properties data, zone of contamination data, and
exposure assumptions must also be specified in the DATENTER worksheet. Similar to the SL-
SCREEN three-phase model, the NAPL-SCREEN model allows for only one soil stratum between
the top of contamination and the bottom of the building floor in contact with the soil. In addition,
the NAPL-SCREEN model uses built-in default values for all building variables (e.g., building
dimensions, air exchange rate, total crack area, etc.). These default values are for single-family
detached residences; therefore, the NAPL-SCREEN model should only be used for the residential
exposure scenario.

The NAPL-ADV modd, like the SL-ADV model, allows for up to three different soil strata
between the top of contamination and the bottom of the building floor. In addition, the NAPL-ADV
model allows the user to enter values for all model variables. Thisalows for the estimation of soil
vapor intrusion into buildings other than single-family residences.

For each model, the user must also enter the duration of the first (initial) time-step interval.
The maximum and minimum change in mass for each time-step must also be specified. The values
of theinitia time-step interval, and the maximum and minimum change in mass are important. If
these values are too low, the model will calculate very small increments in the mass lost over time
which will greatly extend the run-time of the model. In generdl, if the concentrations of the least
volatile chemicals in the mixture are well above their respective values of the soil saturation
concentration, arelatively large initial time-step interval, and maximum and minimum change in
mass should be specified (e.g., 4 days, 10%, and 5%, respectively). For comparison, the vaue of the
soil saturation concentration (Cg;) for each chemical specified by the user may be found in the
CHEMPROPS worksheet after all data have been entered on the DATENTER worksheet. If,
however, the soil concentrations of the most volatile constituents are very close to their respective
saturation limits, large values of the initial time-step interval, and the maximum and minimum
change in mass will result in the error message in Figure 3 after starting the model.

Figure 3. Time-Step and Changein Mass Error Message

Re-set Values!

Theinitial time-step, maximum and minimum change in mass
values are too high for successful completion of the calculations.
Reduce these values and re-run the model.

OK

Should this error message occur, reduce the value of the initial time-step interval and the values of
the maximum and minimum change in mass to smaller values and re-run the model. The error
message will be repeated until the values of these variables are sufficiently small.
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After all required data are entered into the DATENTER worksheet, the model is run by
clicking on the “ Execute Model” button which will change from reading “Execute” to “ Stand by...".
In addition, the message box in Figure 4 will appear keeping a running count of the number of
residual phase time-step solutions achieved by the model.

Figure4. Progressof Calculations M essage Box

Progress of Calculations

Number of residual phase time-step solutions:

1

To stop calculations early, press CTRL + BREAK.

Each SOLVER trial solution can also be seen running in the status bar at the bottom of the screen.
When the model is finished calculating, the “Execute Model” button will read “Done” and the
Progress of Calculations message box in Figure 4 will disappear. The time-averaged building
concentrations, incremental cancer risks, and/or hazard quotients will then be displayed under the
“RESULTS” section of the DATENTER worksheet. In addition, an “X” will appear beside the
calculated risk or hazard quotient of each contaminant for which a route-to-route extrapolation was
employed. It should be noted that a route-to-route extrapolation was used for any chemica without
aunit risk factor (URF) or areference concentration (RfC). Therefore, the user should evauate the
resulting cancer risks and/or hazard quotients of such chemicals. Once a solution has been achieved
and the user wishes to save the results, the file should be saved under a new file name. If the user
wishes to delete all of the data previously entered on the DATENTER worksheet, this may be
accomplished by clicking on the “Clear Data Entry Sheet” button.

Stopping Calculations Early

As mentioned previously, the user-defined values of the initial time-step interval, and the
maximum and minimum change in mass should be chosen carefully. If the model run-time is
excessive or if the user ssimply wishes to terminate the calculations, the model may be stopped by
pressing CTRL + BREAK. If termination occursin-between SOLVER solutions, the message box
in Figure 5 will appear.
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Figure5. Codelnterruption M essage Box

Microsoft Visual Basic

Code execution has been interrupted

Continue End Debug Help

If this message box appears, click on the “End” button to terminate the macro.

If the termination occurs during a SOLVER solution, the message box in Figure 6 will
appear. If this message box appears, click on the “Stop” button. This will stop the SOLVER
solution but not the program macro. Depending on where in the macro code the interruption occurs,
the model may continue to operate after clicking on the “ Stop” button in Figure 6. If this happens,
press CTRL + BREAK again. At this point, the message box in Figure 5 will appear; click on the
“End” button to terminate the macro.

Figure6. Solver Interruption Message Box

Show Trial Solution

Solver paused, current solution values displayed Continue
on worksheet
Stop
Save Scenario... Help

At this point, the user may examine the model results up to the point of termination on the
COMPUTE worksheet. The values of the “Change in mass’, the “Time-step interval”, and the
“Cumulative time” should be examined to determine if changes are necessary in the values of the
initial time-step interval, and the maximum and minimum change in mass. After these or any other
values are changed on the DATENTER worksheet, the model may be re-run by clicking on the
“Execute Model” button.

Step-By-Step Proceduresfor Running the M odels

The following gives the step-by-step procedures for running either the NAPL-SCREEN or
the NAPL-ADV model.
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. Onthe DATENTER worksheet, enter the CAS number of each soil contaminant in the residua

phase mixture (do not include dashesin the CAS numbers). After the CAS numbers have been
entered, the respective chemical names will appear in the “Chemical” box.

. On the DATENTER worksheet, enter the soil concentration of each contaminant in units of

ma/kg aswell as vauesfor al remaining variables except the “Initial time-step”, the “ Maximum
changein mass’, and the “Minimum change in mass”.

. On the CHEMPROPS worksheet, note the calculated values of the “Timeto steady state” (Ts)
for each contaminant. Calculated values of the time-averaged building concentration and
associated risks for contaminants with values of 1t greater than the actual elapsed time since
initial soil contamination will be artificialy high.

. On the CHEMPROPS worksheet, note the caculated values of the “Soil saturation
concentration” (Cs) for each contaminant. Use these data to help determine appropriate user-
defined valuesfor theinitia time-step, and the maximum and minimum change in mass. Typica
values for these variables might be 2 days, 7%, and 4%, respectively, but may be considerably
higher or lower depending on the number of chemicals in the analysis and the starting soil
concentrations (see the discussion on page 8).

. Click on the “ Execute Model” button to begin the model calculations. If dataare missing on the
DATENTER worksheet, or entered values do not conform to model assumptions, an error
message box will appear after the model is started informing the user of the type of error
encountered. Enter the appropriate values on the DATENTER worksheet and re-run the model.
Once the model has successfully started, note the number of residual phase time-step solutions
achieved by the model in the Progress of Calculations message box (Figure 4). Use this
information to help establish new vaues for the initia time-step interval and the maximum and
minimum change in mass if the number of time-steps needs to be increased or decreased.

. When the NAPL-SCREEN modéd has finished caculating, check column “Q” on the COMPUTE
worksheet to determine how many time-steps were cal culated while aresidual phase was present;
onetime-step is equal to one row (when using the

NAPL-ADV model check column “P’). A residual phaseis present when the value in column
“O” or “P’, as appropriate, isequal to 1.000. In general, agreater number of time-steps means
a more accurate estimate of the time-averaged building concentration. If the starting soil
concentrations of the most volatile contaminants are very close to their respective values of Cgy,
a minimum of 5 to 10 time-steps should be calculated by the model. For all other cases, a
reasonable number of time-stepsis between 40 and 70. To increase the

number of time-steps calculated by the model, decrease the values of theinitid time-step interval
and the maximum and minimum change in mass. The opposite is true when the number of time-
stepsis to be decreased.
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7.

10.

If the message box in Figure 1 appears after starting the model, the mixture of compounds and
concentrations specified does not include aresidual phase. Use the SL-SCREEN or SL-ADV
model to calculate indoor air concentrations and risks for each contaminant separately.

If the message box in Figure 3 appears after starting the model, reduce the input values of the
initial time-step, and maximum and minimum change in mass and re-run the model.

If the run-time of the model is excessive, terminate the model macro by pressing CTRL +
BREAK (see the discussion under Stopping Calculations Early on pages 9 and 10). Examine
the calculated values of the “Change in mass’, the “Time-step interval”, and the “ Cumul ative
time’ on the COMPUTE worksheet. Re-enter new lower vauesfor theinitia time-step interval,
and the maximum and minimum change in mass and re-run the model.

After successful completion of a model run, note the calculated values of the “Time-averaged
building concentration”, “Incremental cancer risk”, and/or “Hazard quotient” in the“RESULTS’
section of the DATENTER worksheet. Also note for which contaminants a route-to-route
extrapolation was employed. If the model results are to be retained, save the file under a new
file name.

Adding, Deleting or Revising Chemical Data

Additional chemicals can be listed in the “Chemical Properties Lookup Table” within the

VLOOKUP worksheet. To add, delete or revise chemicals, the VLOOKUP worksheet must be
unprotected using the password “ABC” in capital letters. Row number 171 isthe last row that may
be used to add new chemicals. If new chemicas are added or chemicals deleted, the user must sort
all the data in the “Chemical Properties Lookup Table” (except the column headers) in ascending
order by CAS number. After sorting is complete, the worksheet should again be protected.
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Evaluation of the Johnson and Ettinger
Model for Prediction of Indoor Air Quality

by fan Hers, Reidar Zopf-Gilje, Pauf C. Johnson, and Loretfa Li J

Abstract

Screening level models are now commonly used to estimate vapor intrusion for subsurface volatile organic compounds (VOCs).
Significant uncertainty is associated with processes and models and, to date, there has been only limited field-based evaluation
of models for this pathway. To address these limitations, a comprehensive evaluation of the Johnson and Ettinger (J&E) model
is provided through sensitivity analysis, comparisons of raodel-predicted to measured vapor intrusion for 11 petroleum hydrocarbon
and chlorinated solvent sites, and review of radon and flux chamber studies. Significant intrusion was measured at five of 12 sites
with measured vapor attenuation ratios {o 's) (indoor air/source vapor) ranging from~1 % 109 t0 1 X 10~ Higher attenuation
ratios were measured for studies using radon, inert tracers, and flux chambers; however, these ratios are conservative owing to
boundary conditions and tracer properties that are different than those at most VOC-contarninated sites. Reagonable predictions
were obtained using the J&E model with comparisons indicating that model-predicted vapor attenuation ratios (a,'s) were on the
same order, or less than the o 's. For several sites, the 0, were approximately two orders of magnitude less than the «'s indi-
cating that the J&E medel is conservative in these cases. The model comparisons highlight the importance in using appropriate
input parameters for the J&E model. The regulatory implications associated with use of the J&E meodel to derive screening cri-
teria are also discussed. *

Introduction essential that model attributes and potential limitations be
understood before using field data to evaluate the predictive
capabilities of a model. Field-based methods for the evalua-
tion of vapor attennation ratio (o}, defined as the indoor air con-
centration divided by the source vapor concentration, are
evaluated next. The primary focus is measured vapor attenu-
ation ratios (ot,,) from 11 sites with petrolenm hydrocarbon and
chiorinated solvent contamination. Information from tracer
studies using radon or an injected tracer such as sulpher hexa-
fluoride {SFy), and flux chamber studies are also reviewed. The
measured o, from field siudies are compared to model-pre-
dicted vapor attenuation ratios (0,,) using the J&E model.
Trends in the data are qualitatively evaluated and possible fac-
tors affecting vapor intrusion are considered. The paper also
comments on the use of the J&E model to derive regulatory
screening criteria,

The use of models to predict indoor air quality associated
with volatile organic compound (VOC) contamination in soil
and ground water is now commonplace (ASTM 1995; John-
son et al. 1998, Hers et al. 2002). Screening models typically
used for this pathway are the Johnson and Ettinger (1991)
model (henceforth referred to as the J&E model), or variants
thereof, Processes controlling the inwrusion of VOC vapors into
buildings are not well understood, the accuracy of the J&E
model is uncertain, and there have been only limited com-
parisons of model predictions to field data. There are also sub-
stantial differences in the way in which the J&E model 1s used
for regulatory purposes.

To address these limitations, this paper presents a com-
prehensive evaluation of the J&E model based on theoretical
considerations and field data from petroleum hydrocarbon
and chlorinated solvent sites, and radon and flux chamber
studies. Data sources are published studies, consultant or

agency reports, and a field-based research program conducted JAE Model Input Parameters, Sensitivity,

by the authors. Tncluded in the data sets analyzed are several and Uncertainty
recent groundbreaking investigations at chlorinated solvent The basic fomm of the J&E model couples one-dimensional
sites. : steady-state diffusion through seil, and diffusion and advec-
The paper begins with an analysis of methods for esti- tion through. a building envelope (i.e., foundation). A simple
mating input parameters for the J&E model and their effect on “box’ model, which assumes uniform and instantaneous mix-
model sensitivity and uncertainty. This analysis provides the ing of chemicals within the building enclosure, is used -to
needed context for the methods employed to interpret the estimate the indoor air concentration. Model sensitivity and
field data used for this study. It is also important because it is uncertainty analysis and input needed for comparisons of
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Figure 1. Conceptual simplification of water retention curve for
purposes of estimating moisture contents and capillary rise [BWR.
B,y rer Bz By are the residual, field capacity; capillary zone, and
saturated water contents).

model predictions to field data all require estimation of effec-
tive diffusion coefficient and soil gas advection rate. Because
‘the available data varied, different miethods were used to esti-
mate these input parameters and interpret field data. The esti-
mation methods subsequently used in this paper are discussed
in the following sections.

Estimation of Effective Diffusion Coefficient
(Air-Filled and Total Porosity)

The J&E model uses the Millington and Quirck (1961) rela-
tionship to estimate the effective diffusion coefficient (D)
as follows:

DTeff': (ea {05 / 6 ) * Dai;f' + 1/]‘1’ * (ew a3 192 ) * Dwaler

where 8,, 0, and B are the air-filled, water-filled, and total
pomsity, Dalr and D are free-air and free-water diffusion
coefficients (L*T1); and H' is the dimensionless Henry’s law
constant. .

A common method for estimating air-filled and total poros-
ity directly uses the measured soil moisture content and bulk
density. A potential disadvantage is that soil disturbance dur-
ing sampling can lead to inaccurate moisture, density, and
hence, porosity estimates. Samples obtained adjacent to build-
ings may not be representative of conditjons below buﬂdmgs
owing to the drying of soil that can occur. .

