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ABSTRACT 
 
On February 22, 1999, U.S. Nuclear Regulatory Commission (NRC) made available, for public 
comment, its proposed licensing requirements (10 CFR Part 63) for disposal of high-level 
radioactive waste (HLW) in the proposed geologic repository at Yucca Mountain, Nevada.  
During the public comment period (February 22, 1999 through June 30, 1999), we held five 
public meetings in Nevada on 10 CFR Part 63.  Many of the comments on proposed Part 63 
were directed at the performance assessment (PA), which is the method of analysis proposed to  
quantitatively evaluate the performance of the proposed repository at Yucca Mountain.  
Commentors expressed views both in support and in disagreement with the use of PA.  Many 
comments dealt with the use and documentation of the PA.  These include: 
 

(1) support for the specific requirements that ensure DOE conducts and documents a 
high-quality PA 

 
(2) the capability for the PA to represent complex geologic systems over extended time 
periods has not been demonstrated 

 
(3) confidence in the PA could be improved through testing on actual geologic systems 
and conducting suitable, long-term studies 

 
 (4) the level of uncertainty in PA  places too much reliance on assumptions.  
 
The proposed regulations recognize the importance of the PA and have placed requirements on 
the PA to ensure it is of high-quality.  The regulatory criteria provide a foundation for the PA 
such that there is confidence the PA addresses all relevant considerations for what can happen 
at the proposed repository.  
 
 Documentation of the PA is critical to provide confidence to outside reviewers and 
stakeholders (e.g., State of Nevada, Nye County, environmental organizations, industry groups, 
etc.) that the PA actually adequately addresses all the regulatory criteria.  Despite all the efforts 
used to develop a comprehensive PA that is transparent and traceable, the PA could still have 
limits because of incomplete documentation and lack of consideration of unknown (i.e., 
information known mostly by individuals in the region) specific characteristics of the proposed 
site.  A program of public outreach for the PA can lessen these types of limitations.  Public 
outreach (for example, presentation of PA assumptions and results at public meetings, seeking 
public comment on key PA documents) can bring a broad base of expertise, concerns, and local 
knowledge in review of the PA.  Consideration for these concerns and information in the PA and 
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its documentation can add to the completeness of the PA and its documentation.  Public 
meetings associated with the PA will improve credibility and confidence in the PA by making 
available local information that is often not published and must be solicited such as in public 
meetings.  The review of the local, affected populations provides a cautious, sincere review 
consistent with a review done by individuals most affected by the analysis.   
 
INTRODUCTION 
 
In August 1995, the U.S. National Academy of Sciences (NAS) Committee on the Technical 
Bases for Yucca Mountain Standards reported its findings and recommendations.  In its report, 
the NAS recommended that standards limit the individual risk to the average member of the 
exposed critical group.  NRC has proposed the use of a performance assessment to implement 
a risk standard for Yucca Mountain.  On February 22, 1999, U.S. Nuclear Regulatory 
Commission (NRC) made available, for public comment, its proposed licensing requirements 
(10 CFR Part 63) for disposal of high-level radioactive waste (HLW) in the proposed geologic 
repository at Yucca Mountain, Nevada.  During the public comment period (February 22, 1999 
through June 30, 1999), we held five public meetings in Nevada on 10 CFR Part 63.  We held 
these public meetings to begin public outreach for those communities believed to be potentially 
most impacted by decisions regarding geologic disposal at Yucca Mountain.  Among the many 
goals of the public meetings were to:  
 
 (1) increase public participation in NRC’s rulemaking 
 
 (2) clarify NRC’s role and responsibilities in the disposal of HLW 
 
 (3) review the proposed licensing requirements 
 
 (4) provide a forum for NRC to listen to and record public comments and concerns 
 
 (5) explain NRC’s commitment and plans for future public outreach.   
 
