This international standard was developed in accordance with internationally recognized principles on standardization established in the Decision on Principles for the
Development of International Standards, Guides and Recommendations issued by the World Trade Organization Technical Barriers to Trade (TBT) Committee.

QGPIM} Designation: E2081 - 22
g’

INTERNATIONAL

Standard Guide for
Risk-Based Corrective Action’

This standard is issued under the fixed designation E2081; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (&) indicates an editorial change since the last revision or reapproval.

INTRODUCTION

This guide provides guidance for the development of a Risk-Based Corrective Action (RBCA)
program that integrates the sciences of ecological and human health risk-based decision making into
the corrective action process. The RBCA provides a flexible, technically defensible framework for
corrective action that is applicable to a wide range of sites and chemical(s) of concern. The framework
incorporates a tiered analytical approach, applying increasingly complex levels of data collection and
analysis as the user proceeds through the process. It provides a starting point for the integration of
multiple regulatory programs into a site-wide corrective action activity and a technically defensible
process for achieving “No Further Action.” The successful implementation of the RBCA framework
is dependent on an understanding by the user of the technical policy decisions that are critical to the
risk management process and the identification and determination of these technical policy decisions
prior to beginning the process (see 3.2.60). There are numerous technical policy decisions that must
be made to implement the RBCA process, for example, defining data quality objectives, determining
target risk levels and addressing resource protection. It is not the intent of this guide to define
appropriate technical policy decisions. The RBCA process is not intended to replace existing
regulatory programs, but rather to complement these programs. Regardless of whether a corrective
action is specifically governed by a regulatory program, the user should consult the regulatory agency
requirements to identify the appropriate technical policy decisions prior to implementing the RBCA
process. The RBCA process encourages user-led initiatives and stakeholder involvement in both the
development of the technical policy decisions and the RBCA program. It recognizes the diversity of
sites and provides appendixes for possible applications and examples. The appendixes are provided for
additional information and are not mandatory sections of this standard guide. ASTM standards are not
federal or state regulations; they are consensus standards that can voluntarily be followed.

1. Scope activities to site-specific conditions and risks. The evaluations

1.1 This is a guide for conducting risk-based corrective and methods used in the RBCA process begin with simple

action (RBCA) at chemical release sites based on protecting
human health and the environment. The RBCA is a consistent
decision-making process for the assessment and response to
chemical releases. Chemical release sites vary greatly in terms
of complexity, physical and chemical characteristics, and in the
risk that they may pose to human health and the environment.
The RBCA process recognizes this diversity by using a tiered
approach that integrates site assessment and response actions
with human health and ecological risk assessment to determine
the need for remedial action and to tailor corrective action
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analyses in Tier 1 and move to more complex evaluations in
either Tier 2 or Tier 3, as applicable. The process of gathering
and evaluating data is conducted in a scaled fashion.
Consequently, only the data that are necessary for a particular
tier’s decision-making are collected at that tier.

1.2 This guide describes an approach for risk-based correc-
tive action. It is intended to help direct and streamline the
corrective action process and to complement but not to
supersede federal, state and local regulations. It can be em-
ployed at sites where corrective action is being conducted
including sites where there may not be a regulatory framework
for corrective action, or where the user wishes to conduct
corrective action such as sites in voluntary cleanup programs or
under Brownfields initiatives. In addition, it can also be used as
a unifying framework when several different agency programs
affect the site. Furthermore, the user should be aware of the
federal, state and local corrective action programs that are
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applicable for the site and, regardless of the program, federal,
state and local agency approvals may be required to implement
the processes outlined in this guide. Finally, regardless of
whether a corrective action is specifically governed by a
regulatory program, the user should consult the regulatory
agency requirements to identify the appropriate technical
policy decisions prior to implementing the RBCA process.

1.3 There are numerous technical policy decisions that must
be made to implement the RBCA process, for example,
defining data quality objectives, determining target risk levels,
specifying the appropriate statistics and sample sizes for
calculating exposure concentrations, selection of exposure
assumptions, determining when and how to account for cumu-
lative risks and additive effects among chemical(s) of concern
and addressing resource protection. It is not the intent of this
guide to define appropriate technical policy decisions. The user
must identify the appropriate technical policy decisions.

1.4 The general performance standard for this guide re-
quires that:

1.4.1 Technical policy decisions be identified before begin-
ning the process,

1.4.2 Data and information collected during the RBCA
process, including historical data as well as new data collected
during the site assessment, will be relevant to and of sufficient
quantity and quality to answer the questions posed by and the
decisions to be made in the RBCA process,

1.4.3 Actions taken during the risk-based decision process
will be protective of human health and the environment,

1.4.4 Applicable federal, state and local regulations will be
followed (for example, waste management requirements,
ground water designations, worker protection) and,

1.4.5 Remedial actions implemented will not result in
higher risk levels than existed before taking actions.

1.5 ASTM standards are not federal or state regulations,
they are consensus standards that can voluntarily be followed.

1.6 The RBCA process is not limited to a particular class of
compounds. This guide is intended to be a companion to Guide
E1739, and does not supersede that document for petroleum
releases. If a release site contains a mixture of releases of
petroleum and other chemicals, this guide should be followed.

1.7 The United States Environmental Protection Agency
(USEPA) has developed guidance for human health risk
evaluation (see Appendix X9 for other resources). Many of the
components of this guidance have been integrated into the
RBCA framework. The science of ecological evaluation and
the process by which the science is applied, however, are not as
well defined and agreed upon as human health risk assessment.
Therefore, the information provided in this guide for each tier
evaluation for relevant ecological receptors and habitats is
general. The user is referred to Appendix X5, which provides
additional information regarding the development of a RBCA
framework for protection of ecological resources.

1.8 The decision process described in this guide integrates
exposure and risk assessment practices with site assessment
activities and remedial action selection to ensure that the
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chosen actions are protective of human health and the envi-
ronment. The following general sequence of events is pre-
scribed in RBCA:

1.8.1 Perform an initial site assessment and develop the first
iteration of the site conceptual model (see Guides E1689 and
E3240 and ISO 21365:2019). If the information is sufficient to
demonstrate that there are no complete or potentially complete
exposure pathways, then no further action is warranted,

1.8.2 Evaluate the site (see definition of site 3.2.50) for
response actions (multiple sites at a single facility may require
different response actions and times),

1.8.3 Implement a response action that is appropriate for
conditions found at the site during the site response action
evaluation,

1.8.4 Define data requirements, develop data quality
objectives, and perform a site assessment for the Tier 1
evaluation if the site conceptual model indicates that the tiered
evaluation is appropriate,

1.8.5 Conduct an exposure pathway analysis to determine if
relevant ecological receptors and habitats are present and if
complete and potentially complete exposure pathways are
present. If no relevant ecological receptors or habitats or
complete and potentially complete exposure pathways exist,
then no further action for relevant ecological receptors and
habitats is warranted,

1.8.6 For potential human exposure pathways, identify the
applicable Risk Based Screening Levels (RBSL) and for
potential ecological exposure pathways, identify the applicable
Relevant Ecological Screening Criteria (RESC). In addition,
identify any Other Relevant Measurable Criteria (ORMC), as
applicable. Collectively these are the Tier 1 corrective action
goals for the site;

1.8.7 Compare site conditions to the Tier 1 corrective action
goals determined to be applicable to the site;

1.8.8 If site conditions meet the corrective action goals for
chemical(s) of concern then, no further action is warranted,

1.8.9 If site conditions do not meet corrective action goals
for chemical(s) of concern then, one or more of the following
actions is appropriate:

1.8.9.1 Further tier evaluation;

1.8.9.2 Implement interim remedial action;

1.8.9.3 Design and implement remedial action to achieve
the corrective action goals.

1.8.10 Define Tier 2 data requirements, data quality
objectives, collect additional site-specific information and
update the site conceptual model, as necessary, if further tier
evaluation is warranted,

1.8.11 Develop point(s) of demonstration and Tier 2 correc-
tive action goals based on Site-Specific Target Levels (SSTL),
Site-Specific Ecological Criteria (SSEC) or ORMC, where
appropriate, for complete and potentially complete exposure
pathways, including exposure pathways for which no RBSL,
RESC or ORMC, as applicable, were determined;

1.8.12 Compare site conditions to the Tier 2 corrective
action goals determined to be applicable to the site;

1.8.13 If site conditions meet corrective action goals for

chemical(s) of concern, then no f"rtheIBﬁﬁumﬂm&S
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1.8.14 If site conditions do not meet corrective action goals
for chemical(s) of concern then, one or more of the following
actions is appropriate:

1.8.14.1 Further tier evaluation;

1.8.14.2 Implement interim remedial action;

1.8.14.3 Design and implement remedial action to achieve
the corrective action goals.

1.8.15 Define Tier 3 data requirements, data quality objec-
tives and collect additional site-specific information and update
the site conceptual model, as necessary, if further tier evalua-
tion is warranted,

1.8.16 Develop point(s) of demonstration and Tier 3 correc-
tive action goals based on SSTL, SSEC, or ORMC, where
appropriate;

1.8.17 Compare site conditions to the Tier 3 corrective
action goals,

1.8.18 If site conditions meet corrective action goals for
chemical(s) of concern, then no further action is warranted,

1.8.19 If site conditions do not meet corrective action goals
for chemical(s) of concern, then one of the following actions is
appropriate:

1.8.19.1 Implement interim remedial action to facilitate
reassessment of the tier evaluation;

1.8.19.2 Design and implement remedial action to achieve
the corrective action goals.

1.8.20 Develop and implement a monitoring plan based on
the corrective action goals to validate the assumptions used for
the tier evaluation and to demonstrate effectiveness of the
remedial action, as applicable.

1.9 For chemical release sites currently in corrective action,
the user should review information and data available for the
site and determine the most appropriate entry point into the
RBCA framework consistent with the general performance
standards and sequence of events outlined in this guide.

1.10 This Guide is Organized as Follows—Section 2 lists
referenced documents, Section 3 defines terminology used in
this guide, Section 4 describes the significance and use of this
guide, Section 5 is a summary of the tiered approach, and
Section 6 presents the RBCA procedures in a step-by-step
process. Appendix X1 provides guidance on developing tech-
nical policy decisions and building a RBCA program, Appen-
dix X2 provides examples of chemical properties and effects
data that may be useful for a RBCA evaluation, Appendix X3
provides EXAMPLE development of RBSL, Appendix X4
describes the use of predictive modeling, Appendix X5 pro-
vides an outline of the process of the ecological evaluation,
Appendix X6 provides information about activity and use
limitations, Appendix X7 includes illustrative examples of the
application of the RBCA framework, Appendix X8 addresses
Per- and polyfluoroalkyl substances (PFAS). PFAS are syn-
thetic chemicals that do not occur naturally in the environment.
There are many different types of PFAS such as perfluorocar-
boxylic acids (for example, PFOA, sometimes called C8, and
PFNA) and perfluorosulfonates (for example, PFOS and
PFHxS), and Appendix X9 includes references that may be
helpful to the user.

Note 1—Appendix X8 references the Washington Department of
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Ecology’s risk-based corrective action approach to PFAS as an example;
numerous other states including Alaska, California, Colorado, Maine,
Massachusetts, Michigan, Minnesota, New Hampshire, New Jersey, New
York, Pennsylvania, Rhode Island, and Vermont have robust programs to
address releases of PFAS to the environment. The appendixes are
provided for additional information and are NOT included as
mandatory sections of this guide.

1.11 The values stated in SI units are to be regarded as
standard. No other units of measurement are included in this
standard.

1.12 This international standard was developed in accor-
dance with internationally recognized principles on standard-
ization established in the Decision on Principles for the
Development of International Standards, Guides and Recom-
mendations issued by the World Trade Organization Technical
Barriers to Trade (TBT) Committee.

2. Referenced Documents

2.1 ASTM Standards:*

D5447 Guide for Application of a Numerical Groundwater
Flow Model to a Site-Specific Problem

D5490 Guide for Comparing Groundwater Flow Model
Simulations to Site-Specific Information

D5610 Guide for Defining Initial Conditions in Groundwater
Flow Modeling

D5611 Guide for Conducting a Sensitivity Analysis for a
Groundwater Flow Model Application

D5612 Guide for Quality Planning and Field Implementa-
tion of a Water Quality Measurement Program

D5718 Guide for Documenting a Groundwater Flow Model
Application (Withdrawn 2022)°

D6235 Practice for Expedited Site Characterization of Va-
dose Zone and Groundwater Contamination at Hazardous
Waste Contaminated Sites

E1527 Practice for Environmental Site Assessments: Phase |
Environmental Site Assessment Process

E1689 Guide for Developing Conceptual Site Models for
Contaminated Sites

E1739 Guide for Risk-Based Corrective Action Applied at
Petroleum Release Sites

E1903 Practice for Environmental Site Assessments: Phase
II Environmental Site Assessment Process

E1943 Guide for Remediation of Ground Water by Natural
Attenuation at Petroleum Release Sites

E2091 Guide for Use of Activity and Use Limitations,
Including Institutional and Engineering Controls

E2205/E2205M Guide for Risk-Based Corrective Action for
Protection of Ecological Resources

E2531 Guide for Development of Conceptual Site Models
and Remediation Strategies for Light Nonaqueous-Phase
Liquids Released to the Subsurface

E3163 Guide for Selection and Application of Analytical

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service @astm.org. For Annual Book of ASTM
Standards volume information, refer to the standard’s Document Summary page on
the ASTM website.

3The last approved version of this historicabtanda.rd is referencef son
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Methods and Procedures Used during Sediment Correc-
tive Action
E3164 Guide for Sediment Corrective Action — Monitoring
E3240 Guide for Risk-Based Corrective Action for Contami-
nated Sediment Sites
E3242 Guide for Determination of Representative Sediment
Background Concentrations
E3248 Guide for NAPL Mobility and Migration in Sediment
— Conceptual Models for Emplacement and Advection
2.2 Other Referenced Documents
California Office of Environmental Health Hazard
Assessment, Toxicity Criteria Database, https://
data.ca.gov/dataset/toxicity-criteria-database, May 2019
CRC CARE 2018, Practitioner guide to risk-based
assessment, remediation and management of PFAS site
contamination, CRC CARE Technical Report no. 43,
CRC for Contamination Assessment and Remediation of
the Environment, Newcastle, Australia.*
ISO 21365:2019 Soil quality -- Conceptual site models for
potentially contaminated sites®
Pubchem databases; pubchem.ncbi.nlm.nih.gov
U.S. EPA, Guidance on Systematic Planning Using the Data
Quality Objectives Process, EPA QA/G-4, EPA/240/B-06-
01, 2006.°
U.S. EPA, Comptox Dashboard: https://comptox.epa.gov/
dashboard
U.S. EPA, ECOTOX database; https://cfpub.epa.gov/
ecotox/index.cfm
U.S. EPA, Recommendations from the EPA Groundwater
Task Force, EPA 500-R-07-001, December 2007°
Washington Department of Ecology. Per- and Polyfluoro-
alkyl Substances. Chemical Action Plan. Publication 21-
04-048. November 2021.”

3. Terminology

3.1 The reader should review the definitions presented here
prior to reviewing the guide, as many of the terms included in
this guide may have different meanings than the specific
regulatory definitions within existing federal, state or local
programs. The following terms are being defined to reflect their
specific use in this guide. The user should not assume that these
definitions replace existing regulatory definitions. Where the
definition or use of a term in this guide differs from an existing
regulatory definition or use, the user should address these
differences prior to proceeding with the RBCA process.

3.2 Definitions of Terms Specific to This Standard:
3.2.1 activity and use limitations—Legal or physical restric-
tions or limitations on the use of, or access to, a site or facility

4 Available from CRC CARE, Newcastle University LPO PO Box 18. Callaghan
NSW 2308 https://www.crccare.com/publications/technical-reports

3 Available from International Organization for Standardization (ISO), ISO
Central Secretariat, Chemin de Blandonnet 8, CP 401, 1214 Vernier, Geneva,
Switzerland, https://www.iso.org.

¢ Available from United States Environmental Protection Agency (EPA), William
Jefferson Clinton Bldg., 1200 Pennsylvania Ave., NW, Washington, DC 20460,
http://www.epa.gov.

7 Available from Washington Department of Ecology, 300 Desmond Drive SE,
Lacey, WA 98503 https://apps.ecology.wa.gov/publications/summarypages/
2104048.html
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to eliminate or minimize potential exposures to chemical(s) of
concern, or to prevent activities that could interfere with the
effectiveness of a remedial action, to ensure maintenance of
site conditions that meet the corrective goals for chemical(s) of
concern.

3.2.1.1 Discussion—These legal or physical restrictions are
intended to prevent adverse impacts to receptors and relevant
ecological receptors and habitats that may be exposed to
chemical(s) of concern. Activity and use limitations include
both engineering and institutional controls. (See Guide E2091.)

3.2.2 additive effects—refers to combined non-cancer effects
of chemical(s) of concern with the same mechanism of action
in a receptor.

3.2.3 bio-availability—a measure of the chemical(s) of con-
cern in environmental media that is accessible to an organism
for absorption.

3.2.4 biodegradation—Natural plant, animal, or microbial
metabolism that results in the reduction of mass of a chemi-
cal(s) of concern.

3.2.5 chemical release—Any spill or leak or detection of
concentrations of chemical(s) of concern in environmental
media.

