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Risk-Based Corrective Action Applied at Petroleum Release Sites

This Emergency Siandard is issued by ASTM in accordance with a special procedure to meet the demand for rapid issuance of specific

documents.?

1. Scope

1.1 This guide covers risk-based corrective action
(RBCA), that is a consistent decision-making process for the
assessment and response to subsurface contamination, based
on the protection of human health and environmental
resources. Sites with subsurface contamination vary greatly
in terms of complexity, physical and chemical characteris-
tics, and in the risk that they may pose to human health and
environmental resources. The RBCA process recognizes this
diversity, and utilizes a tiered approach where assessment
and remediation activities are appropriately tailored to
site-specific conditions and risks. This flexibility allows
RBCA to be more cost-effective than traditional approaches
under which' all sites conform to uniform standards and
procedures. While the RBCA process is not limited to a
particular class of compounds, this guide emphasizes the
application of RBCA to petroleum fuel releases.

1.2 The decision process described in this guide integrates
risk and exposure assessment practices, as suggested by the
United States Environmental Protection Agency (USEPA),
with site assessment activities and remedial measure selec-
tion to ensure that the chosen action is protective of human
health and environmental resovrces. The following general
sequence of events is prescribed in RBCA, once the process is
triggered by the suspicion or confirmation of hazardous
hydrocarbon levels:

1.2.1 A Tier i, or preliminary site assessment,

1.2.2 Classification of the site by the urgency of initial
response,

1.2.3 Implementation of an initial response action appro-
priate for the selected site classification,

1.2.4 Comparison of site conditions with Tier 1 screening
levels given in an evergreen “look-up” table containing
conservative risk-based screening levels ard other relevant
criteria (drinking water standards, aesthet.c crite.2, *colog-
ical criteria, etc.),

1.2.5 Deciding if Tier | screening target levels are appro-
priate, and if not,

1.2.5.1 Collect additional site-specific information as re-
quired, and

1.2.5.2 Develop site-specific target levels and points of
compliance (Tiers 2 and 3).

1.2.6 Comparison of the negotiated target levels with site
conditions at the appropriate points of compliance, and if
any exceedences are noted,

! This emergency standard is under the junsdiction of ASTM Commiutice E-50
on Environmental Assessment and is the direct responsibility of Subcommuttee
ES0.01 on Storage Tanks.

Current edition approved May 27. 1994, Published July 1994

2 See paragraph 13.2 of the Regulations Governing ASTM Technical Commit-
tees.

1.2.6.1 Develop a corrective action plan to achieve the
negotiated target levels in an appropriate time period (based
on risks posed by the site). Alternatives to be considered
include combinations of traditional remedial methods (for
example, excavation, pump and treat, and soil vapor extrac-
tion) with institutional controls and natural attenuation.

1.3 This guide describes the previously outlined process in
more detail. For those interested only in becoming familiar
with RBCA, the short main body of text provides a brief
overview of the RBCA process (see Section 4), and then
presents RBCA procedures in a step-by-step fashion (see
Section 5) followed by a discussion of ways in which the
process can be misapplied (see Section 6). For those inter-
ested in additional background information, appendixes
have been included. These are focused on the following:

1.3.1 Characteristics of petroleum fuels (see Appendix
X1,

1.3.2 Derivation of the example Tier | RBSL Lock-Up
Table (see Appendix X2),

1.3.3 Uses of predictive modeling relative to the RBCA
process (see Appendix X3),

1.3.4 Considerations for institutional controls (see Ap-
pendix X4), and

1.3.5 RBCA examples (Appendix X5).

1.4 The values stated in inch-pound units are to be
regarded as the standard. The SI units given in parentheses
are for information only.

1.5 This standard does not purport to address all of the
safety concerns, if any, associated with its use. [t is the
responsibility of the user of this standard 10 establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Significance and Use

2.1 The allocation of limited resources (for example, time,
money, regulatory oversight, qualified professionals) to any
one petroleum release site necessarily influences corrective
action decisions at other sites. This has spurred the search for
innovative and cost-effective approaches to corrective action
decision making, that still ensures that human health and
environmental resources are protected.

2.2 The RBCA process presented in this guide is a rational
and consistent, streamlined decision process for selecting
appropriate corrective actions at petroleum release sites.
Advantages of the RBCA approach are as follows:

2.2.1 Decisions are based on reducing the risk of adverse
human or environmental impacts to appropniate levels,

2.2.2 Ensurance that site assessment activities are fo-
cussed on collecting only that information that is necessary
1o making risk-based corrective action decisions,

2.2.3 Ensurance that limited resources are focussed (o-
wards those sites that pose the greatest risk to human healts

35826



i» Es 38

and environmental resources at any time,

5.2.4 Ensurance that the preferred remedial option is the
most economically favorable one that has a high probability
of achieving the negotiated degree of exposure and risk
reduction, and

2.2.5 Compliance can be evaluated relative to site-specific
standards applied at site-specific points of compliance.

2.3 This guide is intended to be consistent with USEPA
guidance for risk and exposure assessment (1-8).

3. Tiered Approach to RBCA at Petroleum-Release Sites

3.1 In risk-based corrective action, traditional compo-
nents of corrective action programs (site assessment, reme-
dial action selection, and compliance monitoring) are inte-
grated with USEPA-recommended  risk and exposure
assessment practices to create a process by which corrective
action decisions are made in a consistent and cost-effective
manner that is protective of human health and environ-
mental resources.

3.2 In order to streamline the RBCA process, it 1s
implemented in a tiered approach, involving increasingly
sophisticated levels of data collection and analysis. The
conservative assumptions of earlier tiers are replaced with
site-specific assumptions. Upon completion of each tier, the
user reviews the results and recommendations, and decides if
more site-specific analysis is required. The following forms
the basis for a three-tiered RBCA planning process:

3.2.1 Tier 1. Site Classification and Non-Site-Specific
Screening-Level Corrective Action Goals—In Tier 1, sites are
classified by the urgency of need for initial corrective actron,
based on information collected from historical records, a
visual inspection, and minimal site assessment data. The
user is required to identify contaminant sources, obvious
environmental impacts, if any, the presence of potentially
impacted humans and environmental resources {for ex-
ample, workers, residents, water bodies, etc.), and potential
significant transport pathways (for example, ground water
flow, atmospheric dispersion, etc.). Associated with site
classifications are prescribed initial response actions that are
to be implemented prior t0 proceeding further with the
RBCA process.

3.2.1.1 In addition, as part of Tier 1, conservative correc-
tive action goals are based on an evergreen list of non-
site-specific, risk-based screening levels (RBSLs), aesthetic
criteria, and other appropriate standards such as Maximum
Contaminant Levels (MCLSs) for potable ground water use.
Tier 1 RBSLs are typically derived for standard exposure
scenarios using current reasonable maximum exposure
(RME) and toxicological parameters as recommended by the
USEPA, and conservative contaminant migration models.
These values are “evergreen” and will change as new
methodologies and parameters are developed. Tier | RBSLs
may be presented as a range of values, corresponding to a
range of risks, and a risk management decision is made 10
gelcct the screening levels to be used. This evaluation may
include a cost-benefit analysis, where the user considers the

costs associated with achieving various levels of risk reduc-
tion.

3 The boldface numbers in parentheses refer 10 the list of references at the end
of this standard.
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3.2.2 Tier 2: Site-Specific Corrective Action Goals—Tier 2
provides the user with an option for determining site-specific
target levels (SSTLs) and appropriate points of compliance
when it is judged that Tier 1 corrective action goals are not
appropriate. This decision is typically based on comparing
the cost of achieving Tier | corrective action goals with the
cost for Tier 2 analyses, considering the probability that the
Tier 2 site-specific goals will be significantly less costly to
achieve than Tier | goals. It is important to note that both
Tier | and Tier 2 screening levels are based on achieving
similar levels of human health and environmental resource
protection (for example, 107 to 109 risk levels); however,
in moving to higher tiers the user is able to develop more
cost-effective corrective action plans because the conserva-
tive assumptions of earlier tiers are replaced with more
realistic site-specific assumptions. Additional site assessment
data may be required, but minimal incremental effort is
usually required relative to Tier 1. In some cases the Tier 2
SSTLs are derived from the same equations used to calculate
Tier | RBSLs, except that site-specific parameters are used in
the calculations. At other sites, the Tier 2 analysis may
involve applying Tier | RBSLs at more probable points of
exposure, such as property boundaries and negotiated points
of compliance, and then deriving Tier 2 corrective action
goals for the petroleum source arcas based on demonstrated
and predicted attenuation of hydrocarbon compounds with
distance (see 5.6.3). Again, Tier 2 corrective action goals are
considered conservative and are consistent with USEPA-
recommended practices.

3.2.3 Tier 3: Site-Specific Corrective Action Goals—Tier 3
provides the user with an option for determining SSTLs and
appropriate points of compliance when it is judged that Tier
2 corrective action goals are not appropriate. As stated in
3.2.3, this decision is typically based on comparing the cost
of achieving Tier 2 corrective action goals with the cost for
Tier 3 analyses, considering the probability that the Tier 3
site-specific goals will be significantly less costly to achieve
than Tier 2 goals. The major distinction between Tier 2 and
Tier 3 analyses is that a Tier 3 analysis is generally 2
substantial incremental effort relative to Tiers 1 and 2, as the
analysis is much more complex and may include detailed site
assessment, probabilistic evaluations, and sophisticated
chemical fate/transport models.

3.3 If the selected target levels are exceeded and corrective
action is necessary, the user develops a corrective action plan
in order to reduce the potential for adverse impacts. One
option is to utilize traditional remediation processes 10
reduce contaminant concentrations below the target levels.
Another equally viable option is to achieve exposure reduc-
tion (or elimination) through the institutional controls dis-
cussed in Appendix X4, or through the use of containment
measures, such as capping and hydraulic control.

4. Risk-Based Corrective Action (RBCA) Procedures

4.1 The sequence of principal tasks and decisions associ-
ated with the RBCA process are outlined on the flowchan
shown in Fig. 1. Each of these tasks and decisions 1§
discussed as follows: ’

4.2 Step I: Initial Site Assessment—Collect and assemble
the data necessary 1O complete the Tier | analyses. In the
interest of minimizing COSts and expediting the RBCA



STEP 10

- b Es 38

initia) Sile Asssssment

Conduct site L gation and Tier t S Y
Repont 10 organ 3 sie k sganding
h L oxtent of H )
media, and potential mig p ys and recep

¥

Ske Classitication snd Initisl Responss Action

Classify site per speciiied scenarios (Tabis 3) and implement
appipriate iniial respones acton.

Reclassly site as 4 Intial and interim
nwmummmm

Interim Corrective Action

v

Tier § Evaluation

Ideruity bl tal pathway
ad p ys (use given in Figure 2).

Select approprinte Tier 1 rish-bassd scresning levels (RBSLs)
lmevi'LootUpTabh‘ or other relevant criwria (taste,
odot ") these vaiues with site

Tier 2 Evsiustion

Collect additonal sie data ss needed

Corduaa Tier 2 cilied
Compare Tier 2 she-specilic wgnl ovels (SSTL:) wih she
conditions.

Contaminant
concemralions exceed
SSTLs?

Tier 3 Evaivation
Collect addional sie daia as needsd
Conduat Tier 3 assessment per specified

procedures.
Compare Tier 3 site-speciic target wvels (SSTLs) with sie
conditions.

Contaminant Yos

concentralions exceed

Interim correcive aglion

\ &

SSTLs?

appropnate?

3

Corrective Action Program

idereily t-etlective mesans of isvng linal

action goals, Lnduono combnalions’ of temediation, naivral
the

preferred Momum

Compiiance Moniloring

Conduct monitering program as needed to confym tha
COIrCIVE ACION GOAM. are salisl wd

—)‘ Nao Punther Action ,

FIG.

1 Risk-Based Corrective Action Process Flowchart




b Es 38

process, it is important to focus initial site assessment
activities on gathering that information which is necessary
for the Tier | evaluation. As needed for Tier 2 or Tier 3
analyses, additional information (aquifer hydraulic proper-
ties, site-specific contaminant attenuation parameters, etc.),
can be collected as the RBCA program proceeds. Tier |
requirements and activities include the following:

4.2.1 Source Characterization—Historical records of site
activities and past releases, and chemical analyses results are
used to identify contaminants of concern and to locate major
sources of these compounds. The field sampling program is
then focussed toward identifying maximum concentrations
of those most prevalent, toxic, and mobile compounds, and
towards identifying if both soil and ground water have been
impacted (see Appendix X1 for a discussion of the properties
of common petroleum fuel products, as well as a summary of
the relevant chemical and toxicological properties of key
constituents). Initially, chemical analyses may include a wide
range of suspected contaminants; however, as the investiga-
tion proceeds, the list of analytes can be narrowed to those
compounds that consistently exceed the values given in a
Tier | Look-Up Table (see 4.4). Most investigations will
encompass the sampling of all media (soil, ground water, soil
gas) to some degree; although, the analyses conducted on
each may be very different. For example, soil samples may
be sent to a laboratory for detailed gas chromatography (GC)
analyses, while soil gas samples from a utility conduit may be
analyzed by a portable explosimeter when the goal is to
verify if immediately hazardous levels exist. The amount of
information necessary for the Tier | assessment is generally
less than that collected for Tier 2 and Tier 3 analyses. -

4.2.2 Potential for Exposure and Degradation of Benefi-
cial Uses—The locations of humans and environmental
resources that could reasonably be impacted “receptors,”
identification of potential significant transport and exposure
pathways (ground water transport, vapor migration through
soils and utilities, etc.), and current and potential future uses
of the surrounding land, ground water, surface water, and
sensitive habitats is recorded. This information can be
obtained from visual inspections, well inventory records,
engineering drawings, and hydrogeological assessment data,
and is used to determine the potential for continued near-
term and future impacts to human and environmental
receptors.

4.2.3 Extent of Migration—In addition to the sampling of
source areas, concentrations are measured at potential points
qf exposure or concern (for example, dissolved concentra-
tions in nearby drinking water wells, or vapor concentrations
in nearby conduits or sewers). If it is already known that
maximum source area concentrations exceed the Tier |
non-site-specific RBSLs, aesthetic criteria, or other relevant

cri}eria (for example, explosive limits), then it is useful at this
point to also define the boundaries where these criteria are
exceeded. The investigation should assess any potential
preferential migration pathway, such as sewers, electrical
conduits, etc.

4.2.4 S ummary of Site Characterization Results—The site
charactenization data should be summarized in a clear and
concise format. This can be accomplished through the use of
preformatted tables and figures. This has the added advan-
tage that the consistent presentation of results for many sites

often speeds the review process. Tables | and 2 present
outlines for tables and figures, respectively, that can be used
to effectively present the site characterization results.

4.3 Step 2: Site Classification and Initial Response Ac-
tion—As the user gathers data, site conditions should be
compared with the scenarios listed in Table 3, and the
scenario/classification most representative of actual site con-
ditions should be selected, beginning with Classification !
scenarios. Then an appropriate initial response action should
be implemented, consistent with site conditions. This process
is repeated every time additional data is collected at a site.

4.3.1 The classification scheme given in Table 3 is based
on the current and projected degree of hazards to human
health and environmental resources. “Classification 1” sites
are associated with immediate threats to human health and
environmental resources, while *“Classification 4” sites are
associated with no reasonable potential threat to human
health or to environmental resources. Classification levels
falling between the two extremes are representative of
varying degrees of potential impacts.

4.3.2 Associated with each classification in Table 3 is a
potential initial response action; the initial response actions
are implemented in order to eliminate any potential imme-
diate impacts to human health and environmental resources
as well as to minimize the potential for future impacts that
may occur as one proceeds with the RBCA process, or while
limited resources are focussed on higher priority sites. Note
that initial response actions do not always require active
remediation; in many cases the initial response. action is to
monitor or further assess site conditions to ensure that risks
posed by the site do not increase above acceptable levels with
time. The initial response actions given in Table 3 should be
regarded as recommendations, and the user is free to
negotiate other appropriate alternatives.

4.3.3 The site classification should be reevaluated when-
ever additional site information is collected or whenever
implementation of an intenm corrective action causes a
significant change in site conditions.

4.4 Step 3: Comparison of Site Conditions with Tier |
RBSLs and Tier | Corrective Action Selection—Select the
reasonable potential exposure scenario(s), if any, most ap-
propriate for the site from a list of predefined exposure
scenarios. At a minimum the list of predefined exposure
scenarios includes residential and commercial/industrial sce-
narios; however, in some cases it may also be desirable to
supplement these with an infrequent construction worker
scenario.

4.4.1 The risk evaluation flowchart presented in Fig. 2 is a
tool that can be used to guide the user in selecting appro-
priate exposure scenarios based on site characterization
information. This worksheet is also used in the evaluation of
corrective action alternatives. To complete this flowchart, a
step-wise process is followed:

4.4,1.1 Exposure Pathway Characterization—Identify pri-
mary sources, secondary sources, transport mechanisms, and
exposure pathways.

4.4.1.2 Using the data summarized from Tier 1, cus-
tomize the risk evaluation flowchart for the site by checking
the small checkbox for every relevant source, transport
mechanism, and exposure pathway.

4.4.1.3 Exposure Scenario Characterization—Select ap-
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TABLE 1

RBCA Tier 1 Example of Table Summary

Table Number Title

Contents

1 Executive Summary

Summary of visual & historic assessments

Summmary of receptor characterization

Summary of tasks completed to date

Resutts of classification exercise and selected interim response action
Corrective action cntena exceeded

Proposad/impiemented corrective action

2 Site Description

Site address

Site owner/contact
Agency contacts

Local 1and use
Topography

Surface water characterization
Climatic information

3 Site Ownership and Activity Record

Describe past production and materials handling activities, waste isposal practices, chemicals

used, and site ownership

4 Past Releases or Source Areas

Describe potential sourcas and spill events including: iocation, type and volume of materials

released, time and duration of releass, and affected media (sod. ground water, surface water,

otc.)

Discuss past remediation efforts as appropriste
List any potential off-site sources

5 Summary of Current and Compieted Site
Activities
6 Regional Hydrogeologic Conditions

Describe all relevant ongoing and completed corrective-action activities at the site (site
investigation, emergency responss, etc.)
Describe regional geologic framework through depth of principal aquifer and any other

potentially impacted units

7 Site Hydrogeologic Conditions

Describe site geologic framework through depth of principal aquifer and any other potentially
impacted units

Vadose zone thickness and geoiogy
Depth to ground water

Thicknass of aquifer

Maximum well yield

Flow direction and gradient
Description of any confining units
Current ground water quality (TDS)
Off-site water quality

8 . Beneficial Use Summary

Identity existing and reasonable

potential beneficial uses for land, ground water, and surface water

9 Receptor Survey (weils, utilities, basements,
surface water, snvironmental resources, etc.)

Summarize relevant resuits (that is, for well survey: well designation, distance from site, depth,
construction detais, age, etc. of weils for 0.5-mile (0.8-km) radius around site)

Identify those receptors most likety to be impacted

10 Analytical Summary Sheets (these are intended Compounds detected
for use as a tooi to summarize analytical data  Analytical method(s) used
and provide a tool for comparing site data Practical quantification lmit
with Tier 1 screening leveis) Number of sampiles analyzed
Compound detection frequency

Maximum concentration detected
Location of maximum concsntration

Sampiing date

Background concentrations
Trend (stabie, increasing, decreasing)
Appropriate Tier 1 target leveis (RBSLs, MCLs, etc.)

1" Ecological Assessment Summary Sheet

Observed impacts associated with site 10 vegetation, birds, fish, mammais, etc.

Presence and descnption of any impacted sensitive habitats
Ecological receptors {threatened or endangered species, sconomically or sport-important
species, etc.)

propriate receptors (if any) and exposure scenarios based on
current and projected reasonable use scenarios.

44.1.4 For each exposure pathway selected, check the
most appropriate exposure scenario descrniption (residential,
commercial, etc.). Consider land use restrictions and sur-
rounding land use when making this selection. Residential
exposure scenarios (the most conservative) are appropnate
for residential, or unrestricted future land use. Commercial
exposure scenarios are used to characterize current and
projected future commercial and light industrial land use.
Do not check any boxes if there are no receptors present, or
likely to be present, or if institutional controls prevent
exposure from occurring, and are likely to stay in place.

4.4.2 For each compound and selected exposure scenano,
ise Tier | RBSL “Look-Up Tables™ to idenufy the corre-

sponding RBSLs for a range of carcinogenic risk levels (from
107 to 10~* are often evaluated) and hazard quotients (HQ)
equal to unity. After considering aesthetic, ecological, other
relevant criteria, and background levels, select appropriate
Tier | screening level(s). Then compare these values with site
conditions and identify any exceedences. If there is sufficient
site characterization data, the user may opt to compare
screening level values with statistical limits (for example,
upper confidence levels) rather than maximum values de-
tected.

4.4.3 Note that when the potential for carcinogenic
human health effects is of concern, an acceptable risk level is
selected to complete this step, and this value must be
negotiated between all parties involved, and may involve
using resuits from a cost-benefit analysis. One approach is to
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TABLE 2 RBCA Tier 1 Example of Figure Summary

Figure Number Title Contents

1 Site Location Map Show general vicinity
Identify surface water bodies
Show ground water supply wells and designation (for example, drinking water, irrigation, etc.)
Identify other potential receptors

. Show topography (use USGS quad maps, if available)
2 Extended Site Map Show local use including schools, hospitais, retirement homes, residential areas, commercial
areas, and any ground water supply weils
3 Site Plan View (This map shoukd be deveioped Location of all structures

from historical maps, pians, and aenal
photos, and shouid encompass potentially

Location of buried tanks
Location of bunied conduits
Location of suspected/confimed sources

Areas of ecological interest
Areas of soil contamination

Provide photos of site, potentially contaminated areas, tank excavations, and surrounding

property (show in chronological order)

Potentiometric surface contour map for any potentially impacted water-bearing units

Show site stratigraphy through full depth of potentially impacted water-bearing units, including

undertying confining layer
mommmwgmwo(puﬂdww:ogrw\dwatuﬂow)
Indicate contaminant concentrations
Indicate subsurfacs piping, conduits, tanks, etc.

impacted areas.)
4 Site Photos
5 Ground water Elevation Map
Date
[} Geologic Cross Sectiony(s)
7 Dissolved Contaminant Plume Map(s)

Show lateral extent of impacted ground water

Indicate sampling locations and concentrations
Show iocation of any free product
Show time series data (it possibie)

select target risk levels that reflect the probability of expo-
sure; more conservative risk levels are selected for actual
exposures and less conservative risk levels are chosen for
potential exposure scenarios. For reference, risks in the 10~¢
to 10~ risk range are generally considered acceptable at this
time. When selecting a target risk level it is important_to be
aware of background concentrations; for example, as shown
in Table 4, national ambient background benzene vapor
concentrations exceed concentrations corresponding to the
107% risk level (as calculated using USEPA reasonable
maximum exposure (RME) parameter values). Note that
additivity of risks is not explicitly considered in the Tier |
analysis, as it is expected that the screening levels are very
conservative, and typically a limited number of chemicals is
considered to be of concern at most sites. Additivity is
addressed in Tier 2 and Tier 3 analyses.

4.4.4 Tier 1 “Look-Up Tables” contain conservative,
non-site-specific RBSLs for a range of prescribed scenarios,
and may also include aesthetic critenia, and other appro-
priate standards. The RBSLs are calculated in accordance
with methodology suggested by the USEPA. For each
exposure scenario the RBSLs are based on current USEPA
RME parameters, and current toxicological information
given in the USEPA integrated risk information system
(IRIS) database, health effects assessment summary tables
(HEAST), or peer-reviewed source(s). Consequently, the
RBSL look-up table is an “evergreen” set of values that ts
continually updated whenever new methodologies and pa-
rameters are developed. Where required, hydrocarbon fate
and transport estimations are based on conservative fate and
transport models.

