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A 1986 staff paper (SECY-86-323, dated October 30, 1986)
discussed approaches to licensing a geologic repository.
The paper described ways to streamline the hearing process,
to identify and resolve licensing issues early, and to
improve the appeal process. Specific approaches such as
the licensing support system (LSS), pre-licensing
consultation, technical positions, and rulemakings were
evaluated. The 1986 paper was a foundation for the staff's
regulatory framework, and was elaborated on in a later
staff paper, SECY-88-285, dated October 21, 1988. The 1988
paper, which was updated in 1990 as SECY-90-207,
described: (1) the existing regulatory framework for
licensing a repository; (2) approaches for identifying
uncertainties in the framework; and (3) a strategy and
schedules for reducing uncertainties by using a mix of
rulemakings, technical positions, and regulatory guides.
SECY-88-285 and SECY-90-207 both discussed general
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uncertainties associated with repository licensing, but did
not examine the specific uncertainties involved in
implementing the probabilistic HLW standards promulgated in
1985 by EPA.

Another staff paper (SECY-89-319, dated October 17, 1989)
informed the Commission: (1) that EPA's 1985 standards had
been remanded to EPA for further consideration in a 1987
Federal court decision; (2) of the status of EPA's efforts
to reissue its HLW disposal standards; (3) that the staff
had reevaluated its views on implementation of
probabilistic standards; and (4) that the staff recommended
development of procedures and rules that are needed for
implementing the standards. After review of that staff
paper, the Commission requested the following additional
information from the staff.

"In carrying out the proposed EPA HLW standards which
are probabilistic, it may be necessary to have in
place an agreed-upon methodology for characterizing
and propagating the uncertainties in order for any
site to achieve compliance with the EPA standard.
These methodologies can have many forms (such as those
used in NUREG-1150 and other probabilistic studies)
and, as the staff recognizes and experience has shown,
can become controversial. Staff should submit a
summary on the staff's current approach to dealing
with uncertainties/methodologies in implementing the
EPA probabilistic standard so as to avoid [as] many of
the controversial aspects as possible."

Discussion: The enclosure to this paper distinguishes "regulatory
uncertainties" from "technical uncertainties." Regulatory
uncertainties involve what must be demonstrated to show
compliance with EPA's standards, and can be reduced or
eliminated through careful wording of the standards. In
contrast, projections of the performance of an HLW
repository are inherently uncertain, reflecting the long
time period of concern during which relatively rare
geologic, climatic, and human-initiated disruptions might
occur. Thus, technical uncertainties are inherent in
repository performance assessments and will be encountered
in implementing EPA's standards regardless of the form
those standards might ultimately take.

While a methodology to deal with regulatory uncertainty
has been reasonably well developed, development of a
methodology to deal with technical uncertainties is an
on-going, iterative process. During each iteration,
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uncertainties in repository performance are assessed based
on current knowledge of the repository system. The results
are then used to update site characterization plans and to
improve the assessment methodology. Development of the
methodology is not complete until the uncertainties in
repository performance have been reduced to an acceptable
level.

The enclosure to this paper provides a detailed discussion
of the staff's views regarding regulatory and technical
uncertainties, as defined in SECY-88-285, and potential
means for dealing with them. Appended to the enclosure to
this paper is a detailed analysis of EPA's standards
identifying areas where potential uncertainties and their
attendant implementation difficulties have already been
eliminated by the way the standards are framed. Also
included in Appendix A is an analysis, requested by the
Commission during the March 22, 1991, briefing by the
Advisory Committee on Nuclear Waste (ACNW), of the benefits
and limitations of using collective-dose and individual
dose approaches as the basis for HLW disposal standards.
Appendix B contains another analysis of collective
versus individual dose, prepared by the ACNW. The ACNW's
analysis emphasizes the principles of dose calculations and
measurements, whereas the staff's discussion addresses
possible application of various dose limits as the basis
for EPA's HLW standards.

Regulatory Uncertainties. A key part of the staff's
strategy for implementing EPA's standards is development of
regulatory language or guidance to reduce or eliminate
potential regulatory uncertainties. NRC and the Center for
Nuclear Waste Regulatory Analyses (CNWRA) staffs will
identify uncertainties regarding the requirements of EPA's
standards and NRC's implementing regulations using CNWRA's
Systematic Regulatory Analysis (SRA) process,
by prelicensing reviews of DOE documents and iterative
performance assessments of the Yucca Mountain site. As
regulatory uncertainties are identified, the staff will
address them by working with EPA to clarify EPA's standards
and guidance, by amending NRC's implementing regulation (10
CFR Part 60), or by developing NRC staff guidance.

Technical Uncertainties. Technical uncertainties regarding
acceptable methods for demonstrating compliance can be
generally categorized as: (1) "data uncertainty," defined
here as uncertainty in our knowledge of the state of the
system at the time of repository closure; (2) "future
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states uncertainty," reflecting our imperfect ability to
predict the future states of the environment within which
the repository will exist; and (3) "model uncertainty" --
uncertainty in our ability to forecast the performance of a
repository within its environment. NRC may be able to
address some technical uncertainties prior to receipt of a
license application through rulemakings or guidance.
However, dealing with technical uncertainties is primarily
the responsibility of the U.S. Department of Energy (DOE).
DOE's major efforts will include characterization of a
repository site and iterative assessments of projected
repository performance. NRC's role in site characterization
is one of preapplication consultation, as specified in the
Nuclear Waste Policy Act. The NRC staff and CNWRA are
developing a capability to conduct performance assessments
as well as to review DOE's results. Both NRC's oversight
role and its independent assessments of performance involve
evaluations of the significance of technical uncertainties.

Residual Uncertainties. Despite efforts to reduce
uncertainties, "residual uncertainties" will remain. The
significance of these uncertainties will need to be
addressed in deciding whether there is reasonable assurance
that the EPA standards will be met. In general, residual
uncertainties must be addressed in a judgmental manner.
The staff distinguishes between two types of judgment. The
first, "technical expert judgment," is used to identify and
quantify residual uncertainties, to the extent practical, to
estimate the effect of quantifiable uncertainties on
repository performance, and to assess the effects of
unquantifiable uncertainties on repository performance.
The second type of judgment, "decision-maker judgment,"
addresses the regulatory significance of residual
uncertainties. In general, the staff anticipates examining
uncertainties using NRC's established licensing process to
consider all available information presented by the parties
in the licensing proceeding, and to scrutinize the
scientific bases underlying the information presented. The
staff recognizes that expert judgment will be widely used
in a repository-performance assessment, but would not
consider it acceptable to substitute expert judgment for
analyses, field or experimental data, or other more
technically rigorous information that is reasonably
available or obtainable.

Conclusions: The staff's general regulatory strategy was described in
SECY-88-285, dated October 21, 1988, and was updated in
1990 as SECY-90-207. Those papers described: (1) the
existing regulatory framework for repository licensing; (2)
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approaches for identifying uncertainties in the framework;
and (3) a strategy and schedules for reducing uncertainties
by using a mix of rulemakings, technical positions, and
regulatory guides. Both papers discussed general
uncertainties associated with repository licensing, but did'
not examine the specific uncertainties involved in
implementing EPA's HLW standards. As part of its
development work, the staff is working with CNWRA to
conduct an SRA of the NRC's HLW regulations in
10 CFR Part 60 and of the EPA HLW standards.

Within this context, the staff has also developed a
more specific strategy for addressing the uncertainties
associated with EPA's HLW standards. This strategy
consists of:

(1) identifying potential regulatory uncertainties in
EPA's standards or in NRC's implementing regulations,
and developing regulatory language or guidance to
reduce or eliminate those uncertainties;

(2) identifying technical uncertainties, that must be
evaluated during repository licensing, regardless of
the form the EPA standards might ultimately take, and
encouraging DOE to develop methods to characterize
those uncertainties, evaluate their significance, and
reduce them to the extent practical; and

(3) evaluating the "residual uncertainties" associated
with a license application, using NRC's established
license-review process.

Significant uncertainties will be associated with
implementation of EPA's HLW standards. The enclosure to
this paper describes the staff's current views on dealing
with those uncertainties, whatever the final form of EPA's
standards might be. Although the details of a "methodology
for characterizing and propagating the uncertainties" have
not yet been agreed on, the staff believes that the
approaches discussed in the enclosure to this paper will
lead to agreement and will reduce uncertainties
sufficiently to allow successful use of the methodology in
a licensing review.
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Coordination: No resource impacts are expected as a result of
implementing the actions recommended in this paper. The
Office of the General Counsel has reviewed this paper and
has no legal objection.

/ ,2ecutive Director
for Operations
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Enclosure

STAFF'S APPROACH FOR DEALING WITH UNCERTAINTIES
IN IMPLEMENTING THE EPA HLW STANDARDS

1. INTRODUCTION

The projected performance of a high-level waste (HLW) repository is inherently
uncertain, reflecting the long time period of concern during which relatively
rare geologic, climatic, and human-initiated disruptions might occur. Thus,
uncertainties will be encountered in implementing the U.S. Environmental
Protection Agency's (EPA's) standards, regardless of the form those standards
might ultimately take.

This paper discusses two classes of uncertainties: regulatory and technical.
Regulatory uncertainty exists where the meaning of a regulatory requirement is
subject to more than one interpretation or where what must be proven to
demonstrate compliance with a requirement is not completely defined in the
requirement itself. Technical uncertainty is related to how compliance with a
requirement should be demonstrated.

Regulatory uncertainties regarding the requirements of EPA's standards and the
U.S. Nuclear Regulatory Commission's (NRC's) implementing regulations are
discussed in the first section of this enclosure. In SECY-88-285 and
SECY-90-207, the staff described in some detail its plans for using rulemakings
and developing guidance to reduce or eliminate regulatory uncertainties. In
this enclosure, examples are presented illustrating the use of rulemakings, by
both EPA and NRC, to reduce or eliminate regulatory uncertainties. The staff's
plans for identifying and dealing with any additional regulatory uncertainties
in the future are also discussed.

