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. thought experiment. Frequency, therefore, represents a measurable number. "Probability"
' is a numerical measure of a state of knowledge, a degree of belief, or a state of

confidence. Probability is considered to be a subjective term, while frequency is more of
an objective concept. It must be noted that "frequency" is used very loosely as a statistical
term in this context; it is simply another view of probability. In the context of a PRA, we
use frequencies to estimate such things as hardware failure rates or human error rates and
use probabilities to reflect our confidence in a particular value of the frequency.

The reader should note that it is fundamentally different to estimate the frequency
of occurrence of an event, such as core damage, and the probability of an event occurring
within a given time frame. A more detailed discussion of this topic is beyond the scope
of this paper, but future users of ZOS should review the available literature concerning
these concepts thoroughly before proceeding with ZOS techniques. In particular, for
approaches other than probability of frequency, such as probability of probability, ZOS
may not be appropriate.

DESCRIPTION OF ZERO-ONE SAMPLING (ZOS)

In an uncertainty analysis involving random or stratified sampling techniques, the
outcomes are quantified repeatedly using sampled values for each of the probabilistically
treated parameters in the PRA model. The individual quantifications are referred to as
"sample members." Many different parameters can be treated, such as pump failure rates,
the quantity of hydrogen generated, or the time at which the station batteries will be
depleted. For many of the parameters in the PRA model, continuous probability
distributions are sampled, producing a different frequency for each sample member. This
is done for events, such as pump failures, that are believed to be governed by random
behavior and for which probability distributions have been generated.

ZOS is a sampling scheme where zero and one are the only allowed frequencies
for selected parameters. For example, if an event tree question asks whether or not an
event occurs, each sample member would have a value of zero or cne for a branch in that
question. The fraction of sample members assigned a frequency of one would be based
on a probability supplied by the PRA analyst. If a physical quantity or a time interval is
being evaluated, ZOS provides a frequency of one for a particular discrete interval of the
quantity or time. These concepts are discussed further below.

USE OF ZOS IN NUREC_llS0 AND LASALLE PRAs

The NLrREG-1150 and LaSalle PRAs were among the first to make widespread vse
of ZOS. These PRAs involved a relatively comprehensive approach to uncertainty ana!.ysis
that integrated the three levels of the PRA into an overall uncertainty calculation. This
broad scope for the uncertainty analysis led to the consideration of many different types
of issues and variables. For the issues deemed to be most important, panels of experts
used a formal expe_ judgment process to provide uncertainty estimates. For less
important issues, the PRA analysts supplied the uncertainty estimates without the complete
expert panel process. In some of these cases, continuous probability distributions were
provided, usually consistent with a probability of frequency interpretation. In other cases,
constant branching probabilities were provided.

Interpretations of probability and the use of ZOS were hotly debated among the
PRA analysts involved in the NUREG-1150 and LaSalle PRAs. However, few such
discussions took place within the expert panels. Although the experts received essential
training in probabilistic elicitation, most of them had expertise in reactor safety and



_ . particular phenomena, as opposed to PRA and statistics. In general, they supplied
'_ technical information as requested by the PRA analysts. Therefore, it should not be
:c concluded that, because a distribution or a constant branch probability was provided, the
_ experts had unequivocally determined the best characterization of uncertainty for that issue.
h Further, the experts did not usually conclude how the uncertainty information that they
_ provided should be treated in the sampling process. As discussed below, practical issues
_f often outweighed the need to be statistically precise. In NUREG-1150 and LaSalle, ZOS
v_ was used for three different cases.