3.2.6 chemical(s) of concern—The specific compounds and
their breakdown products that are identified for evaluation in
the RBCA process.

3.2.6.1 Discussion—Identification can be based on their
historical and current use at a site, detected concentrations in
environmental media and their mobility, toxicity, and persis-
tence in the environment. Because chemical(s) of concern may
be identified at many points in the RBCA process, including
before any determination that they pose an unacceptable risk to
human health or the environment, the term should not auto-
matically be construed to be associated with increased or
unacceptable risk.

3.2.7 corrective action—The sequence of actions that in-
clude site assessment and investigation, risk assessment, re-
sponse actions, interim remedial action, remedial action, op-
eration and maintenance of equipment, monitoring of progress,
making no further action determinations and termination of the
remedial action.

3.2.8 corrective action goals—concentration or other nu-
meric values, physical condition or remedial action perfor-
mance criteria that demonstrate that no further action is
necessary to protect human health and the environment.

3.2.8.1 Discussion—For example, these goals may include
one or a combination of RBSL, SSTL, RESC, SSEC and
ORMC chosen for source area(s), point(s) of demonstration
and point(s) of exposure. The corrective action goals are
specific to each Tier in the evaluation.

3.2.9 cumulative risks—refers to the combined carcinogenic
risks from all exposure pathways for all chemicals for a
receptor.

3.2.10 direct exposure pathways—An exposure pathway
where the point of exposure is at the source, without a release
to any other medium and without an intermediate biological

transfer step. DOC uments
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3.2.11 ecological evaluation—A process for organizing and
analyzing data, information, assumptions and uncertainties to
evaluate the likelihood that adverse effects to relevant ecologi-
cal receptors or habitats may occur or are occurring as a result
of exposure to chemical(s) of concern.

3.2.12 engineering controls—Physical modifications to a
site or facility to reduce or eliminate the potential for exposure
to chemical(s) of concern (for example, slurry walls, capping,
hydraulic controls for ground water, or point-of-use water
treatment).

3.2.13 exposure assessment—The determination or estima-
tion (qualitative or quantitative) of the magnitude, frequency,
duration and route of exposure between a source area and a
receptor.

3.2.14 exposure pathway—The course a chemical of con-
cern takes from the source area(s) to a receptor or relevant
ecological receptor and habitat.

3.2.14.1 Discussion—An exposure pathway describes the
mechanism by which an individual or population is exposed to
a chemical of concern originating from a site. Each exposure
pathway includes a source or release from a source of a
chemical of concern, a point of exposure, an exposure route
and the potential receptors or relevant ecological receptors and
habitats. If the exposure point is not at the source, a transport
or exposure medium, or both, (for example, air or water) are
also included.

3.2.15 exposure route—The manner in which a chemical(s)
of concern comes in contact with a receptor (for example,
ingestion, inhalation, dermal contact).

3.2.16 exposure scenario—The description of the
circumstances, including site properties and chemical
properties, or the potential circumstances under which a
receptor or a relevant ecological receptor or habitat could be in
contact with chemical(s) of concern;

3.2.17 facility—The property containing the source of the
chemical(s) of concern where a release has occurred. A facility
may include multiple sources and therefore, multiple sites.

3.2.18 guide—a series of options or instructions that do not
recommend a specific course of action.

3.2.19 hazard index—The sum of two or more hazard
quotients for chemical(s) of concern or multiple exposure
pathways to a particular receptor, or both.

3.2.20 hazard quotient—The ratio of the level of exposure
of a chemical of concern over a specified time period to a
reference dose for that chemical of concern derived for a
similar exposure period.

3.2.21 incremental carcinogenic risk levels—The potential
for incremental human carcinogenic effects, over background
cancer occurrence levels, due to exposure to the chemical(s) of
concern. This is the individual lifetime excess cancer risk.

3.2.22 indirect exposure pathways—An exposure pathway
with at least one intermediate release to any media, or an
intermediate biological transfer step, between the source and
the point(s) of exposure (for example, chemical(s) of concern
from soil through ground water to the point(s) of exposure).
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3.2.23 institutional controls—A legal or administrative re-
striction on the use of, or access to a site or facility to eliminate
or minimize potential exposure to a chemical(s) of concern (for
example, restrictive covenants, restrictive zoning).

3.2.24 interim remedial action—The course of action taken
to reduce migration of a chemical(s) of concern in its vapor,
dissolved, or liquid phase, or to reduce the concentration of a
chemical(s) of concern at a source area(s).

3.2.25 maximum contaminant level (MCL)—A standard for
drinking water established by USEPA under the Safe Drinking
Water Act which is the maximum permissible level of a
chemical(s) of concern in water which is delivered to any user
of a public water supply.

3.2.26 natural attenuation—The reduction in the concentra-
tion(s) of chemicals of concern in environmental media due to
naturally occurring physical, chemical and biological processes
(for example, diffusion, dispersion, adsorption, chemical deg-
radation and biodegradation).

3.2.27 non-aqueous phase liquids (NAPL)—Chemicals that
are insoluble or only slightly soluble in water that exist as a
separate liquid phase in environmental media. They can be less
dense or more dense than water.

3.2.28 other relevant measurable criteria (ORMC)—
Parameters used to define corrective action goals for chemi-
cal(s) of concern.

3.2.28.1 Discussion—The ORMC are concentration values,
other numeric values, physical condition or performance cri-
teria other than RBSL, RESC, SSTL or SSEC. Examples of
ORMC are regulatory standards, consensus criteria, aesthetic
criteria, and ground water protection criteria. Technical policy
decisions regarding ORMC may exist, or may need to be made
to determine the appropriate values, conditions or performance
criteria that are used for the corrective action goals.

3.2.29 petroleum—Includes crude oil or any fraction thereof
that is liquid at standard conditions of temperature and pressure
(15.6 °C and 10 340 kg/m?absolute).

3.2.29.1 Discussion—The term includes petroleum-based
substances comprised of a complex blend of hydrocarbons
derived from crude oil through processes of separation,
conversion, upgrading, and finishing, (for example, motor
fuels, jet fuels, lubricants, petroleum solvents, used oils).

3.2.30 point(s) of demonstration—A location(s) selected
between the source area(s) and the potential point(s) of
exposure where corrective action goals are met.

3.2.31 point(s) of exposure—The point(s) at which an indi-
vidual or population may come in contact with a chemical(s) of
concern originating from a site.

3.2.32 potentially complete exposure pathway—A situation
with a reasonably likely chance of occurrence in which a
receptor or relevant ecological receptor or habitat may become
directly or indirectly exposed to the chemical(s) of concern.

3.2.33 practice—a definitive procedure for performing one
or more specific operations or functions that does not produce

a test result. Documents
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3.2.34 probabilistic evaluation—A modeling procedure
used to evaluate the uncertainty surrounding a probability
distribution when the result depends on a number of factors,
each of which has its own variability and uncertainty.

3.2.35 qualitative ecological screening evaluation—A pro-
cess conducted as part of the Tier 1 evaluation wherein relevant
ecological receptors and habitats and exposure pathways are
identified.

3.2.35.1 Discussion—The necessary information can be col-
lected as part of the data gathering activities during the initial
site assessment or the Tier 1 site assessment ( 6.3.2 and 6.5.1).
Within Tier 1, this screening-level information, which is
typically qualitative, may be used to evaluate potential expo-
sure pathways to relevant ecological receptors and habitats and
to identify potential chemical(s) of concern. If available,
generic, non-site-specific ecological criteria and guidelines
(3.2.42) may be used to further evaluate complete and poten-
tially complete exposure pathways.

3.2.36 qualitative risk analysis—A non-quantitative evalua-
tion of the potential risks at a site as determined by the
potential exposure pathways and receptors based on known or
reasonably available information.

3.2.37 reasonable maximum exposure (RME)—The highest
exposure that is reasonably expected to occur at a site. RME’s
are estimated for individual exposure pathways or a combina-
tion of exposure pathways.

3.2.38 reasonably anticipated future use—Future use of a
site or facility which can be predicted with a reasonably high
degree of certainty given historical use, current use, and local
government planning and zoning.

3.2.39 receptors—The persons that are or may be affected
by a release. (see relevant ecological receptors and habitats,
3.2.41, for non-human receptor definition).

3.2.40 reference dose—A toxicity value for evaluating po-
tential non-carcinogenic effects in humans resulting from
exposure to a chemical(s) of concern.

3.2.41 relevant ecological receptors and habitats—The
ecological resources that are valued at the site.

3.2.41.1 Discussion—Because of the variety of ecological
resources that may be present, focusing upon those relevant to
a site is an important part of the problem formulation phase of
ecological evaluation. Identification of relevant ecological
receptors and habitats is dependent upon site-specific factors
and technical policy decisions. Examples may include species
or communities afforded special protection by law or regula-
tion; recreationally, commercially or culturally important re-
sources; regionally or nationally rare communities; communi-
ties with high aesthetic quality; and habitats, species or
communities that are important in maintaining the integrity and
bio-diversity of the environment.

3.2.42 relevant ecological screening criteria (RESC)—
Generic, non-site specific ecological criteria or guidelines that
are determined to be applicable to relevant ecological receptors
and habitats, exposure pathways and site conditions utilized
during the Tier 1 evaluation.

3.2.42.1 Discussion—These chemical

may include
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concentrations, biological measures or other relevant generic
criteria consistent with the technical policy decisions.

3.2.43 remedial action—Activities conducted to reduce or
eliminate current or potential future exposures to receptors or
relevant ecological receptors and habitats.

3.2.43.1 Discussion—These activities include monitoring,
implementing activity and use limitations and designing and
operating clean-up equipment. Remedial action includes activi-
ties that are conducted to reduce sources of exposures to meet
corrective action goals, or sever exposure pathways to meet
corrective action goals.

3.2.44 response action—An immediate course of action,
including monitoring, abatement or containment measures to
mitigate known or potential hazards to human health, safety
and the environment, taken before interim remedial action or
remedial action.

3.2.45 response action evaluation—A qualitative analysis of
a site, based on known or readily available information, to
identify the need for and urgency of response actions and the
need for further information gathering. The analysis is also
used to identify appropriate early risk reduction steps.

3.2.46 risk—The potential for, or probability of, an adverse
effect. These may be expressed qualitatively or quantitatively.

3.2.47 risk assessment—An analysis of the potential for
adverse effects on receptors and relevant ecological receptors
and habitats caused by a chemical(s) of concern from a site.

3.2.47.1 Discussion—The risk assessment activities are the
basis for the development of corrective action goals and
determination of where interim remedial actions, remedial
action or a combination of actions are required.

3.2.48 risk reduction—The lowering or elimination of the
level of risk posed to human health or the environment
through, response actions, interim remedial actions, remedial
action or a combination of actions.

3.2.49 risk-based screening level/screening levels (RBSL)—
Non-site-specific human health risk-based values for chemi-
cal(s) of concern that are protective of human health for
specified exposure pathways utilized during the Tier 1 evalu-
ation.

3.2.50 site—The area(s) defined by the likely physical
distribution of the chemical(s) of concern from a source area.

3.2.50.1 Discussion—A site could be an entire property or
facility, a defined area or portion of a facility or property or
multiple facilities or properties. One facility may contain
multiple sites. Multiple sites at one facility may be addressed
individually or as a group.

3.2.51 site assessment—A characterization of a site through
an evaluation of its physical and environmental context (for
example, subsurface geology, soil properties and structures,
hydrology, and surface characteristics) to determine if a release
has occurred, the levels of the chemical(s) of concern in
environmental media, and the likely physical distribution of the
chemical(s) of concern.

3.2.51.1 Discussion— As an example, the site assessment

collects data on soil, ground water and%@lmntl@,
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land and resource use, potential receptors, and potential rel-
evant ecological receptors and habitats, and generates informa-
tion to develop a site conceptual model and to support
risk-based decision-making. The user is referred to Guides
D6235 and E1903 and other references in Appendix X9 for
more information.

3.2.52 site conceptual model—The integrated representation
of the physical and environmental context, the complete and
potentially complete exposure pathways and the potential fate
and transport of chemical(s) of concern at a site.

3.2.52.1 Discussion—The site conceptual model (some-
times called conceptual site model) should include both the
current understanding of the site and the understanding of the
potential future conditions and uses for the site. It provides a
method to conduct the exposure pathway evaluation, inventory
the exposure pathways evaluated, and determine the status of
the exposure pathways as incomplete, potentially complete or
complete. The user is referred to Guides E1689, E2531, E3248,
and ISO 21365:2019

3.2.53 site conditions—A general description of a site’s
chemical, physical or biological characteristics that relate to
potential exposures to receptors or relevant ecological recep-
tors and habitats.

3.2.54 site-specific—Activities, information and data unique
to a particular site.

3.2.55 site-specific ecological criteria (SSEC)—Risk-based
qualitative or quantitative criteria for relevant ecological re-
ceptors and habitats identified for a particular site under the
Tier 2 or Tier 3 evaluations.

3.2.55.1 Discussion—These may include chemical
concentrations, biological measures or other relevant generic
criteria consistent with the technical policy decisions. SSEC
may be revised as data are obtained that better describe the
conditions and the relevant ecological receptors and habitats.

3.2.56 site-specific target levels (SSTL)—Risk-based values
for chemical(s) of concern that are protective of human health
for specified exposure pathways developed for a particular site
under the Tier 2 or Tier 3 evaluations.

3.2.57 source area(s)—The source area(s) is defined as the
location of non-aqueous phase liquid (NAPL) chemical, the
locations of highest soil or ground water concentrations of the
chemical(s) of concern or the location releasing the chemical(s)
of concern.

3.2.58 stakeholders—Individuals, organizations or other en-
tities that directly affect or are directly affected by the correc-
tive action.

3.2.58.1 Discussion—Stakeholders include, but are not lim-
ited to, owners, buyers, developers, lenders, insurers, govern-
ment agencies and community members and groups.

3.2.59 standard—As used in ASTM, a document that has
been developed and established within the consensus principles
of the Society and that meets the approval requirements of
ASTM procedures and regulations.

3.2.60 technical policy decisions—The choices specific to
the user that are necessary to implement the Risk-Based
Corrective Action framework described in this guide at a
particular site.

Full document details: ASTM E2081-22

3.2.60.1 Discussion— The decisions involve regulatory
policies, value judgments, different stakeholder decisions and
using professional judgment to evaluate available information,
therefore, there may be more than one scientifically support-
able answer for any particular technical policy decision. The
choices represent different approaches. The user should consult
the regulatory agency requirements to identify the appropriate
technical policy decisions prior to implementing the RBCA
process. Examples of technical policy decisions are, data
quality objectives, target risk levels, land use, ground water
use, natural resource protection, relevant ecological receptors
and habitats, stakeholder notification and involvement and
exposure factors.

3.2.61 Tier I Evaluation—A risk-based analysis utilizing
non-site-specific corrective action goals for complete and
potentially complete direct and indirect human exposure path-
ways and qualitative ecological screening evaluation for com-
plete and potentially complete exposure pathways for relevant
ecological receptors and habitats.

3.2.61.1 Discussion—The non-site-specific corrective ac-
tion goals developed for human exposure pathways are based
on conservative assumptions (for example, exposure factors,
fate and transport parameters) and methodologies (for
example, algorithms, analytical models) to estimate the non-
site-specific values. The Tier 1 exposure pathways for human
receptors assume that the receptor and the source are located in
the same location. A qualitative ecological screening evalua-
tion is conducted that may be combined with RESC to evaluate
the potential exposures to relevant ecological receptors and
habitats. The Tier 1 evaluation for some chemical(s) of concern
or exposure pathways may also be based on comparison of site
conditions to ORMC. The non-site-specific corrective action
goals for complete and potentially complete exposure path-
ways are compared to site conditions to determine if further
corrective action is warranted.

3.2.62 Tier 2 Evaluation—A risk-based analysis that in-
volves an incremental refinement of the Tier 1 methodology to
develop site-specific corrective action goals.

3.2.62.1 Discussion—The Tier 2 evaluation for human ex-
posure pathways may include developing statistically represen-
tative concentrations of chemical(s) of concern for comparison
to the Tier 1 corrective action goals, back-calculating SSTL by
applying the direct exposure pathway corrective action goals
established under a Tier 1 evaluation at site-specific determined
point(s) of exposure, developing SSTL for potential indirect
exposure pathways at point(s) of exposure using site-specific
conditions and the Tier 1 methodology, or developing SSTL for
complete or potentially complete exposure pathways using
site-specific conditions for which no RBSL were developed in
Tier 1, or the evaluation may employ a combination of
alternatives. For relevant ecological receptors and habitats, the
Tier 2 evaluation may involve additional qualitative or quan-
titative analyses. The Tier 2 evaluation for some chemical(s) of
concern and exposure pathways may also be based on com-
parison of site conditions to ORMC. The corrective action
goals for complete and potentially complete exposure path-
ways are compared to site conditions to determine if further
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3.2.63 Tier 3 Evaluation—A risk-based analysis that in-
volves a significant incremental effort over the Tier 2 evalua-
tion to develop site-specific corrective action goals.