Technical uncertainties are discussed in the second section of this enclosure.
Dealing with technical uncertainties is primarily the responsibility of the
U.S. Department of Energy (DOE), especially where reduction of such
uncertainties involves collection of site-specific data or development of new
technology. However, NRC has a preapplication consultation role with respect
to technical uncertainties, as specified in the Nuclear Waste Policy Act.
Accordingly, this enclosure discusses-the staff's review of DOE's site
characterization plans and activities, and development of the staff's
performance-assessment capability. The staff also plans to address technical
uncertainties by developing guidance and, to a limited extent, rulemakings when
a sufficient technical basis has been developed. Development of a methodology
to deal with technical uncertainties is an on-going, iterative process.

Finally, this enclosure presents a discussion of residual uncertainties and the
staff's views on use of expert judgment in NRC's established license-review
process. Despite efforts by EPA, DOE, and NRC to reduce uncertainties,
"residual uncertainties" will remain when a license application is submitted.
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The significance of these uncertainties will need to be addressed in deciding
whether there is reasonable assurance that the EPA standards will be met. In
general, residual uncertainties must be addressed in a judgmental manner. The
staff distinguishes between two types of judgment. The first, "technical
expert judgment," is used to identify and quantify residual uncertainties to
the extent practical, to estimate the effect of those uncertainties on
repository performance, and to assess the effects of unquantifiable
uncertainties on repository performance. The second type of judgment,
"decision-maker judgment," addresses the regulatory significance of residual
uncertainties. In general, the staff anticipates examining uncertainties, using
NRC's established licensing process to consider all available information
presented by the parties in the licensing proceeding, and to scrutinize the
scientific bases underlying the information presented. The staff recognizes
that technical expert judgment will be widely used in a repository performance
assessment, but would not consider it acceptable to substitute such judgment
for analyses, field or experimental data, or other more technically rigorous
information that is reasonably available or obtainable.

2. REGULATORY UNCERTAINTIES

In the context of this paper, "regulatory uncertainties" involve questions
about what must be proven to demonstrate compliance with a requirement, rather
than how the demonstration of compliance is to be made. Regulations may
contain ambiguities or unclear text that would unnecessarily complicate
evaluations of compliance. A key part of the NRC staff's strategy for
implementing EPA's HLW standards is identification of potential regulatory
uncertainties in EPA's standards and in NRC's implementing regulations, and
development of regulatory language or guidance to reduce or eliminate those
uncertainties.

A closely related question involves the content of EPA's standards. The
specific aspects of repository performance addressed by the standards, or the
way the standards are structured, can affect the uncertainties involved in
evaluating compliance and the residual uncertainties that will remain to be
reviewed during licensing. For example, EPA expressed its "containment
requirements" in terms of allowable releases of radioactive material to the
environment, rather than the doses to future humans that might result. This
feature of the standards eliminates a technical uncertainty regarding the
projection of the locations and lifestyles of humans far in the future.
Appendix A to this paper presents a detailed analysis of such features of EPA's
standards and concludes that those features significantly reduce the
uncertainties that would otherwise be involved in evaluating repository
performance. Therefore, for purposes of this paper, the staff assumes that
EPA's standards will remain substantively the same as in 1985, and the
following discussion of regulatory uncertainties is based on EPA's 1985
standards.

2.1 Potential Sources of Regulatory Uncertainty

EPA's 1985 HLW standards (which were remanded in a 1987 Federal court decision)
consist of relatively clearly stated performance standards and an accompanying
description of the level of confidence required when demonstrating compliance
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with the performance standards. Both potential sources of uncertainty are
discussed next.

2.1.1 Performance Standards

EPA's standards establish three criteria for the long-term performance of a
repository. The probabilistic "containment requirements" limit cumulative
releases of radioactive material to the environment for the first 10,000 years
after repository closure. Releases more likely than 1 chance in 10 (over
10,000 years) must not exceed the levels specified in a table of release
limits, whereas releases less likely than 1 chance in 10 may be up to 10 times
larger. Releases less likely than 1 chance in 1000 are not restricted at all,
by the standards. In contrast, EPA's "individual protection requirements" and
"ground-water protection requirements" are stated deterministically. During
the first 1000 years after repository closure, releases resulting from
"undisturbed performance" must not cause a radiation dose to any future
individual that exceeds a specified level, and contamination of certain ground
waters is not allowed to exceed the levels permitted by EPA's drinking-water
standards.

Substantial controversy exists regarding EPA's development of these standards,
with many observers arguing that the containment requirements are overly
stringent. However, the actual text of the standards is relatively clear
regarding the level of performance required of a repository, the time period.
over which the standards apply, and the locations where performance is to be
evaluated. Thus, the NRC staff finds little regulatory uncertainty regarding
the level of performance required of a repository.

2.1.2 Level of Confidence

EPA uses the term "reasonable expectation" to describe the required level of
confidence that the provisions of the standards will be met. EPA contrasts
this term with "reasonable assurance," as used by NRC in its regulation of
nuclear power plants. EPA argues that the long-term performance of a
repository "...cannot be determined to the degree of precision possible for the
man-made components of a nuclear power plant," and that a different test of
judgment is needed for repository licensing. The containment requirements of
EPA's standards include the following language:

Performance assessments need not provide complete assurance that the
requirements . . . will be met. Because of the long time period involved
and the nature of the events and processes of interest, there will
inevitably be substantial uncertainties in projecting disposal system
performance. Proof of the future performance of a disposal system is not
to be had in the ordinary sense of the word in situations that deal with
much shorter time frames. Instead, what is required is a reasonable
expectation, on the basis of the record before the implementing agency,
that compliance . . . will be achieved.

In its previous "conforming amendments," the Commission proposed to use the
existing "reasonable-assurance" test of 10 CFR Part 60, when evaluating
compliance with EPA's standards (see 51 FR 22288, June 19, 1986). The
Commission noted that Part 60 describes the nature of the "reasonable-
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assurance" test, as applied in repository licensing, and explained its view
that the level of confidence associated with the term is the same as that
sought by EPA in its use of the term "reasonable expectation." However, public
comments on the Commission's proposal indicated a perception that EPA's
"reasonable-expectation" concept is a much more lenient test of compliance than
"reasonable assurance," as used in Part 60. EPA's continued use of the term
"reasonable expectation" in recent "working drafts" of the standards reinforces
that perception.

2.2 Dealing with Regulatory Uncertainties

The NRC staff's strategy for implementing EPA's HLW standards includes
development of regulatory language or guidance to reduce or eliminate
uncertainties. Three types of documents may serve as the vehicles for dealing
with uncertainties: (1) EPA's standards and accompanying guidance, (2) NRC's
implementing regulations, and (3) NRC staff guidance, including the staff's
"License Application Review Plan." Each of these is discussed below.

2.2.1 EPA Standards

Appendix A to this enclosure presents a detailed analysis of EPA's HLW
standards, including a comparison with the recommendations of the International
Commission on Radiological Protection. In the appendix, the staff notes that
several features of EPA's HLW standards are intended to reduce or eliminate
uncertainties that would be associated with potential alternative standards.
For example, EPA's "containment requirements" are expressed in terms of the
quantity of radioactive material permitted to be released to the environment,
eliminating potential technical uncertainties related to calculation of dose to
individuals through many pathways. Similarly, releases must be projected only
for the first 10,000 years after repository closure, eliminating uncertainties
about the very long-term geologic and climatic changes that might occur. The
staff has long supported these features of EPA's standards and is working with
EPA to find other areas where modifications of EPA's standards or implementing
guidance could reduce or eliminate uncertainties. Two possibilities have been
identified.

2.2.1.1 Probabilistic Format

The NRC staff believes that some type of probabilistic formulation is needed
for EPA's standards in order to accommodate the large uncertainties in
potential geologic evolution, climate change, and human activities. At the
same time, the staff is sensitive to the difficulties that would be associated
with the numerical probability estimates required by the current (1985) EPA
standards. The 1985 standards require relatively precise probability estimates
for rare geologic events, for highly uncertain future climate changes, and for
purely speculative human-intrusion disruptions of a repository's performance.
As an alternative, the NRC staff has suggested language for the containment
requirements that would retain essentially the same level of safety sought by
EPA, but would eliminate the need for precise numerical predictions of the
probabilities of unlikely processes and events. If EPA were to adopt the
staff's suggestion, less precision would be needed for estimates of the
probabilities of unlikely phenomena, and uncertainties regarding implementation
of the standards would be correspondingly reduced. The staff's alternative is
discussed in detail in Appendix A to this enclosure.
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2.2.1.2 Level of Confidence

As noted above, EPA uses the term "reasonable expectation" to describe the
required level of confidence that the provisions of its standards will be met.
EPA contrasts its term with "reasonable assurance," as used by NRC in
regulation of nuclear power plants. The NRC staff agrees that a licensing
evaluation involves different considerations for a repository than for a
nuclear power plant. In fact, some of those considerations, including the long
times of concern and the associated large uncertainties, are discussed in 10
CFR Part 60. The staff remains convinced that there is no difference between
the level of confidence associated with "reasonable assurance" in Part 60 and
that sought by EPA in its use of "reasonable expectation." Accordingly, the
staff will urge EPA to eliminate any suggestion that "reasonable assurance," as
used in Part 60, is an inappropriate test of compliance with EPA's standards.

2.2.2 NRC Implementing Regulations

NRC's HLW repository regulations, Part 60, implement the multiple-barrier
concept of the Nuclear Waste Policy Act and EPA's standards, by specifying
subsystem performance objectives and more detailed criteria that must be met by
the components of a repository system. The staff has two efforts planned or
underway to identify and deal with regulatory uncertainties in implementing
EPA's standards.

The first staff effort, referred to as "Systematic Regulatory Analysis" (SRA),
was initiated in 1988. The staff commissioned a major effort by its
contractor, the Center for Nuclear Waste Regulatory Analyses (CNWRA), to
conduct a systems-engineering analysis of NRC's HLW program. One of CNWRA's
activities, the SRA, is to work with the staff to systematically identify
regulatory, technical, and institutional uncertainties involved in repository
licensing, and to propose ways to reduce or avoid those uncertainties. An SRA
of EPA's HLW standards and of the relationship between those standards and
Part 60 has been initiated, but cannot be completed until EPA's standards
have been promulgated.

