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Application of Surrogate Models for Statistical Safety Evaluation
(Bayesian inference for uncertainty analysis of PWRs)
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Abstract The present paper discusses Bayesian modeling and inference using the probabilistic programming
language Stan for the RELAPS uncertainty analysis of fuel peak cladding temperature during a small break
LOCA scenario in PWRs. For the break sizes of 1, 3 and 5 inches, the accuracy of the 95% value estimated
by Bayesian modeling was examined statistically by changing the sampling of the training data sets. By
repeating adaptive sampling for each break size, it was confirmed that the 95% value estimated by Bayesian
modeling was almost the same as the 95% value calculated by the RELAPS code, and more accurate and less
variability than the order statistics. The 95%/95% value evaluated by Bayesian inference gave a safe side
evaluation compared with the 95% value of the RELAPS code. The range of variation of the 95%/95% value
was included in the range of variation of the order statistics for the 3 inch break, but was not included in the
range of variation of the order statistics for the 1 inch break and 5 inch break, resulting in an overly
conservative evaluation. If the surrogate model used in Bayesian inference had better generalization
performance, the 95%/95% value estimated by Bayesian inference for each break size would be on the safe
side of the 95% value from the RELAPS5 code and would give an assessment excluding excess
conservativeness compared with the order statistics.

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