The proposed regulations require U.S. Department of Energy’s (DOE’s) demonstration of 
compliance with the individual risk standard (i.e., an individual dose).  This demonstration must  
be based on an assessment of performance of the repository system over the specified time of 
compliance.  Thus, many of the comments on proposed Part 63 focused on the performance 
assessment (PA).  Comments received on the proposed rule represented various interests.  We 
received comments from DOE, the U.S. Environmental Protection Agency (EPA), the State of 
Nevada, Nye County and other affected units of local government.  We also received comments 
from native American organizations, electric utilities, citizen and environmental groups, industry 
groups, and from individuals.  Commentors expressed views both in support and in 
disagreement with the use of PA.  Many comments concerned the use and documentation of 
the PA, such as: 
 

(1) support for the specific requirements that ensure DOE conducts and documents a 
high-quality PA 

 
(2) the ability of the PA to represent complex geologic systems over extended time 
periods has not been demonstrated 
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(3) confidence in the PA could be improved through testing on geologic systems and 
conducting suitable, long-term studies 

 
 (4) the level of uncertainty in PA  places too much reliance on assumptions.   
 
Clearly the reliance on PA to estimate repository performance and the obvious concerns with 
the use of PA places significant demands to appropriately support and document the PA to gain 
public confidence in its results.  We can heighten confidence in the PA through appropriate 
regulations, regulatory guidance, and public outreach. 
 
REGULATORY CRITERIA 
 
PA is a method of analysis used to quantitatively estimate performance of the repository in 
terms of the dose limit.  The PA uses a computer model or series of models to quantitatively 
estimate the behavior of the repository.  We gain confidence in the PA by considering all the 
relevant features, events, and processes (FEPs).  We also obtain confidence by providing a 
sufficient technical basis for the PA and by performing adequate testing.   
 
Commentors on the proposed rule identified certain FEPs  that could adversely affect 
performance of the proposed repository.  These FEPs include seismicity, potential for a 
significant rise in the water table, volcanic activity, potential for fast groundwater pathways, 
effect of heat on the surrounding rock, and microbial-induced corrosion of the waste package.  
The proposed regulations have a number of provisions to ensure a wide range of FEPs are 
considered and evaluated.  First, any events (e.g., seismicity, fault movement, etc.) that have 
even a small likelihood of occurring (i.e., at least one chance in 10,000 of occurring over the 
next 10,000 years) must be included in the PA.  Models must include specific FEPs if the 
magnitude and timing of the resulting dose would be significantly changed by its omission.  
These FEPs include degradation, deterioration, or alteration of the engineered barriers (e.g., 
waste package).   
 
Second, DOE must provide the technical basis for the models used in the PA.  DOE must 
defend including or excluding specific FEPs in its PA using a variety of information.  This 
information includes comparisons made with the outputs of more detailed process models and 
empirical observations (e.g., laboratory testing, field investigations, and natural analog studies).  
Laboratory experiments could provide insights about parameter values or ranges (e.g., 
corrosion rates of engineered materials, solubility limits for radionuclides).  Field investigations 
can be used to gain insights on parameter values and ranges and modeling approaches where 
large scale (i.e., 10s to 100s of meters) variabilities could be important (e.g., groundwater flow 
field, infiltration rates, radionuclide sorption).  Natural analog studies can  provide insights on the 
models that simulate long-term (100s of years and longer) behavior, which may be based on 
accelerated  tests (e.g., corrosion rates of highly corrosion resistant materials, releases rates for 
uranium).  Evaluation of these diverse lines of evidence will often result in more than one 
conceptual model consistent with the information.  Considering alternative models and 
evaluating their effect on performance provides another way to add confidence that the PA does 
not underestimate risk.   
 
Third, NRC’s proposed regulations provide added confidence by ensuring collection of 
information to confirm performance.  Development of a repository (i.e., excavation and 
construction of the tunnels and drifts for waste packages, and the receipt and emplacement of 
waste in the drifts) is expected to take about 50 years.  During this time, DOE must conduct a 
performance confirmation program.  The objective of performance confirmation is to confirm the 
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assumptions, data, and analyses that led to the findings that permitted construction of the 
repository and subsequent emplacement of waste.  Thus, the assumptions, models, and 
parameters used in the PA will be enhanced through the performance confirmation program.  
 