The second staff effort is referred to as the "conforming amendments." After
promulgation of EPA's standards, the staff will propose incorporation of the
substantive provisions of the standards into Part 60. At the same time,
amendments to Part 60 will be proposed to ensure consistent terminology and to
reduce or eliminate potential uncertainties in evaluating compliance with the
standards. For example, Part 60 now constrains the range of conditions within
which potential human intrusion into a repository will be considered. Similar
constraints on other aspects of a repository safety analysis will be sought by
the staff and proposed for incorporation into Part 60.

The staff anticipates that one of the uncertainties to be addressed in the
conforming amendments may be the meaning of "reasonable assurance" in
Part 60 and its relation to EPA's standards.

2.2.3 Staff Guidance Documents

SECY-88-285 and SECY-90-207 described the staff's strategy for reducing
regulatory uncertainty through rulemakings and staff-guidance documents. These
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papers listed staff positions already completed, as well as the staff's plans
for additional efforts. Although, many of the subjects discussed in SECY-88-285
and SECY-90-207 do not deal explicitly with implementing EPA's standards, they
illustrate the techniques the staff is pursuing to reduce uncertainties.

Two staff-guidance documents, a license-application format and content guide
and a license application review plan (LARP), will be particularly important
for reviewing DOE's license application and prelicense application reports,
including Site Characterization Plan (SCP) progress reports, study plans,
advanced conceptual designs, technical reports, topical reports, and issue-
resolution reports. The LARP would be analogous to the standard review plans
used for nuclear power-plant licensing, and would be developed using output
from the SRA process.

3. TECHNICAL UNCERTAINTIES

EPA's HLW standards (or any other standards that might be used to evaluate
repository safety) require projections of the performance of a repository far
into the future. It is inevitable that such projections will be highly
uncertain, whatever form the EPA standards may take. The nature of the
activity -- forecasting geologic evolution, climate change, and human
activities for thousands of years -- ensures it. Questions about how to
project repository performance are referred to in this paper as "technical
uncertainties." The following discussion first describes the different
potential sources of technical uncertainties involved in projecting repository
performance, and then discusses methods available or under development for
reducing or eliminating those uncertainties.

3.1 Potential Sources of Technical Uncertainty

Uncertainties in our understanding of a repository system can be generally
categorized as: (1) "data uncertainty," defined here as uncertainty in our
knowledge of the state of the system at the time of repository closure; (2)
"future-states uncertainty," reflecting our imperfect ability to predict the
future states of the environment within which the repository will exist; and
(3) "model uncertainty" -- uncertainty in our ability to forecast the
performance of a repository within its environment. Each potential source of
uncertainty is discussed next.

3.1.1 Data Uncertainty

The most fundamental source of uncertainty in a repository performance
assessment involves our knowledge of the existing state of the system.
Uncertainties in our knowledge of the existing system limit our ability to
develop the analytical techniques necessary to project repository performance
far into the future.

Many features of a repository system can be measured directly in situ or in a
laboratory (e.g., ground-water levels or corrosion rates) or can be inferred
from direct measurements (e.g., hydraulic conductivity). However, there are
both spatial and temporal limitations to our ability to characterize a
repository system fully. Many site-exploration techniques disrupt the site and
potentially reduce its ability to isolate waste. Therefore, these techniques
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must be used sparingly. Similarly, the time available for testing is limited
to a few decades, requiring uncertain extrapolations of measured information
over the regulatory period of interest (currently proposed by EPA to be 10,000
years). Finally, even when measurements are possible, there may be significant
uncertainties associated with the applicability of test methods, potential
instrument errors, and procedural errors.

When direct measurements of repository characteristics are not possible, the
geologic record of a repository site and analogies with similar geologic
structures elsewhere may provide information about characteristics of the
system, such as the rates of active tectonic processes and the likelihood of
potentially disruptive events. The usefulness of such sources of information
will depend on the completeness of the geologic record or on the closeness of
the analogy with another location, but will inevitably be a source of
uncertainty.

3.1.2 Future-States Uncertainty

Another source of uncertainty in a repository performance assessment involves
describing the possible future states of the environment within which the
repository system will exist. The repository environment may remain
essentially unchanged, or the repository may be subject to various pertur-
bations, such as tectonic activity or climatic change. Because of the length
of the regulatory period of interest, it will be impossible to identify all
potential phenomena, such as those involving human activities, that might
affect repository performance. Also, the wide variation in conceivable future
conditions will make it impossible to analyze all potential perturbations of a
repository system. Therefore, it will be necessary to define a representative
range of conditions as an approximation to be used in a performance assessment.
For example, a single type of drilling event might be sufficiently repre-
sentative to bound other types of human intrusion into a repository. Both the
inability to forecast precisely the future of the site and the need to limit
the scope of the analysis to a manageable degree will be sources of
uncertainties in the results of the analysis.

In any type of repository-safety analysis, it would be necessary to evaluate,
at least crudely, the likelihood of the potentially disruptive phenomena that
have been identified. However, EPA's standards require some precision in the
estimation of probabilities of occurrence of disruptive phenomena. A technical
uncertainty exists regarding acceptable means to be used to produce the
required probability estimates, and has been the cause of past concerns about
the workability of the standards, as discussed extensively here and in
SECY-89-319.

3.1.3 Model Uncertainty

A mathematical model is an abstraction of a real system. As such, there are
three sources of uncertainty -- the conceptual description of the system, the
mathematical approximation of that conceptual model, and implementation of the
mathematical model in a computer program.

A conceptual model describes the assumed physical and/or chemical processes
taking place in the system, the variables, parameters, and boundary conditions
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chosen to represent those processes, and the spatial and temporal scales of the
assumed processes. Simplifications are made, as necessary, to permit
development of a mathematical model of the system that provides a reasonable
approximation of actual system performance without being so detailed as to be
unworkable. For example, the tuff at the Yucca Mountain site is known to be
highly fractured, but it would not be feasible to develop a mathematical model
that simulates groundwater flow through each of the thousands of individual
fractures. Instead, a conceptual model needs to be developed that describes
flow through the bulk rock, and does so in a way that provides a reasonable
description of the effects of fractures. Development of such a conceptual
model represents a significant source of uncertainty, as does development of
the mathematical description of that conceptual model. Implementation of the
mathematical model in a computer program should be a less significant source of
model uncertainty with the observance of good quality-assurance practices.

3.2 Dealing with Technical Uncertainties

As the applicant for a repository license, DOE has the primary responsibility
to identify, characterize, and reduce uncertainties in projected repository
performance. Two principal activities will be pursued by DOE -- site
characterization and iterative performance assessment. (Performance
assessments will allow DOE to identify key areas of uncertainty to be studied
during subsequent site characterization activities.) NRC's role in site
characterization is one of consultation, consistent with the provisions of the
Nuclear Waste Policy Act. To help evaluate the sufficiency of site character-
ization, the NRC staff is developing a performance assessment capability. The
information developed through site characterization and performance assessments
may allow NRC to reduce technical uncertainties through guidance or, less
frequently, through rulemaking.* Both site characterization and performance
assessment are discussed next.

3.2.1 Site Characterization

Site characterization, including laboratory and field testing, is the
principal method to reduce data uncertainty. Site characterization can
also help to reduce future state and model uncertainty by providing information
about the physical and chemical processes occurring at and near the site.
However, site characterization can be expensive and time-consuming, and the
desire to avoid disrupting the repository site and the limited time available
for testing place practical limits on the amount of information that can be
acquired. Therefore, it is important that a plan be developed to acquire
essential information, while minimizing potential disruptions to the site,
delays in the schedule for repository development, and development costs. The
NRC staff will work iteratively with DOE to ensure that essential information
is acquired. The staff's methods will include review of DOE's SCP, the

*Guidance and rulemaking are methods to address technical uncertainties prior
to a licensing review. The need to address those uncertainties during a
licensing review is reduced by addressing them earlier during the rulemaking or
guidance development process.
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periodic updates to the SCP, DOE's performance assessments for the facility,
and the staff's own performance assessments.

The staff has reviewed DOE's SCP for the Yucca Mountain site and provided
comments to DOE on the plan (see NUREG-1347, "NRC Staff Site Characterization
Analysis . . .," August 1989). As site characterization proceeds, DOE will
submit periodic progress reports and updates of the SCP to the staff, for review
and comment. The staff will continue to encourage DOE to evaluate its site-
characterization results periodically and to update its characterization plans,
using performance assessments that include uncertainty and sensitivity
analyses.

3.2.2 Iterative Performance Assessments

The NRC staff has encouraged DOE to periodically assess the projected
performance of a repository during the site-characterization process. Such
performance assessments would provide an opportunity to evaluate the adequacy
of current information about the facility and to update SCPs so that studies
are focused on the most important areas of uncertainty in projected
performance. In addition to reviewing the results of DOE's performance
assessments, the NRC staff intends to develop an independent performance-
assessment capability for use in reviewing DOE's SCPs and, ultimately, DOE's
license application.

Approximately 15 years ago, both DOE and the NRC staff initiated development of
assessment capabilities for evaluating the performance of a proposed HLW
repository. Since repository performance is inherently uncertain, these
programs set out to adapt the concepts and techniques of probabilistic risk
analysis. The goal of a performance assessment is not to produce a single
estimate of how a repository will perform. Rather, the goal is to determine
the range of performance levels that might occur and, to the extent practical,
to estimate the likelihood of each level of performance within that range.

Much of the staff's development to date was completed by Sandia National
Laboratories and is summarized in NUREG/CR-5256, "Components of an Overall
Performance Assessment Methodology," dated February 1990. The methodology
that Sandia developed includes a procedure for scenario identification and
screening; an uncertainty-analysis technique (the Latin Hypercube variation of
Monte Carlo analysis); a regression-analysis methodology for sensitivity
analysis; models of ground-water travel and contaminant transport in salt,
basalt, and tuff; and models for environmental transport, dosimetry, and
health-effects projections. Sandia also evaluated methods for developing
probability estimates for disruptive processes and events, and techniques for
incorporating expert judgment into a performance assessment.