_'_ Case 1: Time Intervals and Physical Quantities

There are many variables in a PRA that describe a time of occurrence or a physical
[_ quantity, rather than a probability or frequency. For example, one of the important
_r uncertainties in the Level 1 PRA analysis was the battery depletion time in long-term
t_ station blackout sequences. The operator recovery probabilities depend on the time to
_ battery depletion. At the time of the analysis, there was no easy method for sampling the
t[ time-reliability curve and automatically adjusting the recovery parameters. Therefore, the
1_ approach taken was to divide the time range into five discrete time intervals, essentially
:e generating a five-branch question on the event tree. Probabilities were determined for
a each of the five branches. Using ZOS, each sample member contained a frequency of one
D for exactly one of the branches and zero for the other four. The fraction of sample
a4 members with a value of one for a particular branch was equal to its probability.

In the Level 2 PRAs, there were several event tree questions asking about
a particular phenomena. For example, the vessel failure size is very important and affects
_ several subsequent event tree questions. The approach taken in NUREG-1150 in some
a, instances was to consider discrete sizes and estimate the probability of each case, much
s as was done for the time intervals. Using the probabilities, ZOS was performed, and a
r_ frequency of one was assigned to exactly one of the cases for each sample member.

In other parts of the Level 2 PRAs, continuous distributions for parameters were
al sampled, with a single value used for each sample member. An example of this is the
n amount of hydrogen generated during an accident. At first, this may seem to be the same
s as sampling pump failure rates where a single value of the failure rate is produced for each
a sample member. However, they are different, because both pump success and pump
_i failure are quantified for each sample member, i.e., both outcomes are possible, while the
n amount of hydrogen is treated as the only possible outcome for that sample member.

Therefore, the latter treatment is equivalent to ZOS (in this case, the approach is
q equivalent to a simulation approach).

',_ Case 2: Maximize the Uncertainty

A comprehensive PRA involves many hundreds of variables. Generating
r, probability distributions for all of these variables is a significant undertaking. There were
II many instances in NUREG-1150 where probability distributions were unavailable for
a particular events. This could occur if the experts did not provide distributions for a
a particular event, if joint probability distributions were involved, or if the analysts simply
i_ did not expend the resources to generate distributions. In each of these cases, the analysts
a had only constant branch probabilities to describe the events. The use of these
r_ probabilities as constant split fractions in the model yields no uncertainty in the estimates
f of mean risk (i.e., every sample member has the same value). As an approach to
I_ maximize the uncertainty from some important variables, ZOS was employed where the
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split fraction was Used as the appropriate ZOS probability. This approach is an effective
. screening technique to identify variables that could be important contributors to the

uncertainty, although in NUREG-1150 and LaSalle many of the variables were treated this
way in the final analysis also.

The case of joint probability distributions is particularly difficult to treat. In these
cases, a probability is estimated from the combination of other probability distributions.
An example of this is the containment failure event. The probability of containment
failure can be determined from the probability of a given pressure loading combined with
the probability of structural failure, given the loading. The overlap in the two distributions
determines the probability of containment failure. Although the experts provided
distributions for pressure loads and structural failure, the combined probability is a single
number. Generating an uncertainty distribution for containment failure would require
generating families of distributions for the two underlying variables. This was not done
for NUREG-1150; rather the analysis effectively used the single number as a constant split
fraction in ZOS.

Case 3: Zero-One Events

A few events were identified where one or more of the experts believed that a
particular event either always occurred or never occurred; they simply did not know which
was the true answer. This type of event can be thought of as a "true zero-one event."
Probabilities were provided that were interpreted as the probability that the true frequency
was equal to 1.0. ZOS was used, with the fraction of ones being equal to the assigned
probability. An example of this is the question of Mark I BWR liner meltthrough,
although further examination of the expert responses indicates that the interpretat;.onof the
distributions is not straightforward. In fact, there were very few cases where an expert
indicated that he/she believed an event was a true zero-one event, and in those cases, other
experts often disagreed.

