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Abstract

The full-scope simulator plays a critical role in nuclear power plant emergency drills, personnel training, and
accident analysis. Traditional system programs lack sufficient computational performance to meet real-time
requirements when simulating complex accident scenarios in reactor systems. This study focuses on the Small
Break Loss of Coolant Accident (SBLOCA) in nuclear power plants, generating large-scale datasets through
digital simulations. After data preprocessing and standardization, a lightweight Gradient Boosting Decision
Tree (LightGBM) regression model was developed using machine learning algorithms. SHAP (Shapiro’s Hy-
pothesis Testing and Interpretation) analysis identified the contributing factors, enabling the model to predict
key parameters such as fuel peak cladding temperature, primary reactor coolant pressure, and pressurizer wa-
ter level. The model achieved a mean square error (MSE) below 0.002 and a coefficient of determination (R?)
exceeding 0.98, with a prediction speed approximately 32,500 times faster than traditional system programs—
requiring less than 0.0004 seconds per data point. This study provides a novel solution for complex condition
simulations in nuclear power plant full-scope simulators.

Keywords

Nuclear Power Plant Simulator; LightGBM; Parameter Prediction; SHAP

Author: 2, [ (FESNAIIFERHEE ; BERFTREYER | BRVHERR2EERKRE)

Co-authors: JRIE, #k (FESDIFFERITBE ; S N HE2EE ALK E), BEE, & (FE/XS) DR
BT ; KN HEREE SRR E), B, B (BERETEYER)

Presenter:  #fj, & (FEMKN NI FIEITEE ; BERFTEMER MR NHERR2EELALR
%)

Session Classification: R ER

Track Classification: EHRER: IR ET