The staff and its current contractor, CNWRA, are continuing development of a
performance-assessment capability, including uncertainty and sensitivity
analysis techniques that can be used to quantify residual technical
uncertainties and evaluate their significance. The staff plans to conduct
iterative performance assessments of the Yucca Mountain site, with each
iteration incorporating new data and improvements in assessment capabilities.
The staff recently completed its first iteration, and is now initiating the
second phase of its analyses. Areas of particular interest for the second
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iteration include scenario development, probability estimation, unsaturated
ground-water flow, and gaseous transport of C-14.

3.2.3 Staff-Guidance Documents

As discussed in section 2.2.3, two general staff-guidance documents,
a license-application format and content guide and an LARP will be developed.
These guides are expected to address technical as well as regulatory
uncertainties. More specific staff guidance on individual areas of technical
uncertainty have been, and will continue to be, developed, as the need for such
guidance arises.

4. TREATMENT OF RESIDUAL UNCERTAINTIES

Despite efforts by EPA, DOE and NRC to reduce uncertainties, there will be
"residual uncertainties" regarding data, models, and future states of the
repository. The significance of these uncertainties will need to be addressed
in deciding whether there is reasonable assurance that the EPA standards will
be met. Judgment will be the principal means for addressing residual
uncertainties, and two distinct types of judgment will be needed.

First, "technical-expert judgment," is needed to quantify residual technical
uncertainties to the extent practical, to estimate the effect of those
uncertainties on overall repository-performance, and to assess the effects of
unquantifiable uncertainties on repository performance.

A second type of judgment, referred to here as "decision-maker judgment," is
needed to address the regulatory significance of residual uncertainties. The
decision-makers (the licensing board and the Commission) must evaluate whether
the residual uncertainties in a repository performance assessment are
sufficiently unimportant that there is a "reasonable assurance" of compliance
with the EPA standards. (Of course, all parties to the proceeding, as well as
the decision-maker, will need to apply such judgment in arriving at their
respective positions as to whether the requirements have been met.)

4.1 Technical-Expert Judgment

Nearly every aspect of repository development and performance assessment
involves the type of uncertainties that must be addressed by the judgment of
technical experts. These uncertainties include, for example, evaluating the
validity of a particular conceptual model of the site, assessing the
appropriateness of a proposed test method, and interpreting test results. The
judgment may be provided by a DOE employee or contractor, or by one or more
outside experts in a technical field, and may range from an informal estimate
to a well-documented estimate produced through a formal elicitation process.

Two recent NRC contractor reports* discuss procedures for obtaining expert
judgment in a formal, structured, well-documented manner. A formal elicitation

*M.A. Meyer and J.M. Booker, "Eliciting and Analyzing Expert Judgment -- A
Practical Guide," NUREG/CR-5424, 1990, and E.J. Bonano, et al., "Elicitation
and Use of Expert Judgment in Performance Assessment for High-Level Radioactive
Waste Repositories," NUREG/CR-5411, 1990.
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process typically consists of four steps: (1) identification of issues or
information needs; (2) selection of experts; (3) training; and (4) the actual
elicitation. Training educates experts about possible biases in their
judgments and about ways to avoid those biases. The actual elicitation
procedures used vary widely, but a common goal is to break ("decompose") a
difficult question into a number of logically related questions that are easier
to answer. Both the logic of the decomposition and the answers to the simpler
questions help document the basis for the expert's response to the more
difficult question. The staff believes that formal elicitation procedures can
help to ensure that judgments are well-documented and that the technical
reasoning used to reach a judgment is openly displayed for review. Formal
procedures may also help groups of experts resolve differences in estimates by
providing a common measurement scale and a common vocabulary for expressing
their judgments. The staff is concerned, however, about possible misuse of
expert judgment. The following cautionary statement from NUREG/CR-5411
expresses the staff's reservations well.

"The formal use of expert judgment in performance assessment is a
complement, rather than a substitute, for other sources of scientific and
technical information, such as data collection, and experimentation.

Expert judgments should not be considered equivalent to technical
calculations based on universally accepted scientific laws or to the
availability of extensive data on precisely the quantities of interest.
Expert judgments are perhaps most useful when they are made explicit for
problems in which site data are lacking, since they express both what the
experts know and do not know."

The staff recognizes that expert judgment will be widely used in a repository
performance assessment, but would not consider it acceptable to substitute
expert judgment for analyses, field or experimental data, or other more
technically rigorous information that is reasonably available or obtainable.
Expert judgment should be substituted for "hard data" only when it is
impractical to obtain such information or when "hard data" would be of little
value in resolving an uncertainty. When expert judgment is used, it must be
supported by a clear underpinning of facts and logic, and it must be presented
by the expert in a manner that allows rigorous cross-examination.

4.2 Decision-Maker Judgment

The technical-expert judgment discussed previously is concerned only with
estimating future repository performance. As noted, such estimates will be
inherently uncertain, and decision-makers must exercise their judgment in
evaluating whether there is reasonable assurance that the release limits of
EPA's standards will be met, given that uncertainty.

Two aspects of decision-maker judgment are of particular importance in
determining compliance with the EPA standards, and are discussed below: (1)
the need to choose among conflicting technical expert judgments presented by
the different parties to a licensing review, and (2) the need to address
limitations in scientific understanding of repository behavior (i.e., residual
model and future-states uncertainties).
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4.2.1 Conflicting.Expert Opinion

The staff anticipates that its analysis of conflicting judgments will be
carried out by examining the technical basis (i.e., the data, assumptions, and
reasoning) for each judgment and the effects of each judgment on overall
repository performance. In some cases, one judgment may be more plausible than
the others because of its underlying scientific basis and/or general acceptance
within the scientific community. In such cases, the staff will accept that
judgment. In other cases, it might not be possible to identify a more
plausible alternative, but the most "conservative" reasonable estimate (the
estimate leading to the largest releases) can nevertheless be shown to result
in releases no greater than the limits of EPA's standards. In those cases, the
staff would accept the conservative estimate.

The more troubling situation would occur when it is not clear which judgment is
more plausible, and when the most conservative reasonable estimate indicates
unacceptable repository performance. In such cases, the theories of decision
analysis suggest that some type of weighted average (mean, median, or other) of
all available estimates be used. The staff would generally question such an
approach, particularly where there is a potential for the applicant to resolve
matters through additional scientific investigations. Suppose, for example,
that two mutually exclusive models of a physical process (e.g., volcanic
activity) exist for a particular repository site, with one model indicating
compliance with EPA's release limits and the other indicating non-compliance.
In the staff's view, a weighted average of the release estimates for the two
models would be meaningless. If it is not possible to determine that one model
is more plausible, and if the more conservative of the models indicates clearly
unacceptable performance, the staff would tend to oppose the issuance of a
construction authorization.

Notwithstanding the discussion of the preceding paragraph, the staff recognizes
that there may be cases (e.g., estimates of parameter values) where combining
expert judgments may produce information that is more meaningful than a single
judgment (e.g., by indicating the range of uncertainty in the parameter).
However, as noted, the staff will view combined judgments skeptically, and
would consider them only if accompanied by a demonstration that combining
judgments produces information that would not be obtainable by other means.

4.2.2 Residual Model and Future-States Uncertainty

After all reasonable efforts to reduce uncertainty have been made, there will
remain uncertainty about whether unidentified processes or future states will
have a significant effect on repository performance. Decision-maker judgment
will need to address whether these residual uncertainties are sufficiently
well-bounded to find, with reasonable assurance, that the EPA standards will be
met. Such judgment will certainly be applied when reviewing DOE's license
application. However, it might be possible to exercise such judgment earlier
in the licensing process through rulemaking. For example, the Commission could
specify, by rule, that a particular set of potentially disruptive processes and
events is sufficiently complete and that no other processes or events need be
evaluated. This contingency for a potential "implementing-amendments"
rulemaking is what the staff considered in SECY-90-207.
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Model uncertainty is normally addressed by model validation, a comparison of
model results with empirical information over the domain of application of the
model. Because the domain of interest includes tens of cubic kilometers for
10,000 years, literal application of this process will not be possible for a
repository. This situation was foreseen in 10 CFR 60.101(a)(2), where
recognition is given to the fact that proof of performance is not to be had in
the ordinary sense of the word, that what is required is a reasonable assurance
that performance will conform to the objectives and criteria of 10 CFR Part 60,
and that demonstrations of compliance with the performance objectives
will involve the use of data from accelerated tests and predictive models that
are supported by such measures as field and laboratory tests, monitoring data
and natural analogue studies." The staff considers that it may be possible to
establish criteria for model validation that would be consistent with 10 CFR
60.101(a)(2). This possibility will be addressed through the SRA.

A similar situation exists regarding future-states uncertainty. It will not be
possible to prove that all possible future states have been identified and
considered in estimating repository performance. Normally, the source of
confidence that significant, unforeseen, perturbations to a system are unlikely
is a combination of systematic consideration of possible perturbing states
(e.g., fault-tree analysis) and direct experience with the system in question.
For a repository, there will be no direct experience; however, the waste
programs of several nations are confronting this same problem. The Nuclear
Energy Agency has plans to catalogue potential future states independently
identified by participating nations. When this catalogue is sufficiently
mature, it may be possible, through rulemaking, to establish a dispositive list
of future states to be considered in a repository performance assessment.

5. CONCLUSIONS

The staff's general regulatory strategy was described in SECY-88-285, dated
October 21, 1988, and was updated in 1990 as SECY-90-207. Those papers
described: (1) the existing regulatory framework for repository licensing; (2)
approaches for identifying uncertainties in the framework; and (3) a strategy
and schedules for reducing uncertainties by using a mix of rulemakings,
technical positions, and regulatory guides. Both papers discussed general
uncertainties associated with repository licensing, but did not examine the
specific uncertainties involved in implementing EPA's HLW standards. As part
of its future development work, the staff, working with CNWRA, will conduct an
SRA of the NRC's HLW regulations in 10 CFR Part 60 and of the EPA HLW
standards.

