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ABSTRACT

The move toward risk-informed, perfon-nance-based regulation of activities involving
radioactive materials is becoming wide spread and broadly applied. While this approach
may have some merit in specific applications in which there is a considerable body of
experience, its strict application in regulation of geologic repositories for highly
radioactive wastes may not be appropriate for this unproven and socially controversial
technology.C,

The U.S. Nuclear Regulatory Commission describes risk-informed, performance-based
regulation as "an approach in which risk insights, engineering analysis and judgement
(eg. defense in depth), and performance history are used to (1) focus attention on the
most important activities, 2) establish objective criteria based upon risk insights for
evaluating performance, 3) develop measurable or calculable parameters for monitoring
system and licensee performance, and 4) focus on the results as the primary basis for
regulatory decision-making."

Both the risk-informed and performance-based elements of the approach are problematic
when considering regulation of geologic repositories for highly radioactive wastes - an
activity yet to be accomplished by any nation.

In investigating potential sites for geologic repositories there will always be residual
uncertainty in understanding the natural system and the events and processes that affect
it. The more complex the natural system, the greater will be the uncertainty in both the
data and the models used to describe the characteristics of the site's natural barriers, and
the events and processes that could affect repository waste isolation. The engineered
barriers also are subject to uncertainties that are important to the repository system.
These uncertainties translate themselves into a range of probabilities that certain events or
processes, detrimental to waste isolation, will occur. The uncertainties also translate to a
range of consequences and magnitudes of consequences, should the event or process
occur. Because of the nature of the uncertainties, some of which can not be eliminated or
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reduced, the perfon-nance assessment results could broadly span the established
performance standard. If the regulator considers the results to be useable, the resulting
regulatory conclusion then can lie with which statistical parameter, eg. mean, median,
95'h percentile, etc., the regulator chooses as a basis for compliance determination. The
regulator's values then will have been imposed on the affected population, generations
into the future.

Risk, when applied in the geologic repository context, has two faces. First is the
possibility that the repository will not contain the waste in the manner projected by the
performance assessment, even if the performance assessment indicates that the
established individual dose limit will not be exceeded. And second, application of the
risk-informed, performance-based approach results in masking the high dose
consequences of low probability events. An example illustrating this effect is described.

In the case of geologic repositories, the risk informed, performance based approach to
regulation can result in the regulator embedding its risk acceptance values into the
compliance decision in unexpected ways that likely are at odds with the values of those
who are placed at risk. The uncertain nature of repository performance assessment is the
dominant source of risk in the risk informed, performance based regulatory approach. For
this reason, performance assessment, alone, should not be relied upon to determine a
geologic repository's regulatory compliance methodology.

1. Introduction

Regulatory decision-makino is becoming increasingly reliant on the understanding and
quantification of risks associated with proposed activities. The U.S. Nuclear Regulatory
Commission (NRC) began shifting its emphasis toward this objective in 1995, with
adoption of its Probabilistic Risk Assessment (PRA) Policy Statement' which states, in
part, "The use of PRA technology should be increased in all regulatory matters to the
extent supported by the state of the art in PRA methods and data, and in a manner that
complements the NRC's deterministic approach and supports the NRC's traditional
defense-in-depth philosophy." The policy incorporates the so-called "risk triplet", which
describes risk in terms of the answers to the following three questions: "What can go
wrong?"; "How likely is it?"; and, "What are the consequences?"

Since the PRA Policy Statement, the NRC has been incorporating its objectives into its
regulatory pro-ram in the form of risk-informed, performance-based regulation. A NRC
staff White Paper describes risk-informed, perfon-nance-based regulation as "an approach
in which risk insights, engineering analysis and judgement, and perfon-nance history are
used, to (1) focus attention on the most important [to health and safety] activities, 2)
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establish objective criteria based upon risk insights for evaluating performance, 3)
develop measurable or calculable parameters for monitoring system and licensee
performance, and 4 focus on the results as the primary basis of regulatory decision
making."(21 In this statement, risk has the traditional meaning of the consequences of
events and processes (in the repository case, the individual radiation dose), weighted by
the probability that the event or process will occur. The White Paper notes that the risk-
informed, performance-based approach is appropriate for nuclear waste repository
licensing regulation.