3.2.63.1 Discussion—The Tier 3 evaluation for human ex-
posure pathways typically uses advanced exposure assessment,
toxicity and risk assessment techniques (for example, probabi-
listic exposure assessment methods, use of bio-availability
data, use of advanced fate and transport modeling) allowing
maximum flexibility to develop SSTL for potential direct and
indirect exposure pathways at the point(s) of exposure based on
site-specific conditions. A Tier 3 evaluation for relevant eco-
logical receptors and habitats is typically more quantitative in
nature and uses more site-specific data than previous tiers. The
Tier 3 evaluation for some chemical(s) of concern and expo-
sure pathways may also be based on comparison of site
conditions to ORMC. The corrective action goals for complete
and potentially complete exposure pathways are compared to
site conditions to determine if further corrective action is
warranted.

3.2.64 user—An individual or group involved in the RBCA
process including owners, operators, regulators, UST fund
managers, federal government case managers, attorneys,
consultants, legislators and other stakeholders.

3.2.64.1 Discussion—Two specific cases of users are envi-
sioned. The first is the individual or group addressing a site or
sites under the circumstances where there is no specific agency
program or there are multiple agency programs applicable to
their project. The second is a regulatory agency that is
developing a comprehensive corrective action program.

3.3 Acronynms and Abbreviations:
3.3.1 COC—chemicals of concern

3.3.2 ITRC—Interstate Technology and Regulatory Council
3.3.3 ORMC—other relevant measurable criteria
3.3.4 PFAS—Per- and polyfluoroalkyl substances

3.3.5 PFHxS—perfluorohexane sulfonate, perfluorohexane
sulfonic acid

3.3.6 PFNA—perfluorononoate, perfluorononanoic acid
3.3.7 PFOA—perfluorooctanoate, perfluorooctanoic acid

3.3.8 PFOS—perfluorooctane sulfonate, perfluorooctane
sulfonic acid

3.3.9 RBCA—Risk-Based Corrective Action
3.3.10 RBSL—Risk-Based Screening Level

3.3.11 RESC—relevant ecological screening criteria
3.3.12 SSEC—site-specific ecological criteria
3.3.13 SSTL—site-specific target levels

3.3.14 USEPA—United States Environmental Protection
Agency

4. Significance and Use

4.1 The risk-based corrective action (RBCA) process pre-
sented in this guide is a consistent, streamlined decision
process for selecting corrective actions at chemical release
sites.
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4.2 Risk assessment is a developing science. The scientific
approach used to develop the RBSL and SSTL may vary by
regulatory agency and by user due to regulatory requirements,
guidance and use of alternative scientifically-based methods.

4.3 Activities described in this guide should be conducted
by persons familiar with current site characterization
techniques, remedial action science and technology, current
human health risk and exposure assessment methodologies,
toxicology, and current ecological evaluation methodologies.

4.4 In order to properly apply the RBCA process, the user
should AVOID the following:

4.4.1 Prescribing Tier 1 RBSL or RESC as remedial action
standards for all sites rather than screening levels,

4.4.2 Limiting use of the RBCA process to Tier 1 evaluation
only and not continuing with Tier 2 or Tier 3 analyses for sites
where further tier evaluation is appropriate,

4.4.3 Placing arbitrary time constraints on the corrective
action process; for example, requiring that Tiers 1, 2, and 3 be
completed within time periods that do not reflect the actual
urgency of and risks posed by the site,

4.4.4 Using the RBCA process only when active remedial
action is not technically feasible, rather than as a process that
is applicable during all phases of corrective action,

4.4.5 Conducting active remedial action to achieve only
technology-based remedial limits (for example, asymptotic
levels) prior to determining applicable corrective action goals,

4.4.6 Using predictive modeling that is not supported by
available data or knowledge of site conditions,

4.4.7 Limiting remedial action options to a single class of
remedial actions for all sites (for example Guide E1943),

4.4.8 Using unjustified or inappropriate exposure factors,

4.4.9 Using unjustified or inappropriate toxicity parameters,

4.4.10 Failing to consider cumulative risks and additive
effects when evaluating multiple chemicals,

4.4.11 Excluding the evaluation of options for activity and
use limitations, point(s) of exposure, point(s) of demonstration,
sequencing remedial action activities at multiple sites on the
same facility, or risk levels,

4.4.12 Excluding the maintenance and monitoring of activ-
ity and use limitations,

4.4.13 Failing to consider the long-term effectiveness and
reliability of potential remedial action options,

4.4.14 Failing to evaluate potential risks to the public, to
workers and to relevant ecological receptors and habitats that
may be created by proposed remedial actions or assessment
methods and

4.4.15 Continuing monitoring or remedial action at sites
that have achieved the corrective action goals (unless monitor-
ing is specifically required for an activity and use limitation or
another regulatory requirement). Achievement of corrective
action goals is predicated on sufficient monitoring to substan-
tiate the site conditions.

4.5 The RBCA process described in this guide includes
several features that are only examples of standardized ap-
proaches to addressing the objectives of the particular activity,
for example, the response action evaluation table and the

exposure scenario evaluation flowchart. Decumentsd
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be customized by the user based on the constraints of the site
or group of sites being addressed and the appropriate technical
policy decisions. The objectives of the analyses are identified
in this guide.

5. A Tiered Approach to Risk-Based Corrective Action
(RBCA)

5.1 Risk-based corrective action is the integration of site
assessment, remedial action selection, and monitoring with
appropriate risk and exposure assessment practices. This cre-
ates a process by which corrective action decisions are made in
a consistent manner that is protective of human health and the
environment. Prior to implementing the RBCA process, the
user must identify the relevant technical policy decisions
appropriate for the site (see 1.2, 1.3 and Appendix X1). The
user should also identify the appropriate stakeholder notifica-
tion and involvement process to provide information and to
collect input during the implementation of the RBCA process.

5.2 The RBCA process is implemented in a tiered approach,
involving increasingly sophisticated levels of data collection
and analysis as the user proceeds through the tiers. At each
further tier of evaluation, the assumptions of earlier tiers are
replaced with additional site-specific data and information.

5.3 There is some degree of uncertainty associated with all
risk estimates and site assessments. In the RBCA process it is
necessary for the user to address uncertainty through the level
of conservatism applied to each tier. As the user moves through
the tier evaluation process, the level of conservatism should
decrease as the uncertainty decreases. The uncertainty should
be clearly articulated during each tier of evaluation. The
analysis of uncertainty allows the user to determine if the
information obtained is adequate to make a decision. As the
user proceeds to higher tiers, the knowledge gained about the
site is used to tailor the degree of investigation needed, as
explained in the following sections. In some cases, after
completion of the Tier 1 evaluation, the user may find it
appropriate for some exposure pathways to proceed directly to
a Tier 3 evaluation. As contemplated here, the results of all of
the completed tiers of analyses would be compiled into one
RBCA report at the end of the evaluation. Reporting require-
ments and approvals must be determined based on the particu-
lar federal, state and local programs that apply to the site.

6. Risk-Based Corrective Action (RBCA) Procedures

6.1 The sequence of principal tasks and decisions associated
with the RBCA process are outlined on the flowcharts shown in
Fig. 1 and Fig. 2. Each of these actions and decisions is
discussed as follows. Prior to implementing these actions, the
user should identify the appropriate stakeholder notification
and involvement process to provide information and to collect
input during the implementation of the RBCA process. Infor-
mation is gathered in the initial site assessment to develop the
site conceptual model.

6.2 Initial Site Assessment—The initial site assessment is a
planning and scoping activity to develop the site conceptual
model, (for example, identifying potential transport pathways
and potential receptors) based on the initial understanding of
the site. The planning and scoping activity is a critical part of
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implementing the technical policy decisions due to the poten-
tial complexity of human and ecological exposure pathways.
This is especially important for ecological issues due to the
variety of relevant ecological receptors and habitats. Informa-
tion collected during the initial site assessment may identify
incomplete exposure pathways that may eliminate the need for
any further evaluation of one or more exposure pathways or the
site. For example, some regulatory agencies specify processes
to define incomplete exposure pathways or define minimum
criteria, threshold quantities or concentrations of a chemical
release as an exclusion from or entry to a further RBCA
analysis for a site. If the information is sufficient to demon-
strate that there are no complete or potentially complete
exposure pathways, then no further action is warranted. If
minimum criteria, threshold quantities or concentrations that
define exclusion from a RBCA analysis are available and site
conditions meet these criteria, thresholds or concentrations, as
applicable, then no further action is warranted for the site.

6.2.1 The initial site assessment should include a review of
known or reasonably available information on:

6.2.1.1 Appropriate regulatory requirements;

6.2.1.2 Historical site activities, past releases and prior site
assessment information to identify potential chemical(s) of
concern, sources of the chemical(s) of concern, source area(s),
human receptors and relevant ecological receptors and habitats,
and fate and transport mechanisms;

6.2.1.3 Potential current and reasonably anticipated future
use of the site and surrounding land;

6.2.1.4 Potential ground water and surface water use; and

6.2.1.5 Regional hydrogeologic and geologic
characteristics, (for example, depth to ground water, aquifer
thickness, flow direction, gradient, description of confining
units and ground water quality).

6.3 Site Conceptual Model—The site conceptual model is
developed to provide an overall understanding of the site and
includes the hypotheses that form the basis of the RBCA
evaluation. It is also used to communicate the understanding of
the site to the stakeholders. Through the site conceptual model
the user identifies the complete and potentially complete
exposure pathways. The site conceptual model provides a
template to conduct the exposure pathway evaluation, inven-
tory the exposure pathways evaluated, and determine the status
of the exposure pathways as incomplete, potentially complete
or complete. It also provides a means to identify potential
Response Actions (see 6.6). The site conceptual model is
developed as part of the initial site assessment and is updated
as additional data are gathered throughout the RBCA process.
Subsequent site assessment activities are conducted to refine
the site conceptual model and conduct the tier analyses. (see
Guides E1689, E3248, and ISO 21365:2019).

6.3.1 Exposure Pathway Evaluation—The user is respon-
sible for identifying the complete and potentially complete
exposure pathways for a site. An EXAMPLE exposure path-
way evaluation flowchart is presented in Fig. 3, and it may be
used as a tool to guide the user in selecting appropriate
exposure scenarios based on site assessment information. This
figure is only presented as an example of the kind of visual

representation that may be useful in the Dmm&e
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Initial Site Assessment (6.2, 6.3)
Collect known or reasonably available site information.
Develop site conceptual model.

Yes

Criteria for exclusion from
RBCA analysis are available
and site conditions meet
these criteria?

nformation sufficient to
demonstrate no complete
or potentially complete

Yes

Interim Remedial
Y Action (6.10.1.1)
Response Action Evaluation and Response Actions (6.6) Conduct partial source
Evaluate the site for response actions. Implement response removal or other actions
actions appropriate for site conditions. Re-evaluate response - to reduce the risk(s) re-
Y actions, as appropriate, following Response Actions, interim evaluate response
Remedial Actions, or additional data collection. actions, then return to
the applicable Tier
Evaluation

Y

Tier 1 Evaluation (6.3, 6.4, 6.5.1-.2, 6.7.1, 6.8, 6.9, 6.10)
Conduct site assessment. Refine site conceptual model.

Identify or develop appropriate Tier 1 corrective action goals, i.e.,
risk-based screening levels (RBSL), relevant ecological

screening criteria (RESC), and other relevant measurable criteria
(ORMC). Compare site conditions to the corrective action goals.

A

Go To: No Further Action Figure 2

Yes

Remedial Action
based on corrective
action goals
practicable?

Site conditions
meet corrective
action goals?

Yes Interim Remedial Yes

Action appropriate?

Tier 2 Evaluation (6.3, 6.4, 6.5.3, 6.7.2, 6.10, 6.11)
Collect additional data as needed.

Review and revise site conceptual model, as appropriate.

Develop or identify Tier 2 corrective action goals, i.e., site-specific
target levels (SSTL), site-specific ecological criteria (SSEC), or
ORMC. Compare site conditions to the corrective action goals.

Remedial Action
based on corrective
action goals
practicable?

—

— Go To: Monitoring Figure 2 Go To: Tier 3 Evaluation Figure 2 Go To: Remedial Action Figure 2
FIG. 1 RBCA Flowchart (After E1739-95)

Site conditions
meet corrective
action goals?

Interim Remedial Yes

Action appropriate?
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Tier 3 Evaluation (6.3, 6.4, 6.5.4, 6.7.2, 6.10, 6.12)

Collect additional site data as needed.

Review and revise site conceptual model, as appropriate.
Develop or identify Tier 3 corrective action goals, i.e., SSTL,
SSEC, or ORMC. Compare site conditions to the corrective
action goals.

Go To: Interim Remedial Action Figure 1

Interim Remedial
Action
appropriate?

Site conditions
meet corrective
action goals?

Yes

Y

Remedial Action Program (6.10.1.2 and 6.13)

Identify alternatives based on corrective action goals including
combinations of source removal, treatment, natural attenuation,
and activity and use limitations. Evaluate remedial action
alternatives. Choose an appropriate alternative. Design and
implement the chosen remedial action.

Y

Monitoring (6.14)
= Design and implement an appropriate monitoring program
based on the site conditions and the corrective action goals.

Y

Return to tier evaluation,
if conditions have
changed (6.13.5 &
6.14.2)

Continued
Monitoring
Required?

Corrective
Action Goals
Achieved?

No Further
Action (6.2,

6.10.3 and
6.16)

FIG. 2 RBCA Flowchart (Continued) (After E1739-95)

pathways. Other types or forms of charts or tables may also be 6.3.1.2 Characterize Site Sources and Exposure Pathways—
used in the evaluation. Use the data and information collected throughout the RBCA

6.3.1.1 Identify Receptors—To identify receptors and rel- process to identify relevant sources, transport mechanisms, and
evant ecological receptors and habitats, consider current and
reasonably anticipated future site and surrounding land use.
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exposure pathways. More than one flow chart may be needed
to correspond to multiple sources with different exposure
pathways.

6.3.2 In each successive tier of evaluation the complete and
potentially complete exposure pathways are re-evaluated in
light of the additional data collected. Further evaluations are
not conducted for exposure pathways determined to be incom-
plete.

6.4 Data Quality Objectives—Throughout the RBCA
process, appropriate data quality objectives should be deter-
mined for the task that is being conducted. These objectives
integrate the site specificity of data needed for each task and
applicable regulatory requirements. The user may generate
site-specific data and information or estimate reasonable values
for key physical characteristics using soil survey data and other
reasonably available information. Sufficient quantity and qual-
ity of data should be collected during the RBCA process to
meet the data quality objectives for any aspect of the RBCA
evaluation. In addition, the quality and quantity of data
collected must be consistent with the objectives of the particu-
lar task within the RBCA evaluation. The user is referred to
USEPA’s Guidance on Systematic Planning Using the Data
Quality Objectives Process, 2006, Guide E1903 and Ref (1)%
and other references for more information.

6.5 Site Assessment—In general, the site assessment gathers
the information necessary to implement the RBCA analyses.
Among the tasks for which site assessment data are used are:
refining the site conceptual model, determining appropriate
response actions, performing human health and ecological risk
evaluations and making decisions for further tier evaluation, no
further action, interim remedial action or remedial action for
the complete and potentially complete exposure pathways.
State and local government and local community sources
should be consulted, as appropriate, in the collection of the site
assessment information. Adequate site assessment is critical to
the RBCA process to identify sources of chemical(s) of
concern that may exist at the site. The site assessment data
should be summarized in a clear and concise format (for
example, using Fig. 3 or Guide E1689, ISO 21365:2019). The
site assessment is limited to gathering only the information
necessary at each tier to evaluate the complete or potentially
complete exposure pathways identified in the site conceptual
model.

6.5.1 If complete or potentially complete exposure path-
ways are identified during the site conceptual model develop-
ment indicating that the tiered evaluation is appropriate, then a
site assessment for the Tier 1 evaluation should be conducted.
The purpose of the site assessment is to gather information
relevant to the evaluation of the complete and potentially
complete exposure pathways defined by the site conceptual
model. The information collected should also be used to
improve the understanding of the site through refinements to
the site conceptual model. The site assessment for Tier 1
should include information to:

6.5.1.1 Identify chemical(s) of concern;

8 The boldface numbers given in parentheses refer to a list of references at the
end of the text.
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6.5.1.2 Locate sources of the chemical(s) of concern and
source area(s), to the extent practicable;

6.5.1.3 Locate maximum concentrations of chemical(s) of
concern in different media (for example, air, soil, soil gas,
surface water, sediments, ground water);

6.5.1.4 Locate human receptors and relevant ecological
receptors and habitats that could be impacted;

6.5.1.5 Identify potentially significant transport and human
and ecological exposure pathways (for example, ground water
transport, vapor migration through soils and utilities);

6.5.1.6 Identify current and reasonably anticipated future
use of the site and surrounding land. This identification should
include an evaluation of ground water resources, surface water
and relevant ecological receptors and habitats;

6.5.1.7 Identify state or local ground water classifications,
options for alternative classifications or designations applicable
to the site; and

6.5.1.8 Determine regional and site-specific hydrogeologic
and geologic characteristics, (for example, depth to ground
water, aquifer thickness, flow direction, gradient, description of
confining units and ground water quality; see Guides D5447,
D5490, D5610, D5611, D5612, and D5718).

