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Abstract. The mission of the US Department of Energy (DOE) is to provide the basis for a national decision
regarding the development of a geological repository for spent nuclear fuel and high-level radioactive waste at
the Yucca Mountain site in Nevada. There are a number of steps in the decision process defined by US law that
must be completed prior to development of a repository at this site. The DOE's focus is currently on the first two
steps in this process: characterization of the site to support a determination by the DOE on whether the site is
suitable for a geologic repository and a decision by the Secretary of Energy (the Secretary) on whether to
recommend to the President that the site be approved for a repository. To enhance the confidence of multiple
audiences in the basis for these actions, and to provide a basis for subsequent action by the President and the US
Congress, information supporting the decision process must include the elements of a safety case consistent with
the statutory and regulatory framework for these decisions.
The idea of a safety case is to broaden the basis for confidence by decision-makers and the public in conclusions
about safety. A safety case should cite multiple lines of evidence, or reasoning, beyond the results of a safety
assessment to support the demonstration of safety, which includes compliance with applicable safety criteria. The
multiple lines of evidence should show the basis for confidence in safety. To be most effective, such evidence
requires information not directly used in the safety assessment.

1. OVERVIEW

1.1. Statutory framework for decisions

The Nuclear Waste Policy Act of 1982 (NWPA) [1] established US policy on waste
management and a framework for decisions leading to disposal of high-level radioactive waste
and spent nuclear fuel in geologic repositories. The NWPA was amended in 1987 [2] to focus
the site characterization process on a single site - the Yucca Mountain site in Nevada — to
determine its suitability for recommendation for development as a geologic repository. The
NWPA established the responsibilities of several federal agencies in the repository
development process. DOE is responsible for repository siting and development activities.
The DOE is also required to develop guidelines establishing the criteria that it will use in
evaluating the suitability of repository sites. The US Environmental Protection Agency (EPA)
is required to develop radiation protection standards for repositories. The US Nuclear
Regulatory Commission (NRC), as the licensing authority, is responsible for developing the
criteria that it will use in deciding whether to approve construction, operation, and eventual
closure of repositories.

The NWPA, as amended, defined the following steps in the national decision process leading
to development of a geologic repository:

— The DOE must evaluate the Yucca Mountain site to determine its suitability for
development as a geologic repository.

— If the site is suitable, the Secretary of Energy must decide whether to recommend to the
President that the President approve the site for development as a repository. An
Environmental Impact Statement (EIS) and other prescribed information must
accompany a site recommendation.
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If the Secretary recommends approval of the site, and if the President considers the site
qualified for application for a construction authorization, the President must submit a
recommendation to Congress.

— If the President recommends approval of the site to Congress, the designation of the
Yucca Mountain site for a repository must be approved as required by the NWPA.

— If Yucca Mountain is designated as the site for development of a geologic repository, the
DOE must obtain NRC approval first for repository construction, then for an operating
license, and, eventually, for repository closure and decommissioning.

The Energy Policy Act of 1992 (EnPA) [3] directed a revision of the regulatory framework for
the decision process. The EPA was directed to establish site-specific radiation protection
standards for a potential Yucca Mountain repository. These standards are to be based on and
consistent with the recommendations of the US Academy of Sciences (NAS) and are to be the
only standards applicable to a Yucca Mountain repository. The NRC was directed to revise its
licensing criteria to be consistent with the EPA's site-specific standards and the NAS
recommendations.

1.2. Regulatory framework for decisions

The EPA proposed site-specific radiation protection standards for a potential Yucca Mountain
repository in 1999 [4] and issued its final standards at 40 CFR (Code of Federal Regulations)
197 in June 2001 [5]. The final rule establishes standards for both pre-closure and post-
closure repository performance. The post-closure standards include all-pathways annual dose
standards for individual protection and for a prescribed human intrusion scenario. The rule
also establishes a separate standard for protection of ground water. The post-closure standards
apply to the accessible environment outside a controlled area, which can extend no more than
18 km from the repository in the predominant direction of ground water flow. The time period
for compliance with these standards is 10,000 years. An evaluation of the peak dose, if it
occurs after 10,000 years, is to be included in the DOE's EIS.