The NRC policy of risk-informed, performance based regulation is implemented in its
proposed site specific high-level nuclear waste repository rule for Yucca Mountain,
Nevada (10 CFR Part 63).The rule, although not finally adopted, is being applied by the
U.S. Department of Energy (DOE) in its suitability and safety analyses of a potential
Yucca Mountain repository. Also, the NRC is applying the proposed rule in its review of
the sufficiency of DOE's work for a repository license application. The proposed rule
requires that the calculation of expected annual doses to individuals, due to repository
releases, be carried out through the use of a total system performance assessment (TSPA)
process. The TSPA is constructed as a probabilistic analysis, in keeping with the NRC's
policy of risk-informed, performance-based regulation. The TSPA result will be used by
the NRC as the basis for its regulatory decision regarding whether there is reasonable
assurance that the repository will meet established health and safety standards.

While the risk-informed, performance-based regulatory approach may have merit in
specific applications in which there is a considerable body of experience and knowledge,
its use in regulatory decisions regarding geologic repositories for highly radioactive
wastes may result in misleading, and sometimes false conclusions about the safety of this
unproven and scientifically and socially controversial technological endeavor. Because of
the complexity of the TSPA process and the need to project safety protection far into the
future, there are many decisions that ultimately affect safety embedded in the regulatory
process that are not immediately apparent in a final licensing decision. These less-than-
apparent decisions have the effect of imposing the regulator's risk acceptance values in
ways that are unexpected and likely at odds with the values of those who would be placed
at risk. In the cse of the regulatory approach to a geologic repository at Yucca Mountain,
it is clear that the regulator's and public's view of risk acceptance differ.

Both the risk-informed and performance-based elements of the approach are problematic
individually when applied in repository regulation. The problems are compounded by
their combination in risk-informed, performance-based regulation.
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2. Performance-Based - Uncertainty Reigns

In practice, the TSPA is a set of calculations of projected annual dose to an individual in
the vicinity of the repository, plotted against the number of years after repository closure.
A large number of calculations is performed, based on the variability of parameters, eg.,
infiltration of precipitation due to the projected range of climate change scenarios, and a
statistical sampling of values within a range that bounds certain parameters, such as rock
permeability, wich among other things affects the infiltration rate. Once a statistically
dependable set of dose-versus-time curves is generated, curves for the mean, median, 95"
and 5h percentiles, etc. annual dose can be calculated. The resulting statistical curves will
have been modified by probability, because of the probabilistic sampling of parameter
values used in their generation. This is a reasonable approach if the range of parameter
variability and distribution of values is strongly supported by physical data.

In addition, the TSPA method provides a quantitative basis for understanding the
uncertainty associated with the result. But, the NRC has cautioned as follows:

"The concept of uncertainty in risk when expressed as a distribution of
aggregate risk estimates must be understood to correctly use the risk results.
The distribution represents the uncertainty in the parameters and the models of
the PA [performance assessment]. The method by which the PA is performed
influences the results because the assumptions, inputs, and models used in the
PA may introduce numerical artifacts into the analyses. Defining parameter
distributions that are narrower than the data warrant can significantly bias the
results of the PA, even when the mean of the distribution remains the same. In
particular, threshold phenomena may lead to relatively high doses, which
could not be reflected in the TSPA output if parameter ranges are defined too
narrowly. Although the mean estimate of the risk is used to implement the
quantitative objectives of the regulation, the Commission has indicated that
license applicants must quantify and understand those important uncertainties
involved in risk predictions." 31

