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Analysis of Cladding Relaxation of Fuel Rod by Pellet Rearrangement
Model
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Abstract

The clad elongation calculated by the finite element program in INFRA code was compared
with experimental results from re—nrradiation tests for UO: PWR rods in Halden. Rearrangement
within pellet was introduced in order to describe the experimental relaxation of clad. Irradiation
creep strain rate was selected as a mathematical expression for rearrangement, but the related
constant was newly determined. Calculational and experimental results were well in agreement
at frictional coefficients between 0.5 and 0.55. But results were very sensitive to the difference
between calculated and measured fuel rod temperature, and to the change in the value of
rearrangement model constant. This requires the accurate calculation of fuel rod temperature

and the more appropriate rearrangement model.
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Parameter Rod 3 Rod 4
Fuel enriched length (mm) 359.6 359.3
Fuel weight (Q) 200 200
Initial density (%TD) 95.8 95.8
Initial enrichment (%) 3.6 3.6
Grain size (mm) 10~ 15 10 15
Initial fuel 0.D. (mm) 8.19 8.19
Clad material Low Sn Zr2 Low Sn Zr2
Initial clad 0.D. (mm) 9.5 9.5
Initial clad 1.D. (mm) 8.36 8.36
Initial diametral gap (mm) 170 170
Burnup (MWd/kgu0,) 50 50




Clad elongation (mm)
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Clad elongation (mm)

0.8

0.20
= measured = measured
0.18 4|—2— FEM (u = 0.50, rearrangement) 0.7 4 |4 FEM (4= 0.50, rearrangement)
—o—FEM (u = 0.55, rearrangement) *O*EEm :M = g gg rearrangemeng
0.16 4| —o— FEM (u = 0.60, it o n= , rearrangement
° (" rearrangement) — 0.6 -] [ %~ FEM (1 = 1.00, rearrangement)
0.14 1 z X %
E 05 K wl k >
012 £ X
P ; o
2 ; *
0.10 = 04 >
5
0.08 5 M
o 0.3 % 7
H
0.06 3 b g
O 0.2 xS ;
¥ ¥
0.04 £ ewr ] y .
® : 200900 0
0.02 014 F o % e I —
0.00 0.0 o

T T y T T
30 32 34 36 38 40 42 44 46

T L T T
48 50 52 54 56 58 6.0

time (day)

time (day)

a4 5 AxA A AR Aol wE 53 4 W
0.16
E time period = 4 to 5 day
0.14 —u— measured
1 -~ FEM (u=0.50, rearrangement)
—0—FEM (u=0.55, rearrangement)

0.12 4 -~ FEM (u=0.55, no rearrangement) ‘,X
’é\ 4
£
= o
Re] | ]
®©
(@] )
£ %
L
k]
<
o

T T
14 16
LHGR (kW/m)
a9 6 Az AR AARE vpaAs @ gaje] g dEy o 9%

e

02 0000 53000 0obb bodd 00 0 oog goo

222

Creep

Rearrangement

Radial strain (%)

0.2537x 107°

-0.1855x% 1072

Axial strain (%)

-0.2815x 107°

-0.1446x% 1072

Hoop strain (%)
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0.3301x 107
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