6.5.2 The site assessment for Tier 1 may also collect
information to:

6.5.2.1 Calculate an appropriate upper confidence limit on
concentration data for chemical(s) of concern, if sufficient data
are available;

6.5.2.2 Determine background concentrations of chemi-
cal(s) of concern in environmental media (see Appendix X1);

6.5.3 The purpose of the site assessment under Tier 2 is to
gather information relevant to the complete and potentially
complete exposure pathways defined by the site conceptual
model and determined, based on the Tier 1 results, to require
further tier evaluation. The information collected should also
be used to improve the understanding of the site through
refinements to the site conceptual model. In addition to the
information gathered under 6.2, 6.5.1 and 6.5.2 and updates to
that information, if the Tier 2 evaluation is appropriate, the site
assessment should collect information to:

6.5.3.1 Determine site-specific hydrogeologic and geologic
characteristics (for example, depth to ground water, aquifer
thickness, hydraulic conductivity, flow direction and velocity,
gradient, description of lithology and confining units and
ground water quality);

6.5.3.2 Determine concentrations of chemical(s) of concern
in environmental media, and site conditions relative to the
corrective action goals;

6.5.3.3 Determine changes in concentrations of chemical(s)
of concern over time (for example, stable, increasing, decreas-
ing);

6.5.3.4 Determine concentrations of chemical(s) of concern
measured at point(s) of exposure (for example, concentrations
in nearby drinking water wells, concentrations in surface water
or vapor concentrations in nearby conduits or sewers);

6.5.3.5 Evaluate complete and potentially complete expo-
sure pathways for human receptors and relevant ecological

receptors and habitats to refine. the moeumm d
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potentially complete exposure pathways and determine those
that are incomplete exposure pathways, and;

6.5.3.6 Determine point(s) of demonstration (see 3.2.30).

6.5.4 The purpose of the site assessment under Tier 3 is to
gather information relevant to the complete and potentially
complete exposure pathways defined by the site conceptual
model and determined, based on the Tier 2 results, to require
further tier evaluation. The information collected should also
be used to improve the understanding of the site through
refinements to the site conceptual model. In addition to the
information gathered under 6.2, 6.5.1, 6.5.2 and 6.5.3, if the
Tier 3 evaluation is appropriate, the site assessment may
include significant additional information collection required
for site-specific modeling efforts.

6.6 Response Action Evaluations and Response
Actions—As the user gathers data, site conditions should be
evaluated and a response action should be implemented,
consistent with site conditions and simultaneously with the
tiered evaluation process to mitigate known or potential
hazards. Sites are first evaluated by the need and urgency for
response action based on information collected during the
initial site assessment. This process is repeated when new data
indicate a significant change in site conditions, as additional
data affords a more detailed characterization of the site, or after
interim remedial actions. Table 1 presents EXAMPLE site
conditions and potential responses.

Note 2—The response actions given in Table | are only examples. The
user should select options that best address the short-term human health,

TABLE 1 Example Site Conditions and Response Actions

Site Conditions Example Response Actions

Immediate threat to human health,

safety, or relevant ecological receptors

and habitats

* Explosive levels of vapors present in
a building

* An active public water supply is
impacted by chemicals of concern

e Threatened and endangered species
are impacted

Short Term (0-2 years) threat to human
health, safety, or relevant ecological
receptors and habitats.

* Chronic concentrations of chemical(s)
of concern have been measured in
shallow surface soils that are open to
public access

* Impacted surface water, storm water,
or ground water discharges to a
habitat, or surface water body used for
human drinking water or contact
recreation.

Long-term (>2 years) threat to human

health, safety, or relevant ecological

receptors and habitats.

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

* Impacted surface water, storm water,
or ground water discharges within
1500 feet of a habitat, or surface water
body used for human drinking water or
contact recreation.

Notify appropriate authorities, property

owners, and potentially affected

parties, and evaluate the need to:

* Evacuate occupants, begin
abatement measures

* Provide alternate water supply

* Implement containment measures
and habitat management to minimize
extent of impact

Notify appropriate authorities, property

owners, and potentially affected

parties, and evaluate the need to:

* Remove soils, cover soils, or restrict
access.

« Institute containment measures,
restrict access to areas near
discharge, and evaluate the
magnitude and impact of the
discharge.

Notify appropriate authorities, property

owners, and potentially affected

parties, and evaluate the need to:

* Monitor the dissolved plume and
evaluate the potential for natural
attenuation and the need for
hydraulic control.

* Investigate current impact on habitat
or surface water body, restrict access
to area of discharge (if necessary)
and evaluate the need for
containment/control measures.

safety and environmental concerns of the site while implementing the
RBCA process.

6.6.1 The site conditions and response actions given in
Table 1 are examples. The user should base the response
actions for a site on the current and potential degree of hazard
to human health, safety and the environment. For example,
sites may pose an immediate, short-term (0-2 years) or longer-
term (greater than 2 years) threat to human health, safety and
the environment.

6.6.2 Associated with each site condition in Table 1 is a
response action; the response actions are implemented to
eliminate potential for future impacts that may occur as the
user proceeds with the RBCA process. Note that response
actions do not always require active remedial action; in many
cases the response action is to monitor or further assess site
conditions to ensure that risks posed by the site do not increase
above acceptable levels over time.

6.6.3 The site should be re-evaluated when additional site
information is collected which indicates a significant change
(including an improvement) in site conditions or when imple-
mentation of a response action or an interim remedial action
causes a significant change in site conditions.

6.7 Development of Corrective Action Goals—At each tier
the user identifies or develops the applicable corrective action
goals based on the current or potential exposure pathways.
These will be a combination of RBSL, RESC, SSTL, SSEC
and ORMC. Technical policy decisions regarding ORMC may
exist, or may need to be made to determine the levels or
performance criteria that are used for the corrective action
goals. The user should recognize that the specific combination
of RBSL, RESC, SSTL, SSEC and ORMC to be used as
corrective action goals for a particular site is determined based
on the technical policy decisions.

6.7.1 Tier I Corrective Action Goals—The corrective action
goals in Tier 1 are the RBSL, RESC or ORMC, as applicable.
If an RBSL, RESC or ORMC is not available, the user may
develop an RBSL, RESC or ORMC. If RBSL are available, the
user is responsible for determining that the RBSL are based on
currently acceptable methodologies and parameters and are
appropriate for the site(s). If there is no applicable RBSL,
RESC, or ORMC for a specific exposure scenario, then the
exposure pathway cannot be evaluated in Tier 1 and it is carried
to a Tier 2 evaluation. In Tier 1, the point(s) of exposure and
point(s) of demonstration are assumed to be located proximal
to the source area(s), regardless of the actual, or potential
future, location of the receptor.

6.7.1.1 The RBSL are concentration values for each chemi-
cal of concern in environmental media (for example, soil, water
and air), based on the technical policy decisions for incremen-
tal carcinogenic risk levels and hazard quotients and on the
potential exposure scenarios for human receptors (for example,
residential, commercial, industrial, agricultural).

6.7.1.2 The RBSL are determined utilizing typical, non-site
specific values for exposure parameters and physical param-
eters for media. For each exposure scenario the RBSL are
based on current human health parameters (for example,
USEPA RME), and current human toxicological information

such as in the USEPA Integrated Risammentﬁn
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(IRIS) Database, Health Effects Assessment Summary Tables
(HEAST), State sources, peer-reviewed source(s), agency ap-
proved toxicity data for proprietary chemicals or the best
available toxicity data (see USEPA ECOTOX database,
USEPA Comptox Dashboard, PubChem, and California’s Tox-
icity Criteria Database). Consequently, the RBSL are updated
when new methodologies and parameters are developed.

6.7.1.3 When developing Tier 1 RBSL, cumulative risks
and additive effects should be considered.

6.7.1.4 If RBSL or RESC are not developed or ORMC are
not appropriate for complete or potentially complete exposure
pathways, then further evaluation for those exposure pathways
is conducted in Tier 2.

6.7.1.5 For indirect exposure pathways, fate and transport
models can be used to predict RBSL at a source area that
correspond to exposure point concentrations.

6.7.1.6 The user should always review the assumptions,
technical policy decisions and methodology used to derive
values the RBSL to make sure that they are consistent with
reasonable maximum exposure scenarios for the site being
considered as well as currently accepted methodologies.

6.7.1.7 Appendix X3 provides examples of the derivation of
RBSL for a range of compound types. The assumptions and
methodology used in deriving the examples are discussed in
Appendix X3. Note that not all of the possible exposure
pathways are considered in the derivation of the examples.
Appendix X3 is presented solely for the purpose of providing
examples of the development of the RBSL. The values and
methodologies should not be viewed as proposed RBSL.

6.7.2 Tier 2 and 3 Corrective Action Goals—The corrective
action goals in Tier 2 and Tier 3 are the SSTL, SSEC or
ORMC, as applicable. Tier 2 and Tier 3 provide the user with
options for human exposures to determine SSTL and point(s)
of exposure. Corrective action goals are based on SSTL, SSEC
and ORMC that are protective of human health and the
environment. It is important to note that Tier 1 RBSL, Tier 2
SSTL and Tier 3 SSTL are based on achieving similar levels of
protection of human health. Similar levels of protection are
defined by the technical policy decisions on risk targets,
methods for addressing cumulative risks and additive effects
and methods for addressing uncertainty. Tier 2 and Tier 3
provide the user options to determine SSEC for relevant
ecological receptors and habitats. Tier 2 and Tier 3 also provide
the user with the option to develop or refine ORMC, where
applicable, consistent with the technical policy decisions. In
Tier 2 and Tier 3 the corrective action goals for the source
area(s), point(s) of demonstration and point(s) of exposure may
be different values or criteria, for example, different concen-
trations of chemical(s) of concern in environmental media
based on the fate and transport relationships between the
various locations.

6.7.2.1 For human exposure pathways, the Tier 2 SSTL can
be derived from the same equations used to calculate Tier 1
RBSL, except that site-specific parameters are used in the
calculations. The additional site-specific data may support
alternate fate and transport analyses. The Tier 2 analysis may
involve applying Tier 1 RBSL at more probable point(s) of
exposure. The SSTL may also be needed for potential exposure
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pathways using site-specific conditions for which no RBSL
were developed or ORMC were appropriate in Tier 1. The
development of SSTL may also consider a combination of
these methods.

6.7.2.2 For relevant ecological receptors and habitats, the
Tier 2 evaluation may involve the development of SSEC and
the comparison of site conditions to SSEC. Other qualitative or
quantitative analyses may also be appropriate for a Tier 2
evaluation.

6.7.2.3 For human exposure pathways, Tier 3 provides the
user with an option to determine SSTL for both direct and
indirect human exposure pathways using site-specific param-
eters and point(s) of exposure and point(s) of demonstration
when it is judged that Tier 2 SSTL should not be used to
determine corrective action goals.

6.7.2.4 Cumulative risks and additive effects should be
considered when developing Tier 2 and Tier 3 SSTL.

6.7.2.5 For relevant ecological receptors and habitats, a Tier
3 evaluation is typically quantitative in nature and involves
more site-specific data than previous tiers. Determination of
SSEC may involve a more extensive site-specific analysis. In
developing the SSEC, the user should consult current federal,
state and other information.

6.7.3 Use of Multi-Component Measurements—Various
multi-component measurement chemical analyses are often
used in site assessments. These methods include, total petro-
leum hydrocarbons (TPH), total organic carbon (TOC) and
total organic volatiles (TOV), and usually determine the total
amount of a class of compounds. Some of these multi-
component measurements are general measures and as such
may provide insufficient information about the amounts of
individual chemical(s) of concern present to calculate risk.
However, new methods for the evaluation of multi-component
measurements in terms of risk and exposure are being devel-
oped. If multi-component measurements are used as corrective
action goals in any tier evaluation, the user is responsible for
determining that the evaluations are based on currently accept-
able methodologies and parameters that are applicable to
risk-based calculations.

6.8 Tier I Evaluation—Tier 1 provides the user the option to
identify or develop the corrective action goals (see section
6.7.1). If there is no corrective action goal for a specific
exposure scenario, then the exposure pathway cannot be
evaluated in Tier 1 and it is carried to a Tier 2 evaluation. In
Tier 1, the point(s) of exposure and point(s) of demonstration
are assumed to be located proximal to the source area(s),
regardless of the actual or potential future location of the
point(s) of exposure. The site conditions as determined through
the initial site assessment and the site assessment for Tier 1 are
compared to the corrective action goals based on the complete
and potentially complete exposure pathways defined by the site
conceptual model. In Tier 1, the quantity of assessment data are
typically limited, therefore conservative assumptions about site
conditions are used for the comparison. For example the
maximum concentrations of chemical(s) of concern are com-
pared to the RBSL or ORMC. If there are sufficient site
assessment data, the user may choose to use a statistically
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conditions should also be considered in the Tier 1 comparisons.
In Tier 1, the evaluation for relevant ecological receptors and
habitats should take the form of qualitative analyses, as
discussed in 6.9.

6.9 Ecological Evaluation—Utilize a qualitative ecological
screening evaluation to support the identification of relevant
ecological receptors and habitats, to select relevant ecological
exposure pathways and to identify potential chemical(s) of
concern (see Appendix X5). Due to the complexity of ecologi-
cal systems, if exposure pathways are complete or potentially
complete, then a refinement of the exposure pathway analysis
should occur in Tier 1 to focus the assessment as early in the
process as practicable or appropriate. Selection of RESC or
development of RESC should occur, and a comparison to site
conditions made. If after this refinement, complete or poten-
tially complete ecological exposure pathways still exist for
relevant ecological receptors and habitats on or near the site,
then a site-specific assessment should be conducted. The
site-specific assessment may involve selection of RESC or the
development of SSEC, as applicable. This may include litera-
ture values, determining the toxicity of media to test
organisms, biological surveys or multiple lines of evidence.

6.10 Evaluation of Tier Results—Within each tier evaluation
the user compares the site conditions to the corrective action
goals.

6.10.1 If site conditions meet corrective action goals for
chemical(s) of concern, then no further action may be appro-
priate (see 6.10.3). If site conditions do not meet the corrective
action goals, then interim remedial action, remedial action, or
further tier evaluation must be conducted.

6.10.1.1 Interim Remedial Action—An interim remedial ac-
tion may be more practical than attempting to implement a
comprehensive remedial action (for example, when the desired
risk reduction is infeasible due to technology or resource
limitations). Furthermore, if interim remedial actions can
reduce or eliminate a short-term threat, then interim remedial
action steps should be employed before proceeding to further
tier evaluation. If an interim remedial action is selected in the
evaluation under 6.10.1 as the most appropriate option, then a
design is implemented to address the most significant concerns
in an expedited fashion. The interim remedial action may
include removal or treatment of source area(s) with complete
or potentially complete exposure pathways, or another method
to address the most significant exposure concerns, to reduce
migration, and facilitate reassessment of the tier evaluation.
Interim remedial actions may also lead to further evaluation of
response actions.

6.10.1.2 Remedial Action—If remedial action is selected in
the evaluation under 6.10.1 as the most appropriate option,
then a remedial action is designed and implemented to reduce
concentrations at the point(s) of exposure, to eliminate an
exposure pathway, or to address a potentially unacceptable risk
to relevant ecological receptors and habitats. The remedial
action may include some combination of source removal,
treatment, and containment technologies, exposure pathway
elimination as well as activity and use limitations (for addi-
tional discussion see 6.13). Examples of these include soil
removal, soil venting, bioventing, air sparging, pumping for
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hydraulic control, chemical fixation, capping, industrial work-
place protective practices and natural attenuation. When site
conditions meet corrective action goals, then the user may elect
to move to 6.10.3. Additionally, remedial action may be used to
reduce concentration(s) of chemical(s) of concern, reduce
exposures and facilitate a re-evaluation of the tier analysis.

6.10.1.3 Further Tier Evaluation—If further tier evaluation
is warranted, additional site assessment information should be
collected to develop or identify corrective action goals under a
Tier 2 or Tier 3 evaluation (see 6.7.2). Further tier evaluations
are conducted only for the complete and potentially complete
exposure pathways. Further tier evaluation is warranted when:

(1) The basis for the Tier 1 or Tier 2 corrective action goals,
as applicable, (for example, hydrogeology, exposure
parameters, point(s) of exposure, reasonable land use options)
are not representative of the site-specific conditions; or,

(2) The Tier 1 or Tier 2 corrective action goals, as
applicable, do not exist for a complete and potentially complete
exposure pathway; or,

(3) The corrective action goals developed under further
tier evaluation will be significantly different than the Tier 1 or
Tier 2 corrective action goals, as applicable, or will signifi-
cantly modify the remedial action activities; or,

(4) The cost of remedial action to achieve Tier 1 or Tier 2
corrective action goals, as applicable, will likely be greater
than the cost of further tier evaluation and subsequent remedial
action.

6.10.2 If site conditions meet corrective action goals, but the
user is not confident that data support the conclusion that the
site conditions will meet the corrective action goals in the
future, then the user institutes a monitoring plan to collect data
sufficient to confidently conclude that site conditions will meet
corrective action goals in the future (see 6.14). After these data
are collected, no further action may be appropriate (see 6.10.3).
If site conditions will not meet corrective action goals in the
future, then initial remedial action, remedial action or further
tier evaluation is appropriate (see 6.10.1).

6.10.3 If site conditions meet corrective action goals and the
user is confident that data support the conclusion that site
conditions will meet corrective action goals in the future, then
no additional corrective action activities are necessary, and the
user has completed the RBCA process. In practice, this is often
accompanied by the issuing of a No Further Action letter, or its
equivalent, by the applicable regulatory agency (see Appendix
X1).

