Multiscale computer simulations and predictive modeling of RPV embrittlement.
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Structural materials used for nuclear components such as reactor pressure vessels and core internals the light waters are subjected to high-energy neutron irradiation that cause radiation damage in the materials. The accumulation of the radiation damage results in mechanical property changes in the materials, and thus, the understanding of the degradation mechanisms of the materials under irradiation conditions and its application to accurate prediction of the material degradation are very important for the safe and long-term operation of the nuclear reactors.

In this lecture, multi-scale computer simulation approach will be presented as a very powerful tool to understand the materials degradation mechanism over very wide time and length scales. Neutron irradiation embrittlement of reactor pressure vessel (RPV) materials is considered as an example of the success of this approach, where simulations of 1) point defect production by displacement cascades, 2) interaction of the defects with other defects and solutes during diffusion process, 3) characteristics of the defect or solute clusters, 4) interactions of such clusters with moving dislocations, and finally 5) mechanical property changes are performed by combining several computational techniques such as molecular dynamics, kinetic Monte Carlo and dislocation dynamics. Experimental results obtained by three-dimensional atom probe, positron annihilation, transmission electron microscope, and mechanical property test techniques will also be presented to compare with the simulation results. 
Finally, all the information obtained by computer simulations and experimental results is integrated to develop a predictive model of RPV embrittlement, and the most recent method developed in Japan will also be presented. 