4.4.5 Table 4 is an example of an abbreviated Tier |
RBSL Look-Up Table for compounds of concern associated
yvnh pctroleum fuel releases. The exposure scenarios selected
in this case are for residential and industnial/commercial
scenarios characterized by USEPA RME parameters for
adult males. The assumptions and methodology used in

deriving Table 4 are discussed in Appendix X2. Note that
not all possible exposure pathways are considered in the
derivation of Table 4, that is presented here only as an
example. The user should always review the assumptions and
methodology used to derive values in a look-up table to
make sure that they are consistent with reasonable exposure

"scenarios for the site being considered as well as currently

accepted methodologies. The value of creating a standard
look-up table is that users do not have to repeat the
conservative exposure calculations for each site encountered,
except when RME parameters, toxicological information, or
recommended methodologies are updated. Many states have
compiled such tables for direct exposure pathways, and for
the most part many of these tables contain identical values
(as they are based on the same assumptions). Values for the
cross-media pathways (for example, volatilization and
leaching), when available, often differ; because these involve
coupling exposure calculations with predictive equations for
the fate and transport of chemicals in the environment. As
yet, there is little agreement in the technical community as to
conservative non-site-specific values for the transport and
fate model parameters, or as to the choice of the models
themselves. Again, note that Table 4 is presented here only as
an abbreviated example of a Tier | RBSL Look-Up Table for
typical compounds of concern associated with petroleum
fuets. It should not be interpreted as a list of proposed
standards.

4.4.6 Use of Total Petroleum Hydrocarbons (TPH) Mea-
surements—Vanous chemical analysis methods commonly
referred 1o as TPH are often used in site assessments. These
methods usually determine the total amount of hydrocar-
bons present as a single number, and give no information on
the types of hydrocarbon present. Such TPH methods are
useful for identifying the boundaries of contamination and
for locating “hot spots”, and may be useful for risk assess-

ments where the whole product toxicity approach is appro-
priate. However in general, TPH should not be used for
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TABLE 3 Site Classification Scenarios and Potential Initial Response Actions4

Nore—For the purpose of this site classification process, an aquifer is considersd to be a potential potabie water supply if it has the potential to yieid > 200 gal/day (756
L/day), and meets iocal water quality critena (that is total dissotved solids (TDS) < 10 000 mg/L).

Classification

Criteria and Prescribed Scenarios

Possibie Initial Response Actions®

1
1.1
1.2

1.3

2.1

22

23
24

25

2.8

3.1
3.2

33

3.4

3.5

3.6

4.1
42

4.3

immediate Threat to Human Heaith, Safety, or Sensitive Environmentai
Receptors:

Explosive levels, or concentrations of vapors that could cause acute
heaith effects, are present in a residence or other building.

Explosive levels of vapors are present in subsurface utility systenys), but
no building or residences are impacted.

Free-product is present in significant quantities at ground surface, on
surface water bodies, in utilities other than water supply lines, or in
surface water runoff.

An active public water supply weill, public water supply line, or public sur-
face water intake is impacted or immediately threatened.

Ambient vapor/particulate concentrations exceed concentrations of con-
com from an acute exposure, or safety viewpoint.

A sensitive habitat or sensitive resources (sport fish, economically impor-
tant species, threatened and endangered species, etc.) are impacted
and atfected.

Short-Term (0 to 2 years) Threat to Human Health, Salety, or Sensitive
Environmental Receptors:

There is potential for explosive levels, or concentrations of vapors that
could cause acute effects, to accumulate in a residence or other

building.

Shaliow cecntaminated surface soils are open to public access, and dwell-
ings parks, playgrounds, day-care centers, schools, or similar use fa-
cilities are within 500 ft (152.4 m) of those soiis.

A non-potable water supply weil is impacted or immediately threatened.

Ground water is impacted and a public or domestic water supply well
producing from the impacted aquifer is located within two years pro-
jected ground water travel distance downgradient of the known extent
of contamination. .

Ground water is impacted and a public or domestic water supply well
producing from a ditferent interval is located within the known extent
of contamination.

Impacted surface water, storm water, or ground water discharges within
500 ft (152.4 m) of a sensitive habitat, or surface water body used tor
human dninking water or contact recreation.

Long-Term (>2 Years) Threat to Human Health, Safety, or Sensitive Envi-
ronmental Receptors:

Subsurface soils (>3 it (0.9 m) BGS) are impactad and depth between
impacted soils and the first potable aquifer is less than 50 ft (15.2 m).

Ground water i3 impacted and potable water supply wells producing
from the impacted intervai are iocated >2 years ground water travel
time from the dissoived plume.

Ground water is impacted and non-potable water supply wells producing
from the impacted interval are located >2 years ground water travei
time from the dissolved plume.

Ground water is impacted and non-potable water supply wells that do
not produce from the impacted interval are located within the known
extent of contamination.

Impacted surface water, storm water, of ground water discharges within
1500 ft (457.2 m) of a sensitive habitat, or surface water body used
for human drinking water or contact recreation.

Shallow contaminated surfacs soils are open 0 public access, and dwell-
ings, parks, playgrounds, day-care centers, schools, or similar use fa-
cilities are more than 500 ft (152.4 m) of those soils.

No Demonstrabie Long-Term Threat to Human Health, Safety, or Sensi-
tive Environmental Receptors:

Prionty 4 scenarios encompass ail other conditions not described in Pri-
onties 1, 2, and 3. and that are consistent with the prionty description
previously given. Some exampies are:

Non-potabie aquifer with no existing local use impacted.

Impacted soils located more than 3 ft (0.9 m) BGS and greater than 50 ft
{15.2 m) above nearest aquiler.

Ground water is impacted and non-potable weils are iocated down-gra-
dient outside the known extent of contamination, and they produce
from a nonimpacted zone.

Notity Appropriate Authorities, Property Owners, and Potentisily Affected Par-
ties, and Evaluate the Need to:

Evacuate occupants, begin abatement measures such as subsurface ventila-
tion, or building pressurization.

Evacuate immediate vicinity, begin abatement measures such as ventiation

Pravent further free-product migration by appropriate containment measures,
institute free-product recovery, restrict area access.

Notity user(s), provide aiternate water suppty, hydrauiicaily control contami-
nated water, and treat water at point-of-use.

install vapor barrier (capping, foams, etc.), remove Sourcs, or restrict access
to atfected area.

Minimize extent of impact by containment measures and implement habitat
management t0 mMiNiMize exposure.

Notify Appropriate Authorities, Property Owners, and Potentiaily Alfected Par-
ties, and Evaluate the Need to:

Assess the potential for vapor migration {through monitoring/modeling) and
remove source (if necessary), or install vapor migration barmer.

Remove soils, cover soils, or restrict access.

Notity owner/user, evaiuate the need 1o install point-of-use water treatment,
hydrauiic control, or alternate water supply.

Institute monitoring, then evaluate if natural attenuation is sufficient, or if hy-
draulic control is required.

Monitor ground water well quality and evaluate if control is necessary to pre-
vent vertical migration to the supply wel.

Institute containment Measures, restrict access (o areas near discharge, and
svaluate the magnitude and impact of the discharge.

Notily Appropriate Authorities, Property Owners, and Potentially Alected Par-
ties, and Evaiuate the Need to:

Monitor ground water and determine the potential for future contaminant mi-
gration to the aquifer.

Monitor the dissolved piume and evaiuate the potential for natural attenuas-
tion and the need for hydraulic control.

Identity water usage of weill, assess the effect of potential impact, monitor .
the dissoived piume, and avaiuate whether natural attenuation or hydraukc
control are appropriate control measures.

Monitor the dissoived piume, determine the potential for vertical migration,
notify the user, and determine if any impact is ikely.

Investigate current impact on sensitive habitat or surface water body, restrict
access 0 area of discharge (if necessary), and evaluate the need for con-
tainment/control measures.

Aestrict access to impact soils.

Notity Appropriate Authorities, Property Owners, and Potentiaily Atfected Par-
ties, and Evaiuate the Need to:

Monitor ground water and evaluate effect of naturai attenuation on dissolved
plume migration.

Monitor ground water and evaluate effect of natural attenuation on leachate
migration.

Morutor ground water and evaluate affect of natural attenuation on dissolved
piume megration.

4 Johnson, D. C.. DeVauil, G. E., Ettinger, R. A., MacDonaid, R. L. M., Staniey, C. C., Westby. T. S., and Conner, J., “Risk-Based Corectuve Action: Tier 1 Guidance
Manuai,” Sheil Oil Co., July 1993.
8 Note that these are potential initial response actions that may not be appropriate for all sites. The user 1s encouraged o select options that best address the
short-term heaith and safety concems of the site, while the RBCA process progresses.
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FIG. 2 Exposure Scenario Evaluation Flowchart
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TABLE 4 Exampie Tier 1 Risk-Based Screening Level (RBSL) Look-Up Table
okt hare only 88 an example set of Tier 1 ABSLS. itis not s

Sat of proposed standards. The user shouid review all assumptions prior to using

any of the - the: Dagis-of these values. :
i i 4
- 2 ‘5
H ; i
) 2 <
136E.03
136E 01
PR I TIE0) 19580}
e |
235E-01
1.02B+04 2048401
o 140808
1.408.01
130603 1468401
235808
235801
1 28004 104E+0)
433808 $.008+04 2008402 {1}
$.7208+04 1008402
4358400 -
(um*3) I3 2158401 9, 708400 2.918+01 4.76E+01
B Cancer Risk « 1808 ITRO0Y . RES
Seil - Rasidential Canow Risk » 18.04 172840t RES
Velsilnstion QyonigQ = | RES ——RCS RES RES
1o Ovidesr Camow Risk = 1808 A3B01 RES
Air(mghe) | Commercialt Cmow Rigk = 1E-O4 Xy, 2 RES
Industrial Chwonic HQ = | RES RES - ___RES RES
Sell - Cances Risk = 18.08 $3TE-0Y -] RES
Vaper Residential Cancer Risk o 16-04 $378.01 RES
Iatrusien Clvonic 1Q = 1 1.46E+01 2.08E401 RES 4 0TE+O!
from Soil te Cancer Risk = |E-06 1.69E-02 RES
Buildings Commercial/ Cancer Risk » 1E.04 1.698+00 RES
(mp/kg) Industrial Chyonic HQ » | 9.08E+01 S ASE«OL RES | OTEs02
SOIL Surficial Sedl Cancer Risk = 1E-06 S.32E400 [ 1.30E-0t
(3 n) Residential Cancer Risk = 1E-04 $.02E+02 1.30B+01
Ingestion/ Chsonic liQ = | 1.09E+0) 1.33E+08 1.4SE 08 917802
Dermst/ Cancer Risk » 1£-06 1.00E+01 3.04E-01
Inhalstion Commercial/ Cancer Risk = |E-04 1.00E+03 3.04E401
(mg/ke) Induswisl Chronic HQ = | 1.15E+O4 1 §7E+04 2.0RE+08 | SOE+3 -
Soil - MQL's 19E00 9.11E0 1.T7E+0) 3.03E+2 NIA 9478000 |
Leachsie o Cancer Risk » IE-08 1.1E02 5 S0E-01
Protect Residenual Canoer Risk » 1E-04 1. 72E+00 RES
Grovndvwater Qhvonic HQ = 1 4.75E+01 __1.29E+02 RES 129E+01
Ingestion Cencar Risk = 1E-06 SIRE02 LISE+00
Target Level | Commercisl/ Canow Risk » 1E.04 3. 788400 RES
(ma/kp) Industrisl Chvonic HQ « | 1.33E+02 3.61E+02 RES §.42E+01
Cancer Risk » 1E-06 1.108401 - >3
Groundweter - | Residenual Cancer Risk » 1£-04 1.10E+03 >$
VYolauilzation Chvonic KQ = > »$ >$ >$
te Outdoer Canos Risk = 1E-06 1.84E401 >$
Air (mg/l) Commercial/ Cmncar Risk = 1E-O4 >$ >$
Industnal Chronic HQ = | >$ >S >$ >$
MQL's 5. 00E-0) 7,006 01 1L OOE+00 1.00E+01 N/A_ 2.008.04
Groundwaler Cancer Risk = 1£-08 194E.03 LITEQS |
GCROUND Ingesiion Residantial Camcer Risk « IE-04 194E-01 LITE
WATER (mg/l) Conic HQ = 1 3.65E+00 J30E«00 1 7.30E+01 1.46E-01
Cancer Risk = |E-08 987E.03 192608
Commercul/ Cancer Risk » 1E-04 9.37E-0! >$
Indusizisl Qvomc HQ = 1 1.02E+01 1.04E«O1 >$ 4.09€-0!
Groundwaier - Canow Risk » 1E.08 $.128.02 >$
Vapor Residenuat Cancer Risk » 1E-04 3.12E+00 >$
Intrusion Chroniec HQ » >$ 1.14E«02 >3 1.068+01
from Grouad- Cancer Risk w 1E,06 236E.01 >$
woier lo Buibd- | Commercul/ Cancer Risk « 1E-04 136840} >$
ings (mg/l) Industal Chronic HQ = | >S5 3 00E+02 >$ 178E+01

A As benzene soluble coal tar pitch volaties.

& Amencan Industnal Hygiene Association, Odor Thresholds for Chemicals with Established Occupational Health Stangards, 1989.
€ From: Shah and Singh, Enviranmentat Science Technoloiogy Vol 22, No. 12; ATSDR, 1988, Toxlogical Profiles, U.S. Public Health Services, 1988, and Wallace, L. A..

Journal of Occupationsl Medicine. Vol 28, No. 5, 1986.
0 "RES" —seected risk levei 13 NOt axceeced for pure compound prasent at any concantration.
£ 55" __saectad risk lavel s not exceeded for all possibie dissoived levels (s pure component solubdity).
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“individual constituent” risk assessments because the general
measure of TPH provides insufficient information about the
amounts of individual compounds present.

valve symbois on the flowahart ard mioding
measure abbreviation (defined by the user on
hand-side of Fig. 2). L :

4.5 Step 4. Evaluation of Tier ! Results—At this point,
results of the Tier | assessment are reviewed and one of the
following four options is selected:

4.5.1 No Action—If source concentrations do not exceed
applicable screening level concentrations, no further action
may be required. Compliance monitoring may be imple-
mented, as appropriate, to confirm that current conditions
persist or improve with time.

4.5.2 Final Corrective Action—If source concentrations
exceed applicable screening level concentrations, a corrective
action program may be designed and implemented to
achieve the Tier | corrective action goals. This program may
include some combination of source removal and contain-
ment technologies, as well as institutional controls.

4.5.3 Interim Corrective Action—If achieving the neces-
sary risk reduction is impracticable due to technology or
resource limitations, an interim corrective action, such as
removal or treatment of “hot spots”, may be conducted to
address the most significant concerns, change the site classi-
fication and initial response, and facilitate reassessment of
the corrective action plan.

4.5.4 Tier Upgrade—Further Analysis—If remediation,
containment measures, and institutional controls are judged
to be impracticable or inappropriate, additional site informa-
tion can be collected as needed for reassessment of corrective
action goals in accordance with Tier 2 of the RBCA process.
This decision is typically based on comparing the cost of
achieving Tier | corrective action goals with the cost for Tier
2 analyses, considering the probability that the Tier 2
site-specific goals will be significantly less costly to achieve
than Tier | goals. It is important to note that both Tier | and
Tier 2 screening levels are based on achieving similar levels
of human health and environmental resource protection (for
example, 107* to 107¢ risk levels); however, in moving to
higher tiers the user is able to develop more cost-effective
corrective action plans because the conservative assumptions
of earlier tiers are replaced with more realistic site-specific
assumptions.

4.5.5 This decision and the scope of any proposed RBCA

activities are now recorded and the Tier | analysis is
complete.
4.6 Step 5: Tier 2—Expanded Site Assessment, Reclassi-
fication, and Site-Specific Corrective Action Goals (Op-
tional)—Tier 2 provides the user with an option for negoti-
sting: site-specific risk-based corrective action goals and
-points of compliance when there is an economic incentive to
o 9% (se¢ 4.3.4). Additional site assessment data may be
required; however, the incremental effort is typically min-
imal relative to Tier 1. In most cases, only a limited number
of pathways, exposure scenarios, and chemicals are consid-
ered e Tier 2 analysis since many are eliminated from
a during the Tier | evaluation. In Tier 2 the user
cempliance points and target concentrations at
‘and uses a combination of assessment data and
modeling results to determine target source area
that correspond to compliance with the

Lo pliance point target levels. Examples of Tier 2
" analyses include:

4.8.1 Application of Tier 1 RBSLs Look-Up Table values
&t reasonable points of compliance (as opposed to anywhere
in an aquifer, geologic formation, or atmosphere as is done
in Tier 1), such as property boundaries or negotiated
compliance points located somewhere between source areas
and reasonable potential receptors. Corrective action goals
(site-specific target levels, time to achieve these values, etc.)
for source areas are then based on the demonstrated and
predicted attenuation (reduction in concentration with dis-
tance) of compounds that migrate away from the source
area.

4.6.2 Applying the methodology for deriving values in the
Tier 1 RBSL Look-Up Table, with the exception that
site-specific parameters may replace the Tier | conservative
assumptions. An example might be in the modeling of
hydrocarbons leaching from soils to ground water, where
assumed infiltration rates, source sizes, and aquifer parame-
ters are replaced with the actual values for a given site.

4.6.3 An examplie of a Tier 2 application is illustrated in
Fig. 3. Here, fuel has been released from a leaking product
line and ground water is impacted. The responsible party
wishes to establish target concentrations for ground water in
the source areas based on assessment data that demonstrates
the attenuation of contaminants down-gradient of the source
area. A negotiated compliance point is selected down-
gradient of the source area and up-gradient of any actual
potential receptors. Data from the site indicates that contam-
inant concentrations are observed, and predicted, to decline
by a factor of 100 between the source area and the
compliance point, therefore the target source area ground
water concentration is established at 100 times the compli-
ance point concentration.

4.6.4 Tiers 2 and 3 of the RBCA process involve the
development of SSTLs based on the measured and predicted
attenuation of contaminants away from the source area(s)
Tier 2 is based on the practical realization that our abulity to
characterize sites is limited; and, therefore, expectations for
compound attenuation with distance from source area(s) are
based on interpolating and extrapolating site-specific data
through the use of relatively simplistic “screening” mathe-
matical models. These predictive equations are characterized
by the following:
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4.6.4.1 The models are relatively simplistic, and are often
algebraic or semi-analytical expressions,

4.6.4.2 Model input is limited to practicably attainable
site-specific data, or easily estimated quantities (for example,
total porosity, soil bulk density), and

4.6.4.3 The models are based on descriptions of relevant
physical/chemical phenomena. Any mechanisms that are
neglected result in predictions that are conservative relative
to those likely to occur (for example, assuming constant
concentrations in petrgleumn source areas, or neglecting
attenuation due to natural biodegradation). In other words,
these models are biased towards predicting exposure concen-
trations in excess of those likely to occur. Appendix X3
discusses the use of predictive models and presents example
screening level models that might be considered for Tier 2
analyses.

4.7 Step 6: Evaluation of Tier 2 Results—At this point,
results of the Tier 2 analyses are reviewed and one of the
following four options is selected:

4.7.1 No Action—If source concentrations do not exceed
Tier 2 SSTLs, no further action may be required. Compli-
ance monitoring may be implemented, as appropriate, to
confirm that current conditions persist or improve with time.

4.7.2 Final Corrective Action—If source concentrations
exceed Tier 2 SSTLs, a corrective action program may be
designed and implemented. This program may include some
combination of source removal, treatment, and containment
technologies, as well as institutional controls.

4.7.3 Interim Corrective Action—If achieving the desired
risk reduction is impracticable due to technology or resource
limitations, an interim corrective action, such as removal or
treatment of “‘hot spots,” may be conducted to address the
most significant concerns, change the site classification, and
facilitate reassessment of the corrective action plan.

4,74 Tier Upgrade—Further Analysis—If remediation,
containment measures, and institutional controls are judged
to be impracticable, additional site information can be
collected as needed for reassessment of corrective action
goals in accordance with Tier 3 of the RBCA process. This
decision is typically based on comparing the cost of
achieving Tier 2 corrective action goals with the cost for Tier
3 analyses, considering the probability that the Tier 3
site-specific goals will be significantly less costly to achieve
than Tier 2 goals. It is important to note that both Tier 2 and
Tier 3 screening levels are based on achieving similar levels
of human health and environmental resource protection (for
example, 10~ to 10~¢ risk levels); however, in moving no
higher tiers the user is able to develop more cost-effective
corrective action plans because the conservative assumptions
of earlier tiers are replaced with more realistic site-specific
assumptions.

4.7.5 This decision and the scope of any proposed RBCA
activities are now recorded and Tier 2 is complete.

4.8 Step 7. Tier 3—Expanded Site Assessment, Reclassi-
fication, and Site-Specific Corrective Action Goals (Op-
tional)—In a Tier 3 assessment, SSTLs are developed on the
basis of more sophisticated statistical and contaminant fate
and transport analyses, using site-specific input parameters
(for example, Monte Carlo simulations). Tier 3 corrective
action assessments commonly involve collection of signifi-
cant additional site information and completion of more

costly modeling efforts than required for either a Tier | or
Tier 2 planning effort. Examples of Tier 3 analyses include
the following:

4.8.1 The use of numerical ground water codes that
predict time-dependent dissolved contaminant transport
under conditions of spatially varying permeability fields to
predict exposure point concentrations,

4.8.2 The use of site-specific data, screening level models,
and Monte Carlo analyses to predict a statistical distribution
of exposures and risks for a given site, and

4.8.3 The gathering of sufficient data to refine site-specific
parameter estimates (for example, biodegradation rates) and
improve model accuracy in order to minimize future moni-
toring requirements.

4.9 Step 8: Evaluation of Tier 3 Results—At this point,
results of the Tier 3 analyses are reviewed and one of the
following four options is selected:

4.9.1 No Action—If source concentrations do not exceed
Tier 3 SSTLs, no further action may be required. Compli-
ance monitoring may be implemented, as appropnriate, to
confirm that current conditions persist or improve with time.

4.9.2 Final Corrective Action—If source concentrations
exceed Tier 3 SSTLs, a corrective action program may be
designed and implemented. This program may include some
combination of source removal, treatment, and containment
technologies, as well as institutional controls.

4.9.3 Interim Corrective Action—If achieving the desired
risk reduction is impracticable due to technology or resource
limitations, an interim corrective action, such as removal or
treatment of “*hot spots,” may be conducted to address the
most significant concerns, change the site classification, and
facilitate reassessment of the corrective action plan.

4.9.4 This decision and the scope of any proposed RBCA
activities are now recorded and Tier 3 is complete.

4.10 Step 9: Implementing the Selected Corrective Action
Program—When it is judged that no further assessment is
necessary, or practicable, an engineering feasibility study
should be conducted to confirm the most cost-effective
option for achieving the final corrective action levels. De-
tailed design specifications may then be developed for
installation and operation of the selected measure. The
corrective action must continue until such time as compli-
ance monitoring indicates that contaminant concentrations
no longer exceed the negotiated compliance levels. Correc-
tive action options include mass removal (treatment, excava-
tion, etc.) methods as well as containment and institutional
controls (for example, deed restrictions).