A second method involves the nse of the van Genuchien
{(VG) model (van Genuchten 1980) to predict the water reten-
tion parameters for U.S. Soil Conservation Service (8C8)
soil types, based on VG model curve-fit parameters com-
puted by Schaap and Leij {1998) (Simplified VG method). This
method, developed by Envirommental Quality Management Inc.
{(EQM 2000), is incorporated in U.S. EPA guidance for this
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pathway. The VG model parameters are, in turn, used to
develop a simpliﬁed step function for water-filled porosity (Fig-
ure 1): The capillary zone (8, ) water-filled porosity is equal
to the mwisture content at the inflection point in the water reten-
tion curve where d9,/dh is maximal, as suggested by Waitz et
al. (1996) (where 8, and h equal the water-filled porosity
and matric suction, respectively). Vapor-phase diffusion
becomes negligible once the water-filled porosity exceeds
the 8, . The height of the capillary zone is estimated using
an equailon for capillary rise i a tube (Fetter 1994), and
mean particle size for the SCS soil textural classifications
(Nielson and Rogers 1990). The water-filled porosity above the
capillary zone is user defined; we suggest a practical range
below a building is between the residual water content and field
capacity.

The simplified VG model likely predicts lower than actual
water-filled porosity in soil, for the capillary transition zone
(Figure 1). Becaunse diffusion rates are much higher in air
than water, this simplification likely results in conservative
(high) diffusion estimates through the capillary transition
zone. However, this conservatism may be counterbalanced by
nonrepresentative assumptions for the ground water contam-
ination source. The common paradigm for prediction of cross-
media VOC transport is that dissolved chemicals are present
below a static water table, and that transport through the cap-
llary transition zone is limited to vapor- and aqueous-phase
diffusion. In reality, there will be some lateral ground water
flow and dispersive mixing of chemicals in the tension-satu-
rated zone, and vertical movement of chemicals as a result of
water-table fluctuations. There is limited information on VOC
migration in the capillary transition zone. One study, involv-
ing a large chamber, showed that the pore-water concentrations
in the tension-saturated zone were similar to those below the
water table, and showed a sharp decline in concentrations
near the top of the tension-saturated zone (McCarthy and
Johnson 1993). The implication is that a more representative
top boundary for dissolved ground water contaminants may be
some distance above the water table.

Estimation of Soil Gas Advection Rate (Q,,;)

The method often used with the J&E model for estimat-
ing the soil gas advection rate (Q, ;) through the building enve-
lope is an analytical solution for two-dimensional soil gas flow
to a small horizontal drain (Nazaroff 1992). This model is used
to simulate gas flow to an edge crack located at the perimeter
of a building (perimeter crack model). The Q,_; (L*T-") is esti-
mated as follows:
2nk, APX

crack

'p In (2 Zcmck) (2)
T

crack

Qsoil

where k, is the scul -air permeability (%), AP is the pressure dif-
ference between the building and ambient air, X rack 18 the
perimeter crack length (L), u is the gas viscosity (ML~ T-1),

Z,ok 15 the depth (o edge crack (L), and 1, is the crack radius
(L). The ratio of cracks to total subsurface foundation area (ie.,
base and walls) (1)) can be expressed ds
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Figure 2. Sensitivity of soil gas flow to perimeter crack model
(used in J&E model) to (a) soil-air permeability (i), (b) depth to

perimeter crack (z,,,.). and (c) crack ratio (n). X, = perimeter
crack length, A, = subsurface foundation area.
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where Ay, is the subsurface foundation area (L?). The perime-
ter crack model accounts for both soil gas flow through soil and
the foundation, but is most sensitive to the soii-air permeability
based on the analysis presented in Figure 2. For the range of
values chosen for k,, , AP, and 7., by far the greatest vari-
ation is obtained for k, with the predicted Q | ranging between
~0,001 and 100 L/min, C

One method of estimating soil-air permeability is to use
published values for saturated hydraulic conductivity and water
retention parameters for a particular soil type (EQM 2000). This
method involves the following steps: (1) obtain saturated hydraulic
conductivity for soil texture type (Schaap and Leij 1998); (2) esti-
mate intrinsic permeability from saturated hydraulic conductiv-
ity; (3) estimate effective fotal fluid saturation at field capacity;
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Figure 3. Sensitivity of vaper attenuation ratio (benzene) to soil-
gas flow rate (Q) into building using perimeter crack model with
dry dust-filled concrete cracks with total porosity = 0.3 Height =
building height, @ = Q_, ACH = air exchanges per hour (other
symbols previously defined).

(4) estimate relative air permeability using the relationship pro-
posed by Parker et al. (1987); and (5) calculate effective soil-air
permeability (relative air permeability muliiplied by intrinsic per-
meability). The soil-air permeability can also be measured in the
field (Garbeéi and Sextro 1995; Hers and Zapf-Gilje 1993);
however, this type of testing is rarely performed.

The Q,; can also be estimated from a tracer test mass bal-
ance. When soil-gas advection is the primary mechanism for
tracer intrusion into a building, the Q, ; can be estimated by
measuring the concentrations of a chemical tracer in indoor air,
outdoor air, and in soil vapor below a building, and measur-
ing the building ventilation rate (Hers et al. 2002; Fischer et
al. 1996; Garbesi et al. 1993; Rezvan et al. 1991; Garbesi and
Sextro, 1989). The Q,, values measured using this technigue
are compared to predicted rates using the perimeter crack
model, for sites with Coﬁrse—graincd soils (Table 1). The
perimeter crack model predictions are both higher and lower
than the measured values, but overall are within one order of
magnitude of the measured values. Although the Q_;, predicted
by models and measured using field tracer tests are uncertain,
the results suggest that a “typical” range for houses on coarse-
grained soils is on the order of 1 to 10 L/min.

J&E Madel Sensitivity for Key Input Parameters

The sensitivity of the benzene 0, predicted by the J&E
meodel is evaluated as a function of soil gas flow (Q, ). the
effective diffusion coefficient (D;°%), and contamination depth
(L;) (Figure 3). The D,#%/L. ratio captures the influence of soil
properties and depth to contamination source on c,. For
BTEX and most chlorinated solvent compounds, chemical-spe-
cific variation in the D.*/L, ratio is not significant because
the free-air diffusion coefficients vary by only a factor of
two, and the Henry's law constants vary by a factor of 10
(DL is less sensitive to H' than D, ). Because the effec-
tive diffusioni coefficient is calculated using the Millington and
Quirck {1961} relationship, the sotl properties of relevance are
the air-filled and total porosity. A high DT/ ratio is asso-
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Table 1
Comparison of Measured and Model-Predicted Soil Gas Flow Rates Into Buildings

Soil Gas Flow Rates

Subsurlace Crack Depth to Measured Predicted
Foundation AP Foundation Ratio Perimeter K piioaic Tracer PCM
Ete Type (Pa) Area (m?) n Crack (m)  {Darcy) (L/min) (L/min)
Chatterton Site Slab-on-grade 30 57 0.00033 0.3 10 2.7 29
(Hers et al. 2000) Slab-on-grade 10 57 0.00033 0.3 10 42 9.6
) Slab-on-grade i0 57 0.0001 0.3 10 2.9 8.2
Alameda Site Slab-on-grade 3 50 0.0001 02 10 1.4 24
Fischer et al. (1996)
Central California Site Filled hollow block 30 128 0.0001 25 3 67 83
Garbese & Sextro (19893 basement w/coating :
Ben Lomond Experimental 10 26 0.00075 1.3 6 a7 13
Garbesi et al. (1993) basement
Spokane Valley Houses Poured concrete 3 220 0.0001 2 200 102 110
Revzan et al. (1991) basements o

Notes: Bold print values assumed, all other values measured, AP = building underpressurization, PCM = Perimeter Crack model.

Table 2
Qualitative Summary of Sensitive Parameters for the J&E Model

Building Depressurized
(Advection and Diffusion)

‘Building Not Depressurized
(Diffusion Only)

High D*%/L  (shallow and/or dry soil)
Moderate D /1.,
Low D*%/L. . (deep and/for wet soil)

Q,,; (advection controlled)
Q.. and moistore content (MC)
Moisture content (diffusion controlled)

Building foundation cracks
Building foundation cracks and MC
Moisture content (M)

Note: Indoor air concentrations are direcily proportional to source concentrations, building mixing height and ventilation rate.
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Figure 4. Sensitivity of vapor attenuation ratio (benzene] to soil-
gas flow rate (Q) using perimeter crack madel and foundation
crack ratio [1y) (other symbols previously defined).

ciated with dry soils and/or shallow contamination, whereas a
low DL, ratio is associated with wet soils andfor deep
contamination. Based on the analysis in the sections that fol-
low, sensitive parameters for the J&E model are also qualita-
tively summarized in Table 2.
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Sensitivity of o, to Q,

For sensitivity analysis purposes, a Q,; range of 0.01 to
10 L/min was chosen because it is considered representative
of most houses or small buildings. The results indicate that Q_;
begins to have a significant influence on o when DT"ﬁ/L1~ val-
ues are moderate to relatively large (>~0.001 m/day) (Fig-
ure 3). The J&E model is described to be advection con-
trolled for this scenario. When D%/, is relatively small
(<~0.001 m/day), ot is not sensitive to Q, ;. The J&E mode!
is described to be diffusion controlled for this scenario. The
D /L, for case studies subsequently evaluated in this paper
ranged from ~0.002 to 0.1 m/day. For these D*I/L ;. values, the
maximum error in prediction caused by a four order of mag-
nitude variation in Q; ranges from 3X to 100X.

Sensitivity of o, to Crack Ratio

The influence of crack ratio (1)) on 0. was evaluated for
two different Q_; values (Figure 4). For Q_,; = 10 L/min, o,
is not sensitive to 1. When Q_;, = 0.01 L/min, a two order of
inagnitude change in 7 causes up to 25X change in o, The
sensitivity of o, ton increases as Q. decreases, with sensi-
tivity highest for the diffusion-only case (i.e., Q. ;= 0). The
crack ratio is of litdle iraportance for smatler D;*/L. or Q
»~1 L/min, which means that for the majority of sites crack
ratio will not be important.
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Sensitivity of o, to Air-Filled Porosity {Moisture Content)

The effect of air-filled porosity and depth to contamination
was evaluated for a soil with moisture contents ranging from
3.6% to 15.6% (dry weight) and a constant total porosity of 0.3
(Figure 5}. This variation in moisture content is potentially rep-
resentative of the difference between a dry soil below a build-
ing compared to a wet soil within the capillary transition
zone. The corresponding air-filled porosities are between (.04
and 0.26. A Q_; value of 10 Ljmin was assumed. For a con-
stant depth to contamination, a 4X change in moisture content
causes approximately or more than two orders of magnitude
change in 0. For a constant moisture content, ¢, becomes sen-
sitive to depth to contamination, at shallow depths. It is clear
that soil layers with high moisture content will have a signif-
icant effect on the diffusive flux and vapor intrusion.

J&E Model Uncertainty for Range of Values

Vapor attenuation ratios predicted by the J&E model are
provided for a range of soil gas advection rates and building prop-
erties, as a function of D*%/L, (Figure 6). For illustrative pur-
poses, upper and lower soil-gas advection rates were estimated
for four U.S. SCS soil textures (sand, loamy sand, sandy loam,
and silt) using published values for saturated hydranlic conduc-
tivity and the perimeter crack model. The soil type only applies
to soil immediately adjacent to the building, becanse the radius-
of-influence for soil-gas advection is relatively limited. The esti-
mated Q;, values are highly uncertain; however, we note that the
predicted values for sand (1 to 10 L/min) are consistent with the
results of tracer tests for coarse-grained soils. The uncertainty in
Q,oir increases for finer-grained soils because the influence of per-
meable s50il layers and preferential pathways (e.g., utility back-
fill) becomes more important. It is suggested that the Q. ; for sand
be used when near the foundation soil is not well
characterized.

The building properties input to the model are the crack
ratio, dust-filled crack moisture content, building height, build-
ing air exchanges, and building foundaiion size. The upper and
lower building properties given are subjectively considered to
represent the range of values that would be encountered at most

sites, based on available information and the author’s experi-
ence (Hers and Zapf-Gilje 1998; Hers et al, 2001). The sub-
surface foundation area is for a house with a shallow basement
or slab-on-grade foundation. Slightly lower ocp’s would be
predicted for a deep basement with larger foundation area.

The graphs in Figure 6 illustrate the effect of variation n Q_
and building properties on vapor attenuation ratio, but do not
address uncertainty in Df%/L;, which is primarily cansed by soil
mioisture confent. To gain insight into uncertainty in model pre-
dictions owing to moisture content, a possible range in Dy*%/L.
was evaluated for two hypothetical scenarios. The first sce-
nario (Site 1) assumes a shallow soil vapor source (1.5 m depth)
situated well above the water table. The second scenario (Site 2)
assumes a relatively deep water table (6 m depth) and contam-
ination that is limited to a dissolved ground water plume. Both
sites were assumed to have uniform SCS loamy sand soil. The
approach taken was to first obtain a plausible best estimate, and
upper and lower range for D%/ For Site 1, a constant air-filled
porosity halfway between the residual water content and field
capacity was assumed. For Site 2, the simplified VG method was
used to estimate the air-filled and total porosity for the capillary
zone. As shown in Table 3, the resulting porosities are expressed
as relative water saturation values where $ =0, /6 and 9, =0(1-
S). The reason for using relative saturation valaes in the uncer-
tainty analysis is that the air-filled and total porosity are expected
to be strongly correlated. Therefore, uncertainty would be over-
estimated if these parameters are allowed to vary independently.
This is prevented through the use of the relative saturation val-
ues. The uncertainty ranges given for total porosity and relative
saturation are considered reasonable values for a well-charac-
terized site.

Using the best estimate values and uncertainty ranges,
the best estimate, lower and upper ranges are provided for the
normalized effective diffusion coefficient (D" /L) (Table 3
and Figure 6). For Site 1, the upper and lower D*/L, values
vary by a factor of 2.4. For Site 2, the uncertainty is greater
(factor of 23) because the sensitivity of Dy /L. to air-filled
porosity within the capillary zone is high because moisture con-
tent is also high.

The overall uncertainty in the vapor attenuation ratio will be
dependent on the available data. If there is information only on
the contamination depth, the range in 0, can vary three to four
orders of magnitnde. When information on soil properties is also
available, the uncertainty in DL, and Q,; is reduced result-
ing in o that vary over two orders of magnitede (Fig-
ure 6). When good quality site-specific data is available tor both
soil properties (e.g., moisture content) and building properties (e.g.,
ventilation rate, mixing height), it may be possible to reduce the
uncertainty in o, to approximately one order of magnitude.

