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Abstract

The radiological characterization of contaminated elements (walls, grounds, objects) from
nuclear facilities often suffers from too few measurements. In order to determine risk
prediction bounds on the level of contamination, some classic statistical methods may
therefore be unsuitable, as they rely upon strong assumptions (e.g., that the underlying
distribution is Gaussian) which cannot be verified. Considering that a set of measurements or
their average value come from a Gaussian distribution can sometimes lead to erroneous
conclusions, possibly not sufficiently conservative. This paper presents several alternative
statistical approaches which are based on much weaker hypotheses than the Gaussian one,
which result from general probabilistic inequalities. Given a data sample, these inequalities
make it possible to derive prediction intervals for a random variable which can be directly
interpreted as probabilistic risk bounds. The proposed methods are applied to several data
sets obtained from real radiological contamination measurements to provide more realistic
risk bound estimation.
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Introduction

In nuclear engineering, as in most of the industrial domains, one often faces up with difficult decision
making processes, especially when safety issues are involved. In order to consider in a rigorous and
coherent way the uncertainties associated to the models, input conditions, measurements and
sampling in a decision process, the probabilistic framework offers an invaluable help.

In particular, a non-exhaustive sampling of a population of objects induces some uncertainties that
have to be known in order to control their effects. In this communication, we are concerned by the
radiological characterization of elements (walls, grounds, objects) from nuclear facilities whose
contamination is not spatially structured (a geostatistical approach is then useless) and which are
based on a small number of measures (from a few to a few tens). Indeed, the characterization of
contaminated elements in a nuclear facility may be difficult because of practical and/or strong
operation constraints, often limiting the number of possible measurements. Nevertheless, the
estimation of radioactivity levels is essential to assess the risk of exposure of nuclear dismantling
operators, as well as the risk of environmental contamination (1).

Small data sample and risk bound estimation

In the small-size sampling cases, the classical statistical tools, which are based on the hypothesis of a
Gaussian distribution for the value of a measure, can lead to erroneous conclusions. This paper aims
to present and illustrate several alternative statistical tools, called concentration inequalities, which are
applicable without making strong hypotheses on the law of probability of the studied variable (2). This
kind of tools are particularly relevant in the context of a demonstration before a safety authority. From
a sample of data, these concentration inequalities allow to obtain the three different classical statistical
intervals (3):

e The confidence intervals for the estimation of the mean (or other probability distribution
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parameters) of a random variable. For example, we can determine the size of the set of
measurements to make in order to reach a given precision for calculating the average value of
various contamination measures. This process allows us to optimize the sampling strategy
and offers invaluable economic gains;

e The prediction intervals for a random variable. For example, we can compute the probability
that the value of a point contamination is larger than a given critical value. In practice,
regulatory threshold values are set for different waste categories. Determination of the
probability that the contaminant's value is smaller than a given threshold can be used to
predefine the volumes of waste by category.

e The tolerance intervals, which extend the prediction intervals to take into account uncertainty
in the parameters of a variable's distribution. A tolerance interval gives the statistical interval
within which, with some confidence level, a specified proportion of a sampled population falls.

The main principles of the concentration inequalities will be given. Some numerical tests will show
their robustness and their ability to avoid unnecessary conservatism. Indeed, there exists a catalog of
inequalities based on a series of hypotheses, from the least restrictive to the most restrictive.

Their practical use will also be demonstrated on several real-cases, as an ensemble of radioactive
waste drums which are concerned by a radiolysis reaction. The evaluation of the hydrogen flow rate is
then required for their disposal in final waste repositories, while only a small-size sample has been
measured.

Conclusion

In summary, the concentration inequalities allow to determine unilateral intervals, by defining a limit
value that a variable cannot exceed (or reach, depending on the context) with a given probability level
and a confidence level. This can then be used to estimate, on the basis of a small number of
contaminant measures, the quantity of contaminant which does not exceed a safety threshold value.
These elements are of first importance for the preliminary categorization assessment of nuclear waste
in view of cost-effectively plan and manage a decommissioning project.
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