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ABSTRACT

For complex models incorporating multiple stochastic parameters, it is frequently helpful to determine the
parameters that most influence an output, and values at which they can become influential. In this paper, we
describe a novel method for accomplishing this task. This technique, referred to as partitioning method, has
greater power in identifying possible correlations among variables than traditional methods such as linear
regression.

The motivation for the partitioning method was to develop a technique to analyze results of a model to assess
the performance of the proposed geologic repository at Yucca Mountain, Nevada. The model, implemented
in a code called the Total-system Performance Assessment (TPA) code, has over 300 parameters that have
assigned probability distributions. The code is executed in a Monte Carlo mode using the Latin Hypercube
method to sample values of the stochastic parameters. The main output of the code is a large number of
realizations, each realization consisting of annual dose as a function of time, and a mean dose rate as a
function of time calculated from these realizations. Each realization is associated with a particular set of
values of input parameters. Regulations require that the maximum (or peak) of this mean annual dose within
10,000 years is below a specified value. The partitioning method is used to identify the set of most important
stochastic parameters affecting the peak of the mean annual dose.

An outline of the partitioning method is provided as follows. Let the time of occurrence of the peak mean
annual dose be 7,,. Partition the output realizations into two bins, one bin containing those realizations
contributing the most to the peak mean annual dose (contributing realizations) and a second bin enclosing
all the remaining realizations (non-contributing realizations). For example, the contributing realizations can
be those in which the annual dose at 7}, is greater than the peak mean annual dose. In general, only a small
fraction of the total are contributing realizations. Let 4 be the parameter whose importance is to be
evaluated. Plot a cumulative distribution function and a complementary cumulative distribution function for
the set of values of 4 that are associated with the contributing and non-contributing realizations, respectively.
Let (4; P,) be the coordinates of the intersection of these two curves. The probability value P, is an index
that can be used to measure the importance of the parameter A. Low values of P, are associated with an
evident partitioning of parameter 4 related to the contributing and non-contributing realizations. The more
evident the partitioning (i.e., the lower the value of P,), the more important is the parameter 4. P, values
in the range of 0.4 — 0.6 suggest a lack of partitioning and a lack of importance of the parameter. Large values
of P, (> 0.6) also suggest existence of partitioning and that the parameter is important, but in this case high
values of the parameter are associated with low values of the peak mean annual dose and vice versa. Another



interesting interpretation of 4, is that if P, is small then there is greater likelihood of 4 > A, for contributing
realizations and 4 < 4; for non-contributing realizations. In summary, for a parameter 4, P, identifies the
degree of partitioning of the range into two sets related to contributing and non-contributing realizations, and
A, defines a partitioning value. Direct comparison of the P, values for all of the parameters yields the most
important (those with very low and very high values of P,) parameters in the stochastic model.

Although there was a direct motivation to analyze the performance assessment model of a geologic
repository, the method is quite general and can be applied to the analysis of any data in which the output
depends upon stochastic input parameters. In the particular example of the geologic repository, the
partitioning method indicated that the peak mean annual dose rate is influenced most by parameters
controlling the rate of release of radionuclides, corrosion rates of container materials, the amount of water
available for radionuclide transport, and sorption coefficients for neptunium, which was the main
radionuclide contributing to the dose in 100,000 yr computations.
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