Within this context, the staff has also developed a more specific strategy for
addressing the uncertainties associated with EPA's HLW standards. This
strategy consists of:

(1) identifying potential regulatory uncertainties in EPA's standards or
in NRC's implementing regulations, and developing regulatory language or
guidance to reduce or eliminate those uncertainties;
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(2) identifying technical uncertainties, that must be evaluated during
repository licensing, regardless of the form the EPA standards might
ultimately take, and encouraging DOE to develop methods to characterize
those uncertainties, evaluate their significance, and reduce them to the
extent practical; and

(3) evaluating the "residual uncertainties" associated with a license
application, using the NRC's established license review process.

Significant uncertainties are associated with EPA's HLW standards. This
enclosure describes the staff's current views on dealing with those
uncertainties, whatever the final form of EPA's standards might be. Although
the details of a "methodology for characterizing and propagating the
uncertainties" have not yet been agreed upon, the staff considers that the
approaches discussed in this enclosure will lead to agreement and will reduce
uncertainties sufficiently to allow successful use of the methodology in a
licensing review.
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APPENDIX A
ANALYSIS OF EPA'S HLW STANDARDS

1. INTRODUCTION

This-Appendix discusses several potential uncertainties associated with the
1985 high-level radioactive waste (HLW) standards of the U.S. Environmental
Protection Agency (EPA), alternatives to EPA's standards, and efforts by EPA to
reduce or eliminate potential regulatory uncertainties.

The principal feature of EPA's HLW standards was a probabilistic limit on
cumulative releases of radioactive materials to the environment during the
first 10,000 years after disposal. EPA's standards also contained limits on
potential dose rates to future individuals, but those limits applied only for
the first 1000 years after disposal, and only for conditions involving no
disruption of a repository.

The most widely recognized alternative to EPA's standards is the guidance for
waste disposal (Publication 46) developed by the International Commission on
Radiological Protection (ICRP). In developing this guidance, the ICRP
recognized the need for modification of existing guidance on radiation
protection. In Publication 46, the ICRP considered many of the same issues
that EPA addressed in developing its HLW standards, especially the need for
standards for low-probability, high-consequence release scenarios. The
following discussion summarizes some of the major features of EPA's 1985
standards, describes possible alternatives to those standards, and provides a
comparison with equivalent recommendations of ICRP Publication 46.*

2. RELEASE LIMITS

EPA's containment requirements are expressed in terms of allowable releases- of
radioactive materials from a repository. EPA's release limits were derived
from a health-effects goal, using a generic biosphere model with world-average
characteristics. An alternative format would explicitly limit the doses (or
health risks) that might result from those releases. For example, the
recommendations of ICRP Publication 46 include application of ICRP's basic dose
limits for expected releases, as well as limits on projected health risks for
releases that are not likely to occur.

The advantage of the release-limit format is that it provides a usable measure
of repository performance while significantly simplifying demonstrations of
compliance. Regardless of the form of the standards, a major part of an
analysis of compliance will consist of evaluating the ability of the repository
barriers to reduce releases of radioactive material to the environment. If the
standards place limits on releases, the evaluation is complete at that point.

*The Advisory Committee on Nuclear Waste (ACNW) endorsed the individual-dose
and risk-limit concepts that the ICRP recommended in a letter from D. Moeller
to Chairman Carr, dated January 29, 1991.
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If, however, the standards limit doses or health effects, an additional
evaluation is needed to estimate the environmental transport and human uptake
of the released material. Over the long time period of concern in repository
licensing (10,000 years), the parameters involved in dose or health effects
estimates can be highly uncertain. For example, the locations where people
might live, their dietary habits, the amount of their food obtained locally,
and even metabolic characteristics could change, as they have in the past.
Elimination of such speculative parameters from a licensing review would be
beneficial in terms of reaching a timely licensing decision that adequately
protects public health and safety.

One disadvantage of the release-limit format is that it is difficult to compare
such a standard with other radiological impacts (e.g., background radiation) or
other radiation protection standards. Another disadvantage is that the actual
number of health effects to be expected for a repository will probably vary
from EPA's goal, since few actual repository sites will conform to the
world-average biosphere model used by EPA to derive the release limits.

A standard expressed directly in terms of doses or health effects would have
the advantage of facilitating comparison with other radiological impacts and
radiation-protection standards. Another advantage is that such a standard
would directly limit the potential doses or health risks of concern at a
specific site. As noted above, a release-limit standard might allow the actual
public-health risk from a repository to vary from EPA's goal if the
characteristics of the biosphere surrounding the repository are significantly
different from the generic biosphere used by EPA to derive its release limits.

An intermediate alternative would be to express the standards in terms of doses
or health effects and to specify, by rule, the assumptions to be made in
projecting the doses or health effects associated with releases of radioactive
materials to the environment. For example, either EPA or the Commission could
specify a "static biosphere," in which current population locations, lifestyles,
and metabolic characteristics would be assumed to remain unchanged for the
indefinite future. However, such an approach would merely substitute an
assumption that present site-specific biosphere conditions are representative
of the future in place of the EPA assumption that current world-wide averages
are an adequate representation. While this approach would eliminate potential
uncertainties, the staff is not convinced that such a specification would be
any more accurate than EPA's world-average model. Thus, the staff continues to
favor retention of the release-limit format of EPA's standards.

The U.S. Nuclear Regulatory Commission (NRC) staff has long supported EPA's
release-limit format for the standards, because it would eliminate many
potentially contentious issues from a licensing review. The staff continues to
believe that the implementation advantages of the release-limit format far
outweigh the disadvantages.

3. POPULATION-IMPACTS BASIS

EPA's standards emphasize protection of populations by imposing "containment
requirements" that limit the cumulative amount of radioactive material released
over 10,000 years. The cumulative release limits correspond to EPA's
population-impacts goal of 1000 premature cancer deaths for a 100,000 metric
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tonne (MTHM) repository. Additional, limited protection of individuals is
provided for "undisturbed performance" during the first 1000 years. Thus,
while the population is protected for most of the circumstances and time period
of concern, radiation doses to particular individuals could be either very high
or very low, depending on specific circumstances. The alternative to EPA's
cumulative release limits, as recommended in ICRP Publication 46, would be
limits that emphasize protection of individuals rather than populations.

EPA's decision to base its standards on population impacts rather than on
protection of individuals was EPA's most significant departure from the
traditional concepts of radiation protection, from the recommendations of
international advisory groups, and from the practices of other nations. All
national and international criteria and guidance of which the staff is aware
use protection of individuals as the primary safety criteria. Evaluation of
population impacts is generally required to determine whether such impacts are
"as low as is reasonably achievable (ALARA)," but not as a primary measure of
facility acceptability. EPA argued that compliance with limits corresponding
to protection of individuals might be very difficult to demonstrate and that
cumulative release limits would be more practical.* It was also noted that
standards based on protection of individuals might encourage selection of
disposal sites where any release of wastes would be substantially diluted, even
if such sites offered less than optimal containment of wastes.

Recently, the ACNW commented on the population-impacts basis underlying EPA's
standards.** ACNW stated, in part:

The projection of collective dose estimates far into the future (as is
necessary to comply with the high-level radioactive waste repository
standards as proposed by EPA) is extremely difficult. Factors that
complicate such estimates include errors in predictions of regional and
global population demographics (size and location) and of potential
radionuclide pathways (groundwater flow and agricultural practices). In
contrast, long-range projections of the locations and living habits of
individuals who may reside near a repository are relatively
straightforward, and estimates of their potential doses can be made with
greater certainty.

The staff agrees that long-term projections of collective doses are extremely
difficult. As discussed in Section 2 above, a fundamental feature of EPA's
standards is the use of limits on the amounts of radioactive material released
to the environment. This feature of the standards eliminates the need for
difficult dose calculations, and has long been supported by the staff.
Nevertheless, ACNW's comment raises a valid question -- would EPA's derivation
of the release limits have been more technically rigorous if those release
limits had been based on protection of individuals rather than populations?
ACNW argues (see Appendix B) that, when monitoring releases from operating

* 50 FR 38077, dated September 19, 1985.
** January 29, 1991, letter from Dade W. Moeller to Chairman Carr.
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facilities, collective doses are more difficult to estimate than are individual
doses. The staff agrees. However, when projecting hypothetical impacts far
into the future, the staff is not convinced that there is a significant
difference between release limits based on individual protection versus release
limits derived from a population-protection goal. The following discussion
examines four measures of repository performance that could have been used by
EPA in developing its standards.

3.1 Maximum Individual Dose

Many existing radiation-protection standards, including EPA's environmental
standards for the uranium fuel cycle, limit radiation doses received by the
maximally exposed individual. An estimate of the maximum individual dose
begins with a projection of the location, timing, and rate of release of
radioactive material to the human environment. For most releases, the
concentration of released material must also be projected. Then, potential
pathways of exposure (e.g., drinking water and food chains) must be defined.
Finally, the usage rates (e.g., drinking water and food consumption) of the
maximally exposed individual must be defined.

Estimation of the maximum individual dose is strongly dependent on the rate of
release of radioactive material to the environment, since the rate of release
will largely determine the concentrations of radioactive material ultimately
reaching an individual. The relative timing of releases of different
radlonuclides will also be important, since simultaneous release of two or more
radionuclides will cause higher doses than would sequential releases. Finally,
the estimated doses will depend strongly on whether the location and
characteristics of the exposed individual are taken to be projections of
current demographics and lifestyles or are defined in a manner that maximizes
the doses that reasonably could be hypothesized to occur in the future.

3.2 Average Critical Group Dose

The fundamental radiation protection recommendations of the ICRP now include
the concept of the "critical group," (i.e., those who are expected to receive
the greatest exposure). The ICRP recommends that its dose limits be applied to
the average dose within the critical group, rather than to the maximally exposed
individual. Application of the ICRP concept would require essentially the same
information as the maximum individual-dose standard discussed above. However,
it would also be necessary to define the critical group in terms of size,
location, and usage rates for the potential pathways of exposure, and to
determine the average dose expected within this group.

