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Introduction

The importance of radiological performance assessment to the
successful licensing of anv nuclear facility can hardly be over-
stated. This is particularly true for a high-level nuclear waste
repository because of its being the first deep geologic nuclear
facility and the first with such a long time span of concern. The
ONWI performance assessment approach relative to postclosure safety
focuses on continuous processes and superimposes the discrete events
on process behavior. This approach is used because nuclear waste
isolation systems in salt are composed of components which degrade
slowly rather than fail suddenly, and isolation system performance
at suitable sites is likely to be dominated by continuous processes
rather than discrete events.

The primary purpose of this study was to determine whether the
present literature contains risk analyses of discrete events of
scope and depth sufficient for licensing preparation. The suffi-
ciency criterion used was the presence of enough completely devel-
oped events to represent, in sum, essentially the total risk posed
by the repository as evaluated using a full-range consequence/
probability (risk) matrix technigue. Data were extracted from
literature citing assessments based both on scenario development
and fault-tree techniques.(1,2)

Following a brief description of the postclosure risk matrix,
the available assessment literature will be discussed and its suf-
ficiency determined.. Similar data for the preclosure phase will
then be developed and combined with that from the postclosure to
make possible a comparison of relative risk of postclosure vs. that
from preclosure. Finally, results from these analyses are used as
a basis of recommending priorities for future scenario development
work.

Associated with the primary purpose of this study were several
technical objectives. These included the provision of guidance for
future scenario development work; design basis accident scenarios,
in particular; and secondly, estimation of the total risk associated
with the operation and existence of a high level nuclear waste
repository. Historically, both the total risk and design basis
accident concepts have been extremely important in nuclear power
plant licensing activities in the U.S. Present indications are that
similar importance will be given these concepts at least in the pub-
lic sector of nuclear waste repository licensing.

Risk

Risk is classically defined as a consecuence times a probabil-
ity. A quick scan of postclosure performance assessment literature
indicates that analyses have been made for events of probabilities
10-8 to 10-1 and consequences ranging over seven orders of magnitude.



1367

Thus, to a first approximation, the postclosure risk posed by a
repository can be represented by a 7x8 matrix. Quantitatively, the
total risk is the sum of the probability/consequence products of all
elements of the matrix. Undoubtedly, multiple events will fall into
manvy of the elements, but this is expected to happen most often in
the lower conseguence events where hundreds of events would be
needed to affect the total risk estimate.

Figure 1 indicates the percent contribution each matrix element
makes to the total risk estimate. Elements, for which events have
been analvzed in the literature, are also indicated. The initial
intent was to analyze the entire probability/consequence matrix and
quantify the uncertainty in risk as well as developing a risk esti-
mate. Classical and/or Bayesian technigues could be used if the
matrix was not so sparse. Due to the paucity of scenarios presently
analyzed, such methodological approaches are not feasible. There-
fore, a more basic approach must be utilized. It might be noted
that the sum of the percent contributions of those elements which
have been analvzed is only 0.81% which can be increased substan-
tially if high risk elements are engineered out of the system.

FIGURE 1
Contribution of Matrix Elements to Total Risk [%]
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Figure 2 shows the risk matrix for the preclosure repository
phase. 1In this case the sum of the contributions from those ele-
ments which have been analyzed is 1.8%. Here, as in the case of
the postclosure matrix, the total risk is dominated by the highest
risk matrix element. It is highly likely that events portrayed in
this portion of the matrix can be effectively precluded through
engineering design. If such means were used to eliminate any con-
tributions from the top three risk elements, the 1.8% sum would
rise significantly to 64%.

Examination of both the preclosure and postclosure risk matrices
indicates that 97% of the total risk comes from events characterized
in the top three risk elements. This fact would tend to indicate
the need to identify events, if any, which fall into these elements
and engineer them out of the system. The next tier of elements may
be either treated similarlv to the higher risk elements or may be
developed into the "design basis accidents" which were referred to
earlier as a need for successful licensing. Hajor efforts are
needed in this area in the postclosure phase since few events in
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FIGURE 2
Contribution of Matrix Elements to Total Risk [%]
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this region of the matrix have been analyzed. In both postclosure
and preclosure cases, significant progress toward meeting these needs
are anticipated as repository designs develop over the next few years.
Since it may be difficult to determine the proper cell of the prob-
ability/consequence matrix for a given discrete event, the theory

of fuzzy sets may be utilized in the development of cell membership
in the database. When sufficient data have been developed by the
application of fuzzy set theory and/or other decision theoretic
approaches, sensitivity/uncertainty analyses can be performed to
determine which areas still need further development.

The guestion might be asked which repository phase warrants
greater emphasis if characterization of risk is the objective.
Figure 3 shows the preclosure and postclosrue matrices merged with
common probability and consequence scales. Similarly to the devel-
opment of the matrices in Figures 1 and 2, this merger was accom-
plished by normalizing the combined pre and postclosure consequence
set to the magnitude of its lowest member. It is immediately evi-
dent that the total risk over all time from a repository is domin-
ated by the postclosure phase risks. Therefore, it is only logical

FIGURE 2
Available Repository Risk Data
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that this phase receive the priority attention. However, to reit-
erate an earlier point, in both phases the spectrum of accidents in
the probability/consequence context must be expanded if the true
picture of repository performance is to be projected. The specific
scenarios which are needed are those with matrix coordinates such
that they contribute significantly to overall risk. Preliminary
indications are that this type of guidance makes the development of
needed scenarios much more efficient than is ordinarily the case
with a more random approach. Perhaps the efficiency of this process
could be even further enhanced if any development efforts were de-
layed until the appropriate designs were available. However, his-
tory has shown that many times the scenario development can have a
more significant effect on design than vice versa. Therefore, the
strategy to be followed in the ONWI program is to go as far as
possible with the information now in hand and refine the results and
interpretations as more detailed data become available.

Conclusions

The low overall percentages of risk represented by the scen-
arios which have been analyzed could be interpreted to mean that
little work has been done in this area; such is definitely not the
case. On the contrary, such results are what would be expected from
the random selection/reanalysis mode in which we have been operating
for the last several years. Only if a more systematic approach to
scenario development is employed in the next few years will a suf-
ficient database be available on which to do the statistical analyses
required for licensing.
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