4.11 Step 10: Compliance Monitoring and Site Mainte-
nance—In many cases, compliance monitonng for a limited
time period is required to demonstrate the effectiveness of
implemented corrective action measures. Upon completion
of this monitoring effort (if required), no further action is
required. In addition, some measures (for example, physical
barriers—capping, hydraulic control, etc.) require mainte-
nance to ensure integrity and continued performance.

4.12 No Further Action and Site Closure—When RBCA
goals have been demonstrated to be achieved, and compli-
ance monitoring and site maintenance are no longer re-
quired to ensure that this condition persists, then no further
action is necessary-——except to ensure that institutional
controls (if any) remain in place.
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5. Potential Problems

5.1 As with any process, the potential exists for misappli-
cation of the RBCA process. In most cases the root cause will
be a lack of understanding of the process and improper use
of process components. In order to prevent misuse of the
process, the following should be avoided:

5.1.1 Use of Tier | risk-based screening levels as default
remediation standards rather than conservative screening
levels,

5.1.2 Placing arbitrary time constraints on the process; for
example, requiring that Tiers 1, 2, and 3 be completed within
30-day time periods rather than letting the time frame be
based on risks posed by the site,

5.1.3 Use of the process as a closure tool only, rather than
a process that is applicable during all phases of corrective
action,

5.1.4 Requiring responsible parties to achieve technology-
based remedial limits prior to requesting the approval for
site-specific goals,

5.1.5 Inappropriate use of predictive modelling,

5.1.6 Dictating that corrective action goals can only be
achieved through source removal and treatment actions,
thereby restricting the use of exposure reduction options,
such as containment and institutional controls,

5.1.7 Use of inappropriate or unfounded exposure factors,

5.1.8 Use of antiquated toxicity parameters,

5.1.9 Neglecting aesthetic and other criteria when negoti-
ating target concentrations,

5.1.10 Not considering the effects of additivity when
screening multiple chemicals,

5.1.11 Not negotiating institutional controls, compliance
points, and target risk ranges before submitting corrective
action plans, and

5.1.12 Not honoring institutional controls.

APPENDIXES

(Nonmandatory Information)

X1. PETROLEUM FUEL CHARACTERISTICS: COMPOSITION, PHYSICAL CHEMICAL PROPERTIES, AND
TOXICOLOGICAL ASSESSMENT SUMMARY

X1.1 Introduction:

X1.1.1 Petroleum fuels originating from crude oil are
complex mixtures of hundreds to thousands of chemicals;
however, practical limitations allow us to focus only on a
limited subset of key components when assessing the impact
of petroleum fuel releases to the environment. Thus, it is
important to have a basic understanding of petroleum fuel
properties, compositions, and the physical, chemical, and
toxicological properties of some compounds most often
identified as the key, or “indicator,” chemicals.

X1.1.2 This appendix provides a basic introduction to the
physical, chemical, and toxicological characteristics of petro-
leum fuels (gasoline, diesel fuel, jet fuel, etc.)* focussed
primarily towards that information which is most relevant to
assessing potential impacts due to releases of these fuels into
the subsurface. Much of the information presented is sum-
marized from the references listed at the end of this guide.
For specific topics, the reader is referred to the following
sections of this appendix:

X1.1.2.1 Composition of Petroleum Fuels—See X1.2.

X1.1.2.2 Physical, Chemical, and Toxicological Proper-
ties of Petroleum Fuels—See X1.3.

X1.1.2.3 Indicator Compounds—See X1.4.

X1.1.2.4 Toxicity of Petroleum Hydrocarbons—See X1.5.

X1.1.2.5 Praofiles of Select Compounds—See X1.6.

X1.2 Composition of Petroleum Fuels:

X1.2.1 Most petroleum fuels are derived from crude oil
by distillation, which is a process that separates compounds
by volatility. Crude oils are variable mixtures of thousands of

* “Alternative Fuels,” or those fuels not based on petroleum hydrocarbons (or
containing them in small amounts), such as methanol or M85 are beyond the
scope of the discussion in this appendix.

chemical compounds, primarily hydrocarbons; conse-
quently, the petroleum fuels themselves are also variable
mixtures of large numbers of components.. The biggest
variations in composition are from one type of product to
another (for example, gasoline to motor oil); however, there
are even significant variations within different samples of the
same product type. For example, samples of gasoline taken
from the same fuel dispenser on different days, or samples
taken from different service stations will have different
compositions. These variations are the natural result of
differing crude oil sources, refining processes and conditions,
and kinds and amount of additives used.

X1.2.2 Components of Petroleum Fuels—The. compo-
nents of petroleum fuels can be generally classified as either
hydrocarbons (organic compounds composed of hydrogen
and carbon only) or as non-hydrocarbons (compounds
containing other elements, such as oxygen, sulfur, or ni-
trogen). Hydrocarbons make up the vast majority of the
composition of petroleum fuels. The non-hydrocarbon com-
pounds in petroleum products are mostly hydrocarbon-like
compounds containing minor amounts of oxygen, sulfur, or
nitrogen. Most of the trace levels of metals found in crude oil
are removed by refining processes for the lighter petroleum
products.

X1.2.3 Descriptions and Physical Properties of Petroleum
Fuels—In order to simplify the description of various
petroleum products, boiling point ranges and carbon number
(number of carbon atoms per molecule) ranges are com-
monly used to describe and compare the compositions of
various petroleum products. Table X 1.1 summarizes these
characteristics for a range of petroleum products. Moving
down the list from gasoline, increases in carbon number
range and boiling range and decreases in volatility (denoted
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by increasing flash point) indicate the transition to “heavier
products.” Additional descriptions of each of these petro-
leumn fuels are provided below.

X1.2.4 Gasoline—Gasoline is composed of hydrocarbons
and “additives” that are blended with the fuel to improve
fuel performance and engine longevity. The hydrocarbons
fall primarily in the C4 to C12 range. The lightest of these are
highly volatile and rapidly evaporate from spilled gasoline.
C4 and CS aliphatic hydrocarbons rapidly evaporate from
spilled gasoline (hours to months, depending primarily on
the temperature and degree of contact with air). Substantial
portions of the C6 and heavier hydrocarbons also evaporate,
but at lower rates than for the lighter hydrocarbons.

X1.2.4.1 Figure X1.1 shows gas chromatograms of a fresh
gasoline and the same gasoline after simulated weathering;
air was bubbled through the gasoline until 60 % of its initial
volume was evaporated. In gas chromatography, the mixture
is separated into its components, with each peak representing
different compounds. Higher molecular weight components
appear further to the right along the x-axis. For reference,
positions of the n-aliphatic hydrocarbons are indicated in
Fig. X1.1. The height of, and area under, each peak are
measures of how much of that component is present in the
mixture. As would be expected by their higher volatilities,
the lighter hydrocarbons (up to about C7) evaporate first and
are greatly reduced in the weathered gasoline. The gas
chromatogram of a fuel oil is also shown for comparison.

X1.2.4.2 The aromatic hydrocarbons in gasoline are pri-
marly: benzene (CzHg), toluene (C,H,), ethylbenzene
(CgH,,), and xylenes (CgH,,); these are collectively referred
to as “BTEX.” Some heavier aromatics are present also,
including low amounts of polyaromatic hydrocarbons
(PAHs). Aromatics typically comprise about 10 to 40 % of
gasoline.

X1.2.4.3 Oxygenated compounds (“oxygenates™) such as
alcohois (for exampie, methanol or ethanol) and ethers (for
example, methyl tertiarybutyl ether—MTBE) are sometimes
added to gasoline as octane boosters and to reduce carbon
monoxide exhaust emissions. MTBE has been a common
additive only since about 1980.

X1.2.4.4 Leaded gasoline, that was more common in the
past, contained lead compounds added as octane boosters.
Tetraethyl lead (TEL) is one lead compound that was
commonly used as a gasoline additive. Other similar com-
pounds were also used. Sometimes mixtures of several such
compounds were added. Because of concerns over atmo-
spheric emissions of lead from vehicle exhaust, the EPA has
reduced the use of leaded gasolines. Leaded gasolines were
phased out of most markets by 1989.

X1.2.4.5 In order to reduce atmospheric emissions of
lead, lead “scavengers” were somectimes added to leaded

gasolines. Ethylene dibromide (EDB) and cthylene
dichloride (EDC) were commonly used for this purpose.

X1.2.5 Kerosene and Jet Fuel—~The hydrocarbons in
kerosene commonly fall into the Cl] to CI3 range, and
distili at approximately 150 to 250°C. Special wide-cut (that
is, having broader boiling range) kerosenes and low-flash
kerosenes are also marketed. Both aliphatic and aromatic
hydrocarbons are present, including more multi-ring com-
pounds than gasoline.

X1.2.5.1 Commercial jet fuels JP-8 and Jet A have similar

compositions to kerosene. JP-4 and JP-5 are wider cuts used
by the military. They contain lighter distillates and have
some characteristics of both gasoline and kerosene.

X1.2.5.2 Aromatic hydrocarbons comprise about {0 to
20 % of kerosene and jet fuels.

X1.2.6 Diesel Fuel and Light Fuel QOils—Light fuel oils
include No. 1 and No. 2 fuel oils, and boil in the range from
160 to 400°C. Hydrocarbons in light fuel oils and diesel fuel
typically fall in the C10 to C20 range. Because of their higher
moiecular weights, constituents in these fuels are less volatile,
less water soluble, and less mobile than gasoline or kerosene
range hydrocarbons.

X1.2.6.1 About 25 to 35 % of No. 2 fuel oil is composed
of aromatic hydrocarbons, primarily alkylated benzenes and
naphthalenes. BTEX concentrations are generally low.

X1.2.6.2 Number | fuel oil is typically a straight run
distillate.

X1.2.6.3 Number 2 fuel oil can be either a straight run
distillate, or else is produced by catalytic cracking (a process
in which larger molecules are broken down into smaller
ones). Straight run distillate No. 2 is commonly used for
home heating fuel, while the cracked product is often used
for industrial furnaces and boilers. Both No. | and No. 2 fuel
oils are sometimes used as blending components for jet fuel
or diese] fuel formulations.

X1.2.7 Heavy Fuel Oils—The heavy fuel oils include
Nos. 4, 5, and 6 fuel oils. They are sometimes referred to as
“gas oils” or “residual fuel oils.” These are composed of
hydrocarbons ranging from about C19 to C25 and have a
boiling range from about 315 to 540°C. They are dark in
color and considerably more viscous than water. They
typically contain 15 to 40 % aromatic hydrocarbons, domi-
nated by alkylated phenanthrenes and naphthalenes. Polar
compounds containing nitrogen, sulfur, or oxygen may
comprise 15 to 30 % of the oil.

X1.2.7.1 Number 6 fuel oil, also called “Bunker Fuel” or
“Bunker C,” is a gummy black product used in heavy
industrial applications where high temperatures are available
to fluidize the oil. Its density is greater than that of water.

X1.2.7.2 Numbers 4 and 5 fuel oils are commonly
produced by blending No. 6 fuel oil with lighter distillates.

X 1.3 Physical, Chemical, and Toxicological Characteris-
tics of Petroleum Fuels:

X1.3.1 Trends in Physical/Chemical Properties of Hydro-
carbons—In order to better understand the subsurface be-
havior of hydrocarbons it is helpful to be able to recognize
trends in important physical properties with increasing

TABLE X1.1 Generalized Chemical and Physical Characterization
of Petroleum Fuels
Predominant Boiling Range, Flash Point, 4
Carbon No. (°C) ()
Range
Gasokne C4to C12 25 0 215 -40
Kerosene and Jet C11to0 C13 150 to 250 <21.® 2110 55.¢
Fuels >550
Diessl Fuel and Light  C10 to C20 160 to 400 >35
Fuel Qils
Heavy Fuel Qils C19 10 C25 315 10 540 >50
4 Typical vahes.

8 Jot-B, AVTAG and JP4.
C Kerosene. Jet A, Jet A-1, JP-8 and AVTUR.
© AVCAT ana JP-S.
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number of carbon atoms. These trends are most closely
followed by compounds with similar molecular structures,
such as the straight-chained, single-bonded aliphatic hydro-
carbons. In general, as the carbon number (or molecule size)
increases, the following trends are observed.

X1.3.1.1 Higher boiling points (and melting points),

X1.3.1.2 Lower vapor pressure (volatility),

X1.3.1.3 Greater density,

X1.3.1.4 Lower water solubility, and

X1.3.1.5 Stronger adhesion to soils and less mobility in
the subsurface.

X1.3.2 Table X1.2 lists physical, chemical, and toxicolog-
ical properties for a number of hydrocarbons found in
petroleum fuels. In general:

X1.3.2.1 Aliphatic petroleum hydrocarbons with more
than ten carbon atoms are expected to be immobile in the
subsurface, except when dissolved in non-aqueous phase
liquids (NAPLs), due to their low water solubilities, low
vapor pressures, and strong tendency to adsorb to soil
surfaces.

X1.3.2.2 Aromatic hydrocarbons are more water soluble
and mobile in water than aliphatic hydrocarbons of similar
molecular weight.

X1.3.2.3 Oxygenates generally have much greater water
solubilities than hydrocarbons of similar molecular weight,
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Gas Chromatograms of Some Petroleum Fuels

and hence are likely to be the most mobile of petroleum:fuel
constituents in leachate and ground water. The light
alcohols, including methanol and ethanol, are completely
miscible with water in all proportions.

X1.3.3 Properties of Mixtures—It is important to note
that the partitioning behavior of individual compounds is
affected by the presence of other hydrocarbons in the
subsurface. The maximum dissolved and vapor concentra-
tions achieved in the subsurface are always less than that of
any pure compound, when it is present as one of many
constituents of a petroleum fuel. For example, dissolved
benzene concentrations in ground water contacting gasoline-
impacted soils rarely exceed 1 to 3 % of the =1800 mg/L
pure component solubility of benzene.

X1.3.4 Trends in Toxicological Properties of Hydrocar-
bons—A more detailed discussion of toxicological assess-
ment is given in X1.5 (see also Appendix X3), followed by
profiles for select chemicals found in petroleum fuels given
in X1.6. Of the large number of compounds present in
petroleum fuels, aromatic hydrocarbons (BTEX, PAH's,
etc.) are the constituents that human and aquatic organisms
tend to be most sensitive to (relative to producing adverse
health impacts).

X 1.4 Indicator Compounds for Risk Assessments:

X1.4.1 It is not practicable to evaluate every compound
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TABLE X1.2 Chemical and Toxicological Properties ot Selected Hydrocarbons

. Octanoi/Water Organic Carbon
‘2”.’9"' o oraRD Inhatation RIC  Oral Slops FactorA  Drinking Water Solubiity® Partition Adsorption
Compounds ClassA [mg/kg-cay) [mg/m3) {mg/xg-dayj~" MCLA4 (mg/L] [mg/L) Coetficient® Coefficent®
{109 Kowl [0 Kocl

Benzene A - . 0.0299 0.005 1750 212 1.92
Toluene D 0.24 0.44 . 1 535 273 2.48
Ethyibenzene D 0.14 14 0.7 152 315 3.04
Xylenes D 24 0.3¢.£ 10.0 198 3.26 2.38
n-Hexane . 0.06¢, 0.6° 0.2° - 13¢ . .
MTBE £ 34 e 48 000™ 1.06-1.30% 1.08°
MEK D 0.64 14 ! 268 000 0.268 0.65
MIBK - 0.08¢.%,0.8° ..

thanol 0.54 £ . e N
g&m . .. 1 000 000 -0.32 0.34
Lead B2 0.015¢
EDC B2 0.091 0.005 8520 1.48 1.15
EDB B2 85 0.00005 4 300 1.76 1.64
PAHs:
Pyrene o 0.034 . e 0.132 4.88 4.58
Benzo(a)pyrene B2 e 7.3 0.0002 0.00120 6.06 6.74
Anthracens D 0.34 . . 0.0450 4.45 415
Phenanthrene D - 1.00 4.48 415
Naphthalens D# 0.004¢, 0.042 . e 31.0t 3.01¢ kRhLd

B2 e 1.15% 0.0002 0.00180 5.81 5.30

Benzo(k)uoranthens B2 vee e 0.0002% 0.00430 6.08 574
Fluor:(\o D 0.044 .. 1.69 4.20 3.86
Fluoranthene 0 0.044 0.208 4.90 4.58
Benz X o] e . 0.000700 6.51 8.2
Bcnzg((gm'h Wm B2 0.0002% 0.0140 6.08 5.74
Benz(s)anthracens B2 0.0002% 0.00570 5.60 6.14

4 See Ref (8).

2 See Ref (4).

€ See Ref (7).

© See Ref (7).

# The data is pending in the EPA-IRIS database.
7 The data has been withdrawn in the EPA-IRIS database. -

9 The inhalation unit risk for benzene is 8.3 x 10~3 (mg/m3)~'. The drinking water unit risk for benzene is 8.3 X 10-4 (mg/L)~".
# See Ref (10). Health-based criteria for carcinogenic polycycic aromatic compounds (PAHS) with the exception of dibenzo(a,hjanthracene are set at one tenth of the

level of benzo(s)pyrene due to their recognized jesser potency. .

1 Listed in the January 1991 Drinking Water Priority List and may be subject to future reguiation (56 FR 1470, 01/14/91).
4 USEPA. May 1993. Office of Drinking Water. 15 ug/L is an action level; stancard for tap water.

X Proposad standard.

t See Ref (11).

M See Ref (12).

~ See Ref (13).

© Estimation Equation (from (14))
(1) log Koo = —0.55 log S + 3.64, whers S = water solubility (mg/L)
(2) 10Q Koo = 0.544 log P + 1.377

7 See Ref (9).

present in a petroleum product to assess the human health or
environmental risk from a spill of that product. For this
reason, risk management decisions are generally based on
assessing the potential impacts from a select group of
“indicator™ compounds. It is inherently assumed in this
approach that a significant fraction of the total potential
impact from all chemicals is due to the indicator com-
pounds. The selection of indicator compounds is based on
the consideration of exposure routes, concentrations, mobil-
ities, toxicological properties and aesthetic characteristics
(taste, odor, etc.). Historically, the relatively low toxicities
and dissoived-phase mobilities of aliphatic hydrocarbons
have made these compounds of less concern relative to
aromatic hydrocarbons. When additives are present in signif-
icant quantities, consideration should also be given to
including these as indicator compounds.

X1.4.2 Table X1.3 identifies indicator compounds most
often considered when assessing impacts of petroleum fuels,
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TABLE X1.3 Commoniy Selected Indicator Compounds for
Petroieum Fuels

Unleaded  Leaded Kerosene/ DU":""" H;::«Y
Gasoine  CGasoline JetFueis .l
Benzene X X X
Toluene X X X
Ethyibenzene X X X
Xylene X X X
MTBE, TBA, When When ..
MEK, MIBK, suspected# suspected4
methanol, sthanal
Lead, EDC. EOB X
PNAs® ce . X X X

A For example, when these compounds may have Deen present in the spiied
gm.mmmwtwmthdgm.
8 A list of sslected PNAS for consideration is presented in Table X1.2

based on knowledge of their concentration in the specific
fuel, as well as their toxicity, water solubility, subsurface
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mobility, aesthetic characteristics, and the availability of
sufficient information to conduct risk assessments. The
indicator compounds are identified by an “X” in the
appropriate column. -

X 1.5 Toxicity of Petroleum Hydrocarbons:

X1.5.1 The following discussion gives a brief overview of
origin of the toxicity parameters (reference doses (RfDs), and
slope factors (SFs), a justification for common choices of
indicator compounds and then, in X1.6, a brief summary of
the toxicological, physical, and chemical parameters associ-
ated with common indicator compounds.

X1.5.2 How Toxicity Is Assessed: Individual Chemicals
Versus Mixtures—The toxicity of an individual chemical is
typically established based on dose-response studies that
estimate the relationship between different dose levels and
the magnitude of their adverse effects (that is, toxicity). The
dose-response data is used to identify a “safe dose™ or a toxic
level for a particular adverse effect. For a complex mixture of
chemicals, the same approach can be used. For example, to
evaluate the toxicity of gasoline, a “pure” reference gasoline
would be evaluated instead of the individual chemical. This
“whole-product” approach to toxicity assessment is strictly
applicable only to mixtures identical to the evaluated mix-
ture; gasolines with compositions different from the refer-
ence gasoline might have toxicities similar to the reference,
but some differences would be expected. In addition, as the
composition of gasoline released to the environment changes
through natural processes (volatilization, leaching, biodegra-
dation), the toxicity of the remaining portion may change
also.

X1.5.3 An alternative to the “whole-product™ approach
for assessing the toxicity of mixtures is the “individual-
constituent” approach. In this approach, the toxicity of each
individual constituent (or a selected subset of the few most
toxic constituents, so-called “indicator compounds™) is sepa-
rately assessed and the toxicity of the mixture is assumed to
be the sum of the individual toxicities using a hazard index
approach. This approach is often used by the USEPA;
however, it is inappropriate to sum hazard indices unless the
toxicological endpoints and mechanisms of action are the
same for the individual compounds. In addition, the com-
pounds to be assessed must be carefully selected based on
their concentrations in the mixture, their toxicities, how well
thetr toxicities are known, and how mobile they are in the
subsurface. Lack of sufficient toxicological information is
often an impediment to this procedure.

X1.5.4 Use of TPH Measurements in Risk Assessments—
Various chemical analysis methods commonly referred to as
“total petroleum hydrocarbons” (TPH) are often used in site
assessments. These methods usually determine the total
amount of hydrocarbons present as a single number, and

give no information on the types of hydrocarbon present.
Such TPH methods are useful for identifying the boundaries
of contamination and for locating *hot spots,” and may be
useful for nisk assessments where the whole product toxicity
approach is appropriate. However in general, TPH should
not be used for “individual constituent” risk assessments
because the general measure of TPH provides insufficient
information about the amounts of individual compounds
present.

X1.5.5 Toxicity Assessment Process—Dose-response data

are used to identify a “safe dose” or toxic level for a
particular observed adverse effect. Observed adverse effects
can include whole body effects (for example, weight loss,
neurological observations), effects on specific body organs,
including the central nervous system, teratogenic effects
(defined by the ability to produce birth defects), mutagenic
effects (defined by the ability to alter the genes of a cell) and
carcinogenic effects (defined by the ability to produce
malignant tumors in living tissues). Because of the great
concern over risk agents which may produce carcinogenic
effects, the U.S. Environmental Protection. Agency has
developed weight-of-evidence criteria for determining
whether a risk agent should be considered carcinogenic (see
Table X1.2).

X1.5.6 Most estimates of a “safe dose” or toxic level are
based on animal studies. In rare instances, human epidemi-
ological information is available on a chemical. Toxicity
studies can generally be broken into three categories based
on the number of exposures to the risk agent and the length
of time the study group was exposed to the risk agent. These
studies can be described as follows:

X1.5.6.1 Acute Studies—Acute studies, typically use one
dose or multiple doses over a short time frame (24 h).
Symptoms are usually observed within a short time frame
and can vary from weight loss to death.

X1.5.6.2 Chronic Studies—Chronic studies, use multiple
exposures over an extended period of time, or a significant

~ fraction of the animal's (typically two years) or the individ-

ual’s lifetime. The chronic effects of major concern are
carcinogenic, mutagenic, and teratogenic effects. Other
chronic health effects such as liver and kidney damage are
also important.

X1.5.6.3 Subchronic Studies—Subchronic studies, use
multiple or continuous exposures over an extended period
(three months is the usual time frame in animal studies).
Observed effects include those given for acute and chronic
studies. ;

1.5.6.4 Ideally, safe or acceptable doses are calculated
from chronic studies, although, due to the frequent paucity
of chronic data, subchronic studies are used.

