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DISCLAIMER

This document provides guidance to EPA Regions concerning how the
Agency intends to exercise its discretion in implementing one aspect of the
CERCLA remedy selection process.  The guidance is designed to implement
national policy on these issues.

Some of the statutory provisions described in this document contain
legally binding requirements.  However, this document does not substitute for
those provisions or regulations, nor is it a regulation itself.  Thus, it cannot
impose legally-binding requirements on EPA, States, or the regulated
community, and may not apply to a particular situation based upon the
circumstances.  Any decisions regarding a particular remedy selection
decision will be made based on the statute and regulations, and EPA decision
makers retain the discretion to adopt approaches on a case-by-case basis that
differ from this guidance where appropriate.

Interested parties are free to raise questions and objection about the
substance of this guidance and the appropriateness of the application of this
guidance to a particular situation, and the Agency welcomes public input on
this document at any time.  EPA may change this guidance in the future.
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ABOUT THE REVISION

WHAT IT IS EPA’s Process for Conducting Probabilistic Risk Assessment is an update of
the 1989 Risk Assessment Guidance for Superfund (RAGS).  It is Volume III,
an update to the existing two-volume set of RAGS.  Volume III: Part A
provides policy and guidance on conducting probabilistic risk assessment for
both human and ecological receptors.

WHO IT’S FOR RAGS Volume III: Part A is written primarily for risk assessors.  Risk
assessment reviewers, remedial project managers, and risk managers
involved in Superfund site cleanup activities will also benefit from this
addition to RAGS.

WHAT’S NEW RAGS Volume III: Part A provides guidance on applying probabilistic
analysis to both human health and ecological risk assessment.  New
information and techniques are presented that reflect the views of EPA
Superfund program.  A tiered approach is described for determining the
extent and scope of the modeling effort that is consistent with the risk
assessment objectives, the data available, and the information that may be
used to support remedial action decisions at Superfund hazardous waste sites.

RAGS Volume III: Part A contains the following information:

• For the risk assessor— updated policies and guidance; discussion and
examples of Monte Carlo modeling techniques for estimating
exposure and risk.

• For the risk manager and the remedial project manager—an
introduction to PRA, a chapter on communicating methods and
results of PRA with the public, and a chapter on the role of PRA in
decision making.
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PREFACE

Risk Assessment Guidance for Superfund (RAGS) Volume III: Part A (hereafter referred to as
RAGS Volume 3: Part A) provides technical guidance on the application of probabilistic risk assessment
(PRA) methods to human health and ecological risk assessment in the U.S. Environmental Protection
Agency (EPA) Superfund program.  RAGS Volume 3: Part A supplements existing human health and
ecological assessment guidance provided in the RAGS series.  This guidance focuses on Monte Carlo
analysis (MCA) as a method of quantifying variability and uncertainty in risk.  Primarily geared toward
the risk assessor, it is intended, both in content and format, to be most accessible to those readers who are
familiar with risk assessment and basic statistical concepts.  Chapters 1, 2, 6, and 7 are also directed
towards risk managers.  The term risk manager is used in this guidance to refer to individuals or entities
that serve as the decision makers at hazardous waste sites.  The term is used to emphasize the separation
between risk assessment and risk management activities.  Risk managers may include individual remedial
project mangers (RPMs), site partnering teams, senior EPA managers (Section Chiefs, Branch Chiefs, or
Division Directors), or other decision makers.  

An attempt has been made in this document to define all relevant technical terms using plain
language and to illustrate concepts with examples.  An exhibit at the beginning of each chapter provides
definitions of terms used in that chapter.  In addition, a comprehensive definition of terms is provided in
Appendix E.  Other useful information has been presented in exhibits placed throughout each chapter. 
Bullets are used throughout the text to emphasize important concepts and policy statements related to the
use of PRA.  References are listed at the end of each chapter. 