3.3 Summation Collective Dose

The most obvious way to estimate the collective dose associated with a
repository is to determine the individual dose anticipated for each person
exposed to releases from the facility, and then to sum those individual doses.
Estimation of the collective dose in this way requires fairly detailed
demographic information about the population exposed to a release, including
the number of individuals exposed, their locations, and the usage rates for
each person for each pathway of exposure. As a practical matter, a truncation
of the summation of individual doses may be necessary, either as a function of
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distance from the facility or at some de-minimis or "negligible risk"
individual dose rate. Some radiation-protection experts extend the
"negligible-risk" concept to conclude that truncation is necessary, as a matter
of principle, arguing that collective doses composed of very small individual
doses are meaningless for regulatory purposes. For example, EPA's release
limit for carbon-14 was based on a world-wide collective dose estimate in which
each individual dose is only a tiny fraction of natural background radiation
levels. However, there is no consensus within the radiation protection
community regarding truncation, as illustrated by the directly contradictory
advise offered by radiation protection advisory organizations.

The National Council on Radiation Protection and Measurements (NCRP), in its
1987 recommendations (Report No. 91), recommends truncation of collective dose
estimates for individual dose contributions below 1 mrem/yr, arguing that such
dose rates represent a "negligible individual risk level." The NCRP describes
this risk level as "...trivial compared to the risk of fatality associated with
ordinary, normal societal activities," and recommends that such risks "be
dismissed from consideration." In contrast, the 1990 recommendations of the
ICRP state that "The Commission does not recommend the use of this technique"
(Publication 60, Paragraph 293). Instead, the ICRP recommends truncation in
only two situations: "when the subsequent [individual dose] contributions are
common to all alternatives or it is no longer possible to distinguish between
options" (Publication 55, Paragraph 149). Perhaps the most practical course of
action would be similar to that of NUREG-1150 where collective doses were
estimated both within a 50-mile radius of a facility and to the entire regional
site population. Differences in the two estimates generally were not
substantial. As discussed below, the method used by EPA in deriving its
standards did not involve any truncation of individual doses.

Collective dose estimates are not as sensitive as individual dose estimates to
the location, timing, and rate of release of radioactive materials to the
environment. For example, the sequential release of two radionuclides will
produce essentially the same collective dose as simultaneous release of those
nuclides, even though individual doses might differ significantly. Therefore,
although collective dose estimates require more detailed estimates of biosphere
characteristics, there is an offsetting reduction in the needed precision of
release estimates derived from geosphere and engineered barrier analyses.

3.4 Collective Dose by EPA's Method

The collective dose estimates used by EPA to develop its high-level waste
standards were not produced by summing individual dose estimates. Instead, EPA
defined a "world-average" biosphere model, with specified fractions of released
radioactive material entering each exqosure pathway of the model.* For
example, EPA estimated that 1.3 X 10 of the world-wide river flow is consumed
as drinking water, and EPA assumed that the same fraction would apply to
releases of radioactive material to a river near a repository. Thus, EPA
assumed that the release of one curie of any radionuclide results in
consumption of 1.3 X 10 4 curies via drinking water, without regard to whether
that activity is consumed by a small or a large number of individuals. Similar

EPA, "Environmental Pathway Models for Estimating Population Health
Effects . . .," EPA 520/5-85-026.
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assumptions were made for other exposure pathways, allowing EPA to estimate
collective doses without first calculating individual doses.

EPA's method is quite attractive for the generic rulemaking purpose to which it
was applied by EPA. This method does not require identification of a "critical
group," or any other site-specific demographic information. EPA's method is
also relatively insensitive to the location, timing and rate of releases.
Thus, the performance of the engineered and geologic barriers of a repository
need not be estimated with the same precision as would be required for
standards based on protection of individuals.

A disadvantage of EPA's method is the lack of any truncation of the
contributions to the collective dose estimate, either with distance or at a
negligible individual dose rate. This makes it difficult to compare EPA's
impact estimates to other risk estimates, where some kind of truncation may
have been used. EPA's method will also be seen by many as inappropriate for a
site-specific evaluation of collective doses. However, given the very large
uncertainties in projections of the sizes, locations, and lifestyles of future
populations, EPA's assumption of world-average characteristics might be as good
as any other.

3.5 Overall Evaluation

Any of the four measures of repository performance discussed above could have
been used by EPA in deriving its HLW standards. Individual dose estimates do
not require extensive demographic projections of the populations affected by
potential releases, but do require relatively precise estimates of the nature
of projected releases, including the location, timing, and rate of release. In
contrast, population dose estimates do require demographic projections, but are
less sensitive to uncertainties in the nature of the release. Given the
sizeable uncertainties in projections of either individual or population doses,
EPA's "world-average" biosphere model appears to be a workable approach for
deriving generic release standards for HLW disposal.

The principal advantage of EPA's cumulative release limits, as contrasted with
release rate or concentration limits derived from an individual protection
goal, is that such limits encourage isolation, rather than dilution, of wastes.
A significant disadvantage of EPA's cumulative release limits is inconsistency
with more commonly applied radiation protection standards, which emphasize
protection of individuals. Another disadvantage may be that EPA's cumulative
release limits do not recognize any de-minimis level of radiation exposure.
Thus, releases that cause very small doses to large numbers of people are
considered equivalent to releases that cause larger doses to smaller
populations.

The NRC staff has not previously objected to the population-impacts basis for
EPA's standards. EPA's decision to protect populations rather than individuals
was viewed as a decision properly within EPA's discretion, given EPA's
authority to develop generally applicable environmental radiation-protection
standards. Moreover, the staff does not believe that the derivation of release
criteria corresponding to protection of individuals would be any more
technically rigorous than EPA's derivation of its current release limits from a
population-protection goal.
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The NRC staff does.not perceive any significant implementation differences for
standards, based on protection of populations or on protection of individuals.
If EPA were to base its standards on protection of individuals, a generic
biosphere model could be used to translate its radiation-protection objectives
into allowable concentrations of radioactive materials permitted to be released
to the environment. Such a translation would be very similar to EPA's previous
conversion of a population-protection goal into allowable cumulative releases
of radionuclides. In either case, the important implementation concern is
conversion of a radiation-protection goal to a release-limit format,
eliminating speculative long-term environmental transport and dosimetry issues
from a licensing review.

4. 10,000-YEAR PERIOD OF CONCERN

Applicability of the containment requirements of EPA's standards is limited to
the first 10,000 years after repository closure. In contrast, the recom-
mendations of ICRP Publication 46 are open-ended, restricting individual doses
and risks in perpetuity.

The advantage of a 10,000-year limit on releases is that very speculative
long-term disruptions need not be evaluated in a licensing review. The
disadvantage is the possibility that a significant release might occur after
the 10,000-year cut-off, although the subsystem performance objectives and the
qualitative siting criteria of 10 CFR Part 60 would limit the potential for,
and the size of, any such releases.

The NRC staff has supported EPA's 10,000-year limit on the period of concern.
Projections of repository performance for a 10,000-year period will be
uncertain, but such projections become significantly more uncertain as the
projections are extended over longer periods of time. The staff agrees with
EPA that a 10,000-year regulatory test is generally sufficient to evaluate the
acceptability of repository performance.

5. ALARA

EPA's standards are notable for the absence of a specific requirement that
projected releases be ALARA. EPA's containment requirements, which were
derived from analyses of the waste-isolation capabilities of hypothetical HLW
repositories, are effectively "generic" ALARA levels. In contrast, an explicit
ALARA requirement is a prominent feature of the recommendations of ICRP
Publication 46.

The principal advantage of an explicit ALARA requirement would be consistency
with other radiation-protection standards. The disadvantage would be
significant difficulties in evaluating compliance with such a criterion. In
the NRC staff's view, the large uncertainties in projected repository
performance would make any case-specific ALARA analysis highly speculative.
The NRC staff remains opposed to adoption of an ALARA requirement as a standard
for post-closure performance of an HLW repository.

6. STRINGENCY

EPA's containment requirements were derived so as to limit potential health
effects from a large repository to 1000 premature cancer deaths over 10,000
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Table Al - Repository Inventory
for 1000,000 MTHM of

and Allowable Releases
Spent Fuel

Table Al

Repository
Inventory at
1000 Yr, Ci*

EPA
Release
Limit, Ci**Nuclide

Allowable
Release, %

Am-241
Am-243
C-14
Cs-135
Cs-137
I-129
Np-237
Pu-238
Pu-239
Pu-240
Pu-242
Ra-226***
Sr-90
Tc-99
Th-230***
Th-232
Sn-126
U-233**t
U-234
U-235
U-238

9. 2E7
1.6E6
1. OE5
2. 2E4
1.0
3.8E3
1.OE5
9.8E4
3.2E7
4.4E7
1.7E5
2. 8E2
1.5E-1
1.4E6
1.6E3
1.3E-3
5.6E4
3.3E2
1.9E5
2.OE3
3. lE4

10,000
10,000
10,000
100OOO
100,000
10,000
10,000
10,000
10,000
10,000
10,000
10,000

100,000
1,000,000

1,000
1,000

100,000
10,000
10,000
10,000
10,000

1.1E-2
6.3E-1

10
450

260
10
10
3. 1E-2
2.3E-2
5.9

3600

71
63

180
3000

5.3
500
32

*These inventory figures and release limits are for 100,000
MTHM (3000 reactor-years) of spent nuclear fuel., The C-14
inventory is from R. A. Van Konynenburg's presentation to
ACNW, October 26, 1990. Other inventories are from
Arthur D. Little, Inc., "Technical Support of Standards for
High-Level Radioactive Waste Management," EPA 520/4-79-007,
1977.

"*The EPA standards require that a "sum-of-the-fractions" rule
be applied if more than one radionuclide is released.
"Unlikely" releases are allowed to be 10 times larger than the
limits listed here.

