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AN INTERNATIONAL EFFORT TO VALIDATE CRITIOiLITY SAFETY CALCULATIONS
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During the past three years a Working Group established by the Organization
for Economic Co-operation and Development's Nuclear Energy Agency (OECD-NEA) in Paris,
France, has been studying the validity and applicability of a variety of criticality
safety computer programs and their associated nuclear data for the computation of the
neutron multiplication factor, k ff, for various transport packages used in the fuel
cycle. The principal objective of this work has been to provide an internationally
acceptable basis for the licensing authorities in a country to honor licensing approvals
granted by other participating countries.

Eleven countries participated in the initial study which consisted of examining
criticality safety calculations for packages designed for spent light water reactor fuel
transport. This paper will present a summary of this study which has been completed and
reported in an OECD-NEA Report No. CSNI-71.

The basic goal of this study was to outline a satisfactory validation procedure for this
particular application. First, a set of actual critical experiments were chosen which
contained the various material and geometric properties present in typical LWR transport
containers. Secondly, calculations were made by each of the methods in order to
determine how accurately each method reproduced the experimental values.

The logic used in choosing the experimental data was to be able to establish, in
a stepwise fashion, the validity of the method by introducing a new parameter
with each new problem. In this way, the effect of the new parameter on the
validity of the method can be observed. This procedure will prevent the masking of
errors by a combination of negative and positive bias in the results
caused by the simultaneous introduction of various parameters, thereby leading to
unwarranted confidence in the results.

The experimental data used as Problems 1 through 3 were chosen from experiments
performed in France and the United States. 4 These data were chosen to present several
important parameter variations necessary for the validation of a method to be
used in LWR cask evaluations. The data were presented in the form provided by the
experimentalists and gave most of the detailed information about the experiment.
While much of the detail may seem unimportant, it was included since this is the form
of presentation usually encountered. Indeed, using the data in this form is an
important exercise since failure to learn how to correctly read and
understand the experimental data report could lead to difficulty in validating a
method.
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The experiments chosen for Problem 1 consisted of simple arrays of fuel pin clusters
moderated and reflected by light water. The intent of this exercise was to establish
the validity of the basic neutronics calculation of a method.

Problem 2 consisted of experiments in which arrays of clusters of fuel pins, moderated
and reflected by light water, had places of Boral placed between the clusters. Boral was
chosen for this exercise because it is considered a likely neutron absorber for casks.

The French-supplied portions of Problem 3 added an additional feature to Problem 2 by
placing a thick lead or steel reflector around the array. The U.S.-supplied portions of
Problem 3 were neutronically similar to Problem 1 with a thick lead or steel
reflector. (While experiments exist involving depleted uranium as a biological
shield, they were not considered in this study.)

As the reader will observe, these problems exercise the various elements of a
computational method necessary to perform a LWR cask criticality calculation. The
satisfactory computation of k ff for the three sets of problems would be expected to
establish the validity of a metnod for problems with parameters similar to those
present in the experiments.

To test this theory, two additional problems were defined which represented a
hypothetical cask design. As these problems had no known answer, they, in effect,
represented a "blind" test which could be used to judge the uniformity of results
produced by methods which had been validated against the experimental data described in
Problems 1-3.

Fourteen organizations representing eleven NEA countries participated in this
exercise by using the computer method commonly used by each organization. While
a few participants used identical computer programs and nuclear data, most
participants' results were unique in that either the computer program and/or the nuclear
data were not the same as those used by other participants. This variety of
methods provided an excellent opportunity to evaluate the hypothesis.

One of the features which emerged from the evaluation of Problems 4 and 5 was the
wide range of initial results; whereas, the results for Problems 1-3 (where the
expected value of k ^ was known in advance) showed comparatively little spread. In
reviewing the initial results for Problems 4 and 5, a number of incorrect parameter
specifications were observed and corrected. This experience emphasizes that an
adequate review of input specifications and computer code usage is an important aspect
of a calculational method validation.

The final results for almost all methods, which were in reasonable agreement with the
experimental results for Problem 1-3, showed consistent results for Problems 4 and 5.
That is, if there was a positive or negative bias shown for Problems 1-3, a similar

sj. ive (see Figure 1) or negative (see Figure 2) bias was shown for Problems 4 and 5.
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The only major difficulty encountered in extending the use of a method from the
experimental data to a simulated transport package design was caused by the introduction
of parameters which did not exist in the experimental data but did exist in the
transport package. The most noticeable of these were the voids in the transport package
(which caused difficulty in the diffusion theory methods) and a more complex geometry
(which required special care in modeling the transport package with two-dimensional
methods).

This successful effort in developing a benchmark procedure for validating criticality
calculations for spent LWR transport packages along with the successful intercomparison
of a number of methods should provide increased confidence by licensing
authorities in the use of these methods for this area of application.

The Working Group is currently completing another study relating to criticality safety
calculations for arrays of packages which conform to the IAEA regulation's Fissile Class
II definition. This will be reported in Report No. CSNI-78.

DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or responsi-
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or
process disclosed, or represents that its use would no4 infringe privately owned rights. Refer-
ence herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, r com-
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