Field-Based Methods for Evaluation
of Vapor Intrusion

Three field-based approaches or methods are used to eval-
uate vapor intrusion; the indoor VOC method, the tracer
method, and the flux chamber method. The indoor VOC
method involves measurement of VOC concentrations in
indoor air and at the contamination source. The o, will vary
depending on the contamination scenario. For sites with dis-
solved ground water plumes, the o, is calculated using a
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Table 3
Uncertainty Analysis for Normalized
Effective Diffusion Coefficient

Best Estimate Values
Parameters Site 1 Site 2 Uncertainty

Input Parameters

Contamination Above Dissolved N/A
WT in Gdw

Contamination depth (m) 1.5 a0 constant

U.S. 8CS soil classification Sandy Loam. Sandy Loam N/A

Total porosity (8) 0.390 0.390 +/~10%

S, 18,/8) above CZ (S) 0.265 0.263 +25%

Height of CZ (L) (m) N/A 0.250 +/~-25%

S (8,/8)in CZ (8_) N/A 0.821 +12/-10%

Calculated Values

DL lower est. (m/day) 0.0325 0.00038

DL, best est. (m/day) 0.0512 0.00248

D YL, lowest est. (m/day) 0.0775 0.00861

D,*"/L, upper/lower range 24 23

Notes; CZ = capillary zone, Sx = relative saturation, Gdw = Ground water,
WT = waler table.

predicted source vapor concentration (i.e., directly above the
water (able) estimated using the Henry’s law constant assum-
ing equilibrium partitioning between the dissolved and vapor
phases. When measured source vapor concentrations are avail-
able, the o can be directly calculated. Because some deviation
from equilibrium conditions would be expected, the o, esti-
mated using ground water and soil vapor data are not directly
comparable. A key challenge for this approach is that there are
numerous other “background” sources of YOCs in indoor
and outdoor air for most chemicals of concemn at contaminated

sites (Hers et al. 2001). The in{rusion of soil vapor into build-
ings is also highly dependent on site-specific conditions and
may vary over time. These factors complicate the interpreta-
tion of indoor air measurements when the goal is to deduce the
snbsurface-derived component.

The tracer method involves measurement of the indoor air
concentration of a tracer injected below ground (SEg), or a nat-
ural tracer such as radon (Fisher et al. 1996; Garbesi et al.
1993). The measured vapor intrusion for the tracer is, in tuwm,
used to infer intrusion for the VOC of interest. Key factors
affecting this approach are that boundary conditions for a
tracer injected below a building may be different than those for
the VOC of interest (e.g., if contamination is relatively deep)
and that typically, an essentially inert tracer is used. When com-
pared to the tracer, the mass loss or attenuation through sorp-
tion and/or biodegradation will be greater for most VOCs of
interest. For these reasons, the tracer method will typically pro-
vide a conservative estimate of intrusion.

. The flux chamber method involves measurement of soil-
gas flow and/or VOC flux through cracks or openings in a
building foundation. There are only a few published reports
documenting the use of flux chambers to measure VOC flux
into buildings (Figley and Snodgrass 1992; Hers and Zapf-Gilje
1998). Challenges for this approach are that these tests are dif-
ficult and costly to perform, and the uncertainty associated with
“scaling up” the results for a small crack to an entire building.

Results and Discussion of Field Studies
and Model Predictions

Indoor VOC Method

Vapor attenuation ratios are evaluated for 11 sites. The sites
represent studies available fo the authors with reasonable
quatity field data, and are for residential houses, ground-floor
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Tabie 4
Measured and Model-Predicted Vapour Attenuation Ratios

Contami- Building and Source Con- Nin- =, JEE
nant or Foundatlon Soil Depth centration door Slat Measured model
Slle & Relerence Tracer Type Conditons (M) Chemlcal  {ugl) AP istie [ o’ Comments
Indoor VO Method
"Virginia {(Motiva) peitrol SER, b claysione 0.5 benzene V: 410 13 50th  <83E-6 3.70E-06
Site", Fan and HC,NAPL  atached garages, cement saprolite
Quinn (2000) above water block foundations X ~ 0.01 darcy
"Chatterton Site” BTX research surface silt ta 1.4 benzene V: 15,000 34  Avg <53E7 13BE0§ Cl:AP=0Pa,m=33E4
Delta, B.C, petre- greenhouse f. sand, ender- tolucoe V: 20,000 34  Avg <1966 13E-05 Cl: AP=0Pa,n=33E4
Canada chenjcal slab-on-grade lain by henzene V: 15,000 34 Avg  40BE-D7 S59E-D5 CAP=25Pa n=I1E4
Hers et al. (1998) plant, poured concrete m.sand with toluene V: 20,000 34  Avg 59E0?  5.9E-05 CZ:AP=2.5Pa, m=I1E-4
Hers et al.(2000a) NAPL 2 mm edge crack % ~ 10 darcies benzene V: 15,000 34 Avg 9.9E-D5 7.3E05 C(3:AP=10Pa,n=1E4
above toluene V: 20,000 34  Avg L3E-04 TBE0F C3:4P=10Pa.m=1E4
waler benzene Vi 15,000 34  Avg T.2E06 B.0E-05 Cd:AP=10Pz n=33E4
table ohiene ¥: 20,000 34 Avg 34ED5 B.0B-DS C4:AP=10Pa, m =3.3B-4
henzene V: 15,000 34 Avg S58E06  20E-05 CS5:AP=30Pavn=33E4
tolucae V: 20,000 34 Awvg  2.2E-05  29EAD5 OS5 AP=30Pa, 1 =3.3E-d4
"Paulsboro Site™, NJ gasoline SFR Sand, some 274 benzenc V: 576 15 Avg <I16E-6 43EM
VSA, Lavbacher NAPL above basement sill
et al. (1997) water table
“Alameds {Air Staticn)  gasoline small commercial sand 0.7 benzene V200 1 N/A  <9E6  245E-04
Site", CA, USA NAPL above  buildiog, slab-oa-grade k~1two 0.7 jso-pentene  V: 28,000 1 NfA <9E-7  2.46FE-04
Fischer et al (1996} waler Lable poured concreie 3 darcy
"Mass. DEP Sites” petrolewm NfA NIA N/A benzene NiA - N/A 1E-510 S
USA, Filzpatrick hydrocarbor (3 sitca) 4E-5 INS
& Filz_ggr_g_ld (19%96)
"Midwest Scheol Site™ petroleum HC  Built 50's, at-grade sand & gravel, -3 benzene Nra M/A  NfA  HC-like NS crawlspacg conc.:
USA, Moseley NAFL above construction, crawl- discontinuous total HC odours benzens — 8.3 mg}m’.
and Meyer {1992) waler table  space, large paved area clay Jensgs --1E-4 Total HC ~ 500 mg/m’
*CDOT HIK) Site”™ chlorinated  mostly apartments, few weathered & 4.6 LIDCE G:10-10,000 115- Geom 4.8E-0¢ a, values for bouses
Colorado, USA solvents, SFRs, mosily slab- fractured LIDCE G: 10-t0000 150 90th  2.0E-05 above plome with
Johnson ¢t al. dissolved on-grade, few crawl- claystone TCE G: 3-3,000 115- Geom 1.4E-D3 DCE groundwater
(2000) plae spaces & basements, above water TCE G: 3-3,000 150 9mbh  7.0E-DS concentration > 10 ng/L
AC mosily table LLILITCA G:10-1,000 115- Geom L.7E-05
window upits, heating LLITCA G:10-1,000 150 90bh  6.6E-03
natural gas,basehoard, above 3 CS i15- Geom 1.2B-05 8.6E-05 average for 3 chlorinaied
andlor fireplaces above 3 CS 150 90th _ S5.2E-05  24E-04" solvents (CS)
"Redfields Sie” chlorinated SFRs, built 50's and clay & silt, some 6.1to  1,1DCE  G:10-1,000 [5] Smh  1.50E-05 NS a, valves for houses
Colorado, USA solvents, 60's, mostly basements sand layers, 13 LIDCE G:10-1,000 65  Avg T.H0E05 above plume with
Envirogroup (1939) dissolved of crawlspaces, no mostly sand or 1.1 DCE G: 10-1,000 65 S0th 1.20B-D4 DCE groundwater
plume ombustion air inakes sili near WT conc > lup/l
Hamilton Site chlcrinarzd SFRs primarily sand & 9.7t 1,1DCE G: 15-30 32 50th  6.80E-05 INS Gravel at water table
Colorado, USA salvents, dis- built 50's & gravel, some 11 G: 1530 32  9h 140E-04
(2001), unpublished  solved plume most ba clay & silt layers
“Lawry (Air Force chlorinated  SFR: mostly basements  silty sand tosil, &1t [, DCE G:1.4-1.9 >3  S50th  2.20B-05 INS max G a, =6.2E-04
Base} Sile” solvents, SO crawlspaces generally silty 7 TCE G:120-170 >S50 Sih 2.20E05 max G a,=12E-03
Colorado, USA dissolved sand pear 1,1 DCE V:i»29 >50 50th  6.50E-04 max Vg a, = §.3E-03
Versar (2000} water table TCE Vi>1,000 >50 50k 7. 0E04 i max Vg5 2= 1 4E-02
"Mountain View Site"  chlorinaled SFRs, built 1998, mostly silty/ 1.5 TCE V84 14 Max 21.80E-04 NS 2, shallow vapour
California, USA  solvents, leach-  at-grade construction clayey sand & Vi34 14 20d® <I13ES
Wu (2000) field & with moisture gravel, somesand 107 TCE G: 735 14 Max T7.80E-05 8, groundwater, depth 1o,
dissolved * vapor bartier or silt Ienses G: 735 M Ind  <36ES groundwater = 10.7 m
“Mass. DEP Sites” chlorinated NA NA NI Cs NIA N/A NA  2E6r0 INS bigh a, associated with
USA, Fizpatick solvents (19 sites) w 1E-1 highly permaable building
& Fizgernld (1996) envelopes {eartbern Roor,
block walls & somps)
[Tracer and Flux Chamber Tests,
“Central California SF; SFR, basement sandy loam lo sub- SF; NiA N/A  NIA - 1E-3 N/A AP =30 Pa
Site", Garbesi & poured slab, block walls  loamy sand, k= slab
Sextro (1989) coaled with asphalt €1 1o 10 darcies
"Alameda Site" SF; smalt commercial, slab sand, k = sub- SF, NIA NiA N/A  2E-dw0 NIA AP - 3 (estimate
Fischer et al. (1996) on-grade, concrele L to 3 darcy slab 4E-4 based on wind loading)
ULS. Sites radon SFRs N/A b raden N/A WA NA 16E3 N/A
Little el al.(1992) slab
“Spokane River Valley Tadon SFRs (14), 8 houses  highly permeable  sub- radon N/A N/A NfA ~75E310 N/A wiilter conditions, mean
Sites”, WA, USA, slab-on-grade, § sand & gravel, slab 1o 4 5E-2 house volume = 500 m®,
Rezvan ¢l al. {1992) b k ~ 200 darcies ACH =§.5/hr

Noles: 'Depth to contamination from underside of foundation slab; 2N = Number of indoor air samples fesled; *Best estimate unless cltherwise nated; “Upper range: SContami-
nation ltkely in unsaturated zone; “2nd highest o, value: 7Alpl1ﬂ () estimated using mean radon content of soil combined with appropriate constant Jivided by radon cancen-
teation in U.S. homes (55 Bq m-3}; “NfA = not available or applicable, SFR = single Family residence, SF, = sulpher hexafluoride; V = vapor, V,; = sub-slab, G = ground water,
hgs = below ground surface, HC = hydrocarbon, AC = air-conditioning, INS = insufficient data, ACH = air exchanpes per hour, WT = water table, CS = chlorinated solvents,
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Table 5

Input Parameter Values Used for Johnson and Ettinger (1991) Model’

CDOT Mountain

Virginia Chatterton Paulsborp Alameda Midwest HDQ Redfields Hamilton Lowry West

Parameler Site Site Site Site Site Site Site Site Site Site
Loamy Loamy
US 8CS soil type used for D,]F”/LT N/A N/A N/A N7A N/a N/A Sand Sand Sand NiA
Depth o contamination (L) (m) ] id 2.74 0.7 a0 4.8 6.1 10.3 0.25! 1.52
6.1° 0.7
Total porosily unsaturated zone (8) 0.43 0.36 039 0.36 0.4 0.4 0,39 0375 0.39 0.41
Air-filled 8 unsaturaled zone (9_) 028 0.21 0.23 ¢22 0.25 0.26 0.287 0319 0.287 02
Height of capillary zone (L) (m) N/A N/A N/A N/A N/A 0.2 0.25 0.17 0.25
Total 6 capillary zone (8} N/A N/A N/A N/A N/A 04 039 G.375 0.39 0.41
Air-filled 8 capillary zone (8, ) N/A N/A N/A N/A N/A 0.08 0.07 0.12 0.07 0.1
D (m/day) 0124 0.023* 0.0144 0.054% 0016 34E3%  24E-37 84E-37  049% 001310
0.050° 24E3 | 3E-3"
Soil-air permeability k, (102 m?) 0.01 10 10 3 — N/AlZ — — — —
Building underpressurization (Pa) 1 0,2.5,10,30 5 3 — N/al? - - - —
Foundation crack ratio {1) 1.5E-03 33E-4 to 1.E-04 1.E-G4 — 1.E-04 — — — —_
1B-4

Ky T 55.9 26.8 27.6 26.8 -— N/A'Z —_ — — —
Ty (M} 2.0 0.3 213 0.2 -— N/A"Z — — — —
Q.o (L/min) 0.0016 821029 2.8 2.2 — 10 — — — —
Tolal B dust-filled cracks (8,0} 0.43 0.25 0.23 0.25 — 04 _ — — —
Air-filled & dust-filled cracks (Bn.cmk] 0.28 0.25 025 025 —_— 0.26 — —_ — —_
Air exchange per hour (ACH) 0,76 04210143 0.42 2.1 —_ 0.45 — — — —_
Building mixing height (m) 20 219 2.74 24 — 30 — — — —
Subsurface building area {Ay) (m?) 186 57 39 50 — 84 — — — —

Notes: lDeplh 10 sub-slab soil gas probes; “Depth to shallow gas probes; 3Depth to ground water; ‘Benzene; Slso—pentene; 6Average 1, 1 DCE, TCE and £,1,1 TCA; "1,1 DCE;
EDCE for sub-slab vapor source (TCE value is 0.43); *DCE for ground water source (value for TCE is 2.2E-03); TCE for shallow Vapor Seurce; I'[CE for ground water

source; 12Q,_, is etimated directly; thereforex .z .

AP and k, not needed; 13Building foundation thickness not included since has negligible effect.

apartments, or stall commercial buildings. Site characteris-
tics and estimated input parameters are summarized, and mea-
sured and J&E model-predicted vapor attenuation ratios (o
and ap) are compared (Tables 4 and 5, Figure 7). In most
cases, the vapor attenuation ratios are estimated by the authors
using site data; in a few cases, the ratios given in references
cited in Table 4 are reported. This has led to differences in the
statistical estimators used to characterize the variability in
o, and ¢ . For completeness, the vapor attenuation ratios
reported for several Massachusetts sites are also included in
Fable 4; these sites are not included in the 11 case study sites
discussed later,

The quality and quantity of site characterization data, and
ability to distinguish measured indoor air concentrations from
background VOC sources varies from site to site, For three sites,
the VOC concentrations in a relatively large number of houses
above the contaminant plume were significantly greater than
house concentrations in background areas, resulting in fairly reli-
able ¢, estimates. For the remaining sites, either the vapor-
derived VOC concentrations in indoor air were significant in
only a small subset of houses above the contaminant plume, or
there was no significant difference between above plume and
background indoor air concentrations, The vapor attenuation ratio
is not measurable when there is no significant vapor-derived
component; however, the indoor air concentrations can be used
to calculate upper bound o, values, represented as “less than”
values in Table 4, and dashed lines in Figure 7.