RAGS Volume 3: Part A was developed by the Superfund Probabilistic Risk Assessment
Workgroup and the Ecological Risk Assessment Forum (ERAF); both are intra-Agency workgroups that
have focused on improving the Risk Assessment Guidance for Superfund and implementing Superfund
Reform activities.  The guidance has undergone extensive review by Superfund and other programs
within the Agency.  In February 2000, a draft of the guidance was announced in the Federal Register to
provide an opportunity for public comment (U.S. EPA, 2000a).  In August 2000, a notice of peer review
was announced in the Federal Register (U.S. EPA, 2000b), and in November 2000, RAGS Volume 3: Part
A received a formal peer review from panelists outside the Agency. 

The Agency may incorporate PRA under fund-lead and Potentially Responsible Party (PRP)-lead
risk assessments.  Implementation of successful PRAs requires careful planning.  EPA strongly
recommends that PRPs involve the Agency in all decisions regarding the planning, submittal, and
technical details of any PRA.  Coordinating with EPA early in the process will help ensure that PRAs
conform to the recommended guidelines as part of the Superfund risk assessment process for protecting
human and ecological health.  PRPs should submit workplans for Agency review before initiating any
PRA.  Similarly, when EPA chooses to use PRA for an EPA-lead risk assessment, a PRA workplan will
assist in directing site investigation and risk assessment activities, whether conducted by EPA or an EPA
contractor.  A workplan specifies contractor activities in the risk assessment and provides risk assessors
and risk managers with an opportunity to obtain internal feedback from knowledgeable EPA staff, prior to
initiating work on the assessment. 

A tiered approach to PRA is advocated, which begins with a point estimate risk assessment. 
Important considerations include the time required to perform the PRA, the additional resources involved
in developing the PRA, the quality and extent of data on exposure that will be used in the assessment, and
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the value added by conducting the PRA.  Project scoping is an essential component of all risk assessments
and is especially important in PRA. 

Implementation of a PRA usually requires special computer software that may be commercially
available or that may need to be custom-designed for a specific application.  Although commercial
software packages are noted in this guidance, any mention or use of a particular product in RAGS
Volume 3: Part A does not constitute an endorsement of that product by the Agency.

1.0     WHAT IS THE PURPOSE OF RAGS VOLUME 3 PART A?

 RAGS Volume 3: Part A addresses the technical and policy issues associated with the use of PRA
in EPA Superfund program.  This guidance builds upon basic concepts of risk assessment outlined in
RAGS Volume I (U.S. EPA, 1989a; 2001), recent guidance for ecological risk assessment (U.S. EPA,
1992, 1994, 1997a, 1998a; 1999), and the Agency Probabilistic Analysis Policy document (U.S. EPA,
1997b).  RAGS Volume 3: Part A addresses the use of PRA for both human health and ecological risk
assessments.  RAGS Volume 3: Part A was developed to provide risk assessors and risk managers with
basic guidelines for incorporating PRA into Superfund site-specific risk assessments.  It is not intended to
be a detailed technical reference on PRA methods, however, it does direct the reader to appropriate
literature on important technical subjects.  A primary purpose of RAGS Volume 3: Part A is to help
prevent misuse and misinterpretation of PRA. 

2.0 WHAT IS PROBABILISTIC RISK ASSESSMENT AND HOW IS IT USED IN RISK
CHARACTERIZATION?

PRA is a risk assessment that uses probability distributions to characterize variability or
uncertainty in risk estimates.  In a PRA, one or more variables in the risk equation is defined as a
probability distribution rather than a single number.  Similarly, the output of a PRA is a range or
probability distribution of risks experienced by the receptors.  The evaluation of variability and
uncertainty is an important component of the risk characterization of all risk assessments.  As stated in the
1995 Risk Characterization memorandum from Administrator Carol Browner (U.S. EPA, 1995),

... we must fully, openly, and clearly characterize risks.  In doing so, we will disclose the
scientific analyses, uncertainties, assumptions, and science policies which underlie our
decisions... There is value in sharing with others the complexities and challenges we face
in making decisions in the face of uncertainty.