6.11 Tier 2 Evaluation—Tier 2 provides the user with an
option to determine the site-specific point(s) of exposure and
point(s) of demonstration and corresponding corrective action
goals for the chemical(s) of concern applicable at the point(s)
of demonstration and source area(s) as well as corrective action
goals for relevant ecological receptors and habitats (see 6.7.2).
Additional site assessment data may be required; however, the
incremental effort may be minimal relative to Tier 1. In most
cases, only a limited number of exposure pathways, exposure
scenarios, and chemical(s) of concern are considered in the
Tier 2 evaluation since many are eliminated from consideration

during the Tier 1 evaluation. In TierD,Ol@umﬁﬂtSr
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relevant ecological receptors and habitats can take the form of
additional qualitative or quantitative analyses.

6.11.1 In Tier 2 for human health the user identifies the
direct and indirect complete and potentially complete exposure
pathways. The Tier 2 evaluation may include:

6.11.1.1 For the complete and potentially complete indirect
exposure scenarios, identification of the appropriate site-
specific point(s) of exposure and point(s) of demonstration. A
combination of assessment data and predictive modeling re-
sults are used to determine the SSTL at the source area(s) or the
point(s) of demonstration, or both, or

6.11.1.2 Application of the RBSL, or ORMC, for the direct
exposure scenarios at site-specific point(s) of exposure (as
opposed to the source area(s) as is done in Tier 1). The SSTL
for source area(s) and point(s) of demonstration can be
determined based on the demonstrated and predicted attenua-
tion (that is, reduction in concentration with distance) of
compounds that migrate away from the source area(s), or

6.11.1.3 Application of a statistical data handling method,
when appropriate data exist, to the source area(s) data and
comparison of the representative source area(s) concentration
to the RBSL, or

6.11.1.4 Application of the site-specific exposure and site
condition values to the Tier 1 RBSL calculations to determine
SSTL for the source area(s), or

6.11.1.5 Implementation of alternate fate and transport al-
gorithms to determine SSTL, or

6.11.1.6 Development of SSTL may consider a combination
of these methods.

6.11.1.7 The SSTL may also be needed for potential expo-
sure pathways using site-specific conditions for which no
RBSL were developed or ORMC identified in Tier 1.

6.11.1.8 An example of Tier 2 application is illustrated in
Appendix X7.

6.11.2 The Tier 2 evaluation of the RBCA process involves
the development of SSTL based on the measured and predicted
attenuation of the chemical(s) of concern away from the source
area(s) using relatively simplistic mathematical models. The
SSTL for the source area(s) are generally not equal to the SSTL
for the point(s) of demonstration. The predictive models are:

6.11.2.1 Relatively simplistic, and are often algebraic or
semi-analytical expressions,

6.11.2.2 Limited to practicably attainable site-specific data,
or easily estimated quantities (for example, total porosity,
fraction organic carbon, depth to ground water) for input
parameters, and

6.11.2.3 Based on descriptions of relevant physical and
chemical phenomena. The models are relatively simple, (that
is, certain complex mechanisms are neglected) which results in
predicted concentrations that are greater than those likely to
occur (for example, assuming constant concentrations in
source area(s)). Appendix X4 discusses the use of predictive
models and presents models that might be considered for Tier
2 evaluation.

6.11.3 For relevant ecological receptors and habitats the
Tier 2 evaluation may involve further site-specific evaluation
utilizing additional qualitative or quantitative analyses.

Full document details: ASTM E2081-22

17

6.11.4 Compare the site conditions to the Tier 2 corrective
action goals. Identify the exposure scenarios where the site
conditions do not meet the corrective action goals and evaluate
these scenarios in accordance with 6.10.

6.12 Tier 3 Evaluation—In a Tier 3 evaluation for both
human health and relevant ecological receptors and habitats,
corrective action goals are developed on the basis of more
sophisticated statistical evaluations and chemical fate and
transport analyses, using site-specific input parameters for both
direct and indirect exposure scenarios, as well as alternative
toxicity data, exposure factors and bio-availability information,
(see 6.7.2). Tier 3 evaluations could involve collection of
significant additional site information, statistical evaluation of
that data and completion of more extensive modeling efforts
than required for either a Tier 1 or Tier 2 evaluations.
Cumulative risks and additive effects are important consider-
ations in Tier 3 analyses.

6.12.1 Tier 3 analyses may include the following:

6.12.1.1 The use of numerical ground water modeling codes
that predict time-dependent dissolved chemical transport and
account for spatially varying permeability fields to predict
exposure point(s) concentrations,

6.12.1.2 The use of site-specific data, mathematical models,
alternative toxicity data, bio-availability information and

6.12.1.3 Implementation of probabilistic exposure analysis
methods to quantify the uncertainties in the exposures for a
given site (see Appendix X2 and Appendix X4), and

6.12.1.4 The gathering of sufficient data to refine site-
specific parameter estimates (for example, biodegradation
rates, desorption factors) and improve the accuracy of the
model predictions.

6.12.2 In a Tier 3 evaluation for relevant ecological recep-
tors and habitats, activities to identify applicable SSEC are
quantitative in nature. Where appropriate, these assessments
may be conducted in accordance with current federal or state
acceptable methods for relevant ecological receptors and
habitats.

6.12.3 Compare the site conditions to the Tier 3 corrective
action goals. Identify the exposure scenarios where the site
conditions do not meet the corrective action goals and evaluate
these scenarios in accordance with 6.10, except that a tier
upgrade (6.10.1.3) is not available.

6.13 Implementing the Selected Remedial Action Program—
When it is judged by the user that no further tier evaluation is
necessary, or practicable, or applicable, a remedial alternatives
evaluation should be conducted to determine the appropriate
remedial actions necessary to achieve the corrective action
goals determined for the site. Because remedial action itself
can create new risks, including imposing significant physical,
biological and chemical stresses on relevant ecological recep-
tors and habitats, the remedial action should be balanced
against the short and long term risks consistent with the
technical policy decisions.

6.13.1 The remedial alternative evaluation should consider
the applicable technical policy decisions and the following for
each remedial action:

6.13.1.1 Effectiveness of the remedial action in protecting

human health and the environment, Docu ments
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6.13.1.2 Long-term reliability and probable success in meet-
ing the corrective action goals now and in the future,

6.13.1.3 Short-term risks posed by the implementation of
the remedial action,

6.13.1.4 Amenability of the remedial action to integration
with property redevelopment plans,

6.13.1.5 Acceptability of the remedial action to the
stakeholders,

6.13.1.6 Implementability and technical practicability of the
remedial action, and

6.13.1.7 The cost-effectiveness of the options to meet the
corrective action goals.

6.13.2 Based on the alternative evaluation conducted under
6.13.1, a remedial action(s) is selected. The detailed design and
specification of the selected alternative(s) are then developed
for installation and operation.

6.13.3 The remedial action is implemented in accordance
with the design and specification developed under 6.13.2.
Following implementation, monitoring should be conducted to
ensure that the design conditions are being met by the remedial
action (see 6.13.4 and 6.14).

6.13.4 The remedial action must continue until such time as
monitoring indicates that the corrective action goals have been
met for a statistically significant number of monitoring periods,
at the point(s) of demonstration or source area(s), or both, as
appropriate.

6.13.5 At any time during the remedial action:

6.13.5.1 If site conditions change (for example, property use
changes from residential to commercial and this was not
anticipated in the future use of the property) or new data
becomes available (for example, more refined aquifer
parameters, site-specific biodegradation rates, new toxicity
data for the chemical(s) of concern, or site-specific exposure
factors are better defined) that would impact the corrective
action goals, the user should return to the tier evaluation.

6.13.5.2 If the remedial action was initiated with Tier 1 or
Tier 2 corrective action goals, the user may choose to return to
the next higher tier evaluation.

6.13.5.3 If concentrations of chemical(s) of concern de-
crease to an asymptotic level that is above the corrective action
goals, at the point(s) of demonstration, the user must choose to
either conduct further tier evaluation (unless Tier 3 has already
been completed), modify the remedial action system or further
reduce or eliminate exposures through activity and use limita-
tions.

6.13.6 Similar remedial actions can be implemented at
different sites with different design objectives depending on the
chemical(s) of concern, the hydrogeological setting and the
corrective action goals. For example at one site ground water
pumping may be implemented for hydraulic control while at
another the ground water pumping may be used for source
removal. In addition, the reliability of different designs for
different objectives will be different. Further, the reliability of
different remedial action options will vary depending on the
site setting and potentially on the regulatory and legal structure
of the jurisdiction in which the site is located (for example, the
reliability of activity and use limitations varies depending on
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the structure of the limitation and the jurisdiction in which it is
implemented, see Appendix X6).

6.14 Implementing a Monitoring Program—In many cases
monitoring is appropriate. Upon completion of this monitoring
effort (if required), no further action is required.

6.14.1 Monitoring is necessary to:

6.14.1.1 Demonstrate the effectiveness of the implemented
remedial action, or

6.14.1.2 Confirm that current conditions persist or improve
with time, or

6.14.1.3 Verify model assumptions and conditions.

6.14.2 If monitoring does not demonstrate the effectiveness
of the implemented remedial action the user should reevaluate
the remedial action (see 6.13). If the monitoring does not
confirm that current conditions persist or improve with time or
verify model assumptions and conditions then the user should
return to the applicable tier evaluation (see 6.11 and 6.12).

6.15 Site Maintenance—In addition to monitoring, some
remedial actions (for example, physical barriers - capping,
hydraulic control, or activity and use limitations) require
maintenance to ensure integrity and continued performance.
The required maintenance should be conducted until corrective
action goals have been demonstrated. In the case of some
activity and use limitations site maintenance may be needed
beyond the remedial action closure (see 6.16).

6.16 No Further Action and Remedial Action Closure—No
further action is necessary when corrective action goals have
been demonstrated (as required in 6.10.3) to be achieved.
Under these circumstances, if monitoring and site maintenance
are no longer required to ensure that conditions persist, then no
further action is necessary, except to ensure that activity and
use limitations (if any) remain in place. If these conditions are
met, the closure should be documented. Example closure
instruments are discussed in Appendix XI.

6.17 RBCA Report—After completion of the final tier
evaluation, a RBCA report should be prepared. The report must
include all of the data collected to support the RBCA decisions
that were made. The report content will depend on the specific
site, the tier evaluation and the requirements of the regulatory
agency, however the RBCA report will typically include the
following:

6.17.1 An executive summary,

6.17.2 A site description,

6.17.3 A summary of the site ownership and use,

6.17.4 A summary of past releases or potential source areas,

6.17.5 A summary of the current and completed site
activities,

6.17.6 A description of regional hydrogeologic conditions,

6.17.7 A description of site-specific hydrogeologic
conditions,

6.17.8 A summary of reasonably anticipated use,

6.17.9 A summary and discussion of the site conceptual
model, the exposure pathway analysis and the qualitative
ecological screening evaluation,

6.17.10 A summary of the tier evaluations conducted, in-
cluding the methods and assumptions used to derive the

corrective action goals, Documents
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6.17.11 A summary of the analytical data and the appropri-
ate corrective action goals used,

6.17.12 A site map of the location,

6.17.13 An extended site map to include significant features
(for example local land use and ground water supply wells),

6.17.14 Site plan view showing location of facility or site
structures (for example, aboveground storage tanks, under-
ground storage tanks, waste management areas, buried utilities
and conduits, suspected/confirmed sources),

6.17.15 Site photos, if available,
6.17.16 A ground water elevation map,
6.17.17 Geologic cross-section(s),

6.17.18 Concentration maps for chemical(s) of concern in
the appropriate environmental media,

6.17.19 A section that contains an outcome statement defin-
ing the corrective action goals and completion conditions, and

6.17.20 A summary of the technical policy decisions.

APPENDIXES

(Nonmandatory Information)

X1. CONSIDERATIONS FOR DEVELOPMENT OF A RBCA PROGRAM

X1.1 Introduction -

X1.1.1 The agencies responsible for developing and imple-
menting a RBCA program and interested stakeholders are the
focus of this appendix. Agencies empowered to enforce
statutes, promulgate and enforce regulations and implement
policy guidance governing cleanup must make key decisions in
order to blend the existing program with the risk-based
approach. Such decisions are typically made, either formally or
informally, with the involvement of stakeholders. In this
context a risk-based corrective action (RBCA) program pro-
vides regulatory agencies, the regulated community, and the
stakeholders with clear, practical guidelines for assessment and
control of risks posed to human health and the environment by
chemical releases. The RBCA framework provides an oppor-
tunity and a focus for agencies working toward the develop-
ment of a unified and consistent set of policies and procedures
for risk-based corrective actions. While no single procedure is
mandatory, a clear understanding of the RBCA planning
process for both regulatory agency personnel and the regulated
community can streamline the site review process by the
regulatory agency and expedite implementation of appropriate
corrective action. Toward this end, development of a RBCA
regulatory program involves considerable discussion by the
regulatory authority and other concerned stakeholders regard-
ing legal and regulatory issues, technical policy decisions, and
program documentation and communication.

X1.1.2 This appendix is intended to serve as an outline of
suggestions to assist in the development process and identify
relevant information resources. Although in some cases spe-
cific examples are discussed in this appendix for ease of
understanding, there is no intention to advocate specific posi-
tions regarding regulatory policies. Instead, a list of key actions
and issues to be considered by the RBCA development team
are provided. An effective development team includes all major
stakeholder groups. In some programs there are statutory or
regulatory authorities that require interested parties to be
brought together before rules regarding clean-up programs are
promulgated. There may be requirements to appoint and
convene a multidisciplinary advisory board to provide advice
before rules are promulgated. The composition of such advi-
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sory boards may be detailed in regulation or a matter of policy
in a particular jurisdiction.

X1.2 Overview of RBCA Development Process:

X1.2.1 The RBCA program development process involves
the following principal steps:

X1.2.1.1 Selecting the Framework—Deciding to use the
RBCA framework.

X1.2.1.2 Administrative Actions—Coordination with con-
cerned stakeholders and evaluation and/or revision of existing
laws and regulations. A key element is the Stakeholders’
Meeting.

X1.2.1.3 Technical Policy Decisions—Specification of tech-
nical criteria required for calculation of risk-based corrective
action goals, performance standards for modeling, exposure
pathway analysis and data collection.

X1.2.1.4 Program Documentation—Development of writ-
ten guidance and other tools to assist the agency and the user.
(for example, standardized report forms and software tools for
application of the RBCA process.)

X1.2.1.5 Specialized Program Elements—The development
team may wish to consider specialized mechanisms for volun-
tary cleanup programs (VCPs), such as completion letters, no
further action statements or liability covenants. Many state
programs, for example, have specific or general statutory
provision governing the issuance of liability covenants.

X1.2.1.6 Education/Outreach—Training or communication
or both with regulatory staff, the regulated community, envi-
ronmental consultants and contractors, stakeholder
organizations, and the general stakeholders.

X1.2.1.7 Stakeholder Involvement—The development team
may consider use of standard policies and techniques for
communication with stakeholders on a site-by-site basis and/or
for program development and implementation.

X1.2.2 In general, these development tasks may be under-
taken in a sequential manner. However, some degree of overlap
or iteration may be required to establish a workable and
efficient risk-based program for assessment, remediation, and
closure of affected sites. Detailed discussion of each program

development step is provided helow. DOcCUMeNts
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X1.3 Selecting the Framework—The threshold decision for
a regulatory agency is whether to develop or modify an
existing cleanup program around the RBCA framework. This
decision may require some underlying assumptions to be
modified in fundamental ways. Many traditional cleanup pro-
grams require the collection of large amounts of information
and a complete and detailed profile of the site, before an
evaluation of the risks, risk reduction measures or the remedy
selection process is ever initiated. In contrast, the basic
principle of RBCA is to allow the user to gather just enough
information to make a risk-based decision at the lowest tier of
analysis. This facilitates timely decisions, based on risk, most
efficiently, and with the least amount of information possible.
At lower tiers, uncertainty is compensated by more conserva-
tive assumptions. In other words, at lower tiers, a complete
detailed profile of the site is not needed because the agency
builds in a reasonable worst-case set of assumptions in the
corrective action goals, as appropriate. At higher tiers, uncer-
tainty is reduced through collection and analysis of more
site-specific information. The agency responsible for decision
making should consider the level of understanding and accep-
tance of this underlying philosophy by the people who must
implement it, prior to embarking on program development
using RBCA.

X1.4 Administrative Actions:

X1.4.1 This guide provides a risk management framework
that can be customized to address the concerns of local
stakeholders and integrated with the legal and regulatory
framework. For this reason, it is important to involve key
stakeholders (defined below) early in the program development
process. In addition, the development team (defined below)
may review existing laws and regulations to identify possible
roadblocks to RBCA implementation and any statutory or
regulatory actions that may be required. While specific provi-
sions for stakeholder involvement are beyond the scope of this
guide, it is recommended that stakeholder involvement and
outreach activities be integrated into the RBCA development
process. Stakeholder involvement activities may or may not be
appropriate at every site in a RBCA program. Key consider-
ations are outlined below.

