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SUMMARY

This paper addresses the statistical aspects of missile threat evaluation for a nuclear
plant. This includes estimating the distribution of impact points over plant regions and
the ensuing damage. The assumptions which are prerequisite to these calculations are dis-
cussed in light of their consequences. The threat of damage from both externally generated
missiles, such as aircraft and tornado debris, and internally generated missiles, such as tur-
bine disc fragments and valve bonnets, are considered; however, the calculation of missile
generation probabilities is not treated. Without careful consideration of the alternatives,
the resulting model may not accurately represent the actual situation. As an example, the
calculation of impact point relies on the assumed initial distributions of missile size, speed
and orientation. In the absence of specific information, uniform distributions are frequently
assumed. It will be shown that such an assumption may not yield conservative results.
At the expense of computational workload, the effects of alternate assumptions must be
examined. The criteria for selecting a distribution include:

1. the accurate representation of the physical variables,

2. the incorporation of unique characteristics or restrictions of the variables; and;

3. the realization of conservative results.

There are at least two approaches to missile threat evaluation. One, called the geo-
metric approach, calculates the impact distribution from distributions of missile trajectories
based upon assumptions regarding target location, number, location and orientation of in-
tervening barriers, and physical restrictions on missile flight. The second approach, namely
Monte Carlo simulation, requires that all missile parameters, penetration and ricochet
models, and all target (plant) parameters be specified in detail. In addition, appropriate sta-
tistical sampling techniques must be incorporated. Each approach has its own set of ad-
vantages and disadvantages. The Monte Carlo approach is unique in the sense that it is
the only practical method of treating a complex problem in sufficient detail. The principal
statistical considerations disgussed herein include:

1. distribution of missile parameters such as size, initial speed, and initial orientation,
these distributions must be selected according to the above criteria and sensitivity stu-
dies must be performed,

2. selection of penetration and ricochet models, discussed below,

3. sampling techniques, the accuracy and confidence of statistical estimates are directly
related to sampling schemes and sample size, and, therefore must be carefully scrut-
inized to ensure that the samples are correctly drawn.

An important fact regarding existing perforation models is that they generally describe
“median” response of a target, i.e., they predict the thickness that would be perforated
50% of the time by a missile of specified dimensions and velocity. It is a standard practice
to assume that this represents a lower bound on perforation thickness, however, such an
assumption results in erroneous perforation probabilities. New models which describe per-
foration probability in terms of target missile parameters must be developed in order to
circumvent this problem.



