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Executive Summary

The main objective of this proposed work is to provide an experimentally validated multiscale
approach for safety analysis of advanced reactors, that will be valuable in licensing and
regulation. Current techniques for system analysis lack capabilities in resolving detailed 3D
thermal hydraulic behavior that are critical for the design and performance evaluation of
advanced reactor candidates. The risk evaluation and uncertainty envelop of safety features in
advanced reactors are highly dependent on complex physics in contrast to probabilistic failure
rates of engineered safety features in existing reactors. Therefore, accurate physical depiction
in system analysis tools is essential for risk quantification. This project will result in a statistical
learning-based coupling mechanism between multiscale models — one-dimensional (1D) system
level models and detailed 3D Computational Fluid Dynamics (CFD) simulations of advanced
reactor systems for safety analysis. This coupled framework will be implemented with System
Analysis Module (SAM) and Nek5000, which are part of NRC’s Comprehensive Reactor
Analysis Bundle (BlueCRAB). It will be demonstrated on two test cases relevant to advanced
reactors such as liquid metal (sodium fast reactors - SFRs) and high temperature gas-cooled
reactors (HTGRs). The existing experimental capabilities at KSU will be used for validating
1D/3D coupled models. KSU will develop closure relations for multiscale coupling and obtain
validation grade experimental data, while VCU team will lead the CFD simulations and SAM
development scope.
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