X1.4.2 Advisory Committee Acts and Stakeholders
Meetings—Many state and federal programs develop
regulations, policies and guidelines with specific consensus
building requirements and formal or informal requirements for
representation by balanced stakeholder groups. It is extremely
important for the program development process to consider the
use of such representation to reach consensus on some of the
widely debated issues which could impact the application and
implementation of the RBCA process. During the development
process, Stakeholders Meetings among the following potential
participants may be critical: the regulatory agency and other
users; industry; real estate interests; financing interests; local
governments and redevelopment authorities; citizen groups and
environmental groups. The purpose of such meetings is to
reach consensus on a common approach for the critical
technical policy decisions discussed below, especially in the
area of risk management.
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X1.4.3 Development Team—To assist in producing an effi-
cient and workable RBCA program, an effective development
team can serve a key role. The team may include representa-
tives from the principal regulatory agency, the regulated
community, environmental groups, citizens and other parties
likely to be affected by a new or revised regulatory program.
Other such stakeholders may include, but are not limited to:
local government; representatives from the real estate, banking,
or insurance industries; environmental professional or techni-
cal organizations; citizens’ groups; and environmental and
public health advocates. Consideration of these diverse per-
spectives can greatly facilitate the ultimate success of the
RBCA program. Stakeholders may be involved either as a
working group (that is, the development team) or as an
oversight or advisory committee. In most cases, to provide for
meaningful discussion and input, preliminary training or ori-
entation of stakeholder representatives regarding RBCA con-
cepts and key policy issues will be required.

X1.4.4 Statutory Review—The development team should
review existing environmental laws and identify how the
RBCA program should be crafted to comport with existing
statutes and to identify possible constraints on RBCA imple-
mentation. Examples include state drinking water quality
criteria, non-degradation standards and policies, wellhead pro-
tection programs, legally mandated soil and ground water
remediation standards, or full site delineation requirements. A
distinction should be made to differentiate between ground
water restoration standards and those for ground water
protection, since they may have different purposes. The devel-
opment team may evaluate existing laws to customize the
risk-based approach, recommend statutory modification to
facilitate RBCA, or a combination of both. Key elements in the
statutory review include consideration of natural resource
protection and conservation requirements. Many programs
have, for example, explicit ground water protection and future
use statutes.

X1.4.5 Regulatory Action—In some cases, current regula-
tions mandate uniform concentration limits for soil and ground
water affected by a chemical release (for example, background
levels, practical quantitation limits, or other maximum allow-
able limits), regardless of location, land use, or exposure
scenario. In some cases this situation may require careful
crafting of the RBCA framework to accommodate current
regulations. In other cases incorporation of risk-based correc-
tive action goals may require redrafting portions of the existing
rules. As a practical matter, many programs have employed
some combination of regulatory accommodation and modifi-
cation. The outcome of any debate to replace or modify
existing programs depends on active, successful of stakeholder
involvement activities. In addition, depending on the scope of
the existing regulations, accommodations or modifications may
also be required to those sections addressing: site assessment
requirements; response action evaluation procedures; remedia-
tion options; requirements for treatment; permanent solutions;
use of activity and use limitations; use of natural attenuation;
point of compliance; and compliance monitoring specifica-
tions. The regulations may consist of language defining key
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promulgation of detailed written guidance. In some
jurisdictions, detailed procedural guidelines will need to be
incorporated in the rules due to legal constraints on the use of
guidance documents.

X1.4.6 Policy and Guidance Development—As an alterna-
tive to statutory or regulatory mandates, agencies may elect to
implement the RBCA program in the form of policy guidelines
and/or technical guidance materials. As noted below, clearly
documented policies and administrative procedures are critical
to proper understanding and implementation of a RBCA
program by the regulated community. Having technical deci-
sions promulgated through policy and/or guidance enhances
the flexibility of the program, allowing for routine updates as
the leading edge of environmental science evolves. Many
states, for example, rely on policy and guidance for certain
aspects of the cleanup program.

X1.5 Technical Policy Decisions:

X1.5.1 Reaching Consensus—Virtually all cleanup pro-
grams demonstrate differences of opinion among stakeholders
on some of the key policy issues which confront remedy
selection and the development of a RBCA program. There is a
natural tension which exists, for example, between groups
which believe allowable risk-levels should be set conserva-
tively and those which would recommend more relaxed stan-
dards. The use of activity and use limitations, the requirement
for treatment and point(s) of compliance are other controversial
issues which will inevitably confront the regulatory agency
responsible for such policy decisions. An important principle to
use in this part of the development process is to engage in the
debate, through adequate stakeholder involvement, and to
achieve as much consensus as possible among differing views.
Technical policy decisions can then be incorporated into the
RBCA framework. Although the agency must clearly and
decisively exercise its regulatory responsibility and make the
key decisions needed to implement the cleanup program the
experience from many programs has shown that continued
stakeholder involvement in the regulatory process has been
very beneficial.

X1.5.2 Risk Decisions:

X1.5.2.1 For a release to enter into the RBCA analysis, the
regulatory agency or user should establish criteria to determine
whether or not further evaluation or action is needed for human
health or ecological concerns. This is a threshold technical
policy decision. Some agencies may establish notification
thresholds, based on reportable quantities or concentrations of
chemical releases. In some programs, if no exposure pathway
is complete no further risk analysis is required. In this manner,
regulations or policy show whether or not the application of
RBCA is needed.

X1.5.2.2 The regulatory agency has the prerogative to make
key policy decisions during program development. The RBCA
program development team should consider detailed guidance
on a comprehensive range of policy issues such as the
calculation and application of risk-based corrective action
goals. A summary list of the key issues to be addressed is
provided in Table X1.1. These policy decisions serve to flesh
out the ASTM RBCA framework, providing a consistent basis
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TABLE X1.1 Example Technical Policy Decisions to be made by
the Regulatory Agency

How to Reach Consensus

Risk Decisions
How to Deal with Cumulative Risk and Additive Effects
Appropriate Sources of Toxicity Information
Use of a Risk Range

Other Relevant Measurable Criteria
How to Record Consensus Decisions
Site Assessment

Ecological Risk Assessment

Land Use
Future Uses and Exposure Pathway Analysis
How to Use Activity and Use Limitations
When to Use Activity and Use Limitations
Resource Protection

Remedy Selection Criteria
Balancing the criteria
Treatment Versus Activity and Use Limitations
Remedial Action Effectiveness
Long-term Reliability
Short-term risks
Property Redevelopment Plans
Acceptability to Stakeholders
Implementability
Cost-effectiveness

for determining whether remediation is necessary and, if so,
“how clean is clean” for a wide variety of site conditions. To
design the RBCA program, the development team may attempt
to build consensus in the following areas: cumulative risks and
additive effects; the conservatism applied to risk calculations;
minimum data requirements for site assessment and closure;
variables affecting the selection of target risk levels and
exposure factors; and the applicability of ASTM, state, or
Environmental Protection Agency (EPA) calculation protocols
(see Table X1.1).

X1.5.2.3 Cumulative Risk and Additive Effects—The re-
sponsible regulatory agency should consider how to handle
additive effects or cumulative risk. Some agencies may create
Tier 1 RBSL with sufficiently conservative assumptions to
account for cumulative risks and additive effects and therefore
establish screening levels within an allowable risk range. Other
agencies may require Tier 1 screening to use conservative
single endpoint screening values and not a range. For example,
in Massachusetts, screening numbers (the equivalent of RB-
SLS) are set at a single number based on a 1*10°° cancer risk
endpoint or 20 % of the non-cancer Reference Dose, which
ever is lower. Washington’s Model Toxics Control Act (RCW
70.105d) and implementing regulations (Chapter 173-340
WAC) also use a 1¥10 cancer risk endpoint. The rationale
here is that the screening numbers using the conservative risk
endpoints for a single number will be protective for almost all
sites. For higher Tier analysis the total site risk must not exceed
a 1*#107 cancer risk endpoint or a non-cancer Hazard Index of
1.0 .(Massachusetts Contingency Plan, 1997, 310CMR
40.0983). For some chemicals, non-cancer effects may be

considered for RBSL because they. may Rocuments:
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on the same target organ. EPA guidance recommends that the
potential for additive effects must be carefully evaluated at
every site by considering the Hazard Index for chemicals with
References Doses or Concentrations are based on the same
endpoint of toxicity such as a target organ or system. For
example, EPA Soil Screening guidance recognizes at least
eleven chemicals, including several pesticides, whose non-
carcinogenic effects may be specific to the human liver (Ref
(2), pp. 9-15)

X1.5.2.4 States may also develop their own sources of
information on chemical toxicity. Among other things, the
regulatory agency must decide on the level of scientific
research, reliability and uncertainty which is appropriate in a
particular program for a particular use. This is especially true
for toxicity information. Regulatory agencies may also wish to
evaluate the applicability of occupational, ambient exposure
values for workers at operating industrial sites within their
RBCA program. In addition to chemical toxicity, an agency
developing a RBCA program may wish to consider alternative
data sources and methods to address exposure and bioavail-
ability. The alternative data sources and methods consulted and
used should be reasonably accessible and clearly communi-
cated to the user.

X1.5.2.5 The Risk Range—Many programs allow the flex-
ibility of decision making within an acceptable risk range. For
example, the Federal Superfund Program has established an
acceptable range for lifetime excess cancer risks of 107 to
107°.2 Corrective action goals are based on achieving similar
levels of protection for human health that are within the
acceptable range of risks and the protection of environmental
receptors as determined by the implementing agency. Thus the
levels of protection may vary from site to site as well as across
the tiers at the same site as long as it will result in achieving
levels of protection within the defined acceptable range of
risks. In some programs, however, a single number for total site
risk has been selected by the regulatory agency or set by statute
for all sites and tiers of analysis. While such programs lack the
flexibility of a risk range, some stakeholders feel this approach
affords a level of fairness and cleanup consistency.

X1.5.2.6 The regulatory agency may also consider develop-
ment of Other Relevant Measurable Criteria in the program
which are not directly related to human health or ecological
risks. In planning risk based programs, noise, odors, taste and
visual appearance may be important considerations in evaluat-
ing chemical releases.

X1.5.3 Upon completion of the planning session(s), the
consensus decisions of the development team may be recorded
in a variety of ways. Development of a RBCA program should
avoid arbitrary decisions, which are isolated from stakeholder
involvement. Based on this process and sufficient training, a
knowledgeable person should be able to complete a RBCA
evaluation in accordance with the established program. Spe-

9 EPA uses a 107° level as a point of departure for preliminary remediation goals
for cancer risks. While the 107° starting point expresses EPA’s preference for setting
clean up levels at the more protective end of the risk range, these levels may be
revised within the acceptable risk range based on consideration of appropriate
factors, including exposure factors, uncertainty factors and technical factors.
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cialized documentation may be required for RBCA implemen-
tation to reach site completion as outlined below.

X1.5.4 Site Assessment:

X1.5.4.1 Initial Site Assessment—The purpose of the initial
site assessment is to form the first conceptual model of a
release at a site based on rudimentary information. This model
may change over time, as more information becomes available.
For simple releases at sites incomplete pathways may eliminate
the need for any further evaluation. Some regulatory agencies,
for example, define threshold quantities or concentrations of a
chemical release as exclusion from or entry to a further RBCA
analysis.

X1.5.4.2 One of the key technical decision frameworks in a
risk based corrective action program is the type and degree of
assessment needed to provide the level of information neces-
sary to make cleanup decisions. The identification of chemicals
of concern in the soil, ground water and other media in
relationship to exposure pathways must be sufficient to support
the decision being made, while minimizing the amount of data
collected which is of limited use. The objective is to optimize
the site assessment using the “‘just-in-time” process of least
information for lower tiers. While site assessments for the
RBCA process attempt to determine all significant sources of
chemical releases, performance standards to define the extent
of the release may differ, according to the requirements
developed by the regulatory agency. For example, some
agencies require definition of the full horizontal and vertical
extent of all releases to below the most conservative risk-based
screening values. Other agencies outline how to define data
quality objectives and then use those to determine the extent of
site assessment. Still others may select conservative assump-
tions in lower RBCA Tiers as a substitute for the definition of
all levels of chemical releases.

X1.5.4.3 There is a wealth of information from both gov-
ernment and industry on appropriate levels and techniques for
assessment. These include Guides E1527 and E1903, as well as
numerous EPA guidance documents, including Ref (1). In
building a program, the development team should consider
appropriate guidance for site assessment.

X1.5.5 Ecological Risk Assessment—The development team
should consider carefully the issues that will arise during the
development of a tiered framework for ecological risk assess-
ment. This includes any boundary parameters, which may be
selected during the qualitative ecological exposure assessment
described in Appendix X5. For example, some regulatory
agencies may decide that size or distance thresholds such as
acreage or distance from resources may be useful screening
tools for ecological assessment to determine if further, detailed
assessment of the ecosystem is or is not required. Other
regulatory agencies, on the other hand, may decide that this
approach is too limited and that exclusion of some habitats and
selection of receptors is too subjective to be useful. Ecological
boundary parameters may depend on both regulatory and
policy issues that apply to the geographic area to be covered by
the standards being developed under the RBCA framework.
Ecological screening criteria may include chemical
concentrations, biological measures or other relevant generic
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selecting the appropriate decision points for ecological screen-
ing and assessment, especially in the selection of relevant
ecological receptors and habitats. Appendix X5 contains a
suggested qualitative ecological exposure assessment and de-
scribes the conceptual tiered framework for ecological risk
assessment (see Guide E2205/E2205M).

X1.5.6 Land and Resource Use:

X1.5.6.1 Current and reasonably anticipated future uses of
land and water, including ecological considerations, are impor-
tant in the RBCA process. This is because the exposure
scenarios for human health and relevant ecological receptors
depend on the population potentially exposed and the fre-
quency and intensity of exposure to the media where chemicals
have been released. Exposure pathway analysis may also be
known as the conceptual site model.

X1.5.6.2 For a number of reasons, the restriction of future
activities, access, or land use through various activity and use
limitations may or may not be acceptable to the implementing
agency as part of a cleanup remedy. As with other technical and
policy issues, this decision requires consideration by stake-
holder groups for a particular program in order to decide how
effective such controls may be in reducing risks. For some
programs, for example, the financial and other assurances
required of an operating industrial facility may be totally
acceptable to the regulatory agency to ensure exposure path-
ways which are limited to future industrial use. On the other
hand, in a mixed-use urban area, a regulatory agency may
decide that no particular activity and use limitation is accept-
able to eliminate a potential residential exposure pathway (see
Guide E2091).

X1.5.6.3 In the United States, the current and future allow-
able or planned uses of real property and other resources, such
as water, are controlled by a complex combination of
municipal, county, state and federal rules and processes. Each
local jurisdiction may have unique land use controls. For this
reason, the development team should consider decisions care-
fully on how and when to use restrictions on access, land use
and human activities as part of available corrective actions for
the site. While program developers should exercise care in
using zoning regulations to rule out exposure pathways for
on-site chemical releases, specifically targeted activity and use
limitations may be effective tools in cutting off or preventing
the completion of potential exposure pathways to chemical
releases. Various types of activity and use limitations are
described in Appendix X6.

X1.5.7 Ground Water Restoration and Protection:

X1.5.7.1 Restoration—The RBCA program development
team should address critical issues regarding ground water
restoration. Decisions on how to address ground water resto-
ration are manifested in the RBCA program in determining the
applicability of various ground water exposure pathways, point
of demonstration requirements (where does the standard have
to be met), and remedial objectives (restoration versus expo-
sure prevention) for ground water. Existing state statutes,
regulations, or policies must be accommodated during RBCA
program development, but sufficient discretion may be af-
forded in deciding how the requirements apply in terms of
degree and time to the various ground water resources. The

Full document details: ASTM E2081-22

23

USEPA policies that promote restoration of ground water for
maximum beneficial use also recognize that all ground waters
do not represent the same maximum beneficial use and
therefore may not warrant an equivalent level of restoration.
Because ground water restoration issues are sensitive and
controversial, a wide stakeholder representation in the
decision-making process may enhance the acceptance of deci-
sions made by the RBCA development team. The National
Contingency Plan, and Regional EPA Guidance such as the
1996 EPA Region 1 Ground water Use and Value Determina-
tion Guidance provide important and applicable concepts,
principles, and criteria regarding ground water restoration.
Recommendations from the EPA Groundwater Task Force,
December 2007).

X1.5.7.2 Protection—In order to address issues of non-
degradation, and protection of ground water, many states have
developed ground water classification systems which define
beneficial and non-beneficial use ground waters. The classifi-
cation systems may have been developed separately from
restoration issues. They typically consider such factors as
ground water quality and quantity, proximity to public and
private ground water users, nature of the ground water use,
presence of alternate or superior water supplies, susceptibility
to impacts by releases of chemicals of concern, and location.
Some state ground water classification systems which have
been established through the USEPA’s Comprehensive State
Ground Water Protection Program (CSGWPP) may set ground
water classifications at a state or regional scale, while other
classification systems which are not established through a
CSGWPP are applied as a set of criteria at individual release
sites. Ground water classification systems provide a convenient
context in which to establish policies regarding ground water
for RBCA program development. Once a ground water classi-
fication system is established, the RBCA development team
can make decisions about how the ground water protection
scheme relates to restoration issues such as ground water
exposure pathways, points of demonstration, and remedial
objectives for the various ground water classes. Sources of
information on ground water protection include 1986 draft
Federal Ground Water Classification Guidelines and the 1992
EPA Final Comprehensive State Ground Water Protection
Program Guidance,

X1.5.7.3 Example Approaches:

(1) The Massachusetts Department of Environmental Pro-
tection’s (DEP) Massachusetts Contingency Plan establishes
three classes of ground water, which factors in different risk
considerations. GW-1 class ground waters are current and
potential drinking water sources. GW-2 class ground waters are
shallow ground waters where vapor migration pathways may
be of concern. Both class GW-1 and GW-3 ground waters can
also be class GW-2 ground waters. GW-3 class ground waters
are non-drinking water ground waters where protection of
surface waters from ground water discharges is of concern.
Massachusetts DEP also has an EPA-endorsed CSGWPP, and a
Ground Water Use and Value Memorandum of Agreement
(MOA) with the US EPA designed to enhance consistency in
ground water classification between Massachusetts DEP and
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sites and is structured in terms of high and medium use and
value ground waters which is generally represented by GW-1,
and low use and value ground waters (GW-3).

