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Abstract

Mechanistic diffusion models for high burn-up fission gas release prediction, including FRAPCON-3,
have been thoroughly reviewed and examined in this study. Then, based on the review, an analytical
model is developed which mathematically simulates the two step diffusion processes of fission gas
release: matrix diffusion and grain boundary diffusion. Solution of the model depends on the ratio of
the diffusivities in the both processes. It turns out that the model describes the high burn-up behavior
of the fission gas release very well and predicts the exactly same release fraction as ANS5.4 model
does when its diffusivity in the grain boundary goes to infinity. In the next step, this model will turn
into a more comprehensive analytical model which take local high burn-up effect such as rim-effect
and transient release into consideration.
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3.
3.1 Formulation

G.E: Two Simultaneous PDEs
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On applying Green' s function to the G.E.
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In Quasi-Steady State
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That is,

Finally, two stage diffusion F.G.R. model is obtained:
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Q This model treats the boundary condition at R=a as a function of time in more
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U When a goes to zero, this model converts to original ANS5.4 model



3.2 SOLUTION OF NEW MODEL
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Therefore, FGR is as follows:
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Qa =D /wDZ ; Another parameter to be found based on DB.

a(T,Bu) « DZandD¥
U Boundary Conditions: New Approach vs. Speight (or Turnbull)

New Approach: 3rd kind
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Forsberg & Massih 45,470 1.84E-14 8.56E-3
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a) Scanning electron micrographs of b) SEM of the fracture surface of Cr203-doped

fracture Surfaces at UO2 fuel irradiated UO2, Of grain size 70 micron, irradiated to

to burnups of 0.28% FIMA at 0.28% FIMA burnup at 1460°C showing the

temperature of 1460°C formation of snake-like pores created by the
coalesence of lenticular grain Face gas bubbles

1. Scanning electron micrographs of fracture surface
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2. Fraction of FGR vs. burnup of each model at 1200°C
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