X1.5.7 Data from the above studies are used to generate
reference doses (RfDs), reference concentrations (RfCs), and
are also used in generating drinking water maximum concen-
tration levels (MCLs) and goals (MCLGs), health advisories
(HAs) and water quality criteria. These terms are defined in
Table X1.4.

X1.5.8 Selection of Indicator Compounds—The impact
on human heaith and the environment in cases of gasoline
and middle distillate contamination of soils and ground
water can be assessed based on potential receptor (that is,
aquatic organisms, human) exposure to three groups of
materials; light aromatic hydrocarbons, polycyclic aromatic
hydrocarbons (PAHs), and in older spills, lead. Although not
one of the primary contaminants previously described,
ethylene dibromide (EDB) and ethylene dichlonde (EDC)
were used as lead scavengers in some leaded gasolines and
may be considered compounds of concern, when present.

X1.5.9 The light aromatics, benzene, toluene, xylenes,
and ethylbenzene have relatively high water solubility and
sorb poorly to soils. Thus, they have high mobility in the
environment, moving readily through the subsurface. When
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TABLE X1.4 Weight of Evidence Criteria for Carcinogens

Category Criterion

A Human carcinogen, with sufficient evidence from epidemiological
studies

B1 Probable human carcinogen, with fimited evidence from epide-
miological studies

B2 Probable human carcinogen, with sufficient evidencs from animal
studies and inadeguate evidence or no data from epidemiological
studies

Cc Possible human carcinogen, with limited evidence from animal
studies in the absencs of human data

0 Not classifisbie as to human carcinogenicity, owing 1o inadequate
human and animal evidence

E Evidence of noncarcinogenicity for humans, with no evidence of

carcinogenicity in at least two adequate animal tests in different
species, or in both adequate animal and epidemiological studies

released into surface bodies of water, these materials exhibit
moderate to high acute toxicity to aquatic organisms. Al-
though environmental media are rarely contaminated to the
extent that acute human toxicity is an issue, benzene is listed
by the USEPA as a Group A Carcinogen (known human
carcinogen) and, thus, exposure to even trace levels of this
material is considered significant.

X1.5.10 Polycyclic aromatics can be broken into two
categories: naphthalenes and methylnaphthalenes (dia-
romatics) have moderate water solubility and soil sorption
potential and, thus, their movement through the subsurface
tends to be less than monoaromatics, but substantial move-
ment can still occur. When released into surface bodies of
water, these materials have moderate to high toxicity to
aquatic organisms. PAHs with three or more condensed rings
have very low solubility (typically less than 1 pg/L) and-sorb
strongly to soils. Thus, their movement in the subsurface is
minimal. Several members in the group of three to six ring
PAHs are known or suspected carcinogens and, thus, expo-
sure to low concentrations in drinking water or through the
consumption of contaminated soil by children is significant.
In addition, matenals containing four to six ring PAHs are
poorly biodegradable and, coupled with the potential to
bioaccumulate in tissues of aquatic organisms, these mate-
rials have the potential to bioconcentrate (be found at levels
in living tissue far higher than present in the general
surroundings) in the environment.

X1.5.11 Although almost totally eliminated from use in
gasolines in the United States, lead is found associated with
older spills. Lead was typically added to gasoline either as
tetracthyl or tetramethyl lead and may still be found in its
original form in areas containing free product. Typically

outside the free product zones, these matenals have decom-
posed into inorganic forms of lead. Lead is a neurotoxin and
lead in the blood of children has been associated with
reduced intellectual development. The ingestion by children
of lead-contaminated soils is an exposure route of great
concern, as is the consumption of lead-contaminated
drinking water. EDC and EDB, used as lead scavengers in
gasolines, are of concern because of their high toxicity
(potential carcinogens) and their high mobility in the envi-
ronment.

X1.5.12 In summary, benzene and benzo(a)pyrene (and
in some cases EDB and EDC) are indicator compounds
because of their carcinogenicity. Other PAHs may also be
grouped with B(a)P because of uncertainties in their carcino-
genicity and because they may accumulate (bioconcentrate)
in living tissue.

X1.5.13 Toxicity and Physical/Chemical Properties for
Indicator Compounds—A summary of health effects and
physical/chemical properties for 2 number of indicator
compounds are provided in Table X1.2. This table provides
toxicological data from a variety of sources, regardless of
data quality. A refined discussion for selected indicator
compounds are given below. The reader is cautioned that
this information is only current as of the dates quoted below,
and the sources quoted below may have been updated, or
more recent information may be available in the peer-
reviewed literature.

X1.5.13.1 The RfD or SF values are generally obtained
from a standard set of reference tabies (for example, Inte-
grated Risk Information System, IRIS (6) or the Health
Effects Summary Assessment Tables, HEAST (7)). Except as
noted, the toxicity evaluations that follow were taken from
RIS (6) because these are EPA-sanctioned evaluations. The
information in IRIS (6), however, has typically only been
peer-reviewed within the EPA and may not always have
support from the external scientific community. The infor-
mation in IRIS may also be subject to error (as exampled by
recent revisions in the slope factor for B(a)P and RfC for
MTBE).

X1.5.13.2 HEAST (7) is a larger database than IRIS (6)
and is often used as a source of health effects information.
Whereas the information in IRIS (6) has been subject to data
quality review, however, the information in the HEAST (7)
tables has not. The user is expected to consult the original
assessment documents to appreciate the strengths and limi-
tations of the data in HEAST (7). Thus, care should be
exercised in using the values in HEAST (7).

TABLE X1.5 Definitions of Important Toxicological Characteristics

Referance Dose—A reference dose is an estimate (with an uncertainty typically spanning an order of magnitude) of a daily exposure (mg/kg/day) 1o the general human
population (including sensitive subgroups) that is likely 10 be without an appreciabie risk of deletenous affects dunng a lifetime of exposure.

Reference Concentration—A reference concentration is an estimate (with an uncertainty spanning perhaps an order of magnitude) of a continuous inhalation exposure
todhe human population (including sensitive subgroups) that is likely 10 be without appreciable deletenous sffects during a lifetime.

Slope Factor—The slope of the dose-response curve in the low-dose region. When low-dose lineanty cannot be assumed, the slope factor is the slope of the straight
line from zero dose to the dose at 1 % excass nisk. An upper bound on this siope is usually used instead of the siope itself. The units of the siope factor are usuatty
axpressed as (mqg/kg/day).”'

Orinking Water MCLs and MCLGs—Maximum Contamunant Levels (MCLs) are drinking water standards estabiisned by the EPA that are protective of human heaith.
However. these standards take into account the technological capability of attaining thess standargs. The EPA has, theretore, aiso estabished MCL goals (MCLGs)
which are based only on the protection af human heaith. The MCL standards are often used as clean-up critena.

Orinking Water Health Advisories—Tha Office of Drinking Water provides health advisories (HAS) as technical guidance for the protection of human heaith. They are not
enforceadls federal standards. HAs are the concentration of a substance in annking water estimated to have negligible deletencus eftects in humans, when ingested for
specified time periods.

Water Quality Critera—These cntena are not rules and they do not have regulatory impact. Rather, thess cntena present scientfic data and gudance of the
environmental effects of pollutants whwch can be useful to denve reguiatory requirements based on considerations of water quaity IMpacts.
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X1.5.13.3 References for the physical/chemical propertics
are provided in Table X1.2. All Henry's law constants
quoted in texg: MTBE that is from

e

level goal (MCLG) for
X1.6.1.2 Althou
drinking water advisories for carcinogenic

exposure to carcinogens is considered acceptable), a ten-day
drinking water health advisory for a child has been set at
0.235 mg/L based on hematological impairment in animals.
The EPA is in the process of evaluating noncancer effects
and an oral RfD for benzene is pending.

X1.6.1.3 In situations in which both aquatic life and
water are consumed from a particular body of water, a
recommended EPA water-quality criterion is set at 0.66
pg/L. When only aquatic organisms are consumed, the
criterion is 40 pg/L. These criteria were established at-the
one-in-one-million risk level (that is, the criteria represent a
one-in-one-million estimated incremental increase in cancer
risk over a lifetime).

X1.6.1.4 Physical/Chemical Parameter Summary—Ben-
zene is subject to rapid volatilization (Henry’s law constant
= 5.5 x 10~3 m3-atm/mol) under common above-ground
environmental conditions. Benzene will be mobile in soils
due to its high water solubility (1.75 X 10% pg/L) and
relatively low sorption to soil particles (log K, = 1.92) and,
thus, has the potential to leach into ground water. Benzene
has a relatively low log K,,., value (2.12) and is biodegradable.
Therefore, it is not expected to bioaccumulate. In laboratory
tests, when a free gasoline phase was in equilibrium with
water, typical benzene concentrations in water ranged from
2.42 x 10%to 1.11 x 10° pg/L.

X1.6.2 Toluene:

X1.6.2.1 Toxicity Summary—Using data from animal
studies, the USEPA has set an oral RfD for toluene at 0.2
mg/kg/day. In converting a no-observed adverse effect level
(NOAEL) from the animal study, in which the critical effect
observed was changes in liver and kidney weights, an
uncertainty factor of 1000 and a modifying factor of | were
used. The EPA has assigned an overall medium level of
confidence in the RfD because although the principal study
was well performed, the length of the study corresponded to
only subchronic rather than a chronic evaluation and
reproductive aspects were lacking. Based on the RfD and
assuming 20 % exposure from drinking water. the EPA has
set both drinking water MCL and MCLG of 1000 neg/L.
Drinking water heaith advisories range from 1 mg/L (lifeume

EPA does not usually set long-term’
¢ materials (no
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equivalent to the RfD) to 20 mg/L (one-day advisory for a
child).

X1.6.2.2 In situations in which both aquatic life and
water are consumed from a particular body of water, the
recojgmended water quality criterion is set at 1.43 x 10*
ug/L. When only aquatic organisms are consumed, the

itepign i 4.24 % 10° pg/L.

! EiﬁfAn‘inhalaﬁon RfC of 0.4 mg/m? was derived
d’ on néurological effects observed in a small worker
populitiéni. An uncertainty factor of 300 and a modifying
factor of 1" were used to convert the lowest observed adverse
ct fevel (LOAEL) to the RfC. The overall confidence in

~ wis established as medium because of the use of a

~afid béeause of the paucity of exposure information.

XY¥.8:2:4 - Physical/Chemical Parameter Summary—Tol-
ustie ¥ @ipected to volatilize rapidly, under common above-
gréund envirenmental conditions, due to its relatively high
Henry’s law constant (6.6 X 10~3 m3-atm/mol). It will be
mobile in soils based on an aqueous solubility of 5.35 X 10°
ug/L and relatively poor sorption to soils (estimated log K.
= 2.48) and, hence, has a potential to leach into ground
water. Toluene has a relatively low log K,. (2.73) and is
biodegradable. Bioaccumulation of toluene is, therefore,
expected to be negligible. In laboratory tests, when a free
gasoline phase was in equilibrium with water, typical toluene
concentrations in water ranged from 3.48 X 10* to 8.30 X
10* pg/L.

X1.6.3 Xylenes:

X1.6.3.1 Toxicity Summary—Using data from animal
studies, the USEPA has set an oral RfD for xylenes at 2.0
mg/kg/day. In converting a no-observed adverse effect level
(NOAEL) from the animal study, in which the critical effects
observed were hyperactivity, decreased body weight, and
increased mortality (among male rats), an uncertainty factor
of 100 and a modifying factor of | were used. The EPA has
assigned an overall medium level of confidence in the RfD
because although the principal study was well designed and
performed, supportng chemistry was not performed. A
medium level of confidence was also assigned to the data-
base. Based on the RfD and assuming 20 % exposure from
drinking water, the EPA has set both drinking water MCL
and MCLG of 10 000 g/L. Drinking water health advisories
of 10 mg/L (lifetime, adult) and 40 mg/L (one-day, ten-day,
and long-term child) are quoted by the EPA’s Office of
Drinking Water. No USEPA ambient water criteria are
available for xylenes at this time. Evaluation of an inhalation
RfC is pending.

X1.6.3.2 Physical/Chemical ~ Parameter Summary—
Xylenes are expected to rapidly volatilize under common
above-ground environmental conditions based on their Hen-
ry’s law constants (for o-xylene, H 5.1 ox 107
m3-atm/mol). Xylenes have a moderate water solubility
(1.46-1.98 x 10° ug/L) (pure compound) as well as mod-
erate capacities to sorb to sotls (estimated log K, 2.38-2.79)
and, therefore, they will be mobile in soils and may leach
into ground water. Xylenes are biodegradable, and with log
K,. values in the range from 2.8 10 3.3, they are not expected
to bioaccumulate. In laboratory tests, when a free gasoline
phase was In equilibium with water, typical combined
ethylbenzene and xylenes concentrations in water ranged
from 1.08 x 10% to 2.39 x 10* pg/L.
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X1.6.4 Ethylbenzene:

X1.6.4.1 Toxicity Summary—Usmg data from animal
studies, the an oral RfD for ethylbenzene at
0.1
level (
effects o
tainty fa
The EPA
the RfD bermse.
dence in the

EPA has set ¢

recommended smbieat water rfteion is e et um;mk

When only aquaticorgunisms are consemied; the critevrion:is -

3280 pg/L. An inkalation RfC of 1 mg/m? was derived based
on developmental toxicity ¢fficts observed in: rats: and
rabbits. An uncertainty factor of 300 and a modifying factor
of 1 were used to convert the NOAEL to the RfC. Both the
study design and database were rated low and, thus, the
overall confidence in the RfC was established as low.

X1.6.4.2 Physical/Chemical Parameter =~ Summary—
Ethylbenzene has a relatively high Henry's law constant (8.7
x 10~3 m3-atm/mol) and, therefore, can rapidly volatilize
under common above-ground environmental conditions.
Based on its moderate water solubility (1.52 x 10° pug/L) and
moderate capacity to sorb to soils (Estimated log X,,. = 3.04),
it will have moderate mobility in soil and may leach into
ground water. In laboratory tests, when a free gasoline phase
was in equilibrium with water, typical combined ethylben-
zene and xylenes concentrations in water ranged from 1.08 x
10* to 2.39 x 10* ug/L, due to partitioning effects. Ethyl-
benzene has a moderate low X, value (3.15), and is biode-
gradable. Therefore, it is not expected to bioaccumulate. In
laboratory tests, when a free gasoline phase was in equilib-
rium with water, typical combined ethylbenzene and xylenes
concentrations in water ranged from 1.08 x 10* to 2.39 x
10* pg/L.

X1.6.5 Naphthalenes:

X1.6.5.1 Toxicity Summary—In general, poisoning may
occur by ingestion of large doses, inhalation, or skin adsorp-
tion of naphthalene. It can cause nausea, headache,
diaphoresis, hematuria, fever, anemia, liver damage, vom-
iting, convulsions, and coma. Methylnaphthalenes are pre-
sumably less acutely toxic than naphthalene. Skin irritation
and skin photosensitization are the only effects reported in
man. Inhalation of the vapor may cause headache, confu-
sion, nausea, and sometimes vomiting. The environmental
concerns with naphthalenes are pnimanly attributed to
effects on aquatic organisms. As a consequence, the EPA has
not set any human health criteria for these matenals (that is,
there is no RfD or RfC, no drinking water MCL or MCLG
or ambient water quality criteria). A risk assessment to
define a RfD for these materials is presently under review by
the EPA. Drinking water health advisories range from 20
ug/L (lifetime, adult) to 500 pg/L (one-day advisory for a

child).}

X1.6.5.2 Physical/Chemical Parameter Summary: Naph-
thalene—Naphthalene has a relatively high Henry's Law
constant (1.15 x 10~3 m3.atm/mol) and, thus, has the
capaeity to volatilize rapidly under common above-ground
environmental conditions. It has a moderate water solubility
(3.10 x 10* pg/L) and log K, (3.11) and has the potential to
leach to ground water. A moderate log K, value of 3.01 has
been: reported, but because naphthalene is very biodegrad-
able; it is unlikely to bioconcentrate to a significant degree.

XK4.8.5.3 Methylnaphthalenes—Henry’s law constants
(2.60:%-10~* m>-atm/mol and 5.18 X 104 m3-atm/mot for
I--and 2-methylnaphthalene, respectively) suggest that these
m have the potential to volatilize under common

environmental conditions.  1-Methyi-
 exhibits a water solubility similar to naphtha-

'leu(z.ao X 104 ug/L 10 2.8 X 10° ug/L). However, solubility

decreases with increasing alkylation (dimethylnaph-
thalenes: 2.0 x 10° pg/L to 1.1 x 10* pg/L, 1,4,5-
trimethyinaphthalene: 2.0 x 10° pg/L). These materials are,
therefore, expected to be slightly mobile to relatively immo-
bile in soil (for example, log K. is in the range from 2.86 to
3.93 for 1- and 2-methylnaphthalenes). In aquatic systems,
methylnaphthalenes may partition from the water column to
organic matter contained in sediments and suspended solids.
Methylnaphthalenes have high log X,,.. values (greater than
3.5) and have the potential to bioaccumulate. They do,
however, exhibit a moderate degree of biodegradation, which
typically decreases with increased alkylation.

X1.6.6 Three to Six-Ringed PAHs—The most significant
health effect for this class of compounds is their carcinoge-
nicity, which is structure-dependent. Anthracene and
phenanthrene have not been shown to cause cancer in
laboratory animals. The available data does not prove pyrene
to be carcinogenic to experimental animals. On the other
hand, benz{a)anthracene, benzo[a]pyrene, dibenz(a,h]anth-
racene, and 7,12-dimethylbenz{a]anthracene have been
shown 1o be carcinogenic in laboratory animals. B(a)P and
pyrene are discussed in X1.6.7 and X1.6.8 as representatives
of carcinogenic and noncarcinogenic effects of this class.

X1.6.7 Benzofa)pyrene (BaP):

X1.6.7.1 Toxicity Summary—Based on ammal data,
B(a)P has been classified as a probable human carcinogen
(B2 carcinogen) by the USEPA. A range of oral slope factors
from 4.5 to 11.7 (mg/kg/day)~' with a geometric mean of 7.3
(mg/kg/day)~' has been derived for B(a)P based on the
observance of tumors of the forestomach and squamous cell
carcinomas in mice. The data was considered less than
optimal but acceptable (note that the carcinogenicity assess-
ment for B(a)P may change in the near future pending the
outcome of an on-going EPA review). The EPA has proposed
a drinking water maximum contaminant level (MCL) at 0.2
ug/L (based on the analytical detection limits). The max-
imum contaminant level goal (MCLG) for B(a)P is set at
zero. In situations in which both aquatic life and water are
consumed from a particular body of water, a recommended
EPA water quality criterion is set at 2.8 x 107? pg/L. When
only aquatic organisms are consumed, the criterion 1s 3.11 %

1072 ug/L.

$ Office of Water, USEPA, Washington, DC.
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X1.6.7.2 Physical/Chemical ~ Parameter ~ Summary—
When released to water, PAHs are not subject to rapid
volatilization (Henry’s law constants are on the order of 1.0
x 10™* m3-atm/mol or less) under common environmental
conditions. They have low aqueous solubility values and
tend to sorb 1o soils and sediments and remain fixed in the
environment. Three ring members of this group such as
anthracene and phenanthrene have water solubilities on the
order of 1000 ug/L. The water solubilities decrease substan-
tially for larger molecules in the group, for example,
benzo[a]pyrene has a water solubility of 1.2 pg/L. The log
K, values for PAHs are on the order of 4.3 and greater,
which suggests that PAHs will be expected to adsorb very
strongly to soil. PAHs with more than three rings generally
have high log K, values (6.06 for benzo[a]pyrene), have
poor biodegradability characteristics and tend to bio-
accumulate.

X1.6.8 Pyrene:

X1.6.8.1 Toxicity Summary—Using data from animal
studies, the USEPA has set an oral RfD for pyrene at 3 x
10~2 mg/kg/day. In converting a no-observed adverse effect
level (NOAEL) from the animal study, in which the critical
effects observed were kidney toxicity, an uncertainty factor
of 3000 and a modifying factor of 1 were used. The EPA has
assigned an overall low level of confidence in the RfD
because although the study was well-designed, confidence in
the supporting database is low. No drinking water MCLs or

health advisories have been set. In situations in which both -

aquatic life and water are consumed from a particular body
of water, a recommended EPA water quality criterion is set
at 2.8 x 10~* pg/L. When only aquatic organisms are
consumed, the criterion is 3.11 x 10~2 pg/L.

X1.6.8.2 Physical/Chemical Parameter Summary—Refer
to X1.6.7.2 for BaP. Also see Table X1.2.

X1.6.9 MTBE:

X1.6.9.1 Toxicity Summary—Using data from animal
studies, the USEPA has set an inhalation RfC for MTBE at 3
mg/m’. In converting a no-observed adverse effect level
(NOAEL) from the animal study, in which the critical effects
observed included increased liver and kidney weight and
increased severity of spontaneous renal lesions (females),
increased prostration (females) and swollen penicolar tissue,
an uncertainty factor of 100 and a modifying factor of 1 were
used. The EPA has assigned an overall medium level of
confidence in the RfC because although the study was
well-designed, some information on the chemistry was
lacking. The confidence in the supporting database is me-
dium to high. No drinking water MCLs or ambient water
quality criteria have been set. However, a risk assessment,
that may define a RfD for this material, is presently under
review by EPA. Drinking water health advisories range from
40 ug/L (lifetime, adult) to 3000 pg/L (one-day advisory for
a child).?

X1.6.9.2 Physical/Chemical Parameter Summary—The
Henry’s law constant for MTBE is estimated to be approxi-
mately 1.0 X 107? m3-atm/mol. It is, therefore, expected to
have the potential to rapidly volatilize under common
above-ground environmental conditions. It is very water
soluble (water solubility is 4.8 X 107 pg/L), and with a
relatively low capacity to sorb to soils (estimated log K, =
1.08), MTBE will migrate at the same velocity as the water in
which it is dissolved in the subsurface. The log K., value has
been estimated to be between 1.06 and 1.30, indicating
MTBE's low bioaccumulative potential. It is expected to
have a low potential to biodegrade, but no definitive studies
are available.

X1.6.10 Lead:

X1.6.10.1 Toxicity Summary—(The following discussion
is for inorganic lead—not the organic forms of lead
(tetraethyllead, tetramethyllead) that were present in petro-
leum products.) A significant amount of toxicological infor-
mation is available on the health effects of lead. Lead
produces neurotoxic and behavioral effects particularly in
children. However, EPA believes that it is inappropriate to
set an R{D for lead and its inorganic compounds because the
agency believes that some of the effects may occur at such
low concentrations as to suggest no threshold. The EPA has
also determined that lead is a probable human carcinogen
(classified as B2). The agency has chosen not to set a numeric
slope factor at this time, however, because it is believed that
standard procedures for doing so may not be appropriate for
lead. At present, the EPA has set an MCLG of zero but has
set no drinking water (MCL) or health advisories because of
the observance of low level effects, the overall Agency goal of
reducing total lead exposure and because of its classification
as a B2 carcinogen. An action of level of 15 ug/L has been set
for water distribution systems (standard at the tap). The
recommended EPA water quality criterion for consumption
of both aquatic life and water is set at 50 ug/L.

