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(Fission Gas Release Behavior Analysis of ThO2-UOQO:2 Fuel)
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Abstract

For the in—pile performance analysis of thoria—urania fuel, INFRA-Th version was
developed by adding the pellet thermal conductivity, pellet raidial power and burnup
distribution, and fuel thermal expansion models for ThO;-UO: fuel to INFRA of UO:
performance analysis code. By using INFRA-Th, fission gas release data base of
ThO2-UQO> fuels which are produced by LWBR program is analyzed. Some of data gives
low fission gas release due to relatively low burnup, so that mechanistic analysis of
fission gas release by diffusion was not possible. In case of high fission gas release
data, most of fission gas release came from the region where grain growth had occurred
due to very high temperature irradiation. Therefore, it was not possible to apply

conventional diffusional fission gas release model for those data with grain growth.
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M = UO: mole fraction

Ap=46.948, A1=-112.072, Bo=1597x10-4, B=6.736x10-4, By=-2.156x10-3
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ALL = linear strain caused by thermal expansion (equal to 0 at 300K)
0

T = temperature (K)

Ep = energy of formation of a defect (J)

k = Boltzmann's constant (1.38x10 * J/K)
Ki=1.0x10 °, K»=3.0x10 °, K3=4.0x10" Ep=6.9x10"
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power (rrth,bub) = -6.6837 + 0.267*bub —4.2542e—-6%bub**2
+(3.2032-0.0655%bub+2.8175e-4*bub**2)*rrth
-(16.422+0.0368*bub+1.4236e-3*bub#*2) *rrth**2
+(25.0378+0.073+bub+2.4776e-3*bub**2)*rrth**3
-(22.1305+0.192+bub+1.4009e-3*bub**2) *rrth**4
+(11.5112+0.2137*bub)*exp(-3.8935%(1-rrth))
+(6.5873-0.2481*bub)*exp(0.0977* (1 -rrth)**2)



burnup (rrth, bub)= -16.8254+0.6736xbub-9.7069e-6xbub**2
-(2.5298+0.2733*bub-2.4955e-4*bubs:2)*rrth
-(30.5319+0.0656bub+1.0935e-3*bub#*2)*rrth==2
+(23.4042-0.0579«bub+1.713e-3*bub*:*2)*rrth:*3
-(32.4645+0.239+bub+8.8522e-4*bub#2)*rrth=:4
+(47.2434+0.6145%bub)*exp(-2.6379+#(1-1rth))
+(12.7968-0.646bub)*exp(0.1058* (1-rrth)*:*2)

o 714
rrth = normalized radius
bub = A2 HAAALE (MWd/kgHM)
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Low FGR (fraction) = 7.0xe-8*burnup
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¥ 1. LWBR ddz54E A A8 9k
Rod No. 79-442 | 79-506 | 79-349 79-375 79-405
wt % of ThO, 934 82.9 80 70 80
Fuel density ( % TD) 96 95.3 95 92 94
Pellet diameter (in) 0.208 0.462 0.652 0.645 0.651
Clad. outer diameter (in) 0.366 0.638 0.717 0.717 0.717
Diametral Gap (mils) 7.1 6.9 4 12 6
Peak LHGR (kW/ft) 10.35 14.48 22.45 19.34 22.17
Peak Burnup(MWd/mtHM) 45300 21100 8070 9990 11300
Measured FGR (%) 05 2.0 1.9 8.4 15.0
X2 RRAVNAGE 24
79-442 79-506 79-349 79-375 79-405
Mesured
FGR(%) 05 2.0 19 84 15.0
Predicted
FGR(%) 0.27 0.12 0.071 0.062 0.05
Grain growth
(% of total - - 3.3 10.3 16.6
fuel volume)
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Predicted - Measured FGR (%)
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Rod Peak LHGR (kW/m)

Fuel Centerline Temp. (C)
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Fuel Centerline Temp. (C)

Gas density*10*(moles/m?)

. —*— 79-442
-0+ 79-506
—A— 79-405
—v— 79-375
—o— 79-349
0" N Ok
\*/**
o o) \d*
2 o\*\*
O \*
~
J *\
—F—
600 T T T T T T T T >k x
0 10 20 30 40 50
Burnup (MWd/kgHM)
aY 9 ddE T 2xe W
10
9 4
1 Saturation
8 —O0— 79-442
J —A— 79-506
7 —¥— 79-405
| —— 79-375
\ —<I— 79-394
6 -
J O\
5 v o)
I v\O\o 3
——0—0"
] \
3 _- A B
5] \A\_\
A Y.
| . \ SN

T
0.6 0.8 1.0
Normalized Radius

T
0.0 0.2 0.4

H 10, = HelM dds 24 dANMe] dEE VA TE




Temperature (C)
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