In addition, the 1997 EPA Policy for Use of Probabilistic Analysis in Risk Assessment (U.S.
EPA, 1997b) states:

L It is the policy of the U.S. Environmental Protection Agency that such
probabilistic analysis techniques as Monte Carlo analysis, given adequate
supporting data and credible assumptions, can be viable statistical tools for
analyzing variability and uncertainty in risk assessments.

A more extensive general discussion of PRA can be found in Chapter 1 of the guidance.  The use
of PRA in Superfund remedial decision making is presented in Chapter 7 of the guidance.
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3.0 WHAT ARE THE ADVANTAGES AND DISADVANTAGES OF PRA FOR REMEDIAL
DECISIONS?

 The primary advantage of PRA within the Superfund program is that it can provide a quantitative
description of the degree of variability or uncertainty (or both) in risk estimates for both cancer and
non-cancer health effects and ecological hazards.  The quantitative analysis of uncertainty and variability
can provide a more comprehensive characterization of risk than is possible in the point estimate approach. 

Another significant advantage of PRA is the additional information and potential flexibility it
affords the risk manager.  Superfund remedy decisions are often based on an evaluation of the risk to the
individual at the reasonable maximum exposure (RME) level (U.S. EPA, 1990).  The RME represents the
highest exposure reasonably likely to occur (U.S. EPA, 1989a).  When using PRA, the risk manager can
select the RME from the high-end range of percentiles of risk, generally between the 90th and
99.9th percentiles, referred to in this guidance as the RME range. 

However, PRA may not be appropriate for every site.  Disadvantages of PRA are that it generally
requires more time, resources, and expertise on the part of the assessor, reviewer, and risk manager than a
point estimate approach.

4.0 HOW IS RAGS VOLUME 3, PART A ORGANIZED?

Although the primary audience of this guidance is the risk assessor, Chapter 1 provides a basic
overview of PRA for risk assessors and risk managers.  The centerpiece of RAGS Volume 3: Part A is the
tiered approach described in Chapter 2.  The tiered approach is a framework that enables the risk manager
to decide if and when to undertake a PRA and to determine the appropriate level of complexity for the
PRA.  Chapter 3 provides a description of using PRA for human health risk assessment.  Chapter 4
discusses the issues of using PRA for ecological risk assessment.  Chapter 5 presents a discussion of using
PRA to determine preliminary remediation goals.  Chapter 6 details issues associated with communicating
risk estimates developed with PRA.  Chapter 7 provides information for risk managers choosing to base
remedial decisions on the results of a PRA.

Eight appendices to this guidance expand on technical aspects of topics important to PRA, such
as sensitivity analysis and selecting and fitting probability distributions.

5.0 WHAT ARE THE KEY GUIDING CONCEPTS IN RAGS VOLUME 3: PART A?

(1) Use a tiered approach to incorporating PRA into site risk assessments.

(2) Submit a workplan for Agency review prior to initiating work on a PRA.

(3) Perform a point estimate assessment prior to considering a PRA.  

(4) While PRA can provide a useful tool to characterize and quantify variability and uncertainty
in risk assessments, it is not appropriate for every site.  

(5) PRA generally requires more time, resources, and expertise on the part of the assessor,
reviewer, and risk manager than a point estimate risk assessment.
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(6) The decision to use PRA is site-specific and is based on the complexity of the problems at the
site, the quality and extent of site-specific data, and the likely utility of the result.

(7) If the additional information provided from a PRA is unlikely to affect the risk management
decision, then it may not be prudent to proceed with a PRA.  However, if there is a clear
value added from performing a PRA, then the use of PRA as a risk assessment tool generally
should be considered despite the additional resources that may be needed.  

(8) Communicating the results of a PRA will be more challenging than communicating the
results of a point estimate risk assessment because PRA and its perspective will be new to
most participants.

(9)  If the decision is made to conduct a PRA, it is important to include community in the
planning process.  Communication on PRA may involve: providing the community with a
basic understanding of the principles of PRA, discussing the proposed workplan and inviting
comments on the proposed approach, discussing site-specific data, and communicating the
final results and how they impact decisions for the site.
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