X1.6.10.2 Physical/Chemical Parameter Summary--Or-
ganic lead additive compounds are volatile (estimated Hen-
ry's law constant for tetraethyl lead = 7.98 x 1072
m3-atm/mol) and may also sorb to particulate matter in the
air. Tetraethyl lead has an aqueous solubility of 800 pg/L
and an estimated log K. of 3.69 and, therefore, should not
be very mobile in the soil. It decomposes to inorganic lead in
dilute aqueous solutions and in contact with other environ-
mental media. In free product (gasoline) plumes, however, it
may remain unchanged. Inorganic lead compounds tightly
bind to most soils with minimal leaching under natural
conditions. Aqueous solubility varies depending on the
species involved. The soil’s capacity to sorb lead is correlated
with soil pH, cation exchange capacity and organic matter.
Lead does not appear to bioconcentrate significantly in fish
but does in some shellfish, such as mussels. Lead is not
biodegradable.

X2. DEVELOPMENT OF RISK-BASED SCREENING LEVELS (RBSLs) APPEARING IN SAMPLE LOOK-UP
TABLE X2.1

X2.1 Introduction:
X2.1.1 This appendix contains the equations and param-
eters used to construct the example “Look-Up” (see Table

X2.1). This table was prepared solely for the purpose of
presenting an example Tier | matnx of risk-based screening
levels (RBSLs), and these values should not be viewed, or
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misused, as proposed remediation “standards.” The reader
should note that not all possible pathways have been
considered and a number of assumptions concerning expo-
sure scenarios and parameter values have been made. These
should be reviewed for appropriateness before using the
listed RBSLs as Tier 1 screening values.

vapors, ground water, surficial soils, and subsurface soils by
means of the following pathways:

X2.1.2.1 Inhalation of vapors,

X2.1.2.2 Ingestion of ground water,

X2.1.2.3 Inhalation of outdoor vapors originating from
dissolved hydrocarbons in ground water,

X2.1.2.4 Inhalation of indoor vapors originating from

X2.1.2 The approaches used to calculate RBSLs ap-
dissolved hydrocarbons in ground water,

pearing in Table X2.1 are briefly discussed for exposure to

TABLE X2.1 Volatilization Factors (VF), Leaching Factor (LF,.), and Effective Diffusion Coefficients (D)

Symbal Cross-Media Route (or Definition) Equation
D&/tow
H
C/V b (mg/m-a) ERL, ] L
VF, Ground water — enciosed-space vapors VFm[ ]" X 1073 54
S ML o [Raen] [0S e o
ERL, (D Facn/Lorsesin
e H L
s - Vo [0 crs ks
i VFume  Ground watar — ambient (outdoor) vapors o | ma/L;0) 1 il m
*“woer ]
. T
. . VE [(mg/mi-.lr)] - 2Wp, [Xsiz] x 109 cm3-kg c
" Lmogs0)]  Usde V sty + kepy + Hiur g
VF. Surficial soils — ambient air (vapors) or: '
T R [(W"Nm] - o 0 T richever s lessO
{mo/g-s0if)]  Undewt mg
2 —7/ .
g vE, Surficial sois — amblent ak (particulates) vE, [(W"""”)] LA
(mg/xg-s0i)] Usdar mg
! 2
I [(mq/m-‘-dr) - Hp, X1 o,,an-"-kq .
samd
VFame  Subsuriace soils — ambient air (mg/xg-soif) (0un + kpp, + HOL) (1 + U.,J..L.) mig
oW
(M . 4 Hh [D:'/Ll]
(mg/md-ain) [0ue + Xop, + HOLILER Ly cmi-kg
vE Subsurface sail —» enclosed-5pace vapors vF, [ - X109 4
- o spece = limamgson] " .-/:.,] [ gL, ] ™
ERL, (D Foex/Loracui.
r 7 U [(mo/‘-NzO)] - 2 x 100 Tk,
LFre Subsurface soils — t ~
oo ground water (OGSO g+ kopy + O] (1 + 2&:) Lg
w
o ENective fusion coefficient in soll based on vapor-phase o,-n[f.o-f-i.°+o.-l";-"’:n
concentration s 'E] H{»
.33 .33
D2,  Effective diffusion cosfficient through foundation cracks og_[ﬂ-”]-owp"‘“+o-lp""“*
s e H 8§
oz Effective diffusion coefficient through capilary fringe 02 [T a oo T2 | e 1 B0
s ] N a»
o Effective diffusion coefficient between ground water and D [Ef.] = (e + N,) ["ﬁ + _";]-. P
sod surface 3 0% or
Co= Sail concentration at which dissalved pore-water and C= = -iX(H'-+‘“+k.p.IX10° 2,
vapor phases become saturated kgsod| o, andkg
4 See Ref (18).
# See Ret (18).
€ See Ret (19).
© Based on mass balance.
£ See Aef (20).
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X2.1.2.5 Ingestion of surficial soil, inhalation of outdoor
vapors and particulates emanating from surficial soils, and
dermal absorption resulting from surficial soil contact with
skin, i

X2.1.2.6 Inhalation of outdoor vapors originating from
hydrocarbons in subsurface soils,

X2.1.2.7 Inhalation of indoor vapors originating from
subsurface hydrocarbons, and

X2.1.2.8 Ingestion of ground water impacted by leaching
of dissolved hydrocarbons from subsurface soils.

X2.1.3 For the pathways considered, approaches used in
this appendix are consistent with guidelines contained in Ref
1).

X2.1.4 The following development presented focuses only

on human-health RBSLs for chronic (long-term) exposures.

X2.1.4.1 In the case of compounds that have been classi-
fied as carcinogens, the RBSLs are based on the general
equation:

risk = average lifetime intake {mg/kg-day]
X potency factor [mg/kg-day]~"

where the intake depends on exposure parameters (ingestion
rate, exposure duration, etc.), the source concentration, and
transport rates between the source and receptor. The potency
factor is selected after reviewing a number of sources,
including the USEPA Integrated Risk Information System
(IRIS) (6) database, USEPA Health Effects Assessment
Summary Tables (HEAST), (7), and peer-reviewed sources.

TABLE X2.2 Equations Used to Develop Exampie Tier 1 Risk-Based Screening Level (RBSLs) Appeasring in “Look-Up” Table X2.1—

Carcinagenic Effects4
NOTE—See Tables X2.3 through X2.6 for definition of parametaers.
Medium Exposure Route Risk-Based Screening Level (RBSL)
TRxBWxAT,xsasd—.—y'-x 10’”—9
Air inhalation® rest, [£9 ] yous ™
i m-air SF, % IR,, x EF X ED
TR x BW x AT, x 365 id
Ground water Ingestion (potable ground water supply only)® ™). Y
RBsL. L-H,0 SF, X IA,, % EF X ED
pBSL‘ _“_g__
c p on® mg mi-air mg
Ground water®  Enclosed-space (indoor) vapor inhalation ABSL, {__] - x 1073 —=
-1L-H0 VF reeo Hg
Hg
RBSL,, [—
Ground water®  Ambient (outdoon) vapor inhalation® ABSL, [—1] - ™8 100 ™8
L-H,0 VF rura o
RBSL, [_&] -
kg-soil
TR x BW x AT, x 365 —2°
Surficial sod Ingestion of sod, inhalation of vapors and X BW x AT, x
particuiates, and dermal contact® P
EF x ED [(s;, x 10-¢ 22 » (IR pou X RAF, + SA X M x RAF,)) +(SF, X IRy, X (VF,, + VF,)
mg
For surficial and excavated soils (0 to 1 m)
ng }
* | moair mg
Subsurface soiS  Ambient (outdoor) vapor inhalation® RBSL, [—mg ] - X103 =
kg-soif 7 »9
- RBSL,, [_19_
Subsurtace sOi¢  Enciosed spacs (indoor) vapor inhalation®  ABSL, [—_]- x 10~ 2
kg-soil 7 ug
o[
Subsurface soi€  Laaching to ground water® RESL, [ﬁ] . d
kg-soil LF,,

4 Note that all RBSL values shouild be compared with thermodynamic partitioning limits, such as solubility levels, maximum vapor concantrations, etc. f a RBSL
excoodsthcrobvmtpnmuoninginit.thisisanhdication!mtthosobctedn‘skahuuomwmunmdwexmlumtwwwmw
axposure scenario.

# Screening leveis for these media based on other considerations (for example, sesthetic. background levels, environmental resource Protection, eic.) can be dertved
with these equations by substituting the seiected target Jevel for RBSL,, or RBSL,, appearing in these equations.

€ These squations are based on Ref (1).

© These squations simply define the *cross-media partitioning factors.” VF, and LF,,,.
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TABLE X2.3 Egquations Used to Develop Example Tier 1 Risk-Based Screening Level (RBSLs) Appearing in “Look-Up” Table X2.1—
Noncarcinogenic Etfects*

Medium Exposure Route Risk-Based Screening Lavel (RBSL)
da
THOfoD,xBWxAT,xsss—ﬁx 10’:—:
19 years
i Inhalation® RBSL,, |———|=
ol - [m"-cll 1A X EF X ED

days
THO X RID, X BW % AT, X 365 ——

Ground water  Ingestion (potable ground water supply only)® RBSL,,{ i ]-

L-H,0 IR, % EF x ED
it
ABSL., [-——]
ms.
Ground water¢  Enclosed-space (indoor) vapor inhalation? RBSL,, [L‘g—] - - x 1073 9
Lt-H,0 VF s 1o
RBSL ne
mg - [m‘-d'] mg
Ground waterS  Ambient (Outcoor) Vapor inhalation® ABSL,, [———] - x 1073 —
L-H,0 VFere )

Surficial soll Ingestion of soil, inhalation of vapors and

days
particuiates, and dermal contact® THOxBWxAT,,x:iesy—;;-s

9
10-¢ =2 M x RAF,
(o X (yog X RAF, + SA X ,))JR*X(VF“#VF)

EF x ED
A1D, R0,

For surficial and excavated soiis (0 to 1 m)

- mg 1 "ESt [n:-gw'] mg
Subsurfacs sol€  Ambient (outdoor) vapor inhalation® RBSL, [——] - X 1073 —
kg-soil VF eams ug
ug
mg oot [m’ﬂ‘f] mg
Subsurface soil€  Enciosed space (ndoor) vapor inhalation®  RBSL, [ ] - x 10-3 =
kg-soil VFreun ug
gL, [——
) ) mg [L-H,O]
Subsurface sONC  Leaching to ground water® RBSL, [——] -
kg-soil [

4 Note that al RBSL values shouid be compared with thermodynamic partitioning limits, such as soiubility Jevels, maximum vapor concentrations, etc. If a RBSL
excaodsmermvmtpam'noningw.misisanindiationthalmesebctednskuhuudbvdwlmwboremduexmmmmlmwmmw
exXposure SCenarno.

8 Screening levels for these media based on other considerations (for example, aesthetic, background Jeveis, environmental resource protection, etc.) can be derived
with these equations by substituting the seiected target Jevel for ABSL,, or RBSL,, appeanng in these equatons.

€ These equations are based on Ref (1).

© These equations simply define the “cross-media partitioning factors,” VF, and LF,,,.

The RBSL values appearing in Table X2.1 correspond to where the intake depends on exposure parameters (ingestion
probabilities of adverse health effects (“risks™) in the range  rate, exposure duration, etc.), the source concentration, and
from 10-% to 10~* resulting from the specified exposure.  transport rates between the source and receptor. The refer-
Note that this risk value does not reflect the probability for ence dose is selected after reviewing a number of sources,
the specified exposure scenarnio to occur. Therefore, the  including the USEPA Integrated Risk Information System
actual potential risk to a population for these RBSLsis lower  (IRIS) (6) database, USEPA Health Effects Assessment
than the 107¢ to 10~ range. Summary Tables (HEAST) (7), and peer-reviewed sources.
X2.1.4.2 In the case of compounds that have not been RBSL values appearing in Table X2.1 correspond to hazard
classified as carcinogens, the RBSLs are based on the general  quotients of unity resulting from the specified exposure.
equation: Note that this hazard quotient value does not reflect the
hazard quotient = average intake [mg/kg-day)/ probability for the spcciﬁcq exposure scenano to occur.
reference dose [mg/kg-day] Therefore, the actual potential impact to a population for
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TABLE X2.4 Exposure Parameters Appearing in Tables X2.2 and X2.3

Parameters Definitions (Units) Residential Commercial/industria
AT, Averaging timefor carcinogens (years) 70 yoars 70 yoars+4
AT, Averaging time for non-carcinogens (years) 30 years 25 years4
aw Adult body weight (kg) 70 kg 70 kg4
ED Exposure durstion (years) 30 years 25 yoars4
EF Exposure frequency (days/years) 350 days/years 250 days/years4
IR0y Soil ingestion rate (mg/day) 100 mg/day 50 mg/day4
IRy-ndoor  Dally indoor inhalation rate {m3/day) 15 m3/day 20 m3/gay4
IRy-outdoor  Dally outdoor inhalation rate (m3/day) 20 m3/day 20 m3/day4
R, Dally water ingestion rate {L/cay) 2 L/cay 1 L/day4
F. Leaching factor (MQ/L-H,0)/(mg/kg-soil)—see Table X2.5 Chemical-specific ical-specific
M Soil 10 skin adherence factor (mg/cm?) 0.5 Q.58
RAF, Dermnal relative absorption factor (volatiles/PAHS) 0.5/0.05 0.5/0.05#
RAF, Oral relative absorption factor 1.0 1.0
RBSL, Risk-based screening ievel for media i (mQ/kg-soil, mg/L-H,0, or Chemical-, media-, and exposure Chemical-, media-, and exposure
ug/m3-air) route-specific route-specific
RID, Inhalation chronic reference dose (mg/kg-day) Chemicai-specific Chemical-specific
RO, Oral chronic reference dose (mg/kg-day) Chemicai-specific Chemical-specific
SA Skin surface area (cm?3/day) 3160 31604
SF, Inhalation cancer siope factor ((mg/xg-cay)y~') Chuuw-m Chemical-specific
SF, Oral cancer siope factor ((mg/xg-day)-") Chermical-specific Chemical-specific
THQ Target hazard quotient for individual constituents (unitiess) 1.0 1.0 .
R Target oxeosshdlviduumﬁmclnctﬁsk(urwoss) for example, 10~ or 10— for example, 10-% or 10~+
VF, Volatiization factor {mg/m3-air)/(mg/kg-soi) or (mg/m?-air)/(mg/ Chemical- and media-specific Chemical- and media-specific
L-H,0)—see Table X2.1
4 See Ref (8). -
# See Ref (15).

TABLE X2.5 Soil, Building, Surface,
NoTe—See X2.10 for justification of parameter selection.

and Subsurface Parameters Used in Generating Exampie Tiar 1 RBSLs

Parameters Definitions (Units) Residential Commercial/industrial
d Lowetdopmocsuﬂdusoizom(an) 100 cm 100 ecm
(204 Diffusion coefficient in air (cm3/s) Chemical-specific Chemicai-specific
Dww Diffusion coefficient in water {cm2/s) Chemical- Chemical-specific
ER Enclosed-space air exchange rate (L/s) - ' 0.00014 s-* 0.00023 s~
[ Fraction of organic carbon in sod (g-C/g-soil) 0.01 0.0t
H Henry's law constant (em-H,0){cm3-gir) Chemical-specific Chemical-specific
Mo Thickness of capilary fringe (cm) Scm Sem
h, Thickness of vadose zone (cm) 295 em 295 cm
J Infiltration rate of water through soil (cm/years) 30 cmyyears 30 cm/years
Koo Carbon-water sorption coefficient (g-H,0/g-C) Chemical-specific ; i
k, Soid-water sorption coefficient (g-H20/g-soi) foe X Kog Toe X Koy
Le Enclosed-space volumey/infiitration area ratio (cm) 200 cm 300 cm
Lo Enclosed-space foundation or wall thickness (cm) i1S5cm 15em
Low Deplhtogomdwntu-h,.-i-h,(em) 300 e 300 cm
Ly Dcpmlosubsu'twosoisams(an) 100 cm 100 em
P, Particulate emission rate (g/cm3-s) 6.9 x 1014 8.9 x 10~
S Pure component solubiiity in water (mg/L-H,0) Chemical-specific Chemical-specific
U Wind speed above ground surface in ambient mixing zone (cmy/s) 225 cmys 225 cmys
Uow Ground water Darcy velocity (cmy/s) 2500 cm/years 2500 cmyears
w Wldtholsommarnwuldtowind.orgrmmmﬂowdirocﬁm(an) 1500 cm 1500 cm
[ Ambient air mixing zone height (cm) 200 cm 200 em
Sow wandwutarmhgzmwmss(an) 200 cm 200 cm
n Areal fraction of cracks in foundations/walls (cm?.cracks/em3-total area) 0.01 cm?-cracks/cma-total area 0.01 cm?-cracks/cm-total area
Oocan Volumetric air content in capilary fringe sois (cm-air/cm?-soil) 0.038 cm3-gir/em-s0i 0.38 cmd-gir/cm-soi
Sscrses  VOUmatic air content In foundation/wal cracks (cmd-airfem3 total volume) 0.26 cm-air/em? total volume 0.26 cm-air/em? total volume
[/ Volumetric air content in vadose zone solls (cm3-airjcm3.-sol) 0.26 cm-air/emid-soil 0.28 cm-air/cm3-soil
o Total soil porosity (cm3fermd.soif) 0.38 cm3/emd.so 0.38 emdjcm-sod
Suceo  VoOlumetric water content in capilary fringe soils (em3-H,0/cm-soi) 0.342 crm3-H,0/cm-soit 0.342 cm?-1,0/cm3-s0i
Oucrace  VoOlumetric water content in foundation/wall cracks (cm3-H,0/cm? total volume)  0.12 cm3-H,0/cm? total volume 0.12 cm3-H,0/cm? total volume
[ Volumetric water content in vadoss 2one sods (em3-H,0/em3-s0d) 0.12 em¥-H,0/cm?-soil 0.12 crm3-H,0/cm3-sod
Pa Sod buik density (g-soil/crm3-soil) 1.7 g/em? 1.7 g/em?
T Averaging time for vapor flux (s) 9.48 x 108 9 946 x 108 s

these RBSLs is lower than a hazard quotient of unity.
X2.1.5 Tables X2.2 through X2.6 summarize the equa-
tions and parameters used to prepare the example look-up
Table X2.1 appearing in the main body of this guide. The
basis for each of these equations is discussed in X2.2 through
X2.10.
X2.2 Air—Inhalation of Vapors (Outdoors/Indoors):
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X2.2.1 In this case chemical intake results from the
inhalation of vapors. It is assumed that vapor concentrations
remain constant oveér the duration of exposure, and all
inhaled chemicals are absorbed. Equations appearing in
Tables X2.2 and X2.3 for estimating RBSLs for vapor
concentrations in the breathing zone follow guidance given
in Ref (1). Should the calculated RBSL exceed the saturated
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TABLE X2.6 Chemical-Specific Properties Used in the Derivation Example Tier 1 RBSLs
Chemical CAS Number M., g/mol H. L-H,OfL-aw O™, cmi/s o=, cmifs 09K oc). L/KG 10K o). L%Q
Benzene 71-43-2 784 0.224 0.0934 1.1 % 10784 1.584 2.134
Toluene 108-88-3 924 0.26% 0.0854 9.4 x 1092 2.134 2.654
Ethyl benzene 100-41-4 1064 0.324 0.0764 8.5 x 10-4° 1.984 3134
Mixed xylenes 1330-20-7 1064 0.294 0.072°2 8.5 x 10-4° 2.384 3264
Naphthalene 91-20-3 1284 0.0494 0.072° 9.4 x 1044 3N 3.284
Benzo(a)pyrene 50-32-8 252¢ 1.4 %1099 0.050° 5.8 x 10~ 5.59¢ 5.980
Chemical CAS Number SF,, kg-day/mg SF,, kg-day/mg RID,, mg/kg-day RID,. mg/kg-day
Benzene 71-43-2 0.029* 0.0297 ... ..
Toluene 108$8-3 .- .. 0.27 0.11*
Ethyt benzene 10041-4 0.1” 0.29"
Mixed xylenes 1330-20-7 2,07 2.07
Naphthalene 91-20-3 e . 0.0040 0.0040
Benzo(a)pyrene 50-32-8 7.3F 6.17 e -
A See Ref (21).
8 See Ref (22).
¢ See Ret (11).
o Diffusion cosfficent caiculated using the method of Fuller, Schetter, and Giddings, from Ref (9).
€ Calcuiated from K. /K e COTEIALON: 100(Koe) = 0.837 l0giKec) — 0.006, from Ref (9).
# See Ref (6).
9 See Ret (7).
i indivi “ » u,, e gt
vapor concentration for any !ndlvxdual component, “>P,q, aie § bicaiiing
is entered in the table to indicate that the selected risk level > 5. one .
or hazard quotient cannot be reached or exceeded for that > v"'
compound and the specified exposure scenario. e
X2.3 Ground water—Ingestion of Ground water—In this
case chemical intake results from ingestion of ground water, vadose zone

It is assumed that the dissolved hydrocarbon concentrations
remain constant over the duration of exposure. Equations
appearing in Tables X2.2 and X2.3 for estimating RBSLs for
drinking water concentrations follow guidance given-in Ref
(1) for ingestion of chemicals in drinking water. Should the
calculated RBSL exceed the pure component solubility for
any individual component, “>S” is entered in the table to
indicate that the selected risk level or hazard quotient can-
not be reached or exceeded for that compound and the
specified exposure scenario (unless free-phase product is
mixed with the ingested water).

X2.4 Ground water—Inhalation of Outdoor Vapors:

¥2.4.1 In this case chemical intake is a result of inhala-
tion of outdoor vapors which originate from dissolved
hydrocarbons in ground water located some distance below
ground surface. Here the goal is to determine the dissolved
hydrocarbon RBSL that corresponds to the target RBSL for
outdoor vapors in the breathing zone, as given in X2.2. If the
selected target vapor concentration is some value other than
the RBSL for inhalation (that is, odor threshold or ecological
criterion), this value can be substituted for the RBSL,;,
parameter appearing in the equations given in Tables X2.2
and X2.3.

X2.4.2 A conceptual model for the transport of chemicals
from ground water to ambient air is depicted in Fig. X2.1.
For simplicity, the relationship between outdoor air and
dissolved ground water concentrations is represented in
Tables X2.2 and X2.3 by the “volatilization factor,” VFuames
((mg/m?3-air)/(mg/L-H,0)), defined in Table X2.1. It is
based on the following assumptions:

X2.4.2.1 A constant dissolved chemical concentration in
ground water,

X2.4.2.2 Linear equilibrium partitioning betwecn dis-
solved chemicals in ground water and chemical vapors at the
ground water table,
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FIG. X2.1 Volatilization from Ground Water to Ambient Air

X2.4.2.3 Steady-state vapor- and liquid-phase diffusion
through the capillary fringe and vadose zones to ground
surface,

X2.4.2.4 No loss of chemical as it diffuses towards ground
surface (that is, no biodegradation), and

¥X2.4.2.5 Steady well-mixed atmospheric dispersion of the
emanating vapors within the breathing zone as modeled by a
“box model” for air dispersion.

X2.4.3 Should the calculated RBSL,, exceed the pure
component solubility for any individual component, “>S” 1s
entered in the table to indicate that the selected risk level or
hazard quotient cannot be reached or exceeded for that
compound and the specified exposure scenario.

