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Abstract: Nuclear energy is an important component of an overall strategy 

to address climate change. Idaho National Laboratory (INL) is the U.S. Depart-

ment of Energy’s primary facility for research and development in nuclear sci-

ence and technology for energy generation, supporting the improvement and 

life extension of the existing reactor fleet and the development and licensing 

of new reactor designs. Computational modeling is an important component 

of these activities, particularly in the area of materials for nuclear applications, 

where experimental data can be very challenging and expensive to acquire, 

and where data is especially scarce for new reactor designs. INL has used 

multi-scale modeling – linking atomistic, mesoscale, and engineering scales – 

to improve the ability to predict the performance of materials for nuclear ener-

gy applications. These modeling efforts make extensive of MOOSE 

(Multiphysics Object-Oriented Simulation Environment), a general-purpose 

open source finite element framework developed at INL. In this talk, I will give 

an overview of the approach and tools used, and several examples of applica-

tion, including performance of nuclear fuels, understanding radiation-driven 

formation of nanoscale void and gas bubble superlattices, and powder densifi-

cation through electric field assisted sintering.  
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