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ABSTRACT

For the safe isolation of spent nuclear fuels, it is of importance to maintain the
integrity of the canister — a Cu overpack preventing corrosion — under the anoxic
conditions of a Deep geological Repository (DGR) environment after the depletion of
oxygen. Especially, as localized corrosion can happen at the surface of the canister
after the formation and failure of the sulfide film, it is essential to understand and predict
localized pit corrosion behavior. This study seeks to analyze pit corrosion with a
numerical simulation based on the idea of a 3-phases Phase Field (PF) model; the
components of which include Cu, groundwater and sulfide film. The model is developed
to become one of the simulation modules for the performance assessment of a DGR
system, the integrated version of which is named as HADESNU (High-level rAdiowaste
Disposal Evaluation Simulator by Seoul National University). HADESNU has been
developed in the MOOSE framework, and the 3-phase PF module for this paper aims
to describe the localized corrosion of Cu, formation of a sulfide film and following
limitation of corrosion rate with the change of each phase. This leads to the calculation
of corrosion depth over time and concentration profile of each chemical species near
the pit, based on the governing equations of the 3-phases Kim-Kim-Suzuki model. This
paper is a basic step to evaluate the integrity of Cu canisters in DGR environments,
quantitatively describing the corrosion behavior and the impact of the sulfide film.

REFERENCES
Ohno, M., & Matsuura, K. (2010). Quantitative phase-field modeling for two-phase solidification
process involving diffusion in the solid. Acta materialia, 58(17), 5749-5758.

Schwen, D., Aagesen, L. K., Peterson, J. W., & Tonks, M. R. (2017). Rapid multiphase-field model
development using a modular free energy based approach with automatic differentiation in
MOOSE/MARMOT. Computational Materials Science, 132, 36-45.

D Graduate Student 23 Senior Researcher ¥ Research Associate Professor -9 7 Professor


mailto:choisys7@snu.ac.kr