***Inventory increases after 1000 years.
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years. EPA argued that this level of impacts is comparable to the impacts that
might have occurred if uranium ore had never been mined for use as nuclear
fuel, and that the level of impacts is therefore clearly acceptable. EPA's
critics have charged that the level is excessively stringent and that the costs
of achieving this level of safety will be excessive. An alternative commonly
suggested is to increase the release limits by a factor of 10, as recommended
by EPA's Science Advisory Board.

A different perspective on the stringency of EPA's standards is provided by
Table Al, which compares EPA's allowable release limits to the inventory of a
repository. (If more than one radionuclide is released, a "sum-of-the-
fractions" rule applies that effectively reduces the Individual release limits
of Table Al. If a release is unlikely, the release limits are 10 times larger
than the Table Al values.) Table Al indicates that EPA's release limits are
significantly restrictive only for the isotopes of americium (Am) and plutonium
(Pu). Permissible releases of neptunium (Np), uranium (U) and carbon-14 (C-14)
are a few to several percent of the repository inventory, whereas permissible
releases of all other radionuclides may approach or exceed the entire
repository inventory. (Table Al assumes, of course, that no release of waste to
the accessible environment occurs within the first 1000 years.) Thus, the
staff believes that EPA's standards are not particularly stringent in
terms of. the performance required of a repository.*

7. PROBABILISTIC FORMAT

The "containment requirements" of EPA's standards prescribe two sets of release
limits. Releases more likely than 1 chance in 10 (over 10,000 years) must not
exceed the levels specified in a table of release limits, whereas releases less
likely than 1 chance in 10 may be up to 10 times larger. Releases less likely
than 1 chance in 1000 are not restricted at all by the standards. EPA's
standards require that the probabilities of disruptive processes and events be
estimated with sufficient precision to determine that a projected release falls
within one of the two ranges of likelihood addressed by the standards.
Uncertainty exists regarding acceptable methods for estimating the
probabilities of potentially disruptive processes and events.

In contrast to EPA's dual-release limits, ICRP Publication 46 recommends that
the risk to any individual be limited to a specified level. In this context,
"risk" means the product of the probability that an individual will receive a
radiation exposure, and the probability that the resulting exposure will cause
a fatal health effect. Thus, ICRP recommends a continuum of acceptable release
levels, dependent on the likelihood that a release will occur.

*A virtually identical table is presented by Thomas H. Pigford in "Actinide
Burning and Waste Disposal," UCB-NE-4176, October 5, 1990. Pigford also
predicts the fractions of several radionuclides likely to be released from
spent fuel at the Yucca Mountain repository. For U, Np, Pu and Am, the
predicted release fractions are 3 to 5 orders of magnitude less than
allowed by EPA's standards.

A-9



EPA's containment requirements have been criticized by NRC and by others,
because they require numerical predictions of the probabilities of human-
initiated disruptions and of rare geologic events (those with probabilities on
the order of one chance in 1,000 over 10,000 years). EPA's critics believe
that the inability to estimate such probabilities in a scientifically rigorous
way will preclude determination of compliance with the standards in a licensing
review.

A range of alternatives exists for the probabilistic format of EPA's
containment requirements. For example, EPA could limit applicability of the
standards to relatively likely releases, as is the case for EPA's uranium fuel
cycle standards. NRC would then need to develop some type of implicit or
explicit safety standard for evaluating the acceptability of unlikely releases.
Alternatively, EPA could replace its dual category standard with a pure risk
standard, as recommended by the ICRP in its Publication 46. Such a standard
would benefit from conforming more closely with other radiation protection
standards. However, it would require probability estimates for disruptive
processes and events that are at least as precise as the probability estimates
required by the current standards. Other alternatives include a qualitative
(rather than a numerical) description of the release categories, or elimination
of release categories so that a single release limit would apply to any release
regardless of its likelihood.

The NRC staff believes that some type of probabilistic formulation is needed
for EPA's standards in order to accommodate the large uncertainties in
potential geologic evolution, climate change, and human activities. At the
same time, the staff is sensitive to the difficulties that would be associated
with the numerical probability estimates required by the current EPA standards
and, perhaps to an even greater extent, by ICRP Publication 46. As an
alternative, the staff has suggested to EPA wording for the containment
requirements that would retain essentially the same level of safety sought by
EPA, but would eliminate the need for precise numerical predictions of the
probabilities of unlikely processes and events. This alternative is discussed
below.

8. ALTERNATIVE PROBABILISTIC FORMAT

The staff's recent comments to EPA, on "Working Draft No. 2" of EPA's
standards,* included a recommendation for alternative wording for the
probabilistic "containment requirements" of EPA's standards. This alternative
retains the probabilistic format of the current standards for likely releases,
but addresses unlikely releases with a deterministic consequence limit.
(Extremely unlikely releases would continue to be unregulated.) Thus, precise
numerical probability estimates would not be needed for unlikely external
processes and events.*"

*August 27, 1990, letter from R. Browning to R. Guimond.
**As used here, "external processes and events" are potentially disruptive
occurrences external to the repository system, (i.e., outside the boundary of
the controlled area). Phenomena occurring within the repository system, such as
waste-package corrosion, would be incorporated into models that simulate the
performance of the repository system in response to external processes and
events.

A-10



Using the staff's recommendation, processes and events potentially affecting a
repository would be divided into three categories.

-"Likely conditions," for which both the probabilities of occurrence and
the effects on repository performance would be evaluated numerically.
This category would include those processes and events that are so likely
to occur that they must be considered to be part of normal operation
("anticipated operational occurrences" in reactor licensing). "Likely
conditions" might include processes and events with likelihoods greater
than about one chance in 10 over the regulatory period of interest.

-"Unlikely conditions," for which the effects on repository performance
would be evaluated numerically, but probabilities would only be
qualitatively estimated as necessary to distinguish from "likely" or "very
unlikely" conditions. This category would include processes and events
that, although unlikely to occur, are nevertheless sufficiently
likely that they are relevant to a safety analysis. "Unlikely conditions"
might include processes and events with likelihoods greater than about one
chance in 1000 or one chance in 10,000 over the regulatory period of
interest.

-"Very unlikely conditions," for which neither probabilities nor effects on
repository performance would be evaluated numerically. This category
would include processes and events that are so speculative and unlikely
that numerical consideration as part of a safety analysis would not be
meaningful. Processes and events with probabilities less than about one
chance in 1000 or one chance in 10,000 over the regulatory period of
interest could be classified as being of "negligible likelihood."

Classification of processes and events as indicated above comports with the
quality of information typically available for safety analyses. In the first
category, sufficient information is likely to be available to predict both
probabilities and consequences with some confidence. In the second category,
one can "bound" the consequences, but numerically estimating probabilities may
be very difficult, because the processes and events are so rare. Finally, in
the "very unlikely" category, only qualitiative estimates for both
probabilities and consequences can be made.

If EPA were to adopt the staff's alternative wording for the "containment
requirements," a performance assessment for a repository would consist of the
following steps.

1. All conceivable processes and events potentially affecting the repository
would be listed.

2. Each process or event would be assigned to one of the three categories
just discussed. The criteria for assignment could be numerical, as suggested
above, or could be qualitative. Processes and events assigned to the third
category (very unlikely) would not receive further analysis.

3. Scenarios would be constructed from the remaining list of processes and
events (i.e., those in the first two categories). The construction process
would use an event tree (or similar) methodology to ensure that the scenarios
would be mutually exclusive.
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4. The set of scenarios would receive a second screening, analogous to
"pruning" an event tree, to eliminate those judged to be too unlikely to
warrant further consideration. Screening could be based on "rough" numerical
probability estimates or on purely qualitative considerations.

5. Consequences (releases) would be estimated for each remaining scenario.
The staff's proposal would not allow any scenario to cause releases exceeding
10 times EPA's current table of release limits.

6. For each of the more likely scenarios, probabilities would also be
estimated, and the probability and release estimates would be combined to
produce a "complementary cumulative distribution function" estimating
the likelihood of exceeding EPA's table of release limits. The likelihood
would be compared to the (current) one chance in 10 limit of EPA's standards.

A critically important concept in the staff's alternative is the construction
of mutually exclusive scenarios (Step 3) and application of EPA's current
consequence limit to each (Step 5). Because scenarios would be mutually
exclusive, only one of them could occur, and total releases in the future
therefore could be no greater than 10 times EPA's table-of-release'limits.
This is the same magnitude of releases permitted under EPA's current
probabilistic standards. The only difference between the staff's alternative
and EPA's current standards is that the staff's proposal would not require
probability estimates for releases in the unlikely category. The staff's
proposal would not alter EPA's current probabilistic treatment of relatively
likely releases.

9. OVERALL EVALUATION

Several features of EPA's HLW standards are intended to facilitate imple-
mentation of the standards in a licensing review, including the release-limit
format, the 10,000-year cut-off for application of the release limits, and the
absence of a requirement that releases be ALARA. NRC staff has long supported
these features of the standards.

Other features of the standards, including the population-impacts basis for the
release limits and the level of stringency, are considered to be within EPA's
discretion, given EPA's authority to develop generally applicable environmental
radiation-protection standards. NRC staff considers EPA's release limits to be
achievable (with the possible exception of carbon-14 at an unsaturated site),
but has not commented on whether EPA's standards are more or less stringent
than other radiological or non-radiological safety standards. (The staff has
recommended that EPA provide comparisons with such standards when the HLW
standards are reissued.)

