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ABSTRACT: The nuclear power materials are subjected to chronic neutron irradiation, during which radiation defects accumu-
late to degrade the material structure and properties, leading to potential threat of safety of nuclear power plants. The framework
of multi-scale high-throughput simulations is a keystone on revealing the mechanisms of radiation defect evolution, which may
fulfill the life and performance prediction based on the concept of equivalent defect structures. In this paper, the recent devel-
opment of multi-scale high-throughput simulations on the defect evolution in nuclear power materials is reviewed. First, the

multi-scale nature of the evolution of defect structures is introduced. Then, the state-of-the-art multi-scale simulation techniques
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are discussed. The review shows that, the energetics of defects plays an important role on linking the simulations of different

scales as an integrated chain. The thermodynamic and kinetic properties of defect evolution, essential for the long term predic-

tion of defect structures, are accessible with multi-scale high-throughput simulations. Finally, based on analysis of the correla-

tion of defect energetics, micro-structure and materials properties, we prospect the potential of defect energetics being a “materi-

als genome structure energy” as the basis of engineering models for the service safety evaluation of nuclear power materials.

KEY WORDS: nuclear power materials; radiation defects; multi-scale simulation; high-throughput calculation; materials ge-

nome structure energy
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