For each site (except Chatterton), a predictive “‘envelope” for
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0, was generated. A best estimate DLy was directly calculated
when reasonably good quality moisture content data was avail-
able. When good quality data was not available, the 1.S. SCS soil
texture class was inferred based on soil descriptions and the sim-
plified VG method was used to calculate D*%/L,. We recognize
that inference of soil texture is approximate and subjective. The
upper and lower bound DTEE/IT values were approximated using
the same variability calculated for the two hypothetical sites dis-
cussed earlier (Table 3). The upper and lower bounds for Q_; and
building properties are the curves presented in Figure 6. A Q,;
range of 1 to 10 Ly/min (i.e., representative of sand} was assumed
for all sites (except Virginia) because either coarse soils were pre-
sent below building foundations, or there was no information on
soil type (in these cases, sand was assumed to be present below
foundations). Based on the fine-grained near-foundation soils at
the Virginia site, a Q,, range of 0.03 to 0.3 L/min (i.e., repre-
sentative of loam) was assumed. When there was sufficient infor-
mation on building properties and soil gas advection potential, the
J&E model-predicted o, was also estimated (represented as sym-
bols in Figure 7). For the Chatterton site, only the best estimate
o, were plotted because testing at this site involved an experi-
mental building and test cases not representative of generalized
predictive envelopes in Figure 6.

Measured Vapor Attenuoation Ratios
at Petrofeum Hydrocarbon Sites

Case study sites with petroleum hydrocarbon contamina-
tion have coarse-grained soils {except for the Virgina site) and
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Figure 7a. Comparison between measured and JE&E model-predicted vapor attenuation ratio (benzene). Upper and lower bound curves
from Figure 6 are included. Dashed lines indicate that o, is upper bound value. Symbols are best estimate o values.

shallow to moderate depths to contamination (0.5 to 3 m).
Extensive residual nonaqueous phase liquid (NAPL) is present
above the water table at the Chatterton site. There is evidence
for some residual NAPL above the water table at the Alameda,
Paulsboro, Virginia, and Midwest School sites. Indoor air
testing was limited to a single or small nurnber of buildings at
each case study site. For petroleum sites, near-source vapor con-
centrations are available and therefore the ¢, is directly cal-
culated (vapor o).

At the Virginia, Chatterton (depressurization (AP) =0 Pa
case), Paulsboro, and Alameda sites, there was no difference
between indeor air concentrations measured in building(s)

above the plume and in background areas, indicating that the
o, are unknown. For these sites, the o, calculated using the
measured indoor air concentrations are upper-bound values and
range from <4.0 X 107 to < 9.0 X 1075, For the Chatterton
AP =2.5 Pa case, there was a statistically significant difference
in indoor and background indoor air concentrations; how-
ever, the o remained low (4.0 X 107 t0 5.9 x 1077). For the
Chatterton AP = 10 and 30 Pa cases, there was a significant
increase in indoor air concentrations and o

At the Midweest School site, hydrocarbon-like odors were
noted indoors during a period of relatively heavy rains and high
water table in September 1992. Subsequent analysis of indoor
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Figure 7b. Comparison between measured and J&E model-predicted vapor attenuation ratio (benzene). Upper and lower bound curves
from Figure G are included. Dashed lines indicate that o is upper bound.

air during October 1992 indicated that hydrocarbon concen-
trations in indoor air were elevated but could not be conclu-
sively distinguished from background sources at this time.
However, the benzene (8 mg/m?) and total hydrocarbon con-
centrations {500 mg/m?) in an unventilated crawlspace below
the ground floor were well above background levels. Based on
arough estimate of the source vapor concentrations and odor
thresholds for hydrocarbons, the o, may have been on the order
of 1 104

Field data, including soil vapor profiles, indicate there
was significant bioattenuation of hydrocarbon vapors for the
Alameda and Chatterton (AP = 0 and 2.5 Pa cases) sites. This
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is consistent with other studies indicating that biodegradation
can result in significant vadose zone attenuation of hydrocarbon
vapors, provided sufficient Q, is present (Ostendorf and
Kampbell 1991; Ririe and Sweeney 1993). For higher under-
pressurizations (10 and 30 Pa), at the Chatterton site hydro-
carbon vapor concentrations were elevated because of increased
vapor flux from deeper soil, and reduced travel times (Hers et
al. 2002). The relatively high o at the Chatterton site are from
the combined effect of shallow contamination, relatively per-
meable soils, and high building underpressurizations.

The Paulshoro and Midwest Scheol sites had elevated



hydrocarbon vapor levels directly below the building slab. For
the Midwest School site, we speculate that elevated indoor
hydrocarbon concentrations may have been a result of limied
biodegradation owing to a large bujlding and paved area, which
reduced oxygen recharge, combined with factors that contributed
to vapor intrusion into the building. These factors include build-
ing construction (i.e., crawlspace) and/or a sanitary sewer that
was located near the water table within the hydrocarbon plume,
which may have acted as a preferential pathway. At the Virginia
site, contamination was shallow but no significant vapor intru-
sion was measured possibly because of the presence of fine-
grained soils and/or building construction (i.e., tight foundations).

Comparison to Mode! Predictions for Petrofeum
Hydrocarbon Sites

Comparisons for the Chatterton (AP = 0 and 2.5 Pa cases),
Paulsboro, and Alameda sites indicate that the best estimate o
are one to two orders of magnitude higher than the measured
or upper bound ¢ indicating the J&E model resulis in con-
servative predictions for these sites. Comparisons for the
Chatterton (AP = 10 and 30 Pa cases) and Virginia sites indi-
cate the best estimate o, are similar to the ¢ . The high soil-
gas advection rates for the Chatterton site resulted in signifi-
cant vapot intrusion rates aud hence similar ot and o, For the
Virginia site, the o, is lower than at other sttes owing to the
influence of the fine-grained soils. For the Midwest site, the pre-
dictive envelope for o, also intersects the o, ; however, the o
is highly uncertain.

Measured Vapor Attenuation Ratios at Chlorinated
Solvent Sites

At four case study sites with chlorinated solvent contam-
ination (CDOT, Redfields, Hamilton, and Lowry), dissolved
plumes have migrated below houses (Table 4). The depth to the
water table at these sites ranged from ~4.8 to 10.7 m below
ground surface. The ground water plumes at these sites are rel-
atively long and narrow, resulting in significant spatial vari-
ability in dissolved ground water concentrations. At the fifth
site {Mountain View), houses were constructed on top of a for-
mer leach field where chlorinated solvents had been disposed
of. Therefore, in addition to ground water, shallow soil is
likely contaminated at this site. Soil grain size at the sites is vari-
able (Table 4). For all sites, the ‘ocm are estimated using vapor
concentrations predicted from ground water data {ground
water ¢ ). For the Lowry and Mountain View sites, soil vapor
data were also available; therefore, the o, is also directly
calculated using vapor data (unless otherwise noted, the &
given below are for the ground water source scenario).

For the CDOT site, the differences in three chlorinated sol-
vent concentrations (1,1 DCE, TCE, and 1,1,1 TCA} in houses
above the plume and at background Jocations are statistically
significant. However, the ground water and indoor air data were
found to be unreliable at the periphery of the plume and there-
fore low ground water and indoor air concentrations were
removed from the database prior to calculating the o, The
resulting database comprises several hundred tests from apart-
ments and houses. The methodology used 1o estimate o, is fur-
ther described in Johnsen et al. (2000). The geometric mean
and 90th percentile o, for the CDOT site are 1.0 X 10~ and
5.2 x 1073. Analysis of the intrusion database for the site indi-

cated no strong correlation between seasens and o, or dif-
ference between basement and slab-on-grade construction
(personal communication, Dr. Jetf Kurtz, EMSI Inc.).

For the Redfields site, the difference in 1,1 DCE concen-
trations in houses above the plume and at background locations
are statistically significant. A data screening procedure simi-
lar to that used for the CDOT site resulted in o, only being esti-
mated in areas where the 1,1 DCE concentrations in ground
water exceeded 10 pg/L. A visual interpolation method was
used to estimate ground water concentrations below houses.
The resulting database comprises 63 houses nearest to the Red-
fields site. The 50th and 90th percentile o, for the Redfields
siteare 1.1 X 107 and 1.2 » 10-%. Synoptic data for the Red-
fields site indicated a slight correlation between indoor 1,1 DCE
concentrations and season, for some houses, with winter-time
values that were two to three times higher than summer-time
values (personal communication, Dr. David Folkes 2000).

For the Hamilton site, the difference in 1,1 DCE concen-
trations in houses above the plume and at background locations
are statistically significant. Because ground water data was lim-
ited, the attenuation ratio analysis is for a strip of 32 houses par-
allel and closest to the long axis of the plume (and wells) in
the area with 1.1 DCE concentrations above ~10 pg/.. The
50th and 90th percentile ¢, for the Hamilton site are 6.8 X
10%and 1.4 x 10

At the Lowry site, the database evaluated consists of more
than a year of quarterly testing at 13 houses above and near the
periphery of the plume. Concurrent testing of indoor air, and
subslab vapor concentrations for houses with slab-on-grade or
basement construction, and crawlspace air for houses with
crawispaces was conducted. At one house, the maximum
TCE and 1,1 DCE concentrations in indoor air were 51 pg/m?
and 0.91 ug/m?, suggesting significant vapor intrusion. At
three other houses, the TCE concentrations in indoor air were
mostly between 5 and 15 pg/m?. Compared 1o published
background data for TCE (Hers et al. 2001) and data for
houses along the periphery of the plume, it is possible that con-
centrations at these three houses included a soil vapor-derived
component. The indoor air concentrations were at background
levels in remaining houses,

Measured vapor attenuation ratios are estimated for a sub-
set of four Lowry houses with nearby ground water data. For this
data subset, the maximum indoor air TCE concentration was 51
Rgfm3, but exceeded 5 pg/m? in only one house. Therefore, most
@, are upper bound values. When all data are used. the 50th per-
cenfile and maximum ground water ¢, are 2.2 X 105 and 1.2
% 107 for TCE, and 2.2 X 10 and 6.2 x 10~ for 1,1 DCE.
The maximun, as opposed to 90th percentile o, was calculated
owing to the relatively limited number of tests for this site. The
Lowry subslab vapor concenirations were highly variable and
elevated below certain houses (e.g.. TCE up to 10,000 pg/m?),
but near background levels below other houses above the
plume. An analysis of the house data subset where indoor air
TCE concentrations exceeded 5 pg/m?® and/or subslab TCE
concentrations exceeded 1000 ng/m? indicated that the 50th per-
centile and maximum subslab vapor o, are 7.7 X 10-* and 1.4
% 1072, Available synoptic data for the Lowry site indicated no
significant seasonal variation in subslab or indoor air concen-
trations.

At the Mountain View site, indoor air in seven houses
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above the contaminated area and two “background” houses in
a noncontaminated area was tested on two occasions. The
indoor TCE concentration in one house was 12 and 25 pg/m?,
whereas the TCE concentrations in remaining houses were at
background levels (0.26 to 1.1 pg/m?) (Wu 2000). The max-
imum ground water of_ is 7.8 X 10-3 while the shallow vapor
maximum ¢, is 2.8 X 10~ :

When all five sites are evaluated, the results can be sum-
marized as follows. The 50th percentile (or geometric mean)
and 90th percentile (or maximum) 0., values for the ground
water to indoor air pathway were remarkably similar for all sites
(approximately 1 % 10-% and-1 X 10, respectively). For indi-
vidual sites, there is significant house-to-house variability in
o, (e.g., two order of magnitude difference for Redficlds
site); however, based on the available data there appear to be
only slight, if any, seasonally induced variations in vapor
intrusion, and similar intrusion rates for houses with basement
and slab-on-grade construction. Potential sources of variabil-
ity in ¢ include inaccurate estimation of water table ground
water concentrations below houses, geological heterogeneity,
differences in house construction and depressurization, and dif-
ferences in ventilation rates and house activities during indoor
air testing. At the Lowry and Mountain View sites, no signif-
jcant vapor intrusion could be measured for most houses.
One likely reason for the generally nonsignificant intrusion is
that ground water concentrations are lower at these sites,
compared to the CDOT, Redfields, and Hamilton sites. Another
possible factor for the Mountain View site is the building
construction, which consists of at-grade foundation slab with
(moisture) vapor barrier. Overall, the results suggest that geo-
logic conditions and ditfusion rates have the greatest influence
on vapor intrusion rates at the chlorinated solvent sites, and that
building factors are less important. :

Comparison to Mode! Fredictions for Chlorinated Sofvent Sites

Comparisons for sites with the most reliable data (CDOT,
Redfields, and Hamilton) indicates that the predictive envelope
for the o, intersects the o . The centroid of the predictive enve-
lope is in all cases higher than the 50th percentile o, sug-
gesting, on average, the J&E model would result in conserv-
ative predictions. For the CDOT site, the best estimate ¢ is
approximately eight times higher than the 30th percentile o .
For the Lowry site, the predictive envelope is below the o, for
one house with significant vapor intrusion, indicating a non-
conservative prediction in this case. For the Mountain View site,
the predictive envelope for o, intersects the maximum o,
Overall, the J&E model in most cases results in conservative
predictions (i.e., o, is higher than «_). However, the com-
parisons highlight the potential for nonconservative predictions
if a combination of low Q,, and low D%y are used.

Tracer Method _

There are several sites where tracer tests can be used to esti-
mate o, which range from ~2 X 10* at the Alameda sile to 4.5
% 107 at the Spokane River (Valley) sites (Table 4). The
Spokane River sites were calculated using an assumed aver-
age house volume (500 m*) and building ventilation rate {air
changes per hour (ACH) = .5 hour ")} and therefore are
approximate. Soils at the Spokane River site are very perme-
able, and ¢ is based on winter conditions (i.e., highest expected
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seasonal building depressurization); therefore, the o for this
site is considered an upper range value. Tt should be remem-
bered that tracer studies represent ¢ values for near-field
boundary conditions and, therefore, are not representative of
intrusion at many sites contaminated with VOCs. The tracer
test o values are, however, consistent with the upper range of
the J&E model predictions (Figure 6).