The most significant potential implementation problem associated with EPA's
standards is the probabilistic format of the "containment requirements." If
EPA retains the probabilistic format, the staff will continue to encourage
adoption of alternative wording for the standards that would eliminate the need
for precise numerical probability estimates for unlikely processes and events.
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APPENDIX B -- ADVISORY COMMITTEE ON NUCLEAR WASTE LETTER ON INDIVIDUAL- AND
COLLECTIVE-DOSE LIMITS AND RADIONUCLIDE-RELEASE LIMITS



UNITED STATES -
NUCLEAR REGULATORYCOMMISSION

ADVISORY COMMITTEE ON NUCLEAR WASTE
WASHINGTON. D.C. 20555

April 29, 1991

Mr. Robert M. Bernero, Director
Office of Nuclear Material Safety

and Safeguards
U.S. Nuclear Regulatory Commission
Washington, DC 20555

Dear Mr. Bernero:

SUBJECT: INDIVIDUAL AND COLLECTIVE DOSE LIMITS AND RADIONUCLIDE
RELEASE LIMITS

The Advisory Committee on Nuclear Waste has been developing
comments, thoughts, and suggestions relative to individual and
collective dose limits and radionuclide release limits. Since we
understand that your staff is reviewing these same topics, we
wanted to share our thoughts with you. In formulating these
comments, we have had discussions with a number of people,
including members of the NRC staff and Committee consultants. The
Committee also had the benefit of the documents listed.

Basic Definitions

As a basic philosophy, individual dose limits are used to place
restrictions on the risk to individual members of the public due
to operations at a nuclear facility. If the limits have been
properly established and compliance is observed, a regulatory
agency can be confident that the associated risk to individual
members of the public is acceptable. Because the determination of
the dose to individual members of the public is difficult, the
International Commission on Radiological Protection (ICRP) has
developed the concept of the "critical group" and recommends that
it be used, in assessing doses resulting from environmental
releases. As defined by the ICRP, a critical group is a relatively
homogeneous group of people whose location and living habits are
such that they receive the highest doses as a result of radio-
nuclide releases. The group may be real' (in which case their
actual habits may be known or predicted) or hypothetical (in which
case their habits may be assumed, based on observations of similar
groups).

The dose to individuals within the critical group is assumed to be
that received by a typical member of the group. The purpose of
this approach is to ensure that members of the public do not
receive unacceptable exposures while, at the same time, ensuring
that decisions on the acceptability of a practice are not preju-
diced by a very small number of individuals with unusual habits.
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If the number of people being exposed is large, the question often
arises as to how to quantify the societal impact of the individual
exposures. The collective dose concept was developed for express-
ing that impact in a quantitative manner and, as such, it is a
numerical expression of the summed doses to a given population.

In many respects, placing limits on total radionuclide releases
from a nuclear facility is comparable to placing a limit on its
total societal impact. In other words, placing a limit on the
quantity of a given radionuclide that can be released is equivalent
to placing a limit on the total societal impact that the facility
can exert. This was the basis used by the U.S. Environmental
Protection Agency (EPA) in setting release limits for a high-level
radioactive waste repository, and it relates directly to EPA's
basic criterion that the number of health effects should not exceed
1,000 during the first 10,000 years.

Underlying Assumptions

Although it is generally accepted that the dose received by an
individual is a reasonable expression of the associated risk, it
is questionable whether the collective dose is a true measure of
the societal impact of the aggregate of exposures to individual
members of a population. Implicit in the concept of collective
dose is the assumption that the linear hypothesis is correct, that
is,. that there is a linear (non-threshold) relationship between the
total dose to a population group and the associated health impacts.

In many ways, application of the collective dose concept leads to
a paradox. At high doses and high dose rates where the risk
coefficients are best known, the concept of collective dose cannot
be applied since the dose-response curve is nonlinear; at low doses
and low dose rates where linearity between dose and the associated
health effects is assumed to apply, the risk coefficients are far
less certain. This leads to additional restrictions in the
application of the collective dose concept, as follows:

* The exposed population must be well known with respect to size
and possibly age, sex, and temporal distributions.

* The exposure pathways must be characterized for the population
at risk.

* Individual contributions to the collective dose must consist
only of doses to the whole body, or to specific organs or
tissues for which stochastic risk coefficients are known.

In short, application of the collective dose concept requires
detailed knowledge of the exposed population and the radiation
doses to its members. The collective dose concept is valid for
representing the collective risk only if both of these factors can

B-2



Mr. Robert M. Bernero 3 April 29, 1991

be described and quantified, and it should be used for risk
assessments only if the associated uncertainties are sufficiently
small that the calculated collective dose itself is within an
acceptable range of uncertainty. In addition, it is important to
note that a high individual risk to a small number of people is
not necessarily the same as a low individual risk to a large number
of people, even though the collective dose may be the same. For
this reason, expressions of societal risk in terms of collective
dose should always include detailed data not only on the number of
people exposed, but also on the number of people receiving
exposures within each dose range. Although collective dose can be
used as a surrogate for societal risk, its interpretation requires
care.

Truncation of Collective Dose Calculations

On a theoretical basis, there is no justification for excluding the
application of the linear hypothesis to the evaluation and
interpretation of the societal impact of low doses and low dose
rates on population groups. This hypothesis, in fact, has been
generally accepted by the scientific community, including organiza-
tions such as the National Council on Radiation Protection and
Measurements (NCRP) and the ICRP, as a valid basis for estimating
the stochastic risks associated with low doses of ionizing
radiation. If one accepts this observation, calculations of
collective doses should include the doses to all individuals within
the population group, regardless of how small the associated doses
and/or dose rates may be. At the same time, however, it is
important to recognize that there may be cogent reasons for not
including within collective dose calculations extremely low doses
to individual members of a population group. Several approaches
that have been proposed and/or applied to justify such omissions
are discussed below.

Following the concept that certain risks to individual members of
the population are negligible, the NCRP has recommended (under what
it defines as the concept of a "Negligible Individual Risk Limit")
that annual doses to individual members of the population that are
less than 0.01 mSv (1 mrem) be excluded from collective dose
calculations. In interpreting this recommendation, however, it is
important to understand the underlying principle on which it was
based. Informal discussions with representatives of the NCRP
revealed that truncation in this case was considered to be
acceptable from the standpoint of societal impact, because the
burden on society represented by any additional cancers among
people receiving exposures in this dose rate range would not
necessitate any additional medical facilities. Another approach
for truncation that has been informally suggested by representa-
tives of the NCRP is that it might be permissible to discard a
collective dose (calculated on the basis of extremely low dose
rates to members of an exposed population) provided that the
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associated collective dose would not be estimated to result in one
additional cancer.

Variations in the dose rates from natural background radiation
sources have been proposed as another basis on which to truncate
collective dose calculations. The contribution to collective dose
from natural sources is large relative to that from many artificial
sources. Consequently, it is often difficult to measure in a
meaningfully quantitative manner very low dose rates to individual
members of the population that arise from artificial sources.
Thus, although there may be no biological basis for excluding very
low dose rates from collective dose calculations, there is
justification for excluding them on a statistical basis because of
the uncertainties in the associated calculations.

Determinations of Compliance With Standards

From the previous discussion, it follows that the establishment of
limits on the concentration of individual radionuclides in various
environmental media (e.g., air and water) is comparable to the
establishment of dose limits for individual members of the
population. Likewise, the placement of limits on total radio-
nuclide releases from a nuclear facility is comparable to the
establishment of limits on the associated permissible collective
doses to the affected population. In terms of the determination
of compliance with a set of standards, it is readily possible to
measure the concentrations of individual radionuclides in various
environmental media, and it is similarly possible to estimate the
associated doses to individual members of the population. In
contrast, estimates of the total releases of radionuclides from a
nuclear facility would require not only knowledge of the concentra-
tions of individual radionuclides in all environmental media,-but
also the determination of the rate of movement (transport) of each
radionuclide (including the evaluation of site-specific pathways)
within all such media from the facility to the accessible environ-
ment. Similar uncertainties would accompany estimates of the
associated collective doses.

Summary

In summary, the Committee offers the following statements on the
benefits of the application of various limits for determining the
public health risks associated with nuclear operations.

1. Individual dose limits can be used to limit the risks to
individual members of a population group.

2. Collective dose limits can be used to limit the societal
impacts of doses to a large number of individuals. The
accuracy of collective dose as a measure of societal risk,
however, depends on the validity of the linear (non-threshold)
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hypothesis in assessing the stochastic effects of ionizingradiation.

3. Collective dose calculations are representative of societalrisk only if certain conditions are satisfied; namely, theexposed population is defined and characterized with respectto size, age, and sex; the distribution of doses to individualmembers of the population is within a limited range; theexposure pathways have been characterized for the populationat risk; and individual contributions to the collective doseconsist only of doses to the whole body, or to specific organsor tissues for which stochastic risk coefficients have beenadopted.

4. Techniques for measuring the concentrations of individualradionuclides in various environmental media, and forestimating the associated dose rates to individual members ofthe population, are readily available, and compliance withsuch limits can be determined. In contrast, the measurementsthat would be required to determine the total releases ofindividual radionuclides from a nuclear facility and estima-tions of the associated collective dose to all offsitepopulation groups would be difficult.

5. Given the general acceptance of the linear hypothesis, thereis no biological basis on which to truncate calculations ofcollective doses. Nonetheless, regulators must recognize thatestimates of dose rates from artificial radiation sources,that represent only a few percent of those from naturalradiation sources, carry with them large uncertainties andrelatively little aggregate risk. Such uncertainties may wellserve as a basis for truncating collective dose calculationsat very low dose rates without adverse impacts on estimatesof the associated risks.

We trust that these comments will be helpful. We plan to reviewand comment on your report regarding this subject when it becomesavailable, consistent with the SRM dated April 18, 1991.

Sincerely,

Dade W. Moeller
Chairman

B-5



Mr. Robert M. Bernero 6 April1 29, 1991

References:
1. International Commission on Radiological Protection, "1990

Recommendations of the International Commission on Radiologi-
cal Protection," Publication 60, Annals of the ICRP (1991).

2. National Council on Radiation Protection and Measurements,
"Recommendations on Limits for Exposure to Ionizing Radia-
tion," Report No. 91 (1987).

3. National Radiological Protection Board, "Radiological
Protection Objectives for the Land-based Disposal of Solid
Radioactive Wastes. " Consultative Document. NRPB-M279,
March 1991.

4. "Possibilities and Limits of the Application of the collective
Dose." A Recommendation of the Radiological Protection
Commission (SSK). Bundesanzciger, No. 126a, July 1985.

B-6