DOE's current TSPA relies on the projection that none of the approximately 12,000 metal
waste containers in a Yucca Mountain repository would fail due to corrosion and release
radionuclides during the 10,000 year compliance period. However, at 00,000 years,
when 50% to 100% of the containers are projected to have failed, the uncertainty range in
individual dose calculations is approximately orders of magnitude, with the mean at
about 0 millirems per year, the median at 10 millirems per year, and the 95" percentile
at about 300 millirems per year. The waste package and weld corrosion parameters,
especially the general corrosion rate, dominate this large uncertainty. If the waste
packages are neutralized in the TSPA calculation (i.e., all are assumed to have a 300cm 2
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breach at the time of emplacement), the uncertainty is reduced to two orders of
magnitude at 100,000 years. The mean projected dose is about 100 millirems/year, with
the median at about 80 millirems per year, and the 95 hpercentile at about 600 milfirerns
per year.4

In this waste container neutralized scenario, the peak dose is projected at about 100
years after repository closure, with the projected doses being similar to those calculated at
100,000 years after closure. The mean calculated annual dose is 100 millirems, with the
median at about 40 millirems per year, and the 95" percentile at about 700 millirems per
year.

With uncertainty in the long-term performance of the waste container largely driving the
uncertainty in the total performance of the geologic repository, the risk-informed,
performance-based TSPA approach alone is not a satisfactory means of measuringZ,
repository compliance. In this case, sole reliance on the TSPA hides the questions of
whether the repository can meet the safety standard drough a combination of other
barriers, if the waste container does not perform as well as projected.

At least one formal reviewer of the DOE's TSPA has pointed out his concern about the
overwhelming influence of uncertainty and reliance on the waste container in evaluating
performance. Rodney Ewing said, "As I looked at the performance assessments I became
very concerned that the uncertainty in them was so large as to make them unuseable. He
added, "It's just a pity that for geologic disposal, geology matters so little."(5)

As noted above, the NRC will make its regulatory compliance decision based on the
mean projected dose. This is a value judgement in which the at-risk public had no
informed involvement. Had the public known of the reat uncertainty that would reside
in the calculations, and the great range of dose projections included within the calculated
statistical parameters, there likely would have been considerable objection to the choice
of the mean dose projection as the regulatory compliance indicator. This is an example of
a hidden risk decision that ultimately imposes the values of the regulator on the at-risk
public, and greatly differs with the public's notion of acceptable risk.

3. Risk-Informed - Can Distort the Safety Assessment

The TSPA provides a statistical parameter represented by the mean projected annual
radiation doses, weighted by the probability distribution of the contributing physical and
model parameters. Thus, the result is "risk informed" in the intended sense. However, in
the case of low probability events, where the probability is a fixed number, but not so low
as to exclude their occurrence from being quantitatively analyzed in the TSPA, the
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method applied to "risk inform" the analysis leads to distortion of the result, to the extent
that it is meaningless and misleading. Such is the case with the TSPA analysis of igneous
activity for the Yucca Mountain potential repository site.

In its proposed new licensing rule for a Yucca Mountain repository (10 CFR Part 63, the
NRC has set a probability of occurrence of one chance in 100 million per year (10-8 per
year) as the lower limit for events and processes that must be quantitatively analyzed in
the TSPA.

The NRC staff views volcanic disruption of a Yucca Mountain repository to have a
probability of occurrence of one chance in 10 million (10-7 /year), during the 10,000 year
compliance period. In order to "risk inform" the TSPA, the NRC has stated, "Under the
proposed 10 CFR Part 63 rule, the expected annual dose is used to determine compliance
with the proposed perfon-nance objectives. Expected annual dose is the dose weighted by
probability of event occurrence (i.e. risk), with the maximum annual risk ital. added]
during the post-closure period used to determine compliance. In order to "risk inform"
the consequence of volcanic disruption the dose calculation is multiplied by the
probability of occurrence, i.e., 10-7.

