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Development of an Evaluation Method Using Gaussian Process Regression

for the Number of Steam Generator Tubes Broken
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Abstract This paper evaluates a method for estimating the numbers of broken steam generator tubes

that occur in a steam generator tube rupture (SGTR) accident using information obtained from the nuclear
safety parameter display system (SPDS). The method applies machine learning to this information. The
method used in the previous study to estimate the leakage diameter during a loss-of-coolant accident (LOCA)
has little advantage because it takes too long to complete the estimation due to the long time during the SGTR
accident in which the reactor pressure must remain at the saturated vapor pressure in the calculation. In order
to estimate the number of broken tubes at an early stage, this study focuses on the period between the onset
of SGTR and the decrease in reactor pressure to the saturated vapor pressure, and defines a new feature. The
calculation conditions are as follows. The first is the selection of two accident scenarios "(1) SGTR + loss of
all AC power SBO" and "(2) SGTR + automatic reactor shutdown (continued water supply)". The second
condition is intended to increase the number of broken tubes. The third is to change the time delay between
the start of the calculation and the SGTR occurrence to consider the effect of the sampling time, since the
transmission interval of the SPDS is 60 s. The studied training file is calculated using the severe accident
analysis code MAAP4 under the above conditions. Then, using the technical computing language MATLAB,
features are extracted from the studied file and trained using Gaussian process regression (GPR). The relative
error is about 25% for scenario (1) and about 50% for scenario (2). This method is judged to be practical
because it can be applied to various scenarios by increasing the number of training files.

Keywords steam generator tube rupture, machine learning, safety parameter display system, Gaussian process
regression
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