X2.5 Ground water—I[nhalation of Enclosed-Space (In-
door) Vapors:

X2.5.1 In this case chemical intake results from the
inhalation of vapors in enclosed spaces. The chemical vapors
originate from dissolved hydrocarbons in ground water
located some distance below ground surface. Here the goal is
to determine the dissolved hydrocarbon RBSL that corre-
sponds to the target RBSL for vapors in the breathing zonc,
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as given in X2.2. If the selected target vapor concentration is
some value other than the RBSL for inhalation (that is, odor
threshold or ecological criterion), this valye can be substi-
tuted for the RBSL,;, parameter appearing in the equations
given in Tables X2.2 and X2.3.

X252 A conceptual model for the transport of chemicals
from ground water to indoor air is depicted in Fig. X2.2. For
simplicity, the relationship between enclosed-space air and
dissolved ground water concentrations is represented in
Tables X2.2 and X2.3 by the “volatilization factor” VE vesp

[(mg/m’-air)/(mg/L-HZO)] defined in Table X2.1. It is based -

on the following assumptions:;

X2.5.2.1 A constant dissolved chemical concentration in
ground water,

X2.5.2.2 Equilibrium partitioning between dissolved
chemicals in ground water and chemical vapors at the
ground water table,

X2.5.2.3 Steady-state vapor- and liquid-phase diffusion
through the capillary fringe, vadose Zone, and foundation
cracks,

X2.5.2.4 No loss of chemical as it diffuses towards ground
surface (that is, no biodegradation), and

X2.5.2.5 Steady, well-mixed atmospheric dispersion of
the emanating vapors within the enclosed space, where the
convective transport into the building through foundation
cracks or openings is negligible in comparison with diffusive
transport.

X2.5.3 Should the calculated RBSL, exceed the pure
component solubility for any individual component, “>8” is
entered in the table to indicate that the selected risk level or
hazard quotient cannot be reached or exceeded for that
compound and the specified €xposure scenario.

X2.6 Surficial Soils—Ingestion, Dermal Contact, and
Vapor and Particulase Inhalation:

X2.6.1 In this case it is assumed that chemical intake
results from a combination of intake routes, including:
ingestion, dermal absorption, and inhalation of both partic-
ulates and vapors emanating from surficial soil,

X2.6.2 Equations used to estimate intake resulting from

enciosed-space

L_ 7 foundation cracks’
crack
vadose zone
h' diffusing vapors
an l ' ' ’
h .
< capillary zone
-X —
}
groundwailcr
—— W ——
FIG. X2.2 Volatilization from Ground Water to Enclosed-Space
Air

ingestion follow guidance given in Ref (1) for ingestion of
chemicals in soil. For this route, it has been assumed that
surficial soil chemical concentrations and intake rates re-
main constant over the exposure duration,

X2.6.3 Equations used to estimate intake resulting from
dermal absorption follow guidance given in Ref (1) for
dermal contact with chemicals in soil. For this route, it has
been assumed that surficial soil chemical concentrations and
absorption rates remain constant over the exposure duration,

X2.6.4 Equations used to estimate intake resulting from
the inhalation of particulates follow guidance given in Ref
(1) for inhalation of airborne chemicals. For this route, it has

remain constant over the exposure duration.

X2.6.5 Equations used to estimate intake resulting from
the inhalation of airborne chemicals resulting from the
volatilization of chemicals from surficial soils follow guid-
ance given in Ref (1) for inhalation of airborne chemicals,

X2.6.6 A conceptual model for the volatilization of chem-
icals from ground water to outdoor air is depicted in Fig.
X2.3. For simplicity, the relationship between outdoor air
and surficial soil concentrations is represented in Tables
X2.2 and X23 by the “volatilization factor” VF,,
[(mg/m’-air)/(mg/kg-soil)] defined in Table X2.1. It is based
on the following assumptions;

X2.6.6.1 Uniformly distributed chemical throughout the
depth 0—d (cm) below ground surface,

X2.6.6.2 Linear equilibrium partitioning within the soi]
matrix between sorbed, dissolved, and vapor phases, where
the partitioning is a function of constant chemical- and
soil-specific parameters.

X2.6.6.3 Diffusion through the vadose zone,

X2.6.6.4 No loss of chemical as it diffuses towards ground
surface (that is, no biodegradation), and

X2.6.6.5 Steady well-mixed atmospheric dispersion of the
emanating vapors within the breathing zone as modeled by a
“box model” for air dispersion.

X2.6.7 In the event that the time-averaged flux exceeds
that which would occur if all chemical initially present in the
surficial soil zone volatilized during the exposure period,
then the volatilization factor is determined from a mass
balance assuming that all chemical initially present in the
surficial soil zone volatilizes during the exposure period.

X2.7 Subsurface Soils—Inhalation of Outdoor Vapors:

X2.7.1 In this case chemical intake is a result of inhala-
tion of outdoor vapors which originate from hydrocarbons
contained in subsurface soils located some distance below
ground surface. Here the goal is to determine the RBSL for

' - breathing ‘
— zone : ;2“
+diﬂusing
vapors

—

w
FiG. X2.3 Volatilization from Surficial Soils
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subsurface soils that corresponds to the target RBSL for
outdoor vapors in the breathing zone, as given in X2.2. [f the
selected target vapor concentration is some value other than
the RBSL for inhzlation (that is, odor threshold or ecological
criterion), this value can be substituted for the RBSL,,,
parameter appearing in the equations given in Tables X2.2
and X2.3.

X2.7.2 A conceptual model for the transport of chemicals
from subsurface soils to ambient air is depicted in Fig. X2.4.
For simplicity, the relationship between outdoor air and soil
concentrations is represented in Tabies X2.2 and X2.3 by the
uyolatilization factor,” VF,.ms [(mg/m3-air)/(kg-soil)}, de-
fined in Table X2.1. It is based on the following assump-
tions:

X2.7.2.1 A constant chemical concentration in subsurface
soils,

X2.7.2.2 Linear equilibrium partitioning within the soil
matrix between sorbed, dissolved, and vapor phases, where
the partitioning is a function of constant chemical- and
soil-specific parameters, ,

X2.7.2.3 Steady-state vapor- and liquid-phase diffusion
through the vadose zone to ground surface,

X2.7.2.4 No loss of chemical as it diffuses towards ground
surface (that is, no biodegradation), and

X2.7.2.5 Steady well-mixed atmospheric dispersion of the
emanating vapors within the breathing zone as modeled by a
“box model” for air dispersion.

X2.7.3 Should the calculated RBSL, exceed the value for
which the equilibrated vapor and dissolved pore-water
phases become saturated, C;** [mg/kg-soil] (see Table X2.1
for calculation of this value), “RES” is entered in the table to
indicate that the selected risk level or hazard quotient cannot
be reached or exceeded for that compound and the specified
exposure scenario (even if free-phase product or precipitate is
present in the soil).

X2.8 Subsurface Soils—Inhalation of Enclosed-Space (In-
door) Vapors:

X2.8.1 In this case chemical intake is a result of inhala-
tion of enclosed-space vapors which originate from hydrocar-
bons contained in subsurface soils located some distance
below ground surface. Here the goal is to determine the
RBSL for subsurface soils that corresponds to the target
RBSL for indoor vapors, as given in X2.2. If the selected
target vapor concentration is some value other than the
RBSL for inhalation (that is, odor threshold or ecological
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FIG. X2.4 Volatilization From Subsurface Soils to Ambient Air
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criterion), this value can be substituted for the RBSL,,
parameter appearing in the equations given in Tables X2.2
and X2.3.

X2.8.2 A conceptual model for the transport of chemicals
from subsurface soils to enclosed spaces is depicted in Fig.
X2.5. For simplicity, the relationship between indoor air and
soil concentrations is represented in Tables X2.2 and X2.3
by the “volatilization factor,” VF,., [(mg/m3-air)/(kg-soil)],
defined in Table X2.1. It is based on the following assump-
tions:

X2.8.2.1 A constant chemical concentration in subsurface
soils,

X2.8.2.2 Linear equilibrdum partitioning within the soil
matrix between sorbed, dissolved, and vapor phases, where
the partitioning is a function of constant chemical- and
soil-specific parameters,

X2.8.2.3 Steady-state vapor- and liquid-phase diffusion
through the vadose zone and foundation cracks,

X2.8.2.4 No loss of chemical as it diffuses towards ground
surface (that is, no biodegradation), and

X2.8.2.5 Well-mixed atmospheric dispersion of the ema-
nating vapors within the enclosed space.

X2.8.3 Should the calculated RBSL, exceed the value
C; [mg/kg-soil] for which the equilibrated vapor and
dissolved pore-water phases become saturated (see Table
X2.1 for calculation of this value), “RES™ is entered in the
table to indicate that the selected risk level or hazard
quotient cannot be reached or exceeded for that compound
and the specified exposure scenario (even if free-phase
product or precipitate is present in the soil).

X2.9 Subsurface Soils—Leaching to Ground Water:

X2.9.1 In this case chemical intake is a result of chemicals
leaching from subsurface soils, followed by inhalation of
enclosed-space vapors, inhalation of outdoor vapors, or
ingestion of ground water as discussed in X2.2 through X2.4.
Here the goal is to determine the RBSL for subsurface soils
that corresponds to the target RBSLs for the inhalation or
ingestion routes. If the selected target ground water concen-
tration is some value other than an RBSL for ground water
(that is, odor threshold or ecological criterion), this value can
be substituted for the RBSL, parameter appearing in the
equations given in Tables X2.2 and X2.3.

enciosed-space
air exchange

L 7  foundation cracks’
crack

vadose zone

diffusing vapors
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FIG. X2.5 Volatilization From Subsurface Soils to Enclosed-
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X2.9.2 A conceptual magel Tor thie leaching of ¢
from subsurface soils to ground water is depicted in
X2.6. For simplicity, the relationship between ground water
and soil concentrations is represented in Tables X2.2 and
X2.3 by the “leaching factor,” LF,, [(mg/L-H;0)/ (mg/
kg-soil)}, defined in Table X2.1. It is based on the following
assumptions: _

X2.9.2.1 A constant chemical concentration in subsurface
soils,

X2.9.2.2 Linear equilibrium partitioning within the soil

Py

divided by the source leachate concentration, and is inher-
ently very similar to the leachate factor, LF,,, discussed here.
The difference between these two terms is that LF,,, repre-
sents the ratio of the target ground wat:r concentration
divided by the source area soil concentration. Should a

program already have a technically defensible

regulatocy pr
4% waluey it can be equated to a leachate factor by the
% fiiowing expression:

DAF x p,
(Bws + koo, + HB,.]

cm?-kg
L-g '

LF,, =

Rl

| where the parameters are defined in Table X2.6.

210 Parameter Values:
X2:40.) Table X2.4 lists exposure parameters used to
calculate the RBSLs appearing in sample Look-Up Table

‘%1% %1, Al values given are based on adult exposures only.

With the exception of the dermal exposure parameters (SA,

" M, and RAF), the values given are reasonable maximum

matrix between sorbed, dissoived, and vapor phases, where -

the partitioning is a function of constant chemical- and
soil-specific parameters, .

X2.9.2.3 Steady-state leaching from the vadose zone to
ground water resulting from the constant leaching rate I
{em/s],

X2.9.2.4 No loss of chemical as it leaches towards ground
water (that is, no biodegradation), and

X2.9.2.5 Steady well-mixed dispersion of the leachate
within a ground water “mixing zone.”

X2.9.3 Should the calculated RBSL, exceed the value for
which the equilibrated vapor and dissolved pore-water
phases become saturated (see Table X2.1 for calculation of
this value), “RES” is entered in the table to indicate that the
selected risk level or hazard quotient cannot be reached or
exceeded for that compound and the specified exposure
scenario (even if free-phase product or precipitate is present
in the soil).

X2.9.4 In some regulatory programs, “dilution attenua-
tion factors” (DAFs) are currently being proposed based on
fate and transport modeling results. A DAF is typically
defined as the ratio of a target ground water concentration

exposure (RME) values presented in Ref (8) and are regarded
as upper bound estimates for each individual exposure
parameter.

X2.10.2 The skin surface area, S4 = 3160 cm?/day, is
based on the average surface area of the head, hands, and
forearms for adult males given in Ref (8). The soil-to-skin
adherence factor, M [mg/cm?), and dermal relative absorp-
tion factor, RAF, [mg-absorbed/mg-applied], are based on
guidance issued by Ref (15).

X2.10.3 Soil properties are based on typical values for
sandy soils and are consistent with values given in Ref (16).

X2.10.4 Physical dimensions are consistent with the scale
of typical underground fuel tank releases.

X2.10.5 Particulate emission rates were estimated by the
approach presented by Cowherd et al (17). It was assumed
that the mode of the surficial soil size distribution was 2 mm,
the erosion potential was unlimited, there was no vegetative
cover, and the mean average annual wind speed was 4 m/s.

X2.10.6 The chemical-specific parameters used are de- -
fined in Table X2.6.

X2.10.7 In this development, surficial soils are defined as
those soils present within 1 m of ground surface. Subsurface
soil RBSLs are based on assumed source depths of 1 m.
Ground water is assumed to be located 3 m below ground
surface.

X2.10.8 Once again, the reader is reminded that the
parameter (and corresponding RBSL) values are presented as
examples only, and are not intended to be used as standards.
At best, the parameters presented are reasonable values based
on current information and professional judgment. The
reader should review and verify all assumptions prior to
using any of the example RBSLs as screening level values.

X3. INTEGRATION OF PREDICTIVE MODELING WITH RISK-BASED CORRECTIVE ACTION PROCESS

X3.1 Introduction:

X3.1.1 In the context of risk-based corrective action
(RBCA), predictive modeling is not only used to predict the
future migration of chemicals, but is also used to interpret, or
extrapolate, site characterization data, historical monitoring
data, and toxicological information. Still another use s in the

design of remedial systems and compliance monitonng
plans. Predictive modeling is therefore another valuable tool
that can provide information to the risk management
process. This appendix discusses:
X3.1.1.1 Appropriate uses for predictive modeling,
X3.1.1.2 Defining the scope and inputs of a predictive
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modeling exercise,
X3.1.1.3 Migration models, and

X3.1. l 4 Risk and exposure aseasmem models.

X3.2.2.1 nnnmohﬁouoflmﬁqdm a in the
case of drawing contour maps for ground water-concentra-
tions and ground water elevations,

X3.2.2.2 The prediction of contaminant concentration
distributions for future times based on historical trend data,
as in the case of ground water transport modeling,

X3.2.2.3 The recommendation of sampling locations and
sampling frequency based on current interpretation and
future expectations of contaminant distributions, as in the
design of ground water monitoring networks,

X3.2.2.4 The design of corrective action measures, as in
the case of hydraulic control systems, and

X3.2.2.5 The calculation of site-specific exposure point
concentrations based on assumed exposure scenarios, as in
the case of direct exposure to surficial soils.

X3.2.3 Predictive modeling is not used in the RBCA
process as a substitute for site-specific verification data.

X3.3 Interpretation of Predictive Modeling Results:

X3.3.1 Predictive models are mathematical approxima-
tions of real processes, such as the movement of chemicals in
the subsurface, the ingestion of chemicals contained in
drinking water, and adverse impacts to human heaith and
environmental resources resulting from significant expo-
sures. One key step towards evaluating model results is first
to determine the accuracy, uncertainty, and validity of the
model used.

X3.3.2 The “accuracy” of modeling predictions is judged
based on how well the model predicts observed behavior, and
is dependent upon a number of factors including:

X3.3.2.1 The approximations used when describing the
real system by mathematical expressions,

X3.3.2.2 The input parameters used 10 generate the
resuits, and

X3.3.2.3 The mathematical methods used to solve the
governing equations (for example, numerical solution
methods, expansion approximations, etc.).

X3.3.3 Predictive modeling results are always subject to
some degree of uncertainty. [t is important to quantify this
uncertainty in order to properly interpret the results. Many
times this is done with a “sensitivity” analysis in which the
user quantifies the influence of changes in input parameters
on the predictive model results, and then identifies those
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parameters that most significantly influence the results.
X3.3.4 The “validation” of model results is dependent
upon the predictive model meeting preestablished modeling
objectives. Predictive modeling results may therefore be
“validated,™ without being accurate. This is especially impor-
tant in the area of predictive risk and exposure assessment
modeling where the modeling objective in many cases (such
as in Tier | of RBCA) is to overestimate the potential
eaposure and risk. In this case the predictive models are

) oﬁen valid but not accurate.

X3.3.5 “Conservatism” is an important criterion of pre-
dictive modeling in the RBCA process. Tier 1 is the most
“conservative” level and provides a “worst case scenario” for
potential exposure and risk. Tier 1 utilizes conservative
models and parameters (that is, USEPA reasonable max-

.imsumm exposure (RME) values). Tier 2 is still conservative

but pmvsda ﬂexxblhty for a more “reasonable case sce-
pario,” This level requires more specific information about

‘the release site and may involve the use of either simple or

moderately complex, but conservative, mathematical
models. It may involve the use of most-likely exposure
scenarios (that is, USEPA MLE values). This information is
used to set “conservative” corrective action objectives that
are still regarded as overly protective. Tier 3 site-specific
target levels (SSTLs) are determined using site-specific trans-
port and exposure models, and in some cases, parameter
distributions. Tier 3 provides the most realistic evaluation of
potential exposure and risk.

X3.4 Types of Predictive Migration and Risk Assessment
Models:

X3.4.1 Predictive models.typically used in the RBCA
process can be grouped into two broad categories:

X3.4.1.1 Migration models, and

X3.4.1.2 Exposure, risk, and dose-response assessment
models.

X3.4.2 The determination of Tier | risk-based screening
levels, or Tiers 2 and 3 site-specific target leveis generally
involves the use of combinations of both types of models. A
more detailed description of each group of models is given in
X3.5 and X3.6.

X3.5 Migration Models:

X3.5.1 Migration (fate and transport) models prcdxct the
movement of a petroleum release through soil, ground water,
or air, or combination thereof, over time. Most models focus
on specific phenomena (for example, ground water trans-
port) and vary in complexity, depending on assumptions
made during model development. In RBCA, simplistic
screening-level migration models are utilized in Tiers 1 and
2, while more complex models are utilized in Tier 3.

X3.5.2 Examples of screening-level models for a number
of pathways relevant to petroleum releases are listed in Table
X3.1. Most of the screening level migration models have a
simple mathematical form and are based on rough concep-
tual approximations of actual phenomena. For example, the
travel time between the leading edge of a dissolve hydro-
carbon plume and a ground water well can be approximated
by:

1000 ft (304.8 m)
100 ft/year (30.4 m)

distance to well (ft)

= = |0 years
retarded flow velocity (ft/year)

X3.5.3 The use of more complex models is not precluded
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in the RBCA process; however, given limited data and
assumptions that must be made, many complex numerical
models reduce to the analytical expressions given in Table

X3.5.4 Migration Model Data Reguiremenis—Predictive
migration models require input of site-specific characteris-
tics; a review of the parameters listed in Table X3.1 indicates

X3.1.
TABLE X3.1 Example Screening Level Transport Models
Description Mathematical Approximation Parameters
Dissolved Phase Transport:
Maximum transport rate Uy me, {Cm/d} KJ C(x) = dlssolved hydrocarbon concentration along centerline (x, y =
of dissolved plume4 Ua.mex ;;‘" 0. z = 0) of dissolved piume [g/cm3-H,0)
¢ Coource™ Uissolved hydrocarbon concsntration in dissoived plume
source area (g/cm3-H,0)
i = ground water gracient [cm/cm)
K, = saturated hydraulic conductivity {cm/d]
Minimum tme 7, ., [d] for leading edge [3 Ky = sorption coefficient {(g/g-soilly(g/cm3-H,0))
of dissoived phume 10 travel distance, Tamn = - L = distance downgradient {cm)
L [em)s o max R, = retarcation factor = (1 + k,0,/0,)
Sw -mmm«mmnownwmmm)
{cm)
Se¢ = source width (perpendicular to flow in the vertical plane)
[cm)
Steady-state attenuation Cix) x 4)a, u = specific discharge {cm/d]
((g/em3-H,0)/(g/cm3-H,0)] along the c = exp {'2: [1 - (1 + '—)]} Ugmas ™ MaXIMum transport rate of dissoived plume (cm/d]4
centeriine (x,y = 0,z =0)of a sowce * = distance ajong centering from downgradient edge of
dissoived plume# - dissolved plume source zone [cm]
( [ [ D y = depth beiow water tabie [cm]
aJapx Jax z = lsteral distance sway from dissoived plume centerine (cm]
ay = longitudinal dispersivity (cm) = 0.10 x
u-K.l/0 a, = transverse dispersivity (cm] » a,/3
a, = vertical dispersivity [cm) = a,/20
A = first-order degradation constant [d—']
8, = volumetric water content of saturated zone
{em?-H,0/cm?-soil]
Pe = soil buik density [g-soil/cm3-soi)
Tomn ™ MINIMUM convective travel time of dissolved hydrocarbons
- to distance L [d)*
orf(n) = error function evaluated for value »
Immiscible Phase Transport: Vo Coes = total s0i hydrocarbon concentration [g/g-soil}
Maximum depth D, (cm) of Omer = o — Cyaq = equilbrium vapor concentration [g/cm3.vapor}4
immiscible phase penetration® A Cusq ™ oquilbrium dissolved concentration [g/cm3-H,0]4

EqQuilibrium Partitioning: Omex = Mmaximum depth of immiscidle phase penetration [cm]4

Vapor Concentration: H = Henry's Law Constant {(g/cm3-vapor)(g/em™H,0)]

Cy aq [g/cm-vapor} k, = sorption cosfficient [{g/g-soil)/(g/cm?-H,0)} -
vapor concentration Croa ™ HCoog M, = molecular weight [g/moi]
above dissoived hydrocarbons# P, = vapor pressure of compound | [atm)

Maximum vapor concentration when xPM, R = gas constant = 82 cm-atm/mok-K

immiscible hydrocarbon is present4 Cone ? Ry = radial extent of hydrocarbon impact {m]
S, = pure component solubility (g/cm3-H,0)
T = absolute temperature {K]

Maximum vapor concentrations in soil HC you P Vew = volume of hydrocarbon released (cm?]

pores (no immiscibie phase present)4 vag W T X, = mol fraction of component |
(0 + koo, + HO\] 8 = voumetric residual content of hydrocarbon under drainage
conditions {cm3-hydrocarbon/em-sod]

Dlsson Concentration: 8, = volumetric content ot soil pore water {cm3-H,0/cm3-s0i}

Cu.eq [g/om3-H,0) s, = volumetric content of soil vapor (crm3-vaporfem3-soll)

Maximum dissolved concentration when Cooe ™ XS r = 3.1418
immiscible hyarocarton is present4 P = 3o bulk density [g-soil/cm3-soil)

Maximum dissolved concentration in soi Crove (Coowd = concentration at which immiscible phase forms in soid
pores (no immiscible phase present}4  Cwee ™ S o (o/g-soi}*

Equilibrium Partioning: w et v D= = pure component diffusion coefficient in air (cm3/d)

Soll Concentrations (g/g-soil): D, = sftective ciffusion coefficient for combined vapor and solute
Sod concentration (C,,,} (g/g-soi] at S, transport, expressed as & vapor phase diffusion coetficient
which immiscible hydrocarbon phase (Cona) = = [0 + Kooy + HB,) {no immiscible hydrocarbon present outside of source area)
forms in soi matrix4 Pe {cm3fa)4

O= = pure component ditfusion coefficient in water (cm2/d}

Vapor Phase Transport: - H = Henry's Law Constant {(g/cmd-vapor)/(g/cm®-H,0)}

Effective porous media diftusion - 833 10,33 k, = sorption coefficient ((g/g-so)/(g/cm-H,0)]
coefficient 0** [cm?/d] for combined o = Y] H 833 0 k, = penmesbilty to vapor flow fcm3}
vapor and solute transport, expressed r T L = dstance [cm)
as 8 vapor phass diffusion cosfficient A, = porous media “retardation” factor (no immiscibie
{no immiscible hydrocarbon present hydrocarbon present outsice of source ares)
outside of sourcs arsa) S, = pure component solubility (g/cm?-H;0)

Porous media “retardation” factor R, 9, k.o, Uyman ™ MaXMUM convective transport rate of vapors {cm/d)4
{no immiscible hydrocarbon present R, = [ * * "] VP = vapor phase pressure gradient {g/cmd-s2|

outside of source area)4

volumetric content of sod pore water [cm?-H,O/cm3-sod|

31
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TABLE X3.1 Continued
Description Mathematical Approxmaton Parameters

Maxirum convective transport rate 1k, p 8, = volumetric content of soil vapor {cm3-vapor/cm3-soi)

Uy max [cM/0] Of vapors4 Uv.mas = A : v 9, = total volumetric content of pore space in soil matrix
v (em3/cm?-sol]

Minimum time r, .., [0] for vapors to L ™ = vapor viscosity [g/cm-s]
travel a distance L [cm] from source Temin = - 2s = soil bulk density {g-soil/cm>-soi]
area by convection* vamax Tomn = MNIMUM time for vapors to travel a distance L [cm] by

convection [day)4

Minimum time 7, e, (0] for vapors to L2 Tamn ™ MNIMUM time for vapors 1o travel a distanca L [cm) by
travel a distance L [cm] from source Taumn = 0"/R,) ditfusion [day]*
area by diffusion4 " C,e = total soil hydrocarbon concentration [g/g-soi}

Vapor Emissions from Subsurface Vapor C,eq ™ oquilibrium vapor concentration (g/cnd-vaporj4
Sources to Open Surfsces: d = distance below ground surface to top of hydrocarbon vapor

sourcs [cm]

Maximum diffusive vapor flux £, £ Do Coea D*" = effective diffusion coefficient for combined vapor and solute
[g/cm?3-d) from subsuriace vapor mer = d transport, expressed as a vapor phase diffusion costficient
sourcs located a distance d [cm] (no immiscible hydrocarbon present outsice of source area)
below ground surface (steady-state, [em3/d]4
constant source)* R, = porous media “retardation” factor (no immiscible

hydrocarbon present outside of source arsa)*

Maximum time-averaged diffusive vapor < - [ X ol . 2C, o0%'r7 _ gl Uema = MAaximum convective ransport rate uy m,, of vapors [em/dj4
flux <Fomee> [g/cm3-d] from max> = { V) [ T] o, = soil bulk density (g-solfcm-soi]
subsurface soils over period from #aou r = averaging time {s}
time = 0 to time = r, Single Ay = total area of enciosed space exposed 0 vapor intrusion
component immiscible phase (area of foundation) (cm?)
presentA Acecx ™ 8rea of foundation through which vapors are transported

(arsa of cracks, open seams, etc.) [cm?]