NRC's sample calculation of the consequence of volcanic disruption, under certain
assumed conditions, indicates a peak probability modified "expected annual dose" (risk)
of about I millirem (.001 rem) per year at the time of the volcanic disturbance. If the dose
modifying factor, the 10-7 probability of occurrence, is removed, the expected annual
maximum dose is 10,000 rems (104 rems). The Environmental Protection Agency has
proposed an all-pathway maximum individual dose (not risk) of 15 millirems (.0 1 5 rems)
per year for a Yucca Mountain repository upper compliance limit, which is to be applied
in NRC's consideration of a Yucca Mountain repository application. (7)

DOE has followed this calculation approach in analyzing the effects of volcanic
disturbance of a Yucca Mountain repository. They believe the probability of occurrence
to be smaller (1.6XIO-"/year) than the NRC's 10-7/year. Some experts disagree with both
the NRC and DOE on the probability of volcanic disruption at a Yucca Mountain
repository, believing the probability to be greater than either of these two estimates. But,
takino into account some other calculational differences, DOE's result is similar to
NRC's, with a maximum annual dose of about 1,000 to 10,000 rems per year, after the
"risk informing" probability of occurrence has been factored out!")

Both the NRC and DOE present the results of their performance assessments, relative to
volcanic disruption, as expected annual individual doses, when, in fact, they are
calculatin- the annual risk (dose times probability). In the case of low probability events,
it is misleading to interchange dose and risk, because it is not the risk that is of primary
concern to the public - it is the magnitude of the consequence, should the event actually

276



occur. Public ecisions regarding levels of acceptable risk must first be informed by a
rigorous and credible analysis of the consequences. In the case of the volcanic disruption
TSPA analysis, NRC and DOE have imposed a value decision into the analysis that is not
immediately apparent to a reviewing member of the public, i.e., misrepresenting a low
risk consequence as a low dose consequence, when in fact the effect of such an event,
however improbable its occurrence, would be an unacceptably large dose by any
standard.

The remedy is to delete the risk information (probability of occurrence) from the
calculation of the dose consequence of volcanic disruption of a Yucca Mountain
repository. The estimated probability of volcanic disruption should not be ignored by
decision makers, but at the same time, it should not be used to thwart understanding of
the calculated magnitude of the dose consequence, should the event occur.

4. Conclusion

The National Research Council Committee on Technical Bases for Yucca Mountain
Standards clearly and correctly stated: "The level of protection established by a standard
is a statement of the level of risk that is acceptable to society. We acknowledge that
determining what is acceptable is not ultimately a question of science but of public
policy. Whether posed as "How safe is safe enough" or as "What is an acceptable level of
risk?", the question is not solvable by science alone."(9)

New environmental and radiation protection standards are now in the process of being
established by EPA for a Yucca Mountain repository. The standards will then be
implemented by NRC, if DOE submits a license application. Public comment has been
made on the proposal, providing a "societal" element for the regulator's consideration.
However, once a standard is in place, ideally reflecting societal values about acceptance
of risk from a potential repository at Yucca Mountain, the public should have reason for
confidence that regulatory decisions will be in keeping with the spirit of the public policy
adopted.

The discussion in this paper points up the need to be vigilant in examining the regulator's
implementation of the standards, because important decisions affecting the level of
protection and risks to public health and safety are embedded by the regulator in the
implementation methodologies. In the case of the TSPA analysis, the NRC has chosen to
use the mean (or average) value of the probabilistic distribution of annual doses over the
period of time analyzed in the calculation. With the broad range of uncertainty embodied
in the TSPA, which is driven to a large extent by uncertainty about the degradation and
failure rate of the waste containers, the use of the mean dose value to make compliance
decisions does not fairly represent societal values about acceptable dose levels. Use of the
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95 percentile, which has a traditional basis in scientific endeavor, would provide a much
more understandable response when the at-risk individual compares the projected risk
from a repository to the notion of an acceptable risk to society, as set out in the standards.
Also, policy makers, who ultimately must decide whether to go forward with the
repository need to have a clear representation of the answer to the prudent question,
"How wrong can it go?"

In the case of volcanic disruption of a Yucca Mountain nuclear waste repository,
application of the risk-informed, performance based approach, through manipulation of
the meaning of dose and risk, results in the appearance that regulatory compliance is
achieved, when, in fact, if the reference event were to take place, the compliance limit
would be exceeded by a few orders of magnitude. Masking the dose consequence of such
an event from those at risk, and from policy makers is iesponsible. The difference
between risk and dose values, because of the very large dose estimates, is literally the
difference between life and death for the radiation exposure victims of the reference
volcanic event.
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