Flux Chamber Method

A method that has been vsed for radon assessments is
the equivalent leakage area (ELA) method (Grimsrud et al,
1982; CSGB 1986), The ELA is obtained by developing an
empirical relationship between the soil-pas flow into a build-
ing and building depressurization. Soil-gas flows are measured
using flux chambers and mass flow meters. In one study
involving multiple measurements of soil-gas flow through
various building foundation cracks at 10 houses in
Saskatchewan, Canada, the total house foundation ELA for the
foundation edge cracks and utility penetrations ranged from
0.15to 16.4 cm? (Figley and Snodgrass 1992). The contribu-
tion to total ELA from untrapped floor drains, present at a few
houses, was excluded from this analysis since untrapped
drains are uncommeon in newer construction. For example, the
National Building Code of Canada (1995) requires sealing of
floor drainage systems that have the potential to allow soil-gas
entry (Section 9.13.8.3).

The measured total ELA can be used to estimate soil-gas
intrusion rates using the method in Figley (1997). A building
depressurization representative of severe winter conditions (10
Pa), as proposed by Figley {1997), and possible values for the
house volume (500 m?) and building ventilation rate (0.3
ACH) produces o values between 3.6 X 10~ and 3.8 X
102, The . obtained in this manner is conservative because
it assumes an unlimited and vniform soil-vapor source divectly
below the foundation slab (i.e., contaminants in vapor are
replenished as fast ag they are swept into the building).

Flux chamber tests have also been nsed to measure VOC
flux rates through concrete cracks (Schmidt and Zdeb-1997;
Hers and Zapf-Gilje 1998). Both studies indicated detectable
VOCs were measured in soil gas transmitted through cracks,
and the study by Hers and Zapf-Gilje (1998) indicated that the
scaled-up flux for the entire building was of the same order as
flux measured by the indoor VOC method.

Regulatory Implications

The J&E model is widely used for regulatory and guidance
purpeses in North America. Several agencies have developed
generic screening crteria for the vapor intrusion pathway
(Massachusetts 1993; Michigan 1998; Connecticut 1998).
Semigeneric soil standards have been developed in Canada,
based on two soil types (fine- and coarse-grained) and two
building types (CCME 2000). Guidance recently developed by
the U.S. EPA consists of a multitiered framework to evaluate
the soil-vapor intrusion pathway (U.S. EPA 2002). A prithary
(initial) screening step is used to identify sites with significant
potential for vapor intrusion (e.g., odors, product in sumps or
directly below foundation), and where indoor air monitoring
and/or engineering controls is warranted. A secondary screen-
ing step involves the use of semigeneric curves for o, based
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on soil type and depth, and target breathing concentrations in
indoor air to back-calculate acceptable source ground water and
soil vapor concentrations. Depending on the results of the
secondary screening, there is the option to conduct a site-
specific pathway assessment.

Derivation of regulatory criterfa requires the prediction of
cross-media transfer of contaminants, and vapor transport
and intrusion into buildings. For the regulatory agencies cited
previously (excluding Massachusetts), cross-media transfer
between VOCs in ground waier and soil vapor is predicted
using the Henry’s law constant assuming equilibrinm parti-
tioning. Under the Massachusetts guidance, the Henry’s law
constant is divided by 10 to account for scurce vapor con-
centrations that are typically lower than those predicted assum-
ing equilibrium partitioning. The vapor attenuation ratios
incorporated into regulatory criteria depend on whether the
assumed contamination scenario is a dissolved ground water
plume or an unsaturated zone contamination source. For a
ground water source, the 0 incorporates vapor transport through
both the capillary transition zone and unsaturated zene. For an
unsaturated zone source, the o incorporates transport through
Jjust the unsaturated zone. For the agencies cited previously, the
ground water source of ranges from 4.6 X 10%to 1.5 % 1073
whereas the vapor source o ranges from 3.9 X 10710 6.2 X
10-%. An analysis of the previous regulatory criteria indicates
that the key factor affecting the o is the Q,; value chosen or
estimated for predictive purposes. Of lessor importance is the
assumed generic or semigeneric soil type.

‘When vapor attenuation ratios incorporated in regulatory
criteria are compared to measured ratios for field studies pre-
sented in this paper, it is apparent that the low end of the reg-
ulatory range may not be conservative for some sites. Of
greatest concern would be sites with nonbiodegradable chem-
icals, shallow to moderate depth contamination, and high
advection potential (i.e., coarse soil, high building under-
pressurization).

Conclusions and Recommendations

A comprehensive evaluation of the J&E model character-
istics and sensitivity, and comparisons of measured to modeil-
predicted vapor attenuation ratios (¢, and o)), have been
provided for residential houses, ground-floor apartments, and
small commercial buildings. Based on this analysis, the fol-
lowing conclusions can be drawn:

1. The J&E model is moderaiely too highly sensitive to soil-
gas advection rate into the building (Q,;), at D*/L val-
ues above ~1 X 10-3. Except when Q_;, is low, the J&E
model is relatively insensitive to building foundation prop-
erties. At best, the range or uncertainty in J&E model pre-
dictions is about one order of magnitude when relatively
good guality site-specific data is available.

2. Estimation of effective diffusion coefficient is subject to
considerable uncertainty. Some of this uncertainty can be
reduced through better site characterization, including
careful lithological descriptions, testing of moisture con-
tent, grain size distribution and water retention, and appro-
priate consideration of the effect of surface barriers on soil
moisture content.

3. Several radon and VOC tracer studies indicate that mea-
sured Q,; values at coarse-grained soil sites, for single fam-

s0i

ily residences, ranged from ~ 1 to 10 L/min. Depending on
the input values chosen, much lower Q_;, values can be
predicted using the soil-gas advection model typically
used in conjunction with the J&E model.

4. There are only alimited number of high quality and com-
prehensive field studies that can be used to help validate
models for the vapor intrusion pathway.

5, For petrolevm hydrocarben sites, the vapor ¢, for the
Chatterton site (high AP cases) and Midwest site were on
the order of 1 X 103 to 1 X 10-* (the Midwest value is
uncertain). For the remaining cases and sites, the possible
upper bound vapor o, ranged from ~ 5 X 107 w0 1 X
105,

6. For chlorinated solvent sites, the ground water ol were on
the orderof 1 % 109to 1 X 10~ for the three sites with
the most reliable data sets (CDOT, Redfields, and Hamiilton).
For one site with a smaller and somewhat less reliable data
set (Lowry), the maximum ground water o, was ~ 1 % 107
while the maximum subslab vapor o, was ~ 1 % 1072,

7. For the tracer and flux chamber studies, the o, was on the
order of 1 X 104 to 1 X 1072 In the context of VOC
intrusion, these ¢ | represent conservative upper bounds
owing to boundary conditions and tracer properties that are
generally different than those at VOC-contaminated sites.

8. For almost all case studies, the best estimate J&E model-
predicted o, were one to two orders of magnitude less than
the 50th percentile or median ¢, indicating that when best
estimate and average conditions are evaluated, the J&E
model predictions are conservative. There were a few
cases studies where the best estimate o, was less than the
90th percentile or maximum @, indicating the J&E model
predictions are nonconservative for a small subset of
houses or apartments. ‘The comparisons also highlight the
potential for non-conservative model predictions if a com-
bination of low Q_; and low D.#%/L, are used.

The observed variability in o between different field
sites, and individual houses at some sites, highlights the
complexity of processes affecting vapor intrusion, Numerous
factors potentially affect the vapor intrusion pathway includ-
ing biodegradation, chemical transformation, sorption, con-
taminant source depletion, geologic heterogeneity, soil prop-
erties (moisture content, permeability, organic carbon content),
buiiding properties, meteorological conditions, and building
ventilation rates. In light of this complexity, it is important to
recognize the vapor intrusion modeling paradigm typically fol-
lowed is a compartmental model for steady-state one-dimen-
sional diffusion through soil, and diffusion and advection
through a building foundation having an idealized edge or
perimeter crack (J&E model). Often, a homogeneous soil is
assumed, although it is relatively easy to model diffusion for
multiple soil layers assuming site information is available
(Johnson et al. 1998). Simulation of vapor transport through
the building foundation and mixing of VOCs within the
building airspace is highly simplified. Although not used for
this study, it is noted that the J&E mode] has been modified
1o include first-order biodegradation for a dominant soil layer
(Johnson et al. 1998) and oxygen-limited first-order biodegra-
dation (Johnson et al. 2001 ).

Notwithstanding the above, the question remains: Can the
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J&E model (or other similar screening models) be reliably used
for the vapor intrusion pathway? Our answer is a qualified yes,
provided that appropriate input values are used and the model sen-
sitivity, uncertainty, and limitations are recognized. The answer
may also depend on what the model is used for. For example, the
use of the J&E model to set generic criteria is problematic
owing to model sensitivity and uncertainty, and the wide range
in possible site conditions. In our opinicn, a semigeneric approach
that incorporates site-specific information on critical factors
affecting vapor intrusion (e.g., Q,; and soil properties) improves
on a single criteria approach. The technically preferred approach
is to use the J&E model on a fully site-specific basis, and to cal-
ibrate model predictions using soil vapor profiles, and when pos-
sible, indoor air data. In all cases, an appropriate framework for
medel use and understanding of model characteristics is essen-
tial when using models for regulatory purposes.

Several data gaps and sources of uncertainty remain. Addi-
tional field-based studies should be conducted to evaluate the
vapor intrusion pathway for different site conditions, and to
more fully assess specific factors affecting vapor intrusion. Data
that would contribute to a more in-depth pathway analysis
include soil properties such as moisture content and porosity, soil
vapor concentration profiles below buildings, building properties
such as depressurization, and meteorclogical data. Further eval-
uation of biodegradation kinetics for hydrocarbon vapors, effect
of surface barriers (e.g.. buildings) on biodegradation, and chlo-
rinated solvent transformation processes are also needed.

Acknowledgments

The authors thank those persons that contributed data to this
study, and acknowledge the constructive comments by the
reviewers of this paper.

References

American Society for Testing and Materials (ASTM). 1995. Standard
puide for risk-based corrective action applied at petroleum release
sites. B-1739-95.

Canadian General Standards Board. 1986, Determination of the ai-
tightness of building envelopes by the fan depressugzation method.
CAN/CSGB-149.10-M86.

Canadian Council for Ministers of the Environment, 2000. Canada
wide standards for petroleum hydrecarbon compounds in soil.
June.

Connecticur Department of Environmental Protection. 1998. Resi-
dential volatilization criterion. RCSA 22a-133k, Appendix E.
EnviroGroup Limited. 1999. Indoor air assessment report—Red-

field Rifle Scope Site. April.

Environmental Quality Management Inc. 2000. User’s guide for the
Johnson and Ettinger (1991) model for subsurface vapor intrusion
into buildings (revised). Prepared for E.H. Pechan and Associates
Inc. Submitted to U.S. EPA,

Fan, A., and E.A. Quinn. 2000. Case study: Residential indoor air
assessment above a hydrocarbon ptume. Presentation to U.S.
EPA El Forum, RCRA National Conference, Washington, D.C.,
Anugust 15,

Fetter, C.W. 1994, Applied Hydrogealogy, 3rd ed. Englewood Cliffs,
New Jersey: Prentice-Hali.

Figley, D.A., and L.J, Snodgrass. 1992. Comparative foundation air
leakage performance of ten residential concrete basements. In Pro-
ceedings of the 85th Annual Meeting of Air and Waste Manage-
ment Association, June 21-26.

132 1 Hersetol] Ground Water Monitoring & Remediation 23, no 2: 119-133

Figley, D.A. 1997. A guide for estimating indoor concentrations of
50il gas pollutants in houses. Report prepared for CMHC.

Fischer, M.L., AJ. Bentley, K.A. Dunkin, A.T. Hodgson, W.W.
Nazaroff, R.G. Sextro, and .M. Daisey. [996. Fuctors affecting
indoor air concentrations of volatile organic compounds at a site
of subsurface gasoline contamination. Ervironmentol Science
and Technology 30, no. 10: 2948-2957.

Folkes, D. 2000. Envirogroup Tnc., personal communication.

Garbesi, K., and R.G. Sextro, 1989. Modeling and field evidence of
pressure-driven entry of soil gas into a house through permeable
below-grade walls. Environmental Science and Technology 23, no.
12: 1481-1487.

Garbesi, K., R.G. Sextro, W.J. Fisk, M.P. Modera, and K.L. Revzan.
1693, Soil-gas eniry into an experimental basement: Model mea-
surement comparisons and seasonal effects. Environmental Sci-
ence and Technology 27, no. 3: 466473,

Grimsrud, D.T., MH. Sherman, and R.C. Sonderegger,. 1982. Cal-
culating infiltration: Implications for a construction quality stan-
dard. In Proceedings of the American Society of Heating, Refrig-
eration, and Air-Conditioning Engineers and the U.S. Department
of Energy Conference: Thermal Performance of the Exterior
Envelopes of Buildings II. Las Vegas, Nevada, December.

Hers, 1., and R. Zapf-Gilje. 1998. Canadian consortium research
project: Field validation of soil gas transport to indoor air path-
way. In Proceedings of the 1998 Petroleum Hydrocarbon and
Organic Chemicals in Ground Water Conference. American
Petroleum Institute/National Ground Water Association, Houston,
Texas; 251-266. Westerville, Ohio: NGWA.

Hers, I, R. Zapf-Gilje, D. Evans, and L. Li. 2002, Comparison, val-
idation and vse of models for predicting indoor air guality from
soil and groundwater contamination. Soif and Sediment Conta-
mination 11, no. 4: 491-527.

Hers, L., J. Atwater, L. Li, and R. Zapf-Gilje. 2000. Evaluation of
vadose zone biodegradation of BTX vapors. Journal of Conra-
minant Hydrology 46, 233-264.

Hers, L, R. Zapf-Gilje, L. Li, and J. Atwater. 2001. The use of indoor
air measurements to evalnate exposure and risk from subsurface
YOCs. Journal of the Air and Waste Managernent Association 51,
174-1835.

Johnson, P.C., and R. Ettinger. 1991. Heuristic model for predicting
the infrusion rate of contaminant vapors into buildings. Envi-
rontmental Science and Technology 25, no. 8: 1445-1452.

Johnson, PC., W. Kemblowski, and R.L. Johnsen, 1998. Assessing the
significance of subsurface contaminant vapor migration to enclosed
spaces: Site specific alternatives to generic estimates. API Publi-
cation 4674. Washington, D.C.: American Petroleum Institute.

Johnson, P.C., J. Kurtz, R. Bryan, and R. Ettinger. 2000. In-depth
review of Colorade (CDOT facility) data, Presentation at U.S. EPA
RCRA EI Forum, August 15-16, Washington, D.C.: U.S. EPA.

Johnson, PC., V.A. Hermes, and 8. Roggemans 2001. An oxygen-lim-
ited hydrocarbon vapor mitration attenuation screening model.
Submitted to Environmental Science and Technology.

Kurtz, J. 2001. EMSI Inc., personal communication, Denver, Colorado.