Maximum combined convective and C,ow = total soil hydrocarbon concantration {g/g-soil]
ditfusive vapor flux F ., {g/cm?-d] A C,eq ™ oQuilibrium vapor concentration (g/cm3-vapor]4
from subsuriace vapor source located £ = R,u, nasCyag = _ AivmeCrea g = distance between foundation/walls and hydrocarbon vapor
a distance d [cm] below ground ’ R, Uy max source [cm)
surface4 [' - °’°<_'—"g>] D¥ = effective diffusion coefficient through soil for combined vapor

o~ and solute transport, sxpressed as a vapor phase diffusion
coefficient (no immiscible hydrocarbon present outside of
source ares) {cm?/d]4 )

Vapor Emissions from Surface Soils to Derecx wm  gffective diffusion coefficient through foundation cracks
Open Spaces: [em?/d)4

Maximum time-averaged diffusive vapor <F 2C, og0*" Lerace ™ thickness of foundation/wall [cm]
flux <F,o,> [g/cm?-d] from surtace max> = 2eCoa A f —— M, = molecular weight of i (g/moi]
soils over period from time = 0 to Patroon M.; = aversge molecular weight of the hydrocarbon mixture
time = r, single component [g/mol)
imyniscible phase present Pr = vapor pressure of pure component i [atm)]

Vapor Emissions from Surface Soils to Os = volumetric flow rate of air within enclosed space (cm3/s]
Open Spaces: Q. = volumetric infiltration flow rate of soi gas into encicsed

space (cmY/s)

Maximum time-averaged diffusive vapor [ R = gas constant = 82 atm-cm?/moi-K
fux <F,> [g/cm?=d) from surtace Frax> = 20C00w A/ —— R, = porous medis “retardation” factors
soils over period from time = 0 10 b T = absokte temperaturs (K]
time = r, no immiscible phase X = mol fraction of component i
present4 d, = volumetric content of soi vapor {cm?-vapor/cm?-sol)

Maximum time-averaged diffusive vapor X,P"M,, Py = s0d bulk density [g-soi/cm3-sou}

flux <F..> [g/cm3-d] from surface 20" (——-———) 31418
soils over period from time = 0 to Fra> = RT ¥ =
time = r, volatis components from r = averaging time [s)
;::m::m::::‘ from Jrar Cu.eq = oquilibrium dissolved concentration in leachate source area
gasoine)4 whers: {g/em-H;0)*

Ey = enciosed space air exchange rate [l/0]

- Ees ™ VvADOr emmission rate intd enciosed space [g/d}4
em— > F = vapor fux [g/emi-dJA
0+ 2 ANC ot/ M. 7) i = ground water gradient [cm/cm)
v ) p P X, = saturated hydraulic conductivity {cm/d)
! L = downwind length of vapor emissions source area [cm|
M = ground water mixing zone thickness (cm|
q, = water infiltration rate [cm/d}

those most commonly required for various screening level

models, including:

X3.5.4.1 Soil bulk density (can be estimated = 1.7 g/cm?),
X3.5.4.2 Total soil porosity (can be estimated = 0.38

cm3/cm?),

total soil porosity beneath the water table, and typically

>0.05 cm3-H,0/cm?-soil in the vadose zone; this can be a

crtical input parameter in the case of diffusion models and
may require site-specific determination unless conservative

values are used,

X3.5.4.3 Soil moisture content can be conservatively

estimated in many cases. It is approximately equal to the

X3.5.4.4 Fraction organic matter in soil particles (=0.005
— 0.01: sandy soil is often conservatively assumed); this can
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TABLE X3.1 Continved

Description Mathematical Approximation Parameters
Vapor Emissions to Enclosed Spaces:
Maximum vapor emigsion rate £, .. £ Ag Quonlorses u, = wind speed [cm/d]
[g/cm?-d] to enclosed spaces from max = QeCleq o.d> Dot } Vs = voume of encosed space fcm?)
subsurface vapor sources located a W = width of impacted soi zone (2]
distance d [cm] away from the H - of brea 20ne (cm
[ ]A y /xp(a'“Lw: (DcﬂA") height thing (cm}
' (o) (o= - )
old‘ DG”AW
Hydrocarbon Vapor Dispersion:
Ambient hydrocarbon vapor c FL
concentration resulting from area ouegoar = B
VaPOr SOUrCs Coegoar [g/CM3)4
Enciosed space vapor concentration c - [
Cinaoor [Qlem]4 o VeEs
Leachate Transport: QW
Leaching impact on Ground water: Coource g
Ground water source area concentration KgM + q,W)
Coourve [8/cm3-H,0] resuiting from
leaching trhough vadose zone
hydrocarbon-impacted soils4 Crource = Cuv.on

Gromd Water source area concentraiton
Cooource [G/cm3-H, 0] Tesuiting from
hydrocarbon-impacted soils in direct

contact with ground water4

4 Equation for this parameter given in this table.

also be a critical parameter requiring site-specific determina-
tion unless conservative values are used),

X3.5.4.5 Hydraulic conductivity (generally sne-spemﬁc
determination required),

X3.5.4.6 Ground water gradient and flow direction (re-
quires site-specific determination), and

X3.5.4.7 First-order decay-rate (generally requires site-

- specific calibration as models are very sensitive to this
parameter), see Table X3.2 for a summary of measured
values currently available from the literature.

X3.5.5 Depending on the models selected, other informa-
tion may be required, such as meteorological information
(wind speed, precipitation, temperature), soil particle size
distributions, and nearby building characteristics.

X3.5.6 In most cases, measurements of the attenuation
(decrease in concentration) of compounds with distance
away from the petroleum source area will be required to
calibrate and verify the predictive capabilities of the selected
models. The amount of data required varies depending on:

X3.5.6.1 The models used,

X3.5.6.2 Their sensitivity to changes in mode! input
parameters, and

X3.5.6.3 The contribution of the pathway of concern to
the total incremental exposure and risk.

X3.5.7 Generally, site-specific physical and chemical
properties for the most sensitive parameters are required for
migration models. However, instead of site-specific data,
conservative values selected from the literature may-be used.

TABLE X3.2 Reported Degradation Rates for Petroleum Hydrocarbons

Referonce  Source of Chemical Decay Rates (day™', [half-ife days))
Data Benzene Toluene Ethyl-Benzene Xylenes O-Xylane MTBE Naphthalene  Benzo{s)Pyrene
Barker et al4  Borden 0.007 [99] 0.011 [63] 0.014 [50]
Aquiter,
Canada
Kemblowski®  Eastern 0.0085 [82)
Florida
Aquiter
Chiang et 8i€  Northem 0.095 [7)
Michigan
Aquiter
Wison et al® Traverse  0.007 to 0.024 0.067 [10} 0.004 t0 0.014
City, Ml [99] to [29} {173] to [50}
Aquiler
Howard et alf Literatwe 0.0009 (730)to  0.025 (28] to  0.003 [228] to  0.0019 {365) to 0.0019 {365] to  0.0027 (258} 0.0007 (1058] to
0.069 (10) 0.099 (7] 0.116 [6] 0.0495 [14] 0.0868 (8) 0.0081 (114]
4 See Ref (23).
2 See Ref (24).
€ See Ref (25).
© See Ref (28).
€ See Ref (27).
33
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X3.5.8 Migration Modeling Process—The goal of a mi-
gration modeling exercise is to utilize, or develop, mathemat-
ical approximations of real phenomena (for example, vadose
zone processes, ground water flow, contaminant {ransport)
that can be used to interpret site characterization and
monitoring data, predict future migration, determine correc-
tive action requirements, or predict the effect of proposed
corrective action measures, or combination thereof. The
migration modeling process typically involves the following
tasks:

X3.5.8.1 Modeling Objectives—Modeling objectives must
first be identified (that is, the questions to be answered by the
model). It is important to keep these objectives in mind
during data collection, model conceptualization, mode! and
parameter selection, and model interpretation. At this point
the user defines what phenomena are to be modeled and how
the results are to be used (interpret site characterization and
monitoring data, predict future migration, determine correc-
tive action requirements, or predict the effect of proposed
corrective action measures, or combination thereof).

X3.5.8.2 Conceptual Model—Once the modeling objec-
tives have been identified, a conceptual model is constructed.
The conceptual model is a qualitative description of the
characteristics of the physical system and processes involved.

X3.5.8.3 Model Selection—After the conceptual model
has been developed, a mathematical representation is se-
lected to simulate the physical system and processes affecting
it. Types of models generally employed include physical,
analytical, and numerical models. If analytical or numerical
mathematical models are selected, they should be appropri-
ately simple to fit the available data and meet the modeling
objectives. Physical models, such as sand tanks, are not
commonly employed for exposure/risk assessment modeling
and will not be discussed further here.

X3.5.8.4 Analytical models are generally based on as-
sumptions of uniform properties and regular geometries.
Advantages include a very simple set of assumptions, quick
set-up and execution (calculator, or personal computer, and
sometimes pencil and paper), and they can often quickly and
inexpensively answer many important questions. In some
cases, however, analytical models may be so simplistic that
important aspects of a given system are neglected, or
demanding modeling objectives cannot be satisfied.

X3.5.8.5 Numerical models allow for more complex het-
erogeneous systems with distributed properties and irregular
geometries. Advantages include the flexibility to simulate
more complex physical systems and natural parameter
variability. However, the numerical approach can be very

time intensive, may require much more data and informa- .

tion to be collected than is practicable, and results can be
difficult to interpret and communicate.

X3.5.8.6 Model Verification—Model results must be ver-
ified against known solutions (in most cases these are
analytical model results) to ensure that the mathematical
equations are being solved correctly. Many commercially
available models have already undergone validation studies;
when available, the results of such a study should be
reviewed prior to the model use.

X3.5.8.7 Model Calibration—The model calibration step
is performed in order to verify that the combination of the
selected model and set of input parameters produces model
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results that are adequately representative of site characteriza-
tion and historical monitoring data from a given site. This
step may include iterative history matching and input value
refinement.

X3.5.8.8 Sensitivity/Uncertainty Analysis—Once a model
has been verified and calibrated, a study to define the
sensitivity, or variability, of model predictions resulting from
variations in input parameter values is undertaken. These
results can be used in two ways: to define which parameters
must be most accurately defined and that can be approxi-
mated without loss of accuracy, and to define the range of
model outputs given reasonable ranges in parameter values.
If model predictions are found to be highly sensitive to small
changes in the value of a poorly defined input parameter,
then it will be difficult to have confidence in the accuracy of
model results. On the other hand, if the model results remain
relatively constant or are insensitive to changes in input
parameter values, then the user can be more confident that
the range of possible results is relatively well-defined.

X3.5.8.9 Model Prediction—Once these steps have been
conducted, the model is now used to satisfy the modeling
objectives.

X3.6 Risk and Exposure Assessment Models:

X3.6.1 “Exposure models” are used to estimate the chem-
ical uptake, or dose, while “risk assessment models™ are used
to relate human health or ecological impacts to the uptake of
a chemical. Risk and exposure assessment models are often
combined to calculate a target exposure point concentration
of a compound in air, water, or soil. :

X3.6.1.1 In the case of compounds that have been classi-
fied as carcinogens, exposure and risk assessment models are
generally linked by the expression:
risk = average lifetime intake [mg/kg-day)

X slope factor [mg/kg-day]™'
where the intake depends on exposure parameters (ingestion
rate, exposure duration, etc.), and the concentration at
point-of-exposure. The slope factor (sometimes called the
“potency factor”) is itself based on a model and set of
underlying assumptions, that are discussed as follows:

X3.6.1.2 In the case of compounds that have not been
classified as carcinogens, exposure and risk -assessment
models are generally linked by the expression:

hazard quotient =
average intake [mg/kg-day )/reference dose [mg/kg-day|

where the intake depends on exposure parameters (ingestion
rate, exposure duration, etc.), and the concentration at
point-of-exposure. The reference dose is itself based on a
model and set of underlying assumptions, which are dis-
cussed below.

X3.6.2 Toxicity Assessment: Dose-Response Models—
Toxicity assessments usc dose-response data to identify a
“safe dose™ or a toxic level for a particular adverse effect.
Most estimates of a “safe dose™ or toxic level are based on
animal studies. In some instances, human epidemiological
information is available on a chemical. Toxicologists gener-
ally make two assumptions about the effects of risk agents at
the low concentrations typical of environmental exposures:

X3.6.2.1 Thresholds exist for most biological effects; in
other words, for noncarcinogenic, nongenetic toxic effects,
there are doses below which no adverse effects are observed
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in a population of exposed individuals, and

X3.6.2.2 No thresholds exist for genetic damage or carci-
nogenic effects. Any level of exposure to the genotoxic or
carcinogenic risk agent corresponds to some non-zero in-
crease in the likelihood of inducing genotoxic or carcino-
genic effects.

X3.6.3 The first assumption is widely accepted in the
scientific community and is supported by empirical evi-
dence. The threshold value for a chemical is often called the
no-observed adverse effects level (NOAEL). Scientists usu-
ally estimate NOAELs from animal studies. An important
value that typically results from a NOAEL or LOAEL
(lowest observed adverse effect level) value is the reference
dose (RfD). A reference dose is an estimate (with an
uncertainty typically spanning an order of magnitude) of a
daily exposure (mg/kg/day) to the general human population
(including sensitive subgroups) that is likely to be without an
appreciable risk of deleterious effects during a lifetime of
exposure. The RfD value is derived from the NOAEL or
LOAEL by application of uncertainty factors (UF) that
reflect various types of data used to estimate RfDs and an
additional modifying factor (MF), which is based on a
professional judgment of the quality of the entire database of
the chemical. The oral RfD, for example, is calculated from
the following equation:

NOAEL

UF x MF

X3.6.4 The second assumption regarding no threshold
effects for genotoxic or carcinogenic agents is more contro-
versial but has been adopted by the USEPA. For genotoxic
and carcinogenic agents, extrapolations from high experi-
mental doses to low doses of environmental significance
requires the use of mathematical models to general low
dose-response curves. [t should be noted that although the
EPA uses the linear multi-state model to describe carcino-
genic effect, there is no general agreement in the scientific
community that this is the appropriate model to use.

X3.6.5 The critical factor determined from the dose-
response curve is the slope factor (SF), that is the slope of the
dose-response curve in the low-dose region. The units of the
slope factor are expressed as (mg/kg-day)~' and relate a given
environmental intake to the risk of additional incidence of
cancer above background.

X3.6.6 The RfD or SF values are generally obtained from
a standard set of reference tables (for example, Ref (6) or Ref
(7). It is important to note that the information in [RIS has
typically only been peer-reviewed within the EPA and may
not always have support from the external scientific commu-
nity. Whereas the information in [RIS has been subject to
agency-wide data quality review, the information in the
HEAST tables has not. The user is expected to consult the
original assessment documents to appreciate the strengths
and limitations of the data in HEAST. Thus, care should be
exercised in using the values in HEAST. Some state and local
agencies have toxicity factors they have denived themselves
or preferences for factors to use if neither [RIS nor HEAST
lists a value. Values for a range of hydrocarbons typically of
interest are presented in Appendixes X! and X2.

X3.6.7 It is important to note that in extrapolating the
information obtained in animal studies to humans, a

RfD =

number of conservative assumptions are made.

X3.6.7.1 For noncarcinogens, an arbitrary system of de-
fault safety and uncertainty factors, as discussed above, (in
multiples of ten) is used to convert observation in animals to
estimates in humans.

X3.6.7.2 For carcinogens, some of the most important
assumptions include: the results of the most sensitive animal
study are used to extrapolate to humans, in general, chemi-
cals with any carcinogenic activity in animals are assumed to
be potential human carcinogens, and no threshold exists for
carcinogens.

X3.6.8 The uncertainty in the RfD and SF values are
often neglected in deference to single point values which are
then typically summarized in databases such as IRIS and
HEAST and are used subsequently as absolute estimates of
risk. Further, many of these extremely conservative assump-
tions described above are risk-management policy decisions
made by the USEPA. These assumptions are not explicitly
defined and further obscure the conservatism in the safe dose
estimate. Thus, care must be exercised in interpreting results
which has as a basis these conservative toxicity evaluations.

X3.6.9 Exposure Assessment Modeling—The goal of ex-
posure assessment modeling is to estimate the chemical
uptake that occurs when a receptor is exposed to compounds
present in their environment. In principal, the process for
developing and using migration models presented in 6.5 is

~ directly applicable to exposure assessment modeling. In this
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case the user:

X3.6.9.1 Develops a conceptual model by identifying
significant exposure pathways and receptors,

' X3.6.9.2 Selects a model to describe the contact rate and
subsequent uptake of the chemical(s),

X3.6.9.3 Performs a sensitivity analysis to identify critical
parameters,

X3.6.9.4 Selects
(breathing rates, etc.),

X3.6.9.5 Generates estimates of exposure and uptake, and

X3.6.9.6 Assesses the uncertainty in the estimates.

X3.6.10 There are differences between the process out-
lined in X3.6.5 and that which can be practically applied to
exposure assessment modeling. For example, with the excep-
tion of exposures and impacts to environmental resources, it
is difficult to calibrate exposure assessment models unless
very expensive epidemiological studies are conducted.

X3.6.11 Typically, the models used to estimate uptake are
simplistic algebraic expressions, such as those contained in
Ref (1). Application of these equations is illustrated in
Appendix X2.

X3.6.12 In many cases, exposure parameter values are
available in Ref (8), but other more-recent information is
also available in peer-reviewed publications, and all sources
should be carefully reviewed. While point values are often
selected for simplicity, statistical distributions for many of
the exposure parameters are readily available for Tier 3
analyses. .

X3.6.13 It is common for USEPA reasonable maximum
exposure (RME) values to be used in exposure assessment
calculations, as is done for the example Tier | Look-Up
Table discussed in Appendix X2. The RME value 1s gener-
ally defined as a staustical upper limit of available data
(generally 85 10 90 % of all values are less than the RME

appropriate  exposure  parameters
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value). Therefore, by consistently selecting and multiplying
conservative RME values the user models a scenario that is
very improbable and always more conservative than the
“true” RME exposure scenario. Thus, great care must be

exercised, when using combinations of these default valuesin
risk assessments, to avoid a gross overestimation of exposure
for a specific site.

X4. INSTITUTIONAL CONTROLS

X4.1 Introduction:

X4.1.1 The purpose of this appendix is to provide a
review of generally used institutional controls. For purposes
of this appendix, “institutional controls” are those controls
that can be utilized by responsible parties and regulatory
agencies in remedial programs where, as a part of the
program, certain levels of contamination will remain on site
in soil or ground water. Referenced in this appendix are
examples of programs from California, Connecticut, llinois,
Indiana, lowa, Massachusetts, Michigan, Missouri, and New
Jersey. In addition, federal programs, such as Superfund
settlements and RCRA closure plans have utilized the
techniques described below for some years as a mechanism
to ensure that exposure 10 remaining contamination is
reduced to the degree necessary.

X4.1.2 The types of institutional controls discussed in this
appendix are as follows:

X4.1.2.1 Deed restrictions, or restrictive covenants,

X4.1.2.2 Use restrictions (including well restriction areas),

X4.1.2.3 ‘Access controls,

X4.1.2.4 Notice, including record notice, actual. notice,
and notice to government authorities,

X4.1.2.5 Registry act requirements,

X4.1.2.6 Transfer act requirements, and

X4.1.2.7 Contractual obligations.

X4.1.3 Institutional controls for environmental remedial
programs vary in both form and content. Agencies and
landowners can invoke various authorities and enforcement
mechanisms, both public and private, to implement any one
or a combination of the controls. For example, a state could
adopt a statutory mandate (see X4.2) requiring the use of
deed restrictions (see X4.3) as a way of enforcing use
restrictions (see X4.4) and posting signage (a type of access
control, see X4.5). Thus, the institutional controls listed as
follows are often used as overlapping strategies, and this blurs
the distinctions between them.

X4.2 Statutory Mandates—Some states’ emergency re-
sponse programs mandate post-remediation institutional
controls and impose civil penalties for noncompliance. The
schemes vary from state to state, but all impose obligations
on landowners to use one Oor more institutional controls
listed in this appendix.

X4.3 Deed Restrictions:

X4.3.1 Deed restrictions place limits and conditions on
the use and conveyance of land. They serve two purposes:
informing prospective owners and tenants of the environ-
mental status of the property and ensuring long-term com-
pliance with the institutional controls that are necessary to
maintain the integrity of the remedial action over time.
Restraining the way someone can use their land runs counter
to the basic assumptions of real estate law, so certain legal
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rules must be satisfied in order to make a deed restriction
binding and enforceable.