Finally, DOE must implement a quality assurance program to provide added assurances and 
confidence in the PA by establishing controls and procedures.  These controls and procedures 
monitor the:  
 
 (1) development of software 
 
 (2) design and fabrication of the engineered barriers 
 
 (3) collection of site characterization data 
 
 (4) performance confirmation program 
 
 (5) use of audits to verify compliance with the quality assurance program.   
 
The quality assurance program provides the framework to develop and modify the computer 
models through the performance confirmation program.  All of the above requirements 
recognize the need to thoroughly analyze performance, including the impact of uncertainties, 
and provide a strong technical basis to support the PA. 
 
REGULATORY GUIDANCE 
 
The regulatory criteria provide a foundation for the PA such that there is confidence the PA 
addresses all relevant considerations for what can happen at the proposed repository.  
However, documentation of the PA is critical to provide confidence to outside reviewers and 
stakeholders (e.g., State of Nevada, Nye County, environmental organizations, industry groups, 
etc.) that the PA actually adequately addresses all the regulatory criteria.  Commentors on the 
proposed rule demonstrated a high degree of sophistication and familiarity with important issues 
for PA (e.g., seismicity, waste package integrity, fast pathways) underlying the importance of 
clear and comprehensive documentation.  NRC’s Advisory Committee on Nuclear Waste 
(ACNW) has emphasized the need to document the PA in a transparent and traceable manner 
(1).  Transparency and traceability are attributes of the performance that should allow reviewers 
to understand the modeling approaches and assumptions sufficiently to be able to reproduce 
the results of the PA.  Although not done in the context of proposed Part 63, other organizations 
have offered suggestions to improve the documentation of PAs.  The Swedish Nuclear Power 
Inspectorate (2) has recommended documentation should balance the level of detail, clearly 
state the assumptions and simplifications made, and refer the source of basis data (e.g., dose-
conversion factors).  The Organisation of Economic Co-Operation and Development/Nuclear 
Energy Agency (OECD/NEA)(3) has stated a transparent PA should be written so that its 
readers can gain a clear picture of what has been done, what the results are, and why are the 
results as they are.  
 
NRC will use the Issue Resolution Status Report for Total System Performance Assessment 
(IRSR) and the Yucca Mountain Review Plan (YMRP) to provide guidance for documenting the 
PA.  The developer of the performance assessment may be confident in the PA, however, for 
others to have similar confidence the PA  must be documented and explained in a manner that 
enables reviewers to readily understand results and the basis for believing the results.  ACNW 
(1999) has recommended that “components of a traceable path of the radiation of risk 
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assessment that need greater visibility and discussion include the hierarchy of the total model, 
the model components (modules, interfaces, inputs, outputs, etc.), and clearer visibility of the 
continuity and traceability of the performance measure calculation throughout the model.”  
ACNW (1) offered the following additional insights on increasing documentation quality: 
 

“In addition to improving the technical clarity of the PA, the linkages to the underlying 
supporting evidence must be presented in a way that facilitates review.  The database 
and other supporting evidence for the VA [Viability Assessment] are voluminous and 
include system (natural and engineered) reliability data, scientific literature, laboratory 
results, field studies, special analyses, the laws of physics, the principles of chemistry, 
the abstraction of process, and the results of expert elicitation.  A major contributor to 
technical clarity includes the process for choosing conceptual models because both 
information and models are major sources of analysis uncertainties. 

 
Future TSPAs [Total System Performance Assessments] should provide the rationale for 
choosing conceptual models for each module, including the process of assembling the 
modules into the total system model.  It is essential that future TSPAs also be specific 
about what has been synthesized from the various sources and that data and 
information packages be developed to facilitate the search for supporting information.  
This is especially true for the major contributors to the performance measures and the 
associated uncertainties.  A special category of evidence comes from the process of 
expert elicitation.  It is not enough to attribute a result to the judgment of an expert; it 
must be possible to examine the underlying evidence used by the experts in forming 
their judgments.” (1) 