The NRC is finalizing the licensing criteria for a potential Yucca Mountain repository that it
proposed in 1999 at 10 CFR Part 63 [6]. The NRC's licensing criteria proposed at 10 CFR
Part 63 would specify the performance objectives for the geologic repository that must be met
through permanent closure and those performance objectives that must be met after permanent
closure. In the final rule, these requirements must be consistent with the standards established
by the EPA for a Yucca Mountain repository as required by the NWPA and the EnPA. The
proposed NRC rule specifies the requirements for the safety analysis of the geologic
repository to demonstrate compliance with the pre-closure performance objectives. The safety
analysis would be a systematic examination of the potential hazards, which would ensure that
all relevant hazards that could result in unacceptable consequences have been adequately
evaluated and protective measures have been identified so that the repository will comply with
the pre-closure performance objectives. The proposed rule also specifies the requirements for
the performance assessment that must be used to demonstrate compliance with the post-
closure performance objectives, including requirements regarding the characteristics of the
reference biosphere and population group that must be used in the analysis.

The DOE proposed revisions to its site suitability guidelines in 1999 at 10 CFR Part 963 [7].
These revisions would align guidelines with the latest science and scientific analytical
techniques for assessing repository performance. The proposed rule presents the criteria and
methodologies that the DOE would use in determining whether a potential Yucca Mountain
repository is likely to meet the applicable pre-closure and post-closure radiation protection
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standards. The proposed approach is consistent with the EPA's standards and the risk-
informed, performance-based criteria proposed by the NRC. The DOE developed a draft
notice of final rulemaking based on comments received and submitted it to the NRC in May
2000 for concurrence as required by the NWPA. NRC concurrence is required before the DOE
can issue the guidelines as a final rule.

2. PERSPECTIVE ON A SAFETY CASE TO SUPPORT A POSSIBLE SITE
RECOMMENDATION

A safety case comprises more than the results from a pre-closure or post-closure safety
assessment. The idea of a safety case is to broaden the basis for confidence by decision-
makers and the public in conclusions about safety. A safety case should cite multiple lines of
evidence, or reasoning, beyond the results of a safety assessment to support the demonstration
of safety, which includes compliance with applicable safety criteria. The multiple lines of
evidence should show the basis for confidence in safety. To be most effective, such evidence
requires information not directly used in the safety assessment. Although it is not always
possible to cite information that is independent of the safety assessment, it may be possible to
derive meaning from the information in ways that differ from its use or treatment in the safety
assessment.

2.1. Audiences for a safety case for a possible site recommendation

Clearly, the case for site recommendation must be adequate for the Secretary to make a
decision on whether or not to recommend approval of the site to the President, and for the
President to consider the site qualified and submit the recommendation to Congress. There
are, however, multiple additional audiences to be considered in developing the information
and constructing a safety case (or safety cases) to support a possible site recommendation
decision and a supporting evaluation of site suitability.

The technical basis for the evaluations and any decision must be credible to the general
technical community. The views of regulatory and oversight bodies will also need to be
considered. The NRC has stated that it will not comment on the DOE's site suitability
evaluation, which requires evaluation of compliance with the applicable standards. The
NWPA requires, however, that a decision by the Secretary to recommend the site consider the
NRC's preliminary comments on the extent to which the DOE's information seems to be
sufficient for inclusion in a license application. Multiple lines of evidence in support of the
models and data used in the safety assessments, particularly the total system performance
assessment (TSPA) conducted for the post-closure period, will be important in enhancing
confidence in the basis for these assessments. Congress established the US Nuclear Waste
Technical Review Board (NWTRB) in the amendments to the NWPA. The NWTRB reports
its findings and recommendations to the Secretary and the Congress, and will express its
views regarding the basis for a possible site recommendation. The NWTRB already has
expressed concerns about several aspects of the technical basis for a site recommendation
decision, including the need to develop multiple lines of evidence and argument for a safety
case that are independent of the TSPA.