Laubacher, R.C., P. Bartholomae, P. Velasco, and H.J. Reisinger.
1997. An evaluation of the vapor profile in the vadose zone
above a gasoline plume. In Proceedings of the 1997 Petroleum
Hydrocarbon and Organic Chemicals in Ground Water Confer-
ence. American Petrolenm Institute/National Ground Water Asso-
ciation; 396-409. Westerville, Ohio: NGWA_

Massachusetts Department of Environmental Protection. 1993. Mass-
achnsetts contingency plan (GW-2 Standards), 310 CMR 40.0000,
1993 and as amended.

McCarthy, K.L., and R.L. Johnson. 1993. Transport of volatile
organic compounds across the capillary fringe, Weater Resources
Research 29, no. 6; 1675-1683.



’WA U

Michigan Department of Environment Quality (DEQ) 1998. Part
201 generic groundwater and soil volatilization to indoor air
inhalation criteria: Technical support document.

Millington, R.J., and L.M. Quirck. 1961. Permeability of porous
solids. Trans. Farady Society, 1200-12G7.

Moseley, C.L., and M.R. Meyer. Petroleum contamination of an ele-
mentary school: A case history involving air, soil-gas and ground-
water monitoring, Environmental Science and Technology 26,
no. 2: 185-192,

, Nazaroff, W.W. 1992. Radon transport from soil to air. Review af

Geophysics 30, no. 2: 137-160.

Neilson, K K., and V.C. Rogers. 1990. Radon transport properties of
soil classes for estimaring indoor radon entry. In Proceedings af
of 29th Hanford Symposium of Health and the Environment.
Indoor Radon and Lung Cancer: Reality or Myth? Part I; FT.
Cross, ed. Columbus, Chic: Batelle Press.

Ostendorf, D.W., and D.H. Kampbell. 1991. Biodegradation of
hydrocarbon vapors in the unsaturated zone. Water Resources
Research 27, no. 4 453462,

Parker, J.C., R.J. Lenhard, and T. Kuppusamy. 1987. A parametric
mode] for constitutive properties governing multiphase flow in
porous media. Water Resources Research 23, no. 4; 618-624,

Revzan, K.L.., W.J. Fisk, and A.J. Gadgil. 1991. Modeling radon
entry into houses with basements: Model description and verifi-
cation. Indoor Air 2, 173-189.

Ririe, T, and R. Sweeney, 1993, Fate and transport of volatile hydro-
carbons in the vadose zone. In Proceedings of the Petroleum Hydro-
carbon and Organic Chemicals in Ground Water Conference. Amer-
ican Petroleum Institute/National Ground Water Association;
Houston, Nov. 29-Dec. 1, 329-542. Westerville, Ohio: NGWA.

Schaap, M.G., and FEJ. Leij. 1988. Database related accuracy and
uncertainty of pedotranfer functions. Soil Science 163, 765-779.

Schmidt, C.E., and T.E Zdeb. 1998. Direct measurement of indoor
infiltration through a concrete slab using the 1.5. EPA flux cham-

national
ground water
association

/-_-'“-—.___H_/
==

it's mare than Just water

The Hidden Sea: Ground Water. Springs,

and Wells, 2nd Edition
by francis.H. Cha I

ber. In Proceedings of the 1998 Air and Waste Management
Association. Paper #98, TASC.01.

U.S. Environmental Protection Agency. 2001. Draft supplemental
guidance for evaluating the vapor intrusion to indoor arr pathway,
OSWER. Washington, D.C.: U.S. EPA.

Van Genuchten, M. Th. 1980. A closed-form equation for predicting
the hydraulic conductivy of unsaturated soils. Soil Science Soci-
ety of America Journal 44, 892.

Versar Inc. 2000. Draft final operable unit 5-Groundwater. Ground-
te-indoor air VOC migration pathway investigation report.

Waitz, M.EW.,, I.L. Freijer, P. Keule. and F.A. Swartjes. 1996. The
VOLASOIL risk assessment model hased on CSOIL for soils con-
taminated with volatile compounds. Bilthoven, The Netherlands:
National Institute of Public Health and the Environment.

Wau, J. 2000. Feasibility of indoor air testing (former GTE property)
Mountain View, California: Case example. Presentation at U.S.
EPA RCRA El Forum, August 15-16, Washington, D.C.

Biographical Sketches

Ian Hers is completing Ph.D. studies at the University of British
Columbia and is a senior consultant with Golder Associates Lid.
{thers@golder.com) in Vancouver, British Columbia.

Loretta Y. Li is an associate professor in the Department of
Civil Engineering at The University of British Columbia, with degrees
from McGill Universiry and Queen's University.

Paul C. Johnson is an associate professor and the assistant
chair in the Department of Civil and Environmental Engineering ot
Avizona Stare University. His degrees are in chemical engineering,
o B.S. from the University of California, Davis, and a Ph.D. from
Princeton University.

Reiday Zapf-Gilje is an adjunct professor at the University of
Brivsh Columbia {tzapf-gilje@shaw.ca) where he teaches graduaie
courses in the Department of Civil Engineering.

Order these new National Ground Water
‘publications today!

The Compendium of Hydrogeology
by Robert Porges and Motthew Harmmer '

.. 303 pages/ 2001 [/
(Referencef #1947 §‘

For additional infarmation on these titles, or any of the other
titles offered through the NGWA Bookstore, cali our Cus-
tomer Service Department at 1 800 551.7379, or visit us on
the web at www.NGWAorg.

I Hers etalf Ground Water Monitoring & Remediation 23, no 2: 118-133 133







APPENDIX 4

EXAMPLE PRINTOUTS OF VAPOR INTRUSION
MODELS

1. Groundwater to indoor air, residential exposaenario.

2. Groundwater to indoor air, commercial/industeigbosure scenario.
3. Soil to indoor air, residential exposure scenari

4. Soil to indoor air, commercial/industrial expasscenario.

5. Soil Gas to indoor air, residential exposurengaade.

6. Soil Gas to indoor air, commercial/industrighesure scenario.
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DATA ENTRY SHEET

GW-ADV CALCULATE RISK-BASED GROUNDWATER CONCENTRATION (enter "X" in "YES" box)
\Version 3.0; 02/03
Reset to OR
Defaults CALCULATE INCREMENTAL RISKS FROM ACTUAL GROUNDWATER CONCENTRATION (enter "X" in "YES" box and initial groundwater conc. below)
ENTER ENTER
Initial Groundwater Vapor Emissions To Indoor Air
Chemical groundwater Residential Exposure Scenario
CAS No. conc., High Permeability Soil Scenario
(numbers only, Cw FOR EXAMPLE ONLY
no dashes) (Hg/L) Chemical
[ 127184 ] | Tetrachloroethylene |
ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER
Depth Totals must add up to value of Ly, (cell G28) Soil
Average below grade Thickness Thickness stratum A User-defined
soil/ to bottom Depth Thickness of soil of soil Soil SCs stratum A
groundwater of enclosed below grade of soil stratum B, stratum C, stratum SCs soil type soil vapor
temperature, space floor, to water table, stratum A,  (Enter value or 0)  (Enter value or 0) directly above soil type (used to estimate OR permeability,
Ts Le Lwt ha hg he water table, directly above soil vapor ky
(°c) (cm) (cm) (cm) (cm) (cm) (Enter A, B, or C) water table permeability) (cm?)
[ 15 [ 15 [ 300 100 | 200 | B [ CL S |
ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER
Stratum A Stratum A Stratum A Stratum A Stratum B Stratum B Stratum B Stratum B Stratum C Stratum C Stratum C Stratum C
SCs soil dry soil total soil water-filled SCs soil dry soil total soil water-filled SCs soil dry soil total soil water-filled
soil type bulk density, porosity, porosity, soil type bulk density, porosity, porosity, soil type bulk density, porosity, porosity,
- pbA nA eWA . pbB nB ewB . pr nC eWC
(g/cm3) (unitless) (Cm3lcm3) (g/cm3) (unitless) (Cm3lcm3) (g/cm3) (unitless) (Cm3/cm3)
[ S [ 1.50 [ 0.430 [ 015 | CcL [ 1.5 [ 0.43 [ 0.3 [ [ [ [ |
ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER
Enclosed Enclosed Enclosed Average vapor
space Soil-bldg. space space Enclosed Floor-wall Indoor flow rate into bldg.
floor pressure floor floor space seam crack air exchange OR
thickness, differential, length, width, height, width, rate, Leave blank to calculate
Lerack AP Lg Wg Hg w ER Qsoil
(cm) (g/cm-sz) (cm) (cm) (cm) (cm) (1/h) L/m
| 15 [ 40 [ o1 [ 961 | 244 [ 01 [ 1
ENTER ENTER ENTER ENTER ENTER ENTER
Averaging Averaging Target Target hazard
time for time for Exposure Exposure risk for quotient for
carcinogens, noncarcinogens, duration, frequency, carcinogens, noncarcinogens,
ATc ATye ED EF TR THQ
(yrs) (yrs) (yrs) (dayslyr) (unitless) (unitless)
[ 70 [ 30 [ 30 [ 350 1.0E-06 [ 0.2
Used to calculate risk-based
END groundwater concentration.
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DATA ENTRY SHEET

Henry's Henry's Enthalpy of Organic Pure
law constant  law constant  vaporization at Normal carbon component Unit

Diffusivity — Diffusivity  at reference reference the normal boiling Critical partition water risk Reference

in air, in water,  temperature, temperature, boiling point, point, temperature, coefficient, solubility, factor, conc.,

D, Dy, H TR AH, Ts T Koc S URF RfC
(cm?s)  (cm?s)  (atm-m*mol) C) (cal/mol) (°K) (°K) (cm°’(g) (mg/)  (ug/m®*  (mg/m®)
[ 5.00E-02 | 9.50E-06 | 1.76E-02 | 25 | 8,288 [ 394.40 | 62020 | 9.49E+01 [ 2.06E+02 | 5.9-06 | 2.7E-01 |
END
20of 5 USEPA GW VI Model (Residential Scenario Nov 2011) CHEMPROPS



DATA ENTRY SHEET

Stratum A Stratum B Stratum C Stratum A Stratum A Stratum A Stratum A Total Air-filled Water-filled Floor-
Source- soil soil soil effective soil soil soil Thickness of  porosity in porosity in porosity in wall
Exposure building air-filled air-filled air-filled total fluid intrinsic relative air effective vapor capillary capillary capillary capillary seam
duration, separation, porosity, porosity, porosity, saturation, permeability, permeability, permeability, zone, zone, zone, zone, perimeter,
T LT eaA eaB eaC Sle kI krg kv LCZ nCZ ea‘cz eW‘CZ Xcrack
(sec) (cm) (cm*cm®)  (cm%cm®) (cm®/cm?®) (cm®/cm?®) (cm?) (cm?) (cm®) (cm) (cm’cm®)  (cm’ecm®)  (cm*/cm®) (cm)
9.46E+08 | 285 | 0280 | 0.130 | ERROR [ 0.257 [ 1.00E-07 [ 0703 [ 704E08 | 46588 | 043 | 0055 | 0375 | 3,844 |
Area of Stratum Stratum Stratum Capillary Total
enclosed Crack- Crack Enthalpy of Henry's law Henry's law Vapor A B C zone overall
Bldg. space to-total depth vaporization at constant at constant at viscosity at effective effective effective effective effective Diffusion
ventilation below area below ave. groundwater  ave. groundwater  ave. groundwater ave. soil diffusion diffusion diffusion diffusion diffusion path
rate, grade, ratio, grade, temperature, temperature, temperature, temperature, coefficient, coefficient, coefficient,  coefficient, coefficient, length,
Quuiang Ag n Zorack AHyrs Hrs Hrs Hrs D, D'g D' D, D' La
(cm®/s) (cm?) (unitless) (cm) (cal/mol) (atm-m*/mol) (unitless) (g/cm-s) (cm?/s) (cm?/s) (cm?/s) (cm?/s) (cm?/s) (cm)
[ 6.26E+04 | 9.24E+05 | 4.16E-04 | 15 | 9,502 [ 1.01E-02 [ 4.26E-01 [ 177604 | 3.90E-03 | 3.05E-04 | 0.00E+00 | 2.18E-05 | 1.06E-04 | 285 |
Exponent of Infinite
Average Crack equivalent source Infinite
Convection Source vapor effective foundation indoor source Unit
path vapor Crack flow rate diffusion Area of Peclet attenuation bldg. risk Reference
length, conc., radius, into bldg., coefficient, crack, number, coefficient, conc., factor, conc.,
Ly Csource lerack Qsoil Dok Acrack exp(Pe') a Chuitding URF RfC
(cm) (ng/m®) (cm) (cm¥s) (cm?/s) (cm®) (unitless) (unitless) (ng/m®) (ng/m*)* (mg/m®)
15 [ 426E+02 | 0.0 [ 8.33E+01 | 3.90E-03 | 3.84E+02 [ #NUM! [ 5.49E-06 | 2.34E-03 | 59E06 | 2.7E-01 |

END
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DATA ENTRY SHEET

RISK-BASED GROUNDWATER CONCENTRATION CALCULATIONS: INCREMENTAL RISK CALCULATIONS:
Incremental Hazard
Indoor Indoor Risk-based Pure Final risk from guotient
exposure exposure indoor component indoor vapor from vapor
groundwater groundwater exposure water exposure intrusion to intrusion to
conc., conc., groundwater solubility, groundwater indoor air, indoor air,
carcinogen noncarcinogen conc., S conc., carcinogen noncarcinogen
(Mg/L) (Hg/L) (Hg/L) (Mg/L) (Mg/L) (unitless) (unitless)
[ 1.77E+02 | 2.41E+04 | 1.77E+02 | 2.06E+05 | 1.77E+02 | | NA | NA |

MESSAGE AND ERROR SUMMARY BELOW: (DO NOT USE RESULTS IF ERRORS ARE PRESENT)
MESSAGE: The values of Csource and Cbuilding on the INTERCALCS worksheet are based on unity and do not represent actual values.