ACTUAL BEHAVIORS AND PROPER TREATMENTS

In many cases, ZOS is being employed for reasons of convenience. Cases
involving three or more branches for one event tree question, cases involving quantities
or time intervals, or cases where only a single probability (and not a whole distribution)
is available are instances where ZOS is employed as a practical solution. The rationale
for using ZOS in these cases is that it (1) is easy to implement, (2) maximizes the
uncertainty and (3) allows the variable to be included in an uncertainty analysis to obtain
an approximation of the uncertainty importance. While these reasons are often
appropriate, the only absolutely "correct" use of ZOS is for true zero-one variables in
combination with the "probability of frequency" interpretation of the PRA models. The
discussions below address appropriate uses of ZOS, based on our current understanding.

Uncertainty Scoping Studies

As noted previously, Level 3 PRAs can involve many hundreds of variables. ZOS
can be used as an effective technique in evaluating which variables are contributing to the
uncertainty and should receive additional attention. ZOS effectively maximizes the
uncertainty for a variable and is simple to implement. Only a single point estimate is
needed to estimate branching probabilities. Subsequent regression analyses can indicate
the importance of each variable to the overall uncertainty.



Multiple Branch Questions

Multiple branch questions have been difficult to address until recently. Sampling
continuous distributions is difficult because of the constraint that the probabilities must add
to one. Approaches involving sampling all branches and normalizing or sequential
conditional sampling can not be shown to be unbiased in all cases. At the time of
NUREG-1150, our available computer codes did not include methods for evaluating
continuous distributions for more than two branches. Therefore, ZOS was used as the
practical solution for multiple branch questions.

Since NUREG-1150, a new approach has been developed that allows
straightforward treatment of continuous distributions for multiple branch questions. This
approach is described in another paper at this conference. 5 The approach uses the
asymmetric Dirichlet distribution to provide practical and unbiased sampling of the
multiple outcomes. The new method will yield a much more accurate representation of
the uncertainty than ZOS and is recommended as a replacement for ZOS in future PRAs
unless an event is a true zero-one event as discussed below.

Zero-One Events

True zero-one events, as defined previously, are the only events for which ZOS is
the statistically correct approach, and then it is appropriate only in the probability of
frequency interpretation. In fact, zos is simply a degenerate case of the normal
probability of frequency formulation in which the probability distribution is a special case
with zero and one as the only allowed frequencies. The real question in this situation is
how to determine whether an event is truly a zero-one event.

It is difficult to imagine a perfect zero-one event in a PRA, that is, an event for
which the true frequency is _ zero or one. On the other hand, true frequencies
might lie close enough to zero or one that the difference is negligible. Detenniningwhat
is negligible depends upon the particular PRA application. If one is calculating accident
sequence frequencies and retaining cut sets with frequencies greater than 10-6, then a true
event frequency of 101° (or 1 - 101°) could be treated as zero (or one). That is, if a
frequency is clearly either less than 10-1°or greater than 1 - 101°, but the analyst does not
know which, then the variable could be treated appropriately as zero-one in this instance.
This process is complicated by the fact that what is negligible changes in different parts
of the PRA. A level 1 success criteria may be important at a different probability level
than a containment failure mode, depending upon the particular risk measure. Further,
a level 1 variable may have more influence on the level 2 results than on the level 1
results. Therefore, ZOS should only be used when its impact has been carefully examined
for all risk measures.

SUMMARY AND CONCLUSIONS

ZOS was employed extensively in NUREG-1150 and the LaSalle PRA. ZOS was
a practical solution to a variety of problems. ZOS remains a useful tool for uncertainty
scoping and sensitivity studies. It is the correct approach for true zero-one variables
within the context of the probability of frequency approach. However, true zero-one
variables are rare in the context of PRA models, and in most other cases, ZOS
overestimates the uncertainty (there are a few special cases where the uncertainty may be
underestimated). Recent improvements in our capabilities make ZOS unnecessary in most
cases• In particular, the use of the Dirichlet distribution allows us to deal with the



problems associated with multiple branching. Therefore, we expect the use of ZOS to be
reduced in the future.
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