The public must also be considered in developing the documentation to explain the basis for
any decision. The NWPA requires a hearing in the vicinity of the site to receive the public's
views on the Secretary's consideration of a possible site recommendation. The States, in
particular the State of Nevada and the local units of government, must be considered. Under
the NWPA, the State of Nevada can file a notice of disapproval for any site recommendation

77



submitted to the Congress. In that case, designation of the site for development of a repository
would require Congress to pass a joint resolution of siting approval. The case supporting the
site recommendation decision must be adequate to withstand challenge and support favorable
action by the Congress.

2.2. Safety case in the context of the framework for site recommendation

The NWPA specifies the minimum information that must be considered by the Secretary in a
comprehensive statement of the basis for a recommendation, including:

— A description of the repository with preliminary engineering specifications
— A description of the waste form and packaging, and its relationship to site conditions
— A discussion of data obtained in site characterization relating to the safety of the site
— A final EIS
— Preliminary comments of the NRC on whether the information developed by the DOE

seems to be sufficient for inclusion in a license application
— The views and comments of any State or affected Indian tribe.

The evaluation of site suitability will contribute information based on site characterization
data that relates to the safety of the site for development of a repository. The evaluation will
be based on the methods and criteria in the DOE's site suitability guidelines. Consistent with
these methods and criteria, the evaluation will include the essential elements of a safety case.

The comprehensive statement of the basis for a site recommendation will provide a safety case
consistent with the information required by the NWPA. The comprehensive statement of the
basis may also include other information the Secretary deems appropriate to provide
perspective and enhance confidence in safety.

2.3. Case for the site suitability evaluation

The methods and criteria specified in the DOE's proposed site suitability guidelines require:

— Compliance with the applicable radiation protection standards established by the EPA
— Use of performance assessment for the post-closure evaluation, consistent with the

NRC's proposed licensing criteria, including the following information:

• Account for uncertainties and variability

• Consider alternative models

• Provide the technical basis for inclusion or exclusion of features, events, and
processes, and for models used

• Describe the capabilities of the individual barriers and provide the technical basis for
this description

• Conduct appropriate sensitivity studies

— Demonstration of a reasonable expectation that the potential repository will meet the
applicable standards, considering both engineered and natural barriers.

The case for the suitability evaluation will consider a comprehensive technical basis,
including multiple lines of evidence and argument:

— Field and laboratory data and analyses
— Information from natural and man-made analogs
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— Results from expert elicitation and independent peer reviews (including an international
peer review of the TSPA for site recommendation and an international peer review on
waste package performance)

— Numerical modeling and analysis of pre-closure and post-closure system performance
— Evaluations of the capabilities of individual barriers to better understand the

performance of the overall system
— Comparison of modeling results to applicable radiation protection standards for pre-

closure and post-closure system performance.

3. ENHANCING THE CASE FOR A POSSIBLE SITE RECOMMENDATION

External reviews of the DOE program, most notably by the NWTRB, have identified concerns
related to the technical basis for a possible site recommendation. These concerns are related
to:

— Meaningful quantification of uncertainties and conservatism in modeling and
performance analyses

— Progress in understanding the fundamental processes involved in predicting the rate of
waste package corrosion

— Evaluation and comparison of a lower-temperature operating mode with the base case
repository design (higher-temperature operating mode)

— Development of multiple lines of evidence and argument derived independent of the
TSPA to support a safety case

The DOE is addressing the concerns that have been raised to enhance the case for a possible
site recommendation. In particular, the DOE is considering additional lines of evidence, such
as alternative analyses, information from natural analogs, use of simplified calculations,
alternative performance indicators, and direct observations, as appropriate. As part of the basis
for a site recommendation decision, the DOE will show that the scientific work underlying the
decision is competent, technically defensible, and provides a sound basis for confidence in the
safety case presented.
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