SCROLL
DOWN
TO "END"

END

40f 5 USEPA GW VI Model (Residential Scenario Nov 2011) RESULTS



DATA ENTRY SHEET

Soil Properties Lookup Table Bulk Density
SCS Soil Type Ks(emh) o (/em) N (unitless) M (unitless) N (em7em?’) @ (em%em?)  Mean Grain Diameter (cm) (gfem®) @, (cm¥em?) sCS Soil Name
C 0.61 0.01496 1.253 0.2019 0.459 0.098 0.0092 1.43 0.215 Clay
CL 0.34 0.01581 1.416 0.2938 0.442 0.079 0.016 1.48 0.168 Clay Loam
L 0.50 0.01112 1.472 0.3207 0.399 0.061 0.020 1.59 0.148 Loam
LS 4.38 0.03475 1.746 0.4273 0.390 0.049 0.040 1.62 0.076 Loamy Sand
S 26.78 0.03524 3.177 0.6852 0.375 0.053 0.044 1.66 0.054 Sand
SC 0.47 0.03342 1.208 0.1722 0.385 0.117 0.025 1.63 0.197 Sandy Clay
SCL 0.55 0.02109 1.330 0.2481 0.384 0.063 0.029 1.63 0.146 Sandy Clay Loam
Sl 1.82 0.00658 1.679 0.4044 0.489 0.050 0.0046 1.35 0.167 Silt
SIC 0.40 0.01622 1.321 0.2430 0.481 0.111 0.0039 1.38 0.216 Silty Clay
SICL 0.46 0.00839 1.521 0.3425 0.482 0.090 0.0056 1.37 0.198 Silty Clay Loam
SIL 0.76 0.00506 1.663 0.3987 0.439 0.065 0.011 1.49 0.180 Silt Loam
SL 1.60 0.02667 1.449 0.3099 0.387 0.039 0.030 1.62 0.103 Sandy Loam
For example only. Constants reflect values presented in Appendix 1, Table H of the HEER Office EHE guidance and may have been modified in later editions of the guidance
Chemical Properties Lookup Table

Organic Pure Henry's Henry's Enthalpy of

carbon component law constant law constant Normal vaporization at Unit

partition Diffusivity Diffusivity water Henry's at reference reference boiling Critical the normal risk Reference

coefficient, in air, in water, solubility, law constant temperature, temperature, point, temperature, boiling point, factor, conc., URF RfC
Koc Da Dy S H' H Tr Ts Te AHyp URF RfC extrapolated ~ extrapolated
CAS No. Chemical (cm%g) (cm?s) (cm¥s) (mg/L) (unitless) (atm-m*/mol) (°c) (°K) (°K) (calimol) (ug/m®?t  (mg/m?) ) )
127184 Tetrachloroethylene 9.49E+01 5.00E-02 9.50E-06 2.06E+02 7.20E-01 1.76E-02 25 394.40 620.20 8,288 5.9E-06 2.7E-01 L I I
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DATA ENTRY SHEET

GW-ADV CALCULATE RISK-BASED GROUNDWATER CONCENTRATION (enter "X" in "YES" box)
\Version 3.0; 02/03
Reset to OR
Defaults CALCULATE INCREMENTAL RISKS FROM ACTUAL GROUNDWATER CONCENTRATION (enter "X" in "YES" box and initial groundwater conc. below)
ENTER ENTER Groundwater Vapor Emissions To Indoor Air
Initial Commercial/Industrial Exposure Scenario
Chemical groundwater High Permeability Soil Scenario
CAS No. conc., FOR EXAMPLE ONLY
(numbers only, Cw
no dashes) (Hg/L) Chemical
[ 127184 ] | Tetrachloroethylene |
ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER
Depth Totals must add up to value of Ly, (cell G28) Soil
Average below grade Thickness Thickness stratum A User-defined
soil/ to bottom Depth Thickness of soil of soil Soil SCs stratum A
groundwater of enclosed below grade of soil stratum B, stratum C, stratum SCs soil type soil vapor
temperature, space floor, to water table, stratum A,  (Enter value or 0)  (Enter value or 0) directly above soil type (used to estimate OR permeability,
Ts Le Lwt ha hg he water table, directly above soil vapor ky
(°c) (cm) (cm) (cm) (cm) (cm) (Enter A, B, or C) water table permeability) (cm?)
[ 15 [ 15 [ 300 100 | 200 | B [ CL S |
ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER
Stratum A Stratum A Stratum A Stratum A Stratum B Stratum B Stratum B Stratum B Stratum C Stratum C Stratum C Stratum C
SCs soil dry soil total soil water-filled SCs soil dry soil total soil water-filled SCs soil dry soil total soil water-filled
soil type bulk density, porosity, porosity, soil type bulk density, porosity, porosity, soil type bulk density, porosity, porosity,
= pbA nA eWA . pbB nB ewB . pr nC eWC
(g/cm3) (unitless) (Cm3lcm3) (g/cm3) (unitless) (Cm3lcm3) (g/cm3) (unitless) (Cm3/cm3)
[ S [ 1.50 [ 0.430 [ 015 | CcL [ 1.5 [ 0.43 [ 0.3 [ [ [ [ |
ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER
Enclosed Enclosed Enclosed Average vapor
space Soil-bldg. space space Enclosed Floor-wall Indoor flow rate into bldg.
floor pressure floor floor space seam crack air exchange OR
thickness, differential, length, width, height, width, rate, Leave blank to calculate
Lerack AP Lg Wg Hg w ER Qsoil
(cm) (g/cm-sz) (cm) (cm) (cm) (cm) (1/h) L/m
| 15 [ 40 [ o1 [ 961 | 244 [ 01 [ 2
ENTER ENTER ENTER ENTER ENTER ENTER
Averaging Averaging Target Target hazard
time for time for Exposure Exposure risk for quotient for
carcinogens, noncarcinogens, duration, frequency, carcinogens, noncarcinogens,
ATc ATye ED EF TR THQ
(yrs) (yrs) (yrs) (dayslyr) (unitless) (unitless)
[ 70 [ 25 [ 25 [ 250 1.0E-06 [ 0.2
Used to calculate risk-based
END groundwater concentration.
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DATA ENTRY SHEET

Henry's Henry's Enthalpy of Organic Pure
law constant  law constant  vaporization at Normal carbon component Unit
Diffusivity — Diffusivity  at reference reference the normal boiling Critical partition water risk Reference
in air, in water,  temperature, temperature, boiling point, point, temperature, coefficient, solubility, factor, conc.,
D, Dy, H TR AH, Ts T Koc S URF RfC
(cm?s)  (cm?s)  (atm-m*mol) C) (cal/mol) (°K) (°K) (cm°’(g) (mg/)  (ug/m®*  (mg/m®)
[ 5.00E-02 | 9.50E-06 | 1.76E-02 | 25 | 8,288 [ 394.40 | 62020 | 9.49E+01 [ 2.06E+02 | 5.9-06 | 2.7E-01 |
END
20f5 USEPA GW VI Model (CI Scenario Nov 2011) CHEMPROPS



NEIL ABERCROMBIE
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Director of Health

STATE OF HAWAII

DEPARTMENT OF HEALTH I reply, please efer to
P. 0. BOX 3378 File: EHA/MHEER Office

HONOLULU, HI 96801-3378

2011-716-RB
December 2011
To: Interested Parties
From: Roger Brewer, Ph.D., Environmental Risk Assess&ER
Subject: Screening for Environmental Hazards at Site withn@minated Soil and

Groundwatery Fall 2011 Updates

This technical memorandum summarizes updates tardemeental Action Levels (EALS)
published by the Hazard Evaluation and Emergencsp&ese (HEER) office of the Hawai'i
Department of Health (HDOH). The background andetteoment of the EALs is described in
the HEER office guidanc8creening for Environmental Hazards at Site witm@minated Soill
and Groundwater*EHE” guidance; HDOH 2011). The Fall 2011 updateplace and take
precedence over earlier editions of the EALS.

A detailed review of revisions to the 2009 EALs psovided in the attachment to this
memorandum and in the appendices of the updated dgthtiance. Significant revisions to the
EALs include:

» Soil action levels presented in EAL Surfer fdioxins revised to reflect June 2010
updates (HDOH 2010a);

» Reference to October June 2010 update of categoriassenic contaminated soil added
to Surfer notes box (HDOH 2010b);

» Soil action levels foraldrin and dieldrin revised to reflect higher confidence in
noncancer studies and common co-occurrence intteidettreated soil in the absence of
other chemicals (final Tier 1 soil action levelsr@ased);

» Target noncancer Hazard Quotient floallium adjusted to 1.0 to help take into account
natural background presence of thallium in soil;

* Inhalation toxicity factor (Reference Concentrajiand target risk fofTPH” in indoor
air and soil gasrevised based on soil gas study carried out by RiBEice (increased
TPH soil gas action level for vapor intrusion ha=y

* Physiochemical constantdor chemicals updated to reflect change in USERgI&al
Screening Level guidance (HDOH EALSs not signifidpiatffected);

» Sorption coefficient used to define “low-mobility chemicals” revisedvdavard from
30,000 cn¥g to 5,000 crilg (final Tier 1 action levels for sever&AHs and
organochlorine pesticidesncreased to more appropriately reflect direct-expe action
level, rather than leaching based action level);

* Alternate Volatilization Factor (estimates vaporigsions from soil) that takes into
account poor air flow in trenches used to calcula@C soil action levels for trench

Fall 2011



and construction workers (USEPA 2002, see Appendix 2). Reduced previousract
levels by a factor of approximately four.

» Updates tdackground metals in soilsadded (see Appendix 1, Section 7);

* Soil ecotoxicity action levels eliminated (increaseaction levels for somenetals to
reflect direct exposure action levels, rather thaneric, ecotoxicity based action levels);

» Aquatic (and associated groundwatacyte toxicity action levels for PAHsupdated to
reflect generic action level for PAHs (increasethegroundwater action levels).

» Additional discussion on development er 1 vs Site-SpecificSoil Action Levels
provided (Volume 1, Section 4.1);

* Additional discussion of site-specific evaluatiohleaching of contaminants from soll
(Volume 1, Section 4.3.3 and Appendix 1, Sectia});4.

* Additional discussion on distinguishitigickground levels of VOCs in indoor airfrom
vapor intrusion added (Volume 1, Section 4.5);

» Expanded discussion gépor intrusion models and action levelsncluded in Appendix
1, Chapter 2;

« HDOH technical memorandum discussing the naturatuwence of hexavalent
chromium in groundwater added to Appendix 8;

* Note regarding the presence of apparently natdratkground lead in caprock
sediment groundwaterabove action levels added to Volume 1, Sectiojy 4.3

* EAL Surfer updated.

A summary of the more significant changes to th8@%2Uier 1 EALs is provided in Table 1
(organochlorine pesticides), Table 2 (metals) aaldld 3 (Total Petroleum Hydrocarbons in soill
gas). Groundwater action levels were not affectethis update of the EALs. These updates
reflect site-specific studies carried out in Hawhy HEER staff and environmental consultants
since publication of the 2009 EHE guidance. Thgudes reviews of toxicity factors, soil batch
tests for evaluation of leaching hazards, carbogeasoil gas data from petroleum-contaminated
sites and background metal concentrations in sBiparate reports on background metals in
soils and the measurement, chemistry and toxiditpeairoleum vapors in soil gas are to be
published separately by the HEER office.

The EHE document and associated EALs will be reva®d updated on a regular basis.
Comments and suggestions from the general puldigvalcome at any time. Updates will be
posted to the HDOH EHE website and notificatiort serpersons on the EHE mailing list.
Workshops to present and discuss the EALs will Aksbeld periodically. To provide comments
or be included on the mailing list for updates amtkshop announcements, please contact:

Roger Brewer

Hawai'i Department of Health

Hazard Evaluation and Emergency Response
Telephone: 1-808-586-4328

E-mail: roger.brewer@doh.hawaii.gov

Fall 2011



Table 1. Updates to Tier 1 EALs for Organochloftesticides (2009 EAL noted in

parentheses).

Groundwater IS a Potential Source Groundwater is Not a Potential

of Drinking Water (mg/kg) Source of Drinking Water (mg/kg)

Surface Water Surface Water Surface Water Surface Waler
Chemical <150m >150m <150m >150m
ACENAPHTHENE 12( (20) 12( (20) 12( (23) 14C (140
ALDRIN 0.92(0.029 0.92(0.029 0.92(0.029 0.92(0.029
ANTHRACENE 4.2(2.5) 4.3 (2.5 4.3 (2.5 4.3 (2.5
BIPHENYL, 1,1- 10 (0.52 10 (0.52 10 (5.2 10 (5.2
DIELDRIN 1.£(0.003 1.5 (0.C07) 1.£(0.003 1.£(0.03
ENDOSULFAN 18 (0.032 18 (0.12 18 (0.032 18 (0.12
ENDRIN 3.7(0.004 3.7(0.06 3.7(0.004 3.7(0.06
FLUORENE 100 (7.3 130 (130 100 (7.3 130 (130
HEPTACHLOR
EPOXIDE 0.053 (0.003) 0.053 (0.046) 0.053 (0.003 0.05846)
PHENANTHRENE 69 (11) 69 (18) 69 (11) 69 (18)
TRIFLURALIN 24 (14) 24 (14) 54 (32) 54 (32)

Table 2. Updates to Tier 1 EALs for Metals.

Residential Commercial/Industrial
200¢ 2011 2011 200¢ 2011 2011
Chemical (mg/kg) (mg/kg) | Basis (mg/kg) (mg/kg) Basis
ANTIMONY 6.3 6.3 DE 40 82 DE
ARSENIC (total) 20 *24 BG 20 *24 BG
BARIUM 75C 1,00( GC 1,50( 2,50( GC
BERYLLIUM 4.C 31 DE 8.C 15C DE
CADMIUM 12 14 DE 12 12(C BG
CHROMIUM (Total) 50C *1,10C | BG 50C *1,10( BG
CHROMIUM 111 750 *1,100 | BG 750 *1,100 BG
CHROMIUM VI 8.0 29 DE 8.0 480 DE
COBALT 40 18C DE 8C 18C DE
COPPEF 23C 62€ DE 23C 2,50( DE
LEAD 20C 20C DE 80C 80C DE
MERCURY 4.7 4.7 DE 10 61 DE
MOLYBDENUM 40 78 DE 40 1,000 DE
NICKEL 15C 76C DE 15C 87C DE
SELENIUM 10 78 DE 10 1,00( DE
SILVER 20 78 DE 40 1,00( DE
THALLIUM 1.0 0.78 DE 13 10 DE
VANADIUM 110 *770 BG 200 1,000 DE
ZINC 60C 1,00( GC 60C 2,50( GC

DE: Direct Exposure; BG: Background; GC: Gross @omihation. *Estimated Upper Bound of naturally

occurring metal in volcanic soils. Natural backgrd concentration may be higher in some areas.

Thallium action level may be below natural backgmin some areas (likely to be natural backgrodind i

detected and no known, past releases of thallilts sbsite). Background metals likely to be lover
carbonate-rich, coast sediments and soils. Congmilrdata for vanadium directly to direct-exposure
action levels if a release of one or more of thastals is known to have occurred in carbonate-rich,

coastal soils.

Fall 2011




Table 3. Updates to TPH soil gas action levels.