X4.3.2 There are four requirements for a promise in a
deed restriction (also called a “restrictive covenant™) to be
held against current and subsequent landowners: (a) 2
writing, (b) intention by both original parties that particular
restrictions be placed on the land in perpetuity; (¢) “privity of
estate,” and (d) that the restrictions “touch and concem the
land.”

X4.3.2.1 The first requirement is that of a writing. Itis a
rule of law that conveyances of land must be documented in
a writing. The same rule holds for deed restrictions affecting
land. Ideally, a deed restriction used as an institutional
control would be written down with particularity and then
recorded in the local land records office, in much the same
fashion as the documentation and recordation of a sale of
land. Parties may also encounter the requirement that the
deed restriction be executed “under seal,” a legal formality
that has been abandoned in most states.

X4.3.2.2 The second requirement is that the deed restric-
tion should precisely reflect what the parties’ intentions are
in regard to the scope and the duration of the restrictions.
Explicitly stating in the deed restriction that the parties
intend the restriction to “run with the land™ (that is, last
forever and bind subsequent owners) is strongly recom-
mended.

X4.3.2.3 The third requirement, privity of estate, arises
from a concern that only persons with a certain relationship
to the land should be able to enforce a deed restriction.
Normally, deed restrictions are promises between buyer and
seiler or between neighbors; therefore, the state or a third
party may not enforce a deed restriction. However, even in
states that require privity of estate, this concern is addressed
if the landowner took the land with knowledge that the
restrictions existed and might be enforced by these third
parties. Thus, it is also strongly recommended that the deed
restriction explicitly state that the states environmental
authority may enforce the restriction. Recording of the deed
restriction serves as notice to anyone who later purchases or
acquires an interest in the land. Therefore, privity of estate
should not be a barrier to state enforcement of the deed
restriction if the proper steps are taken.

X4.3.2.4 Finally, a deed restriction is only enforceable if
the promise “touches and concerns the land.” A rough rule
of thumb to decide this point is whether the landowner’s
legal interest in.the land is decreased in value due to the deed
restriction. If the land is devalued in this way, then the
restriction could be said to “touch and concern the land.”
Note that the focus of the inquiry is on the land itself:
promises that are personal in nature and merely concern
human activities that happen to take place on the land are
least likely to be enforceable. Thus, any deed restriction used
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as an institutional control should be written so that it centers
on the land and the use of the land.

X4.3.3 Due to the potential enforcement hurdles encoun-
tered by a governmental agency in enforcing a deed restric-
tion, it may be appropriate for an individual state to seek
statutory and regulatory amendments to ensure that such
authority exits in regard to all deed restrictions for environ-
mental purposes.

X4.3.4 Remedies for noncompliance with deed restric-
tions comes in two forms: persons or agencies may sue to
obtain a court order (injunction) requiring compliance or if
the state statute allows for it, the state’s attorney general can
seek enforcement of civil penalties, such as fines, for non-
compliance.

X4.3.5 A state program can require a landowner to
continue monitoring activities and to allow state environ-
mental officials access to the site to monitor compliance with
institutional controls. These arrangements may have to be
put in a deed restriction in order to run with the land from
owner to owner, but responsible parties can also be required
to sign a contract making these promises. Of course, almost
every state has authority to issue administrative orders to
accomplish some or all of the above.

X4.3.6 The above arrangements can also set out proce-
dures that will be followed if some emergency requires that
the remediation site be disturbed. If, for example, under-
ground utility lines must be repaired, the landowner would

follow this protocol for handling the soil and alerting the-

state authonty.

X4.4 Use Restrictions:

X4.4.1 Use restrictions are usually the heart of what is in
a deed restriction. Use restrictions describe appropriate and
inappropriate uses of the property in an effort to perpetuate
the benefits of the remedial action and ensure property use
that is consistent with the applicable cleanup standard. Such
techniques also prohibit any person from making any use of
the site in a manner that creates an unacceptable risk of
human or environmental exposure to the residual contami-
nation.

X4.4.2 Use restrictions address uses that may disturb a
containment cap or any unremediated soils under the surface
or below a building. A prohibition on drinking on-site (or
off-site by means of well restriction areas discussed below)
ground water may also be appropriate.

X4.4.3 As an example, a program may allow a restriction
of record to include one or more of the following:

X4.4.3.1 Restriction on property use;

X4.4.3.2 Conditioning the change of use from nonresi-
dential to residential on compliance with all applicable
cleanup standards for a residential property;

X4.4.3.3 Restricting access; or

X4.4.3.4 Restricting disturbance of department-approved
remedial effects.

X4.4.4 Well restriction areas can be a form of institu-
tional control by providing notice of the existence of
contaminants in ground water, and by prohibiting or condi-
tioning the construction of wells in that area.

X4.4.4.1 This technique preserves the integrity of any
ground water remedial action by prohibiting or conditioning
the placement and use of any or all types of wells within the
area.
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X4.4.4.2 Well restrictions of this nature would be subject
10 agency approval, public notice, and may include the
restriction on constructing or locating any wells within a
particular designated area. Notice of the well restriction is
recorded on the land records and with various health officials
and municipal officials. The restrictions can only be released
upon a showing that the contamination in the well restric-
tion area is remediated in accordance with state standards.

X4.5 Access Controls:

X4.5.1 Another subset of institutional controls is the
control of access to any particular site, The state uses the
following criteria to determine the appropriate level and
means of access control:

X4.5.1.1 Whether the site is located in a residential or
mixed use neighborhood;

X4.5.1.2 Proximity to sensitive land-use areas including
day care centers, playgrounds, and schools; and

X4.5.1.3 Whether the site is frequently traversed by
neighbors.

X4.5.2 Access can be controlled by any of the following:
fencing and gates, security, posting or warnings.

X4.6 Notice:

X4.6.1 Regulations of this type generally provide notice
of specific location of contamination on the site, and disclose
any restrictions on access, use, and development of part or all
of the contaminated site to preserve the integrity of the
remedial action.

X4.6.2 Record Notice:

X4.6.2.1 Some states require that sites having releases of
hazardous waste file a notice on the land records providing to
any subsequent purchaser of the property information re-
garding the past or current activities on the site.

X4.6.2.2 The record notice requirement may be broad;
the program may require any property subject to a response
action to obtain a professional opinion and then prepare and
record 2 Grant of Environmental Restriction that 1s sup-
ported by that opinion.

X4.6.2.3 The record notice requirement can be ancillary
to a transfer act (see X6.8), in which case recording of an
environmental statement is only required in conjunction
with a land transaction.

X4.6.3 Actual Notice:

X4.6.3.1 States may require direct notice of environ-
mental information to other parties to a land transaction.
These laws protect potential buyers and tenants, and they
also help ensure that use restrictions and other institutional
controls are perpetuated.

X4.6.3.2 Actual notice of an environmental defect or
failure to provide notice may give a party the right to cancel
the transaction and result in civil penalties. For example,
landlords and sellers who do not give notice as required by
the state may be liable for actual damages plus fines.
Nonresidential tenants who fail to notify landowners of
suspected or actual hazardous substance releases can have
their leases canceled and are subject to fines.

X4.6.4 Notice to Government Authorities—Parties 0 a
land transaction may also be required to file the environ-
mental statement with various environmental authonties.
Notice to the government may be required before the
transaction takes place.

X4.7 Registry Act Requirements:
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X4.7.1 Some states have registry act programs that pro-
vide for the maintenance of a registry of hazardous waste
disposal sites and the restriction of the use and transfer of
listed sites.

X4.7.2 A typical registry act provides that the state
environmental agency establish and maintain a registry of all
real property which has been used for hazardous substance
disposal either illegally or before regulation of hazardous
waste disposal began in that state.

X4.7.3 The state agency is responsible for investigating
potential sites for inclusion on the registry. The registry
includes the location of the site and a listing of the hazardous
wastes on the property, and may also include a classification
of the level of health or environmental danger presented by
the conditions on the property. The state agency may be
required to perform detailed inspections of the site to
determine its priority relative to other registered sites.

X4.7.4 Owners of sites proposed for inclusion on the
registry have rights of hearing and appeal, and owners of sites
on the registry have rights to modify or terminate their
listing. In some cases, the owner of a site proposed for
inclusion on the registry may obtain the withdrawal of the
proposed registration by entering into a consent agreement
with the state. Such a consent agreement establishes a
timetable and responsibility for remedial action.

X4.7.5 When a site appears on the state registry, the
owner must comply with regulatory requirements in regard
to use and transfer of the site. The use of a site listed on the
registry may not be changed without permission of the state
agency. In negotiations for a conveyance of a registered site,
the owner may be obligated to disclose the registration early
in the process, and permission of the state agency may be
required to convey a registered property. Under other
schemes, permission to convey is not required, but the seller
must notify the state agency of the transaction,

X4.7.6 Finally, registry acts require that the listing of a
property on a hazardous materials site registry be recorded in
the records of the appropriate locality so that the registration
will appear in the chain of title.

X4.8 Transfer Act Requirements:

X4.8.1 Some states have transfer act programs that re-
quire full evaluation of all environmental issues before or
after the transfer occurs. It may be that within such program,
institutional controls can be established by way of consent
order, administrative order, or some other technique that
establishes implementation and continued responsibility for
institutional controls.

X4.8.2 A typical transfer act imposes obligations and
confers rights on parties to a land transaction arising out of
the environmental status of the property to be conveyed.
Transfer acts impose information obligations on the seller or
lessor of a property (see X4.6.3). That party must disclose
general information about strict liability for cleanup costs as
well as property-specific information, such as presence of
hazardous substances, permitting requirements and status,
releases, and enforcement actions and vanances.

X4.8.3 Compliance with transfer act obligations in the
manner prescribed is crucial for ensuring a successful con-
veyance. Sometimes the transfer act operates to render a
transaction voidable before the transfer occurs. Failure to
give notice in the required form and within the time penod
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required or the revelation of an environmental violation or
unremediated condition will relieve the transferce and the
lender of any obligation to close the transaction, even if a
contract has already been executed. Moreover, violation of
the transfer act can be the basis for a lawsuit to recover
consequential damages.

X4.9 Contractual Obligations:

X4.9.1 One system for ensuring the future restriction on
use of a site, or the obligation to remediate a site, is to require
private parties to restrict use by contract. While this method
is often negotiated among private parties, it will be difficuit,
if not impossible, to institutionalize some control over that
process without interfering with the abilities and rights of
private parties to freely negotiate these liabilities.

X4.9.2 Another avenue is for the landowner or respon-
sible party to obligate itself to the state by contract. The state
may require a contractual commitment from the party to
provide long-term monitoring of the site, use restrictions,
and means of continued funding for remediation.

X4.10 Continued Financial Responsibility—Another as-
pect of institutional controls is the establishment of financial
mechanisms by which a responsible party ensures continued
funding of remediation measures and assurance to the
satisfaction of the state.

X4.11 References:

X4.11.1 The following references serve as examples and
are current as of the fourth quarter of 1993:

X4.11.1.1 References for Deed Restrictions:

24 NJ. Reg. 400 (1992) (N.J. Admin. Code § 7.26D-8.2 () (2)).

24 NJ. Reg, 400-02 (1992) (N.J. Admin. Code §§ 7.26D-8.1-8.4).

24 NJ. Reg 401 (1992) (NJ. Admin. Code § 7.26D Appendix A, Model
Document, Declaration of Environmental Restrictions and Grant of Ease-
ment, Item 8)

Illinois Responsible Property Transfer Act § 7(c) (1985)

Massachusetts Regulations Code Title §40.1071 () (1) & (k)

Mass. Regs. Code, Title § 40.1071(4).

Mich. Admin. Code 299.5719 (3) (¢) (1990)

Michigan Rules 299.5719 (2), (3) (d)

X4.11.1.2 References for Use Restrictions:

24 NJ. Reg. 400 (N.J. Admin. Code § 7.26D-8.2 (d))
Mich. Admin. Code 299.5719 (3) (a), (b). (8)
New Jersey Regulation 7.26D-8.4. that uses the above approach

X4.11.1.3 References for Access Controls.-

lowa Admin. Code r. 133.4 (2) (b)
Michigan Rule 299.5719 (3) (D)
New Jersey Regulations § 7.26D-8.2

X4.11.1.4 References for Notice:

Cal. Health and Safety Code § 25359.7 (1981)

Illinois Responsible Property Transfer Act (1985)

Indiana Code §§13-7-22.5-1-22 (1989) (“Indiana Environmental Hazardous
Disclosure and Responsible Party Transfer Law™)

Mass. Regs. Code Title §§ 40.1071-1090 (1993)

Michigan Rule 299.5719 (3) (c)

X4.11.1.5 References for Registry Act Requirements:

lowa Code Ann. §§ 455B.426-455B.432, 455B.411 (1) (1990}
Missoun Code Regs. Title 10, §§ 25-10.010, 25-3.260 (1993

X4.11.1.6 References for Transfer Act Requirements:

Conn. Gen. Stat. §22a-134 ef seg

inois Responsible Property Transfer Act (1985)

Indiana Code §§ 13-7-22.5-1-22 (1989) (“Indiana Environmental Hazardous
Disclosure and Responsibie Party Transfer Law™)

New Jersey Senate Bill No. 1070, the industnal Site Recovery Act, amending
the environmental cleanup Responsibility Act, NJSA 131K-6 er sex

New Jersey Spill Compensation and Control Act, N.JS.A. 58:10-23 11 ¢ tex
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X4.11.1.7 Reference for Contractual Obligations: X4.11.1.8 Reference for Continued Financial Responsi-

- bility:
t Michigan rule 299.5719 (2) Michigan Rule 299.5719 (2)

EXAMPLE APPLICATIONS OF RISK-BASED CORRECTIVE ACTION

XS. 1 Prlii awing W illustrate the: - MM at worst, it is a long-term threat to human health
e w j iylronmemal resources. The appropriate mmal Te-

Hately down-gradient of the impacted petroleum soils.
,,-;’Fhe msponsb:hty party recommends deferring the decision
to install a ground water monitoring system until the Tier |
analysis is complete, and justifies this recommendation
4ased oo no detected ground water impact, the limited
e APIarvice: .. gxtent.of impacted soils, and the separation between im-
tion s iy € o < pestegt soils and first-encountered ground water. The regula-
ment. Itis ol flcial - tuey ageacy concurs with this decision.
soils in thc area of thmank ﬁﬂ ports; hiwever, thoextent to. - XS5.2.4 Step 3a—Tier 1—Exposure Pathway Evalua-
which the soils are imspmcted is unkiowsn: fn the past, both  rfon—Based on current and projected future use, the only
gasoline and dieset Bavé Been-sold it the ficility. The new  two potential complete exposure pathways at this site are: the
owner plans to continue operating the sesvice station facility. . inhalation of ambient vapors by on-site workers, or the
X5.2.2 Step 1—Initial Site Assessment—The responsible  leaching to ground water, ground water transport to the
party completes an initial site_assessment focussed on poten-  down-gradient drinking-water well, and ingestion of ground
tial source areas (for example, tanks, lines, dispensers) and  water.
receptors. Based on historical knowledge that gasoline and X5.2.5 Step 3b—Tier 1—Risk-Based Screening Level
diesel have been dispensed at this facility, chemical analyses  (RBSL) Selection—Assumptions used to derive example
of soil and ground water are limited to benzene, toluene,  Tier | RBSL in Table 4 are reviewed and presumed valid for
cthylbenzene, xylenes, and naphthalene. Site assessment  thjs site. A comparison of RBSLs for both pathways of
results are summarized below: concern indicates that RBSLs associated with the leaching
X5.2.2.1 Field screening instruments and laboratory anal-  pathway are the most restrictive of the two. As this aquifer is
yses indicate that the extent of petroleum-impacted soils is  cyrrently being used as a drinking water supply, RBSL values

confined to the vicinity of the fill ports for the tanks. A tank  hased on meeting drinking water MCLs are selected. In the
and line test reveals no leaks; therefore, evidence suggests  case of naphthalene, for which there is no MCL, the RBSL
that soils are impacted due to spills and overfills associated  yajue corresponding to a residential scenario and a hazard
- with filling the storage tank, quotient of unity is used.
X5.2.2.2 The current tanks and piping were installed five X5.2.6 Step 3c—Tier 1—Comparison of Site Conditions
years ago, ) o With Tier 1 RBSLs—Based on the data given in X5.2.3.7
X5.2.2.3 The concrete driveway is highly fractured, and the RBSLs given in Look-Up Table 4 of the main body
X5.2.2.4 No other sources are present, _ of text, exceedences of Tier | RBSLs are noted only for
X5.2.2.5 The site is underlain by layers of fine to silty  penzene and toluene.
sands, , XS5.2.7 Step 4—Evaluation of Tier | Results—The re-
X5.2.2.6 Ground water, lha} 1s ﬁr§t encountered at 32 ft sponsible party decides to devise a corrective action plan to
(9.7 m) below ground surface, is not impacted, meet Tier | standards after considering the following factors:
X5.2.2.7 Maximum depth at which hydrocarbons are X5.2.7.1 The shallow aquifer is not yet affected,
detected is 13 ft (3.9 m) maximum detected soil concentra- X5.2.7.2 Quick (relative to rate of chemical migration)
tions are as follows: removal of the source will eliminate the need for ground
Depth, ft Concentration, water monitoring,
Compound below ground surface (m) mg/kg X35.2.7.3 The new owner plans to install new tanks within
! Benzene 8 (24) 10 six months,
. 5:;:?:: e 2,52:;; 5; X5.2.7.4 Limited excavation of soils to meet Tier |
| Xylenes 3.5(1.01) 38 criteria could be performed quickly and inexpensively when
! Naphthalene 1 06 17 the tanks are removed, relative to the cost of proceeding to a
i X5.2.2.8 A receptor survey indicates that two domestic  Tier 2 analysis, and
water wells are located within 900 ft (273.6 m) of the source X5.2.7.5 An excavation proposal will facilitate the real
area. One well is located 500 ft (152.4 m) hydraulicaily estate deal.
down-gradient from the impacted soil zone, the other well is X5.2.8 Step S—Corrective Action Plan—Excavate all im-
hydraulically up-gradient. Both wells produce water from the  pacted soils with concentrations above the Tier | RBSLs
first encountered ground water zone. when the current tanks are replaced. Subsequently resurface
1 X5.2.3 Step 2—Site Classification and Initial Response  the area with the new concrete pavement to reduce future
i Action—Based on classification scenarios given in Table 3, infiltration and leaching potential through any remaining
{ this site is classified as a Class 3 site because conditions are impacted soils. It is agreed that ground water monitonng is
|

39




@b es 38

not necessary and the governing regulatory agency agrees to water wells are located within one-half mile of the site;
issue a No. Further Action and Closure letter following  however, there is an older residential neighborhood located
implementation g jve action plan. 11200 f (365.7 m) hydraulically down-gradient of the site.
. Ewa : Land use in the immediate vicinity is light commercial (for
example, strip malls). The site is bordered by two streets and
strip mall parking lot.
‘ , ) « s49:3.3 Step 2—Site Classification and Initial Response
service stat ; Wistedbaah ~etion—Based on classification scenarios given in Table 3,
" ‘ ' ok e Mility, - this site is classified as a Class 3 site because conditions are
: ithan  such that, at worst, it is a long-term threat to human health
g4 iempie: . cand environmental resources. The appropriate initial re-
O The'lbmiliicom-  pouse is 1o evaluate the need for a ground water monitoring
ol ‘sgures’'c v pgogtam. The owner proposes that the ground water moni-
tecing well located hydraulically down-gradient in the street
s2:-vdividesbe used as a sentinel well, and be sampled yearly. The

been at iy, ¢ Al Sty veguistery agency concurs, provided that the well be sampled
xylenes, and naphthalene. ) dieinvestigation are © ~  X3.3.4 Step 3(a)—Tier 1—Exposure Pathway Evalua-
as follows: - tion—Based on current and projected future use, and the soil

X5.3.2.1 The extent of petroleum-impacted soil§ is con-  gas survey results, there are no potential complete exposure
fined to the vicinity of the tanks and dispensers. A recent pathways at this site. The down-gradient residential neigh-
tank and line test revealed no leaks; therefore, evidence borhood is connected to a public water supply system, and

suggests that the releases occurred sometime in the past. there is no local use of the impacted aquifer. However, being

X5.3.2.2 The current tanks, lines, and dispensers were concerned about future uncontrotled use of the aquifer, the

installed three years ago, - regulatory agency requires that the owner evaluate the
X5.3.2.3 The asphalt driveway is competent and not ground water transport to residential drinking water inges-

cracked, tion pathway, recognizing that there is a low potential for this
X5.3.2.4 Another service station is located hydraulically o occur. ) ) .

down gradient, diagonally across the intersection, X5.3.5 Step 3(b)—Tier 1—Risk-Based Screening Level
X5.3.2.5 The site is underlain by silty sands with a few (RBSL) Selection—Assumptions used to derive example

thin discontinuous clay layers, Tier | RBSL in Table 4 are reviewed and presumed valid for

X5.3.2.6 Ground water, which is first encountered at 32t this site. Due to the very low probability of the exposure
(9.7 m) below ground surface, is impacted, with highest pathway actually being compieted in the future, MCLs are
dissolved concentrations observed beneath the suspected not used and the site owner is able to negotiate Tier | RBSLs
source areas, Dissolved concentrations decrease in all direc- ~ based on a 10-* risk to human health for carcinogens and
tions away from the source areas, and ground water samples hazard quotients equal to unity for the noncarcinogens
taken hydraulically down gradient from a well located in the (based on ground water ingestion).

center divider of the street (about 100 ft (30.4 m) from the X5.3.6 Step 3(c)—Tier 1—Comparison of Site Conditions
source area) do not contain any detectable levels of dissolved With Tier 1 RBSLs—Based on the data given in X5.3.2.10
hydrocarbons, and the RBSLs given in example in Table 4, exceedences of

X5.3.2.7 Ground water flow gradient is very shallow, and Tier 1 soil and ground water RBSLs are noted only for
ground water flow velocities are at most tens of feet per year, benzene. ) )

X5.3.2.8 Ground water yield from this aquifer is esti- X5.3.7 Step 4—Evaluation of Tier | Results—The re-
mated to be in excess of 5 gal/min (18.9 L/min), and total  sponsible party decides to proceed to a Tier 2 analysis for
dissolved solids levels are less than 700 mg/L. Based on this ~ benzene and the pathway of concern, rather than devise a
information, this aquifer is considered to be a potential corrective action plan to meet Tier | standards after consid-
drinking water supply, ering the following factors:

X5.3.2.9 A shallow soil gas survey indicates that no X5.3.7.1 The shallow aquifer is impacted, but the dis-
detectable levels of hydrocarbon vapors are found in the solved plume appears to be stable and ground water move-
utility easement running along the southern border of the ment is very slow,
property, or in soils surrounding the service station kiosk, X5.3.7.2 Excavation of soils to meet Tier | critena would

X5.3.2.10 Impacted soils extend down to the first encoun- be expensive, due to the depth of impacted soils. Excavation
tered ground water. Maximum concentrations detected in would shut down the facility, and require all tanks and new
soil and ground water are as follows: lines to be removed and reinstalled,

X5.3.7.3 Costs for application of other conventional treat-

Compound Soil {mg/kg) Ground water (mg/L] .
Benzene 20 R ment methods, such as vapor extraction and pump and treat
Ethylbenzene 4 . 0§ are estimated to exceed $300000 over the life of the
;ollucnc 120 s remediation, and
N:;::m 10(2) (5)1‘35 X53.74 A tier 2 ;nalysis for this site is estimated to
require minimal additional data, and is anticipated to result
X5.3.2.11 A receptor survey indicates that no domestic in equally protective, but less costly corrective action.
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