 
Clearly the documentation of the PA is considered a critical component for instilling confidence 
in the PA.  All steps in the development of the PA will need to be appropriately documented.  
These steps include: 1) description of the repository design and strategy for isolating waste;  2) 
identification and selection of FEPs for inclusion in the PA; 3) methodology for modeling 
abstraction; 4) data use and validity; 5) assessment results; and 6) computer code design, data 
flow, and documentation of verification test.  The IRSR and the YMRP will discuss approaches 
for achieving traceability and transparency in the documentation of the PA.  These documents 
will be public documents and NRC will seek public comment on the YMRP to improve the 
requirements for the documentation and thus the overall confidence of the PA.  Interactions with 
the Department of Energy, as the developer of the PA, and stakeholders will help the NRC to 
improve guidance in this very important aspect of the PA. 
 
PUBLIC OUTREACH 
 
Development of a PA that addresses all the regulatory requirements and is documented 
according to all the principles discussed above should be sufficient to provide high confidence in 
the PA.  However, a final step to further enhance confidence in PA starts with public outreach 
may prove useful.  Despite all the efforts used to develop a comprehensive PA that is 
transparent and traceable, the PA could still have limitations.  These may be due to incomplete 
documentation and lack of consideration of somewhat unknown (i.e., information known 
primarily by individuals in the region) specific characteristics of the proposed site.  A program of 
public outreach for the PA can help alleviate these limitations.  Public outreach (e.g., 
presentation of PA assumptions and results at public meetings, seeking public comment on key 
PA documents) can bring a broad base of expertise, concerns, and local knowledge in review of 
the PA.  Consideration for these concerns and information in the PA and its documentation can 
add to the completeness of the PA and its documentation.  
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The public meetings on proposed Part 63 provided NRC with numerous concerns regarding the 
conduct of the PA but also added information useful for ensuring the PA is complete.  Some of 
these concerns were: 1) consideration should be given to sensitivity in the doses analysis due to 
variation in age and gender of the critical group; 2) uncertainty in the effect of seismicity on the 
repository; and 3) contamination of ground water as the most likely pathway for eventual release 
of radionuclides.  Examples of information provided at the public meetings are: 1) lifestyle of 
specific receptor groups (e.g., lifestyle of the Western Shoshone people in the vicinity of Yucca 
Mountain); 2) agricultural characteristics/practices in the Yucca Mountain region (e.g., crop 
selection, irrigation practices); and 3) failure mechanisms for the waste package.  Although a 
number of these issues were made in the context of proposed Part 63, these issues are just as 
pertinent to the PA and its documentation.  Public meetings associated with the PA will improve 
credibility and confidence in the PA by making available local information that is often not 
published and must be solicited such as in public meetings.  Also, the review of the local, 
affected populations provides a type of cautious, sincere review consistent with reviews done by 
individuals most affected by the analysis.  
 
SUMMARY 
 
PA, as a method of analysis to quantitatively evaluate performance, is fundamental to the 
evaluation of the proposed repository because the PA needs to consider and integrate all the  
information, including uncertainties, in an analysis that estimates the behavior or performance of 
the proposed repository.  The importance of this estimate for determining the safety of the 
proposed repository has led NRC to specify a number of provisions in proposed Part 63 to 
ensure a high-quality PA.  Public comments on proposed Part 63 contained a range of 
comments that reinforced the need for a high-quality PA and specific concerns that needed to 
be considered for the proposed Yucca Mountain site.  The Regulatory requirements for PA are 
supplemented by guidance documents (i.e., IRSR, YMRP) that provide information on 
approaches for documenting the PA.  Together the regulations and guidance are expected to 
ensure goals of the PA achieved (i.e., answering the questions what can happen, how likely it is 
to happen and what are the consequences if it does happen), are documented to an appropriate 
level of detail, and supported by diverse lines of evidence.  The PA is also must be conducted 
under a quality assurance program, and a performance confirmation program is undertaken to 
reasonably corroborate the key assumptions and attributes of the PA.  Presentation of PA 
results and the associated technical basis at public meetings can enhance public confidence in 
the PA and improve the completeness of the PA by incorporating additional information and 
suggestions from the public. 
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