(2) The Pennsylvania Department of Environmental Pro-
tection Land Recycling Program sets a ground water classifi-
cation system in terms of Used and Non-Use Aquifers. The
point of compliance is established at the property boundary that
existed at the time impacts were discovered, but the standard to
be met at the point of compliance varies depending on the
aquifer classification, properties of the chemical, and other
site-specific considerations. Flexibility is provided to docu-
ment lack of current and planned use of ground water within
304.8 m of the property boundary and within the impacted area
in order to provide some consideration of special consider-
ations in urbanized areas.

(3) The Ohio Environmental Protection Agency Voluntary
Action Program sets an elaborate ground water classification
system defined in terms of Critical Resource Ground Water/
Non-Urban Setting, Critical Resource Ground Water/Urban
Setting, Class A Ground Water/Non-Urban Setting, Class A
Ground Water/Urban Setting, and Class B Ground Water. For
each ground water class, different performance-based ground
water response objectives are established for on-site and
off-site ground water exposure pathways depending on if the
source area is on-site, off-site, or both on-site and off-site.

(4) The Texas Natural Resource Conservation Commis-
sion’s proposed Texas Risk Reduction Program would set a
ground water classification system defined in terms of primary
ground water resources (Class 1), other current and potential
use ground waters (Class 2), and no potential use ground
waters (Class 3). Class 1 ground water resources must be fully
restored to drinking water standards, while exposure preven-
tion strategies may be established for Class 2 and 3 ground
waters.

(5) The Louisiana Department of Environmental Quality’s
proposed Risk Evaluation/Corrective Action Program also sets
three classes of ground water. Class 1 ground waters must be
fully restored to drinking water standards, whereas drinking
water criteria may be applied at the property line or closest
reasonable off-site point of exposure for Class 2 ground water.
Class 3 ground water requirements are based on the protection
of any surface waters receiving discharge from the impacted
ground water. Each of these example ground water classifica-
tion systems have a common recognition that all ground water
resources do not represent the same beneficial use, and
accordingly provide the context for RBCA program develop-
ment in the state.

X1.5.7.4 Non-Attainment Zones—Some states have devel-
oped ground water protection programs that include the des-
ignation of areas of ground water to be “non-attainment”
zones. These zones could be located in urbanized areas where
there are multiple impacts to ground water from releases of
chemicals of concern. For example, Illinois recognizes ordi-
nances established by units of local government that effectively
prohibit the installation and use of potable supply wells as an
effective activity and use limitation for the elimination of the
ground water ingestion exposure pathway. When the ordinance
does not apply to the local unit of government, then the local
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unit of government must enter into a Memorandum of Under-
standing with the state and maintain a registry of release sites
within the ordinance area. Provisions are also set forth regard-
ing notification of affected landowners, criteria for voidance of
the ordinance, deed recordation, presence of existing potable
wells, and ground water response objectives. Such non-
attainment provisions recognize situations where units of local
government may not place a high value on ground water
resources within urbanized areas due to economic
considerations, or due to the existence of regional historical
ground water impacts that render the ground water unfit for
use. The non-attainment zones may be re-evaluated as reme-
diation by natural attenuation and individual user response
actions improve the regional ground water conditions. These
zones also provide a convenient context in which to establish
policies regarding ground water restoration and protection for
RBCA program development. Further, non-attainment zones
may be of particular benefit in Brownfields redevelopment
areas where ground water ingestion is not an otherwise relevant
exposure pathway.

X1.5.8 Natural Resource Values:

X1.5.8.1 Many natural resources may have intrinsic value to
the public, regardless of actual current or planned future use of
the resource. For example, while the ground water underneath
a National Park may not have an actual use, its value in pristine
condition may outweigh considerations of actual use. Such
large public policy issues may play a role in technical policy
decisions for actions under a RBCA program, even though they
are not related to risk, per se.

X1.5.9 Remedy Selection Criteria—Programs developing
remedy selection should consider a wide array of factors such
as treatment types, permanence versus institutional based
remedies as well as the use of innovative technologies. Both
risk reduction and long term risk management activities should
consider remedy effectiveness against cost. Given limited
resources for either publicly or privately funded corrective
actions, the program development team may consider various
schemes to balance selected risk criteria against the cost of
corrective actions. Cost and effectiveness as balancing criteria
are common elements of risk-based decision-making programs
for corrective action. During the initial development of the
program, in balancing these factors, the user should consider
that no single factor will predominate over the others. As with
other difficult risk management issues, such factors will require
a careful balancing act among differing stakeholder opinions
and focused decision-making on the part of the regulatory
agency. In the end, however, it is the responsibility of the
regulatory agency to determine how best to balance the criteria
for a particular program.

X1.5.9.1 Treatment versus Activity and Use Limitations—
While it is beyond the scope of this guide to suggest specific
preferences for treatment or for activity and use limitations,
these are issues which are critical to this technical policy
decision which a regulatory agency must make. For example,
the speed, frequency and short term cost-effectiveness of risk
reduction through cutting off exposure pathways is generally of
great interest to a regulatory program. These are benefits of
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regulatory agency are issues such as: returning potentially
useable ground water to beneficial use, increasing land values,
and lowering long term operation, maintenance and monitoring
costs. These are some of the benefits of treatment and the
reduction of toxicity, mobility, and volume of chemical re-
leases. Categories of remedy selection criteria include:

X1.5.9.2 Effectiveness of the remedial action in protecting
human health and the environment;

X1.5.9.3 Long-term reliability and probable success in
meeting the corrective action goals;

X1.5.9.4 Short-term risks posed by the implementation of
the remedial action;

X1.5.9.5 Amenability of the remedial action to integration
with property redevelopment plans;

X1.5.9.6 Acceptability of the remedial action to the stake-
holders;

X1.5.9.7 Implementability and technical practicability of
the remedial action; and

X1.5.9.8 The cost-effectiveness of the options to meet the
corrective action goals.

X1.6 RBCA Program Documentation:

X1.6.1 In order to ensure uniform application of the RBCA
program, agencies should consider providing guidance docu-
ments and standardized tools for the regulated community and
stakeholders. This documentation may consist of guidance
manuals, standardized report forms and software tools. Such
documentation may include the following:

X1.6.2 RBCA Process Overview—A RBCA guidance
manual should outline the RBCA process and provide detailed
step-by-step instructions for implementation of the program.
The manual may include flowcharts outlining the program and
a description of potential exposure pathways and transport
mechanisms, including any assumptions regarding land use
patterns, activity and use limitations, and remedy selection
criteria.

X1.6.3 Response Action Evaluation—As the user gathers
data, site conditions should be evaluated and a response action
should be implemented, consistent with site conditions. This
process may be repeated as additional data affords a more
detailed characterization of the site. Some programs place sites
in risk reduction categories, and when actions are performed,
the category automatically changes to a less urgent status. In
these programs the user selects a category and action which
best addresses the short-term health (human and ecological)
and safety concerns of the site while implementing the RBCA
process. While some programs also have risk reduction cat-
egories to generate fees or for other statutory purposes, other
programs avoid long term categorization schemes to avoid
attaching a stigma to a property which could affect later
transactions. As with many program development elements, the
regulatory agency must resolve such issues, following the
stakeholder involvement process.

X1.6.4 Tier I Evaluation Guidance—Tier 1 guidance may
include the algorithms used to develop look-up tables, as well
as an example look-up table or tables and detailed instructions
on how to use the look-up tables. The RBCA framework refers
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to such look-up tables as Risk-Based Screening Levels or
RBSL. Table X1.1 gives a suggested outline for the technical
policy decisions that define the look-up table. These decisions
can be made by all stakeholders and documented by the
development team. The development team may decide to avoid
creating RBSL and other look-up tables as “bright-line,”
stand-alone targets for clean up.

X1.6.5 Tier 2 Evaluation Guidance—Tier 2 guidance may
include detailed instructions on selection of appropriate mod-
eling procedures, target risks, exposure scenarios, and policies
regarding off-site migration of chemicals of concern, perfor-
mance and compliance monitoring. The guidance may also
include the criteria for evaluating Tier 2 results, conditions for
tier upgrade, criteria and location of the point of compliance,
corrective action alternatives, and closure options.

X1.6.6 Tier 3 Evaluation Guidance—The guidance for Tier
3 may simply define the tier and explain its use. In order to
remain flexible, specific procedures may not be recommended,
however, it may be desirable for some limits to be placed on
performance standards acceptable to the agency. Evaluations at
the Tier 3 level may include alternative risk and exposure
assessment protocols. As with the other tiers, Tier 3 guidance
may also include criteria for evaluating Tier 3 results, and
explain what alternatives exist for sites to meet Tier 3 criteria,
such as corrective action, monitoring programs, variance
procedures, more complex fate and transport modeling and
engineering controls.

X1.6.7 Administrative Procedures—Administrative proce-
dures for the RBCA application submittal and review process
should be clearly outlined. To the degree feasible, separate
steps of the RBCA planning program (for example, site
assessment, response action evaluation, and Tier 1 evaluation)
may be consolidated into single submittals to minimize the
number of separate reviews requested by agency personnel for
each site. As the user proceeds to higher Tiers of the RBCA
process, the knowledge gained about the site is used to tailor
the degree of investigation needed. Approval to move from one
tier to the next may not be necessary. In some cases, after
completion of the Tier 1 evaluation, the program may direct the
user to proceed directly to a Tier 3 evaluation. The results of all
completed tiers of analysis will typically be submitted to the
overseeing agency for final documentation. Upon receipt,
submittals may be checked for completeness. This may be
facilitated with an administrative checklist prior to in-depth
evaluation. Standard site completion letters (see X1.6) issued
to volunteers may also be reviewed to ensure consistency with
the RBCA program. Depending on the tier and the complexity
of a site, an agency may phase its involvement (that is, for
some programs, little oversight may be necessary for a Tier 1
evaluation, while a Tier 3 evaluation may require significant
input from the agency).

X1.6.8 Standardized Report Forms—Standardized report
forms can be very helpful in the RBCA process, aiding in the
collection of site data and in both the preparation and review of
site reports. Properly designed standardized report forms may
guide the user in the collection of the appropriate type and
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“cross reference” variety, or both, for Tiers 1 and 2, and may
outline general procedures to be used in Tier 3.

X1.6.9 Tier 1/Tier 2 Software Tools—A helpful element in a
successful RBCA program may be computer software that
assists both the regulatory agency and the regulated community
in understanding and performing the multitude of necessary
calculations. With the increasing use and power of personal
desktop computers and the availability of common spreadsheet
programs, user-friendly software tools can be developed for
use by technical staff with minimal training in computer
applications. These tools can be customized to include specific
exposure pathways and algorithms, and can be programmed to
report results in a standardized format, suitable for inclusion
into site assessment reports.

X1.7 Specialized Program Elements:

X1.7.1 Introduction—This section of the appendix provides
a review of program elements currently being used by regula-
tory agencies including those with licensed or certified private
contractors. The items described include those used in state
voluntary cleanup programs (VCPs) and a variety of other
programs to provide site closure or completion, as well as
comparable assurances available from the Federal government.
The term completion letters includes letters and other types of
documents, including covenants, certificates and agreements,
being used to provide interested parties with assurances that a
voluntary corrective action has adequately identified the
chemicals of concern from releases into the environment, has
adequately identified exposure pathways and any unacceptable
risks posed by those chemicals of concern to human health or
the environment, and has achieved an appropriate target level.
This section of the appendix gives examples of the types of
completion documents currently being used by various states
or the Federal government,or both, and describes some of the
advantages and disadvantages of each type of completion
method.

X1.7.2 Program elements vary in form and content. Some
consist of completion letters and are very formal, while others
are very informal. The interested party must petition for or
request a completion letter in some states, whereas in other
states the completion document is granted automatically upon
the completion of certain activities.

X1.7.3 For further information about a particular state’s
program, contact the Association of State and Territorial Solid
Waste Management Officials (ASTSWMO) or the Regional
office of the Environmental Protection Agency (EPA).

X1.7.4 Example Program Elements.

X1.7.4.1 Application Process—Many states require an ap-
plication for interested parties to participate in the VCPs. Some
states require the volunteer to sign a formal agreement, such as
a consent agreement.

X1.7.4.2 Submission of Reports—Some states require sub-
mission of reports once remediation has been completed.

X1.7.4.3 State-Certified or Licensed Contractors—Some
states require the use of state-certified professionals, or
laboratories, or both to conduct a cleanup.
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X1.7.4.4 Environmental Professional—Some states require
submission of a statement, opinion or certification from a
qualified environmental professional that the voluntary cleanup
plan has been fully implemented or completed and that the
remediation meets applicable standards.

X1.7.4.5 Letter Agreement or Formal Consent Order—
Some states require a memorandum/letter of agreement or
consent order before the volunteer can participate in the VCP.

X1.7.4.6 Prior Approval—Some states require prior ap-
proval of work plans, or reports, or both.

X1.7.4.7 Reopeners—Many states have explicit reopener
provisions in their completion letters for changed conditions,
new information, or failure to comply with the voluntary
cleanup plan.

X1.7.4.8 Consideration of Future Land Use—Many states
take future land use into consideration in making risk-based
decisions and have developed (by policy or statute) activity and
use limitations to address future land use changes.

X1.7.4.9 Reimbursement of State Oversight Costs—Many
states require reimbursement of their oversight or laboratory or
other costs.

X1.7.5 Examples of Completion Documents—The types of
completion documents currently being used by the states
include, but are not necessarily limited to, the following:
statements or certificates of completion; no further action
opinions/letters; no action letters; private contractor statements
of completion; off-site source determination letters; covenants
not to sue; releases; contribution protection; no association
determination letters; and prospective purchaser agreements.
The terminology for a specific type of completion letter in one
state may not mean the same thing in another state, and the
descriptions given below are very general in nature.

X1.7.5.1 Statements or Certificates of Completion of Re-
sponse Action—In some states, Statements or Certificates of
Completion of Response Action are relatively straight-forward
to obtain from regulatory agencies. They provide some cer-
tainty that the regulatory agency is satisfied that no further
corrective action is required at the site. Legally, however, they
generally are not as binding as other types of completion
letters, such as covenants not to sue. Accordingly, in these
states, Certificates of Completion may be viewed by some
interested parties as not providing sufficient comfort against
further liability. However, in other states, a Statement or
Certificate of Completion is a complete release of state
superfund liability and runs with the land; as such, it provides
liability assurances to successors and assigns as well. A
Statement or Certificate of Completion in these states is likely
to be viewed quite favorably by interested parties, but it may be
more time-consuming to obtain. Some state programs tie the
certificate of completion to specific exposure pathway
assumptions, such as land use.

X1.7.5.2 No Further Action Opinions/Letters/Assurance
Letters—As a general rule, no further action opinions or letters
are relatively straight-forward to obtain from regulatory agen-
cies. They provide some certainty that the regulatory agency is
satisfied that no further corrective action is required at the site.
EPA, for example, has developed generic ways to encourage
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Action Planned for sites listed in the CERCLIS inventory. No
Further Action Opinions or Letters generally do not constitute
a release from further liability at the site. Legally, therefore,
they do not provide the same level of comfort as, for example,
a covenant not to sue. Accordingly, No Further Action Opin-
ions or Letters may be viewed by some interested parties as not
providing sufficient comfort against further liability.

X1.7.5.3 No Further Action Opinions or Letters can also be
written as Limited No Further Action Opinions or Letters.
Limited No Further Action Opinions or Letters pertain to only
a portion of the property or to only some of the known releases
at a site. For example, they might address and document
releases to the soil, but not potential ground water releases.
They are helpful when a discrete issue is slowing down a real
estate transaction because they can generally be obtained fairly
quickly and easily. However, they are limited in nature and do
not provide the same degree of comfort that most other types
of completion letters offer.

X1.7.5.4 No Action Letter—A No Action Letter is essen-
tially a no further action letter, except that it includes additional
language indicating that the state will not take any
enforcement/administrative actions once the regulatory agency
is satisfied with the volunteer’s technical conclusions. A No
Action Letter will often say that the release (site) will not be
referred to the Superfund program and will not be added to
CERCLIS or the state Superfund list.

X1.7.5.5 Private Contractor Statements of Completion or
No Further Action Letters provide an alternative where the
state does not have sufficient resources to review every site
investigation and remediation to determine its adequacy. In the
states with this type of program, the private contractor must be
state-licensed or certified, so there is indirect state oversight
over the process. Private Contractor Statements of
Completion/No Further Action Letters are generally available
more quickly and readily than other types of completion letters.
Legally, however, they are not as binding as other types of
completion letters, such as covenants not to sue. Accordingly,
Private Contractor Statements of Completion/No Further Ac-
tion Letters may be viewed by some interested parties as not
providing sufficient comfort against further liability.

