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Application of surrogate models for statistical safety evaluation
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Abstract The present paper discusses application of a surrogate model for a best estimate plus uncertainty
(BEPU) analysis of a safety evaluation parameter on Bayesian modeling and inference using a probabilistic
programming language Stan for the RELAP5 uncertainty analysis of a PWR small break LOCA experiment. The
Bayesian prediction intervals for the uncertainty analysis were estimated and compared with the RELAPS
uncertainty analysis. The prediction intervals were verified to include the RELAPS analysis results with the
probability corresponding to the prediction intervals. The 95% values of the cumulative probability for the 95%
upper limits of the Bayesian prediction intervals for the uncertainty analysis were calculated and compared with
the estimations by the order statistics method. The estimated values by the order statistic method varied widely
depending on the sampling cases, which caused the cases of non-conservative evaluations compared with the
RELAPS analysis results with 5% probability. On the other hand, the estimated values by the Bayesian inference
showed small fluctuations among the sampling cases, and the values were on the safe side evaluation compared
with the RELAPS analysis results even if the fluctuations were included. Therefore, the recommendation was
made that the Bayesian modeling and inference should be used for the BEPU analysis which produced the
prediction intervals representing the uncertainty in the evaluation of the safety parameter quantitatively and more
accurately than the order statistics method.

Keywords Best estimate plus uncertainty (BEPU), Statistical surrogate model, Uncertainty analysis, Bayesian inference
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