Reference Soil Gas Action Level (ug/r’)
Concentration
(ug/n) 2009 2011

Commercial/ Commercial/

Chemical 2009 2011 Residential| Industrial Residential Industrial

TPH(gasolines 50 22F 26,00( 73,00( 230,00 660,00t

TPH(middle

distillates) 110 225 57,000 160,000 230,000 660,00

TPH = Total Petroleum Hydrocarbons; middle digtitaincludes diesel fuels.
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ATTACMENT
Technical Overview of Fall 2011Updates to 2009 HDOH/HEER Tier 1 EALS

HDOH 2011,Screening for Environmental Hazards at Sites wibmt@minated Soil and
Groundwater(December 2011), Hawai'i Department of Health, aldZvaluation and
Emergency Response, http://hawaii.gov/health/enm@ntal/hazard/index.html

1. Adjustment of target risk and soil action leveldor aldrin and dieldrin. Soil action levels

for aldrin and dieldrirrevised to reflect higher confidence in noncantedies. Updated action
levels are noted in Table one of the cover memhlridwas sometimes used as an alternative to
Technical Chlordane as a termiticide for treatn@ngoil around and under wooden structures.
Dieldrin is a breakdown product of aldrin. Thegelr noncancer Hazard Quotient for each
chemical was adjusted to 0.5, based on the commaccurrence in termiticide-treated soil in
the absence of other chemicals and a target, ctiveuldazard Index of 1.0. The target cancer
risk was adjusted upwards to™10

Cumulative risk should be evaluated if other contemts are identified in the soil at
concentrations that approach or exceed their réspedirect-exposure action levels (e.g.,
Technical Chlordane). Lead in the soil aroundditites (e.g., from lead-based paint) should be
evaluated separately.

2. Residential Soil Action Level for Lead.The 2009 Tier 1 soil action levels for lead in
residential soils (“Unrestricted” land use) was 20§/kg. This was based on a published, plant
toxicity screening level in soil (see Appendix lable A and B series in 2009 document). An
action level of 400 mg/kg was presented in the dwut for residential, direct-exposure hazards.
This action level was based on a “Preliminary Reatexh Goal (PRG)” (more recently referred
to as the “Regional Screening Level (RSL)") pul#ghby the USEPA in the 1990s and still
presented in their 2011 RSL guidance (USEPA 2011a).

The USEPA PRG/RSL is intended to reflect a maximtarget lead blood level in children of
10 ug/dl. Recent USEPA guidance recommends rethisgarget level be reduced to 5 ug/dl
(USEPA 2011b). In order to reflect this change, idsidential direct-exposure soil action level
for lead in this update of the HEER EHE guidance baen reduced from 400 mg/kg to 200
mg/kg. This is intended to serves as an interitimadevel until such time that the USEPA PRG
for lead in soil is formally updated. Note thaé ttmal Tier 1 soil action level for lead remains
unchanged at 200 mg/kg, even though the 2009 sotogicity action level for lead of 200
mg/kg has been dropped (see note Number 5). Timeneocial/industrial soil action level for
lead of 800 mg/kg was not changed (based on USERA@rcial/industrial PRG/RSL).

3. Update of chemical sorption coefficients. @ption coefficients (koc) presented in Appendix
1, Table H of the EHE guidance were updated t@ceflevisions to generic koc values used in
the June 2011 edition of the USEPA Regional Scneghievels guidance (USEPA 2011a).

Coefficients used in the 2009 EALs were based orearfier edition of the same guidance.

Sorption coefficients are included in models usedgenerate soil action levels for direct

exposure, vapor intrusion and leaching hazards updates to the sorption coefficients resulted
in only minor changes to the soil action levels.
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4. Default sorption coefficient (koc) used to defi@ "low mobility" chemicals in soil leaching
models reduced from 30,000 cifg to 5,000 cni¥g. Sorption coefficients (koc) are use to
estimate how strongly a chemical will bind to ongacarbon in soil and are a key component of
soil leaching models. Chemicals with low sorptamefficients, like MTBE (11 cfifg) and PCE
(95 cnil/g) are highly mobile and a significant proportiohthe chemical will preferentially
dissolve into pore water and leachate, posing @&npad threat to underlying groundwater.
Published koc values are multiplied y the assumigdroc carbon content of the soil to calculate
an adjusted, “Kd” coeffiecient for modeling (e.Bd = koc x 0.2% organic carbon). Chemicals
with high sorption coefficients, like PCBs (131,000%/g) and chlordane (87,000 &) will
become tightly bound to soil particles and reldyiienmobile in soil. These chemicals do not
pose significant risk to groundwater unless puoglpct manages to reach the water table.

The approach used to develop soil action levelsptiential leaching hazards is discussed in
Appendix 1 of the EHE guidance. A generic algoritienused develop action levels for
chemicals with an assumed moderate to high mobil@hemicals with a sorption coefficient
greater than 30,000 gm/émwere considered to be very low mobility and neignificant threat

to groundwater. Leaching based soil action lewetse set at that chemicals theoretical
saturation limit in soil (i.e, the maximum amourittiee chemical that could be sorbed onto soll
particles or dissolved in pore water before fremdpict began to appear).

In 2007 the HEER office published guidance on tke aof laboratory “batch tests” to more
accurately evaluate the leachability of chemicalsail on a site-specific basis (HDOH 2007).
The specific batch test used is referred to asSthehetic Precipitation Leaching Parameter or
“SPLP” test. The test can be used to directly meashie Kd sorption coefficient (or more
accurately adesorptioncoefficient) for a chemical in the soil rather nheelying on generic
factors and assumed soil properties, as done éosdh action levels.

Since 2007 time batch test data have consistamdigated that aged-chemicals in soil are much
less mobile and pose a much lower threat to groateiwthan the generic sorption coefficient
and associated action levels would otherwise suggesignificant number of batch test have in
particular been carried out on soil contaminatedhwiarganochlorine pesticides, such as
chlordane, dieldrin and aldrin. These tests sugted the published sorption coefficients and
generic leaching model useaver predict contaminant mobility and potential impacts to
groundwater by at least an order of magnitude.

Examples of default versus measured sorption coefiis from studies in Hawali'‘i are provided
below (measured as “Kd,” see HDOH 2007). A Kd ealyreater than 20 indicates that the
chemical is essentially “immobile.”

'Published “Modeled *Measured

Koc Value Kd Value Kd Value
Chemical (cm’/g) (cm’/g) (cm’/g)
Assumed Moderate- to High-Mobility Chemicals
“Ametryn 450 0.45 30
*Atrazine 230 0.23 6.9
®Benzene 170 0.17 8.4 to 203
"Dieldrin 11,000 11 650-690
“Diuron 136 0.14 86
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“Trifluralin 9,680 9.7 5,000

Assumed Low-Mobility Chemicals

"Aldrin 106,000 106 5,800-6,600
>Arsenic (not applicable) 29? 2,100 to 19,000
8Chlordane 87,000 87 4,200-7,800
“Dioxins 257,000 257 10,000-51,000

1. Default koc value used in leaching models (flfd8EPA 2011a); refer to EHE guidance Appendix 1,1& &b
(HDOH 2011).

2. Calculated Kd used in EAL soil leaching modddoe x assumed Total Organic Carbon fraction of 0.00

3. Based on results of SPLP batch test for soipéasrcollected at the noted site (HDOH 2007).

4. Site Investigation Report and Environmental HazBv@luation, East Kapolei Il Pesticide Mixing and&ding
Site,Enviroservices & Training Center, LLC, March 2010.

5. Remedial Alternatives Analysis & Response ActiggoReFormer Ka‘u Agribusiness, ASCI-ERM, November
2008. Leaching based soil action levels for acsent included in EHE guidance; site-specific baest data
require. Noted Kd from USEPA SSL and RSL guidafd8EPA 1996, 2011a).

6. Remedial Investigation Report, Former GASCO Fagil¥eston Solutions, April 1, 2009.

7. Results of Leachability Testing for Organochlori?esticides in Soil using the Synthetic Precipitati@aching
Procedure, Earhart I-4 Neighborhood, Hickam Air EerBase, Hawai;iTetra Tech, December 18, 2009.

8. Removal Action Plan and Environmental Hazard Evédug Ironwoods at KailuaTetra Tech EM, Inc., July 18,
2011 (draft).

As can been seen from the table, soil action les@lsulated using generic sorption coefficients
and assumed Kd values tend to significantly ovediot the mobility of the chemical in soil.
Although not routinely measured, organic carbothasoils is typically 1% or less and does not
by itself explain the increased Kd value. The bigKkd value is instead most likely associate
with secondary sorption onto or diffusion into dayas well as an increased difficulty in
desorptionof an aged chemical in soil from organic carbon.

Based on soil SPLP batch test data collected indilathe default sorption coefficient (koc)
used to define "low mobility" chemicals in soil #Bng models was reduced from 30,000°/gm
to 5,000 criYg. The theoretical soil saturation concentratthen used as the default leaching
based soil action level for potential leaching mdgdor all chemicals with a published koc that
exceeds this value. This has proven to be a usgipftoach to verifying the leachability of
presumed low-mobility chemicals in soil. This gigrantly increased the leaching based action
levels for several chemicals, especially PAHs amgoochlorine pesticides. Chemicals affected
include: Acenaphthene, Anthracene, 1,1 Biphenyldsnlfan, Endrin, Fluorene, Heptachlor,
Heptachlor Expoxide, Phenanthrene, Trifluralin.eTbllowing table summarizes the changes in
the 2009 versus 2011 action levels (2009 actioel legted in parentheses):

Groundwater IS a Potential Source Groundwater is Not a Potential
of Drinking Water Source of Drinking Water

Surface Water Surface Water Surface Water Surface Water
*Chemical <150m >150m <150m >150m
ACENAPHTHENE 120 (20 120 (20 120 (23 170 (200)
ANTHRACENE 4.3 (2.5 4.3 (2.5 4.3 (2.5 4.3 (2.5
BIPHENYL, 1,1- 210 (0.52 210 (0.52 210 (5.2 210 (5.2
DIELDRIN 30 (0.003 30 (0.007 30 (0.003 30(1.2)
ENDOSULFAN 18 (0.032 18 (0.12 18 (0.032 18 (0.12
ENDRIN 30 (0.004 30 (0.C7) 30 (0.004 30 (0.C7)
FLUORENE 100 (7.3 37C (460) 100 (7.3 46( (560)
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HEPTACHLOR
EPOXIDE 12 (0.003) 12 (0.046) 12 (0.003) 12 (0.046)
PHENANTHRENE 69 (11 69 (18 69 (11 69 (18
TRIFLURALIN 24 (14 24 (14 54 (32 54 (32

*Chemicals listed in the EHE guidance with a katue between 5,000 and 30,000°&m Reductiorof some
action levels (e.qg., fluorine) reflects a signifiteeductionof the published koc value used in the model, dase
updates to the USEPA RSLs. This offset use oatteenative saturation model.

These changes are reflected in Table 1 in maimteehmemorandum. Note that a lower action
level in Table 1 than presented above reflects afsthe direct-exposure action level over

leaching based action level for final, Tier 1 EALhe above table only summarized changes to
leaching based soil action levels, while Table nprehensively summarizes changes to all
categories of action levels and presents the loweSite-specific SPLP batch tests are

recommended in cases where the saturation leeetmseded (see HDOH 2007).

5. Naturally occurring, background levels of metalsin soil updated. The HEER office
undertook a review of background concentrationsnefals in soil in 2011 (to be published in
late 2011 or early 2012). The estimated Upper Bozoncentration of metals in volcanic soils
was incorporated into Appendix 1 of the EHE guidafar consideration in selection of final,
Tier 1 EALs. Updated action levels are noted ibl&&® of the cover memo. Target noncancer
Hazard Quotient fothallium adjusted to 1.0 to help take into account natbeakground and
lack of available soil data.

The Background Threshold Value noted in Table ces the maximum-reported concentration
of the metal in the samples compiled for the studyigher concentrations are possible in
volcanic soils due to localized, metal-rich voleadeposits or due to testing of small aliquots of
discrete soil samples with non-representative nisggef metal-rich, iron hydroxides..
Background metals likely to Bewer in carbonate-rich, coast sediments and soils. f2oensoil
data for nickel, thallium and vanadium directlydicect-exposure action levels if a release of one
or more of these metals is known to have occunmeibonate-rich, coastal soils.

Naturally occurring trace metals in the volcanic darcaprock soils of Hawai‘i are not
significantly bioavailable and do not pose a risknuman healthSimilar trace metals are used
in the production of steel and other alloys. Widrhaps the exception of lead, these trace metals
will not be released to soil in a bioavailable foupon use or even degradation (e.g., rusting) of
metallic objects (e.g., tanks, heavy equipment).et€oxicity factors and associated, risk-based
soil action levels are likewise based on solubighlly bioavailable forms of these metals (e.g.,
thallium salts).The soil action levels do not apply to metals it Feely to be associated with
natural background or degraded, metallic objects.

6. Soil ecotoxicity action levelsliscontinued. The use of generic, published action levels
for terrestrial ecotoxicity has always been conters issue, due to site-specific differences in
soil type and more importantly pertinent, ecolobiegeptors. An internal HEER review also
indicated that naturally occurring concentratiorisn@tals in the iron-rich, volcanic sols of
Hawai‘i often exceed generic, ecotoxicity soil sarimg levels developed for use in soils more
typical of granitic, continental geologic settinge be published in 2011or 2012). In Hawali'i
these metals are tightly bound to soil particleg.(eron hydroxides) and not significantly toxic.
This negates the use of generic screening levelsla®ed outside of the state. Site-specific
assessment will instead be required in rare cabesava sensitive ecohabit is present.
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7. Childhood Adjustment Factor deleted from vapor ntrusion models.Earlier editions of the
USEPA Residential Preliminary Remediation Goals GBR 2004 and earlier) included a
“Childhood Adjustment Factor” of 0.791 for indooir #RGs (carcinogens only; reduced
initially calculated goal by approximately 20%). itadjustment factor was incorporated into
HEER EAL models used to generate indoor air, sad, goil and groundwater action levels for
vapor intrusion (not shown in Appendix 2 Indoor Asction level equations). Use of the
adjustment factor was discontinued in post-2004tgsiof the USEPA PRGs due to the already
conservative nature of the model assumptions (md&ned to as Regional Screening Levels; see
USEPA 2011). Eliminating the adjustment factorréased indoor air, soil gas, soil and
groundwater residential action levels by approxetya0% in the Fall 2011 update of the EHE
guidance.

8. Tapwater risk-based action levelsorrected to only consider inhalation of vaporsirgy
showering for volatile chemicals (action levels smgnificantly affected.

9. Noncancer RfC for TPH revised based on carbon range data for soil gaglea
collected at petroleum release sites (same RfC taebdoth gasolines and middle distillates.
Target noncancer Hazard Quotient revised to 1€edan overwhelming predominance of non-
BTEX/PAH, "TPH" compounds in petroleum vapors. TB#ll gas action levels significantly
increased. Refer to accompanying EAL update memddtails (HDOH 2011).

TPH: Expand on RfCs & NCEA toxicity factors, sodgcarbon range data. Note current TO-17
study and pending updates to soil gas sample tioltedata. Note that field methods for the
collection of soil gas samples presented in the RiEfHice Technical Guidance Manual are
currently being revised.

Use To method to determine TPH in soil gas. Cuari@arbon range approaches do not
adequately quantify TPH in soil gas. Use site-Bjgezarbon range makeup
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