X1.7.5.6 Off-Site Source Determination Letters—Some
states, as well as the Federal government, have taken the
position that they will not exercise their enforcement discretion
under certain circumstances where chemicals of concern origi-
nating off-site in the ground water have affected an “innocent,”
downgradient property. Many of these states issue letters
providing that they will not hold the impacted property liable
for any chemical releases originating off-site. The Federal
government’s position is available in the form of guidance,
issued May 24, 1995, and entitled “Final Policy Toward
Owners of Property Containing Contaminated Aquifers.” A
state Off-Site Determination Letter has the same types of
advantages and disadvantages as a No Further Action Opinion
or Letter.

X1.7.5.7 Covenants Not to Sue—Covenants Not to Sue are
legally binding agreements between a state or the Federal
government and an interested party. They provide assurances
that the interested party will not be pursued in the future for
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additional remediation work or targeted in an enforcement
action. At the same time, because they are more binding than
most other types of completion letters discussed above, they
are generally more difficult and time-consuming to obtain.
They generally must be negotiated on a case-by-case basis.

X1.7.5.8 Releases—Some states use releases to absolve
volunteers from further responsibility for corrective action.
Releases tend to be a qualitative determination that the
remediation has been successfully completed; they generally
do not absolve the volunteer from joint, strict and several
liability. In this regard, releases have the same types of
advantages and disadvantages as No Further Action Letters.

X1.7.5.9 Contribution Protection—A few states are
providing, by statute, contribution protection to parties that
voluntarily remediate a site. This protection is generally
embodied in an administrative or judicial order or consent
decree or a settlement agreement. Contribution protection
protects the volunteer from contribution actions by other
responsible parties and, in some instances, protection against
citizen suits as well.

X1.7.5.10 No Association Determination Letters—No Asso-
ciation Determination Letters are being used to offer lenders,
prospective purchasers, and other “innocent” parties assur-
ances that they will not be the subject of future remediation
orders or other types of enforcement actions. Similar types of
protection are being offered automatically by statute (that is,
without the need for a formal letter) in some states to interested
persons such as lenders, municipalities, utilities, etc.

X1.7.5.11 Prospective Purchaser Agreements—Prospective
Purchaser Agreements provide protection from liability for
innocent buyers who perform remediation in accordance with
a plan approved by the state or the Federal government. These
agreements can be obtained from either a state offering such an
mechanism, or EPA (if its an NPL site), or both. The Federal
government has offered guidance, dated May 24, 1995, entitled
“Guidance on Agreements With Prospective Purchasers of
Contaminated Property,” describing what types of sites are
eligible for the Federal program. A variety of policies may be
pursued which arise from EPA guidance, such as government
statements of no further interest at this time.

X1.7.5.12 Other Mechanisms:

X1.7.5.13 Review and Evaluation Services—Many states
provide review and evaluation services to determine the
adequacy of any site investigations or remediation plans.

X1.7.5.14 Reclassification of the Site or Redefinition of Site
Boundaries—Many states reclassify sites that have been reme-
diated or deemed not to require remediation as “inactive” or
redefine a site’s boundaries.

X1.7.5.15 Agreement Not to List on Federal CERCLIS—
Many states have agreed to refrain from listing sites partici-
pating in the state VCP on the Federal CERCLIS or the state
Superfund list. This agreement often comes in the form of a No
Action Letter or is incorporated into another type of comple-
tion letter.

X1.7.5.16 Immunity from Enforcement Actions—In some
states, the completion letter constitutes immunity to a state
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X1.7.5.17 No Release—A few states explicitly provide that
current or prior owners or operators who are considered to be
potentially responsible parties will NOT be released from
liability at the site.

X1.7.6 Eligibility for Program

X1.7.6.1 Current Owner Only—Some states allow current
owners only to participate in the VCP.

X1.7.6.2 Lenders/Fiduciaries—Some states allow lenders,
fiduciaries, and/or other parties providing financing to partici-
pate in the VCP and thereby enjoy its benefits. In addition,
some states provide liability protection automatically by statute
without the need for the lender or fiduciary to obtain a
completion letter from the VCP.

X1.7.6.3 Prospective Purchasers—Some states allow pro-
spective purchasers the benefits from the VCP.

X1.7.6.4 Non-Responsible Parties Only—Some states allow
only non-responsible or non-liable parties to participate in their
VCPs.

X1.7.6.5 Successors and Assigns—Some states allow suc-
cessors and assigns to enjoy the benefits from the VCP.

X1.7.6.6 Third Party Claims—Some states provide broad-
based releases that protect the volunteer from third party claims
as well.

X1.7.7 Other Issues:

X1.7.7.1 Recordation—Some states require recordation of
the completion letter in local land records.

X1.7.7.2 Audits—Some states reserve the right to audit
properties undergoing voluntary remediation.

X1.7.7.3 Stakeholder Involvement—Some states mandate
stakeholder involvement for some or all of the sites moving
through the VCP.

X1.7.7.4 Affidavits—Some states require that all documents
relating to the VCP be submitted by affidavit.

X1.7.7.5 Audit Privilege—Some states provide that any
information or data generated during the remediation is not
admissible in any administrative or judicial action.

X1.7.7.6 Access to Records/Records Retention—Some
states require that volunteers provide them access to remedia-
tion records and require retention of those records for a specific
length of time.

X1.7.7.7 Waiver or Consolidation of Permitting
Requirements—Some states waive or consolidate state and
local permitting requirements in an effort to facilitate voluntary
remediation.

X1.8 Education/Outreach :

X1.8.1 To ensure the success of the RBCA program, both
regulatory agencies and the regulated community should be
given adequate training opportunities regarding program ob-
jectives and procedural requirements. In addition, outreach
efforts may be undertaken to promote understanding and
acceptance of the risk-based process by other involved parties,
such as community or citizen’s groups and the real estate,
development, banking, or insurance industries. Key consider-
ations are summarized below.

X1.8.2 Agency Personnel Training—Regulatory agency
personnel should receive training commensurate with their
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responsibilities regarding RBCA evaluations, corrective
actions, and completion reports. Such training may include an
overview of the RBCA process, review of key policy decisions,
guidance regarding evaluation of site assessment data and
selection of representative site parameters, calculation of
risk-based corrective action goals, and determination of appro-
priate corrective actions. In general, such training will build
upon the prior knowledge and experience of the agency staff,
focusing on those areas in which RBCA policies may modify
or expand existing procedures.

X1.8.3 Regulated Community and Contractor Training—
The regulated community and the professional consultants and
contractors involved in the RBCA program implementation
should also receive a formal orientation comparable to that
received by agency personnel. An effective training technique
may be to train agency personnel, the regulated community and
consultants simultaneously. Emphasis may be placed on avail-
able standardized tools for calculations and reporting. The
regulatory agency may choose to conduct these orientation
sessions and/or authorize certified trainers to conduct in-depth
training workshops. Written guidance and practical case study
examples will greatly improve the ability of the applicant to
“get it right” the first time.

X1.8.4 Outreach Programs—Efforts should be considered
to communicate the objectives and significance of the RBCA
program to stakeholders, including members of the general
public, environmental groups businesses, real estate interests,
banking establishments, the insurance industry and all those
potentially involved in the sale and transfer of affected prop-
erties. Key issues to address include: the significance of
risk-based corrective action goals and the level of protection
provided to current and future property users; the general
process required to achieve site closure; and the optional
mechanisms for activity and use limitations that may be
applied in some cases. These outreach initiatives may take the
form of printed information booklets, stakeholder forums, trade
association presentations, or all of these.

X1.9 Stakeholder Involvement Activities:

X1.9.1 Introduction:

X1.9.1.1 One of the purposes of this appendix is to provide
a review of generally accepted principles in successful stake-
holder involvement, including risk communication. For pur-
poses of this appendix, stakeholder involvement activities are
those activities that can be used by volunteers and regulatory
agencies in corrective action programs to ensure that the
stakeholder is both informed of and, if interested, involved in
planning for corrective actions. This incorporates the concept
that risk communication activities must be designed to allow
the stakeholder an opportunity to understand what the risks
from chemical releases are and how they can be mitigated. In
VCPs, the opportunity for stakeholder involvement activities
may be provided by the state or the private sector, or both, and
the opportunity may be provided during either the development
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X1.9.1.2 Methods to provide the opportunity for stake-
holder involvement in RBCA and risk communication pro-
grams may occur during the following steps of regulatory
development:

X1.9.1.3 Initial program development;

X1.9.1.4 Policies and guidance;

X1.9.1.5 Regulation development/Implementation;

X1.9.1.6 Informal Methods;

X1.9.1.7 Risk Communication Techniques;

X1.9.1.8 Stakeholder involvement opportunities for envi-
ronmental programs vary in the level of effort, form and
content. Agencies can establish various regulatory require-
ments for the regulated community or they can fashion
guidance stating the general policy of the state agency to
provide maximum opportunities for stakeholder involvement
in decision making. Stakeholder involvement may be program-
wide and site-specific.

X1.9.1.9 The scope of stakeholder involvement for different
activities is quite varied among cleanup programs. While some
programs require and engage in stakeholder involvement only
during the guidance or regulatory development stage, others
may require local, site-specific stakeholder involvement oppor-
tunities for each stage in the cleanup process. Three examples
will illustrate this phenomenon. During private corrective
actions, which may use the RBCA framework, there may be no
specific regulatory approval or required stakeholder involve-
ment activities. Insurance companies, for example, may use
RBCA to determine “prudent to do” actions for their clients,
without requiring site-specific stakeholder involvement. In the
second example, Pennsylvania developed its Act 2, Land
Recycling Program using stakeholder participation. Specific
sites, however, which use the background or statewide health
standards, require notification only and do not require any
further stakeholder involvement to complete cleanup. The
rationale here is that stakeholder input on the basis of cleanup
was provided at once in developing the program. Finally,
Massachusetts developed its RBCA program and required
milestone public notification requirements for each site in the
program. Furthermore, with a citizen petition, responsible
parties are required to formulate and implement a Public
Participation Plan for an individual site, including public
meetings at each milestone of the cleanup process. Clearly
these examples represent the spectrum as to the scope and level
of effort of stakeholder involvement in RBCA programs.

X1.9.2 Risk Communication—The use of the RBCA guide,
as with all technical materials, will require a sincere attempt to
communicate with stakeholders. Some basic principles of risk
communication are articulated in this appendix.

X1.9.3 Program Development—Many state VCPs and other
cleanup programs have either required or voluntarily included
stakeholder involvement during development. The use of
advisory committees, surveys of potential stakeholders, and
workgroups from the regulated community are all techniques
that have been employed to develop a VCP. These methods are
in addition to any statutory public hearing requirements, and
generally reflect the unique nature of VCPs. During this
process, the scientific underpinnings supporting RBCA meth-
ods should be clearly explained to stakeholders.
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X1.9.4 Policies and Guidance:

X1.9.4.1 Many VCPs are built on policies and guidance
written by the regulatory agency. Such documents may recom-
mend general or specific opportunities for stakeholder involve-
ment opportunities.

X1.9.4.2 Atsites where the stakeholders indicate an interest
in participating in response action planning and
implementation, policy and guidance may recommend that
opportunities be established in a stakeholder involvement plan
that is prepared in response to petition or more informal request
or a request by local officials. Such a plan may: provide
background about the site, response actions already conducted,
and the history of stakeholder involvement at the site; identify
the specific opportunities for stakeholder involvement in
cleanup decisions that will take place; and describe activities
that will be undertaken to address and incorporate concerns in
the remediation. Stakeholders may also be involved in risk
reduction measures and/or remediation done as part of a state
VCP. In addition to its utility at the overall program develop-
ment phase, the stakeholders meeting may be an effective
communication technique at an individual site. Site-specific
stakeholder meetings may be used to discuss the identified
regulatory approach, identify critical data gaps such as funda-
mental information on exposure pathways and receptors, and
ultimately to communicate the selected risk-based corrective
actions for the chemical release.

X1.9.4.3 Specific techniques recognized in agency guidance
may also include the regular publication and distribution of site
fact sheets and conducting community interviews.

X1.9.5 Regulations—Many regulatory agencies have pro-
mulgated specific regulations which require formal, docu-
mented opportunities for stakeholder involvement. Public
meetings or hearings, either formal or informal, may be
required at certain stages of corrective action decision making
such as the selection of remedy. Other requirements may
include activities that inform stakeholders about the status of
response actions. These activities include, among others, noti-
fications to local officials and publication of legal notices in
newspapers at key milestones in the response action process. In
addition, because future use of a site is a major determinant of
remediation goals, regulations may require consideration of
local land use planning activities to determine current and
potentially feasible future site uses.

X1.9.6 Informal Methods—The use of the RBCA guidance
includes site assessment activities that by their very nature
require close contact with stakeholders and the local govern-
ment. Everything from site access to sampling, to the review of
town records, requires interaction with people who live and
work in the community where the site is located. Informal
stakeholder involvement requires tact, honesty and a willing-
ness on the part of the user of the guide to communicate with
many different people about the site. Sometimes, the under-
standing of site conditions and remediation challenges are
more effected by such informal interactions than they are by
public hearings or meetings.

X1.9.7 Risk Communication Techniques:
X1.9.7.1 People in the community should be well informed
about the true risks presented by a site anumeﬁth
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process regarding assessment and cleanup activities at a site. It
is important to communicate with residents as often as possible
and at a level that can be easily understood.

X1.9.7.2 The use of jargon and acronyms should be strictly
limited during interactions with stakeholders. Written and oral
presentations should consider material at the 9™ or 10™ grade
reading level for ease of understanding among adults who are
not technically trained. Long involved sentences with multiple
clauses may be avoided by substituting simple direct state-
ments and familiar terms.

X1.9.7.3 Comparative risks from chemicals and from ev-
eryday activities may be a tool for consideration in communi-
cation of risks. The risks of getting struck by lightning, for
example, might be compared with the risks of cancer from an
individual chemical at an individual site. The cumulative risks
of driving an automobile might be compared with cumulative
risks from a site. In addition there is a need to compare actual,
expected risk with calculated or theoretical risk which may be
based on upper bound, conservative estimates.

X1.9.7.4 Caution in the use of comparative examples must
be exercised because of the perception of risks by individuals
and communities, as well as understandable sensitivity to the
comparison of voluntary versus involuntary risks. Risks that
are natural, not man-made and that are part of a community’s
everyday experience may not be perceived as very high risks.
In rural communities, for example, while the risk of contracting
Lyme disease transmitted from ticks may be quite high, the
perceived risk is surprisingly low. While the risks of injury
from motor vehicles are quite high, because riding in a car or
on the bus is more or less voluntary, the perceived risks and
level of outrage generated by cars in the community may be
much lower than the perceived risk and level of outrage
generated by the presence of chemical releases in the neigh-
borhood. Regardless of the use of comparative risk tools,
stakeholder involvement in decision making will eventually
lower both the level of outrage and the perceived risks from a
site, because it gives communities and individuals a greater
sense of control over the risks.

X1.10 RBCA Program Evaluation:

X1.10.1 Evaluation of the proposed RBCA process may
assess the impact of critical policy decisions and optimize
program efficiency. This evaluation can be conducted before,
during, or after development and implementation. It may be a
cooperative effort among various organizations representing
industry, government and other stakeholders. Such program
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evaluations may include one or more administrative reviews of
technical investigations described below.

X1.10.2 Administrative Review—Administrative process
flowcharts of the proposed RBCA program and the existing
corrective action rules may be developed and compared to
characterize the scope and timing of principal steps involved in
the site evaluation, remediation, and closure process. Key
issues in this assessment will be the clarity and completeness of
the site management process, as well as the number of review
and approval steps imposed upon the regulatory authority.
Consistent with the goals of RBCA, the administrative process
should serve to expedite action at higher risk sites.

X1.10.3 Demonstration Projects—A demonstration project
involves processing a limited number of sites (for example,
less than ten) through the RBCA program in as much detail as
possible. The objective of the demonstration effort is to check
the completeness of the proposed RBCA guidelines, identify
possible conflicts or constraints on implementation, and predict
general effects on remediation requirements or costs.

X1.10.4 Planning Level Studies—A planning level study
involves processing a large number of sites (that is, all of one
company’s sites in a state or region, or a random selection from
all sites in the state or region) through the RBCA process.
Results from any demonstration projects may also be inte-
grated into planning level studies. This study can often give a
clear picture of the potential resource savings made possible by
adopting a RBCA program, as well as the potential impact of
a given policy decision on the rate of site closures under Tiers
1 and 2.

X1.11 Available Resources—Development and implemen-
tation of a RBCA program will require a significant commit-
ment on the part of the development team. However, those
RBCA programs presently in place in various states have
demonstrated that this effort can yield significant benefits in
terms of expediting the site remediation process and ensuring
efficient allocation of limited resources to high priority sites.
Parties interested in developing a RBCA program are encour-
aged to contact those state agencies with programs currently
underway for examples of written guidelines and direct expe-
rience with procedural challenges and successes. The EPA
Office of Underground Storage Tanks (OUST) and Office of
Solid Waste and Emergency Response (OSWER) are presently
maintaining an information clearinghouse for RBCA programs
and can provide data regarding document resources and contact
names. Table X1.2 shows some program attributes of the
various state programs.
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