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Development of Two-stage fission Gas Release Model
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Abstract

Based on the review of the current mechanistic diffusion models for high burn-up fission gas release
prediction, an analytical two stage 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 takes local high
burn-up effect such as rim-effect and transient release into consideration.
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3t 1 Comparsion of the parameters used at each model

A Burnup . 2
Activation Energy Factor Resolution, bA D/a
ANS5 4 72,300 cal/mol | 100(®u/28000) 0.61/sec *
Modified ANS5.4 49,700 calimol | 100" "m0 22.1 x 10"/sec *
Farsberg & Massih 45,470 cal/mol 1.84 x 10 8.56 x 10%/sec *
Modified (Bu-21000) 12 3
Farsberg-Massih 57,742 cal/mol 100 35000 1.47 x 10 8.56 x 10~/sec *
KWU 31,792 cal/mol ***
Modified KWU .
(CARO-D5.5) 27,818 cal/mol
. -6 -4
Turnbull b 107 [110°

A:10° 010°

* NUREG/CR-6534 , ** Dawling & White, J. Nucl. Mater. 110(1981)37, *** KWU B 412/89/e422

a) Scanning electron micrographs of
fracture Surfaces at UO2 fuel irradiated
to burnups of 0.28% FIMA at
temperature of 1460°C

. |

e NG _
b) SEM of the fracture surface of Cr203-
doped UQO2, Of grain size 70 micron, irradiated
to 0.28% FIMA burnup at 1460°C showing the
formation of snake-like pores created by the
coalesence of lenticular grain Face gas bubbles

1% 1. Scanning electron micrographs of fracture surface
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