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(Post-Irradiation Examination of PWR Nuclear Fuel-Swelling Behavior)
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Abstract

Density measurements of 49 UQO: specimens from 17 PWR spent fuel rods irradiated in
nuclear power plants(NPPs) in Korea, and the volume change curve(i.e., swelling curve and
densification curve) were derived from the measurement data. The swelling rate was
calculated from the swelling curve to be 0.091 %/(GWd/tU), which was relatively good
agreement with the theoretical solid swelling rate of 0.088 %/(GWd/tU). This means that

the swelling of the PWR fuels considered was mainly due to the solid fission products.
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3 1. Classification of Fission Products and Swelling due to Fission Products in
Pure Uranium Dioxide Fuel

Chemical Fission Partial
Group Elements Feorilrlga Yield Volume  v; /vy, Y (v;/vy)
(Y;) (vi, A®)
Soluable Nb+ Mo+ Zr(sol) MO, 0.149
Fission Y+rare earths Mz0s 0.534
Products Subtotal 0.683 40.93 1.00 0.683
Metal Mo Element 0.240
eta

Inclusions Ru+ Tc+ Rh+ Pd Element 0.263

Subtotal 0.503 14.73 0.36 0.181
Alkaline Ba+ Sr BaZrOs, 0.149 71.20 1.74 0.258
Earth Sr7r0
Oxide 3
Inclusions
Alkali Cs+Rb+I+Te Ionic 0.238 31.10 0.76 0.181
Metal Solid
Inert Gas Kr+ Xe Elemental 0.250 85.00 2.07 0.518

Gas

Other Ge+ Se+ Br+ Ag Ionic 0.027 31.10 0.76 0.021
Fission + Cd+ Snt+Zn Solid
Products

Total 1.842
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# 2. Initial Fuel Data (Nominal Design Value)

Batch No. of No. of Cycles
NPPs D Samples Irradiated Item Value
A 12 (2)* 1 Material UO, sintered
6 (3) 2 Density 94.3% of TD
Enrichment 2.122 wt. % of U
C 10 (4) 3 Material UO. sintered
Density 94.6 % of TD
K1 Enrichment 3.199 wt. % of U*%
D 5 (2) 2 Material UO. sintered
Density 94.7 % of TD
Enrichment 3.199 wt. % of U*%
G 2 (1) 2 Material U0, sintered
Density 94.7 % of TD
Enrichment 3.210 wt. % of U?%
Material UO, sintered
Q 11 (4) 3 Density 95.7 % of TD
5 Enrichment 3.80 wt. % of U?%
: Material UO, sintered
R 3 (D 2 Density 95.7 % of TD
Enrichment 3.80 wt. % of U?%
Total 49 (17)
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i 3. Result of Density Measurements
Local Burnup Density Volume Change | Initial Density
Plant Batch |Sample ID
(GWd/tU) g/cm3 Deviation (%) (g/cm 3)
A17D5-1 5.350 10.430 0.010 -0.729
A17D5-5 16.430 10.460 0.010 -1.013
A17D5-6 18.500 10.460 0.010 -1.013
A17D5-7 20.300 10.440 0.010 -0.824
AT7N1-1 4.940 10.460 0.010 -1.013
A1T7N1-2 6.500 10.450 0.010 -0.919
A17N1-3 8.500 10.450 0.010 -0.919
A17N1-4 10.860 10.460 0.010 -1.013
A A17N1-5 12.300 10.450 0.010 -0.919 10.354
A17N1-6 13.600 10.450 0.010 -0.919 ’
A17N1-7 16.950 10.450 0.010 -0.919
A17N1-8 17.600 10.450 0.010 -0.919
A39D9-1 25.100 10.400 0.010 -0.442
A39D9-2 29.860 10.370 0.010 -0.154
A39D9-3 29.700 10.350 0.010 0.039
A39A6-2 24.020 10.440 0.010 -0.824
A39A6-3 23.850 10.500 0.010 -1.390
KNPP-1 A39A7-1 10.900 10.510 0.010 —-1.484
C15A6-1 33.710 10.360 0.010 0.261
C15A6-2 35.010 10.300 0.010 0.845
C15A6-3 35.010 10.370 0.010 0.164
C15N6-1 24.790 10.400 0.010 -0.125
c C15N6-2 29.020 10.380 0.010 0.067 10.387
C15N6-3 29.470 10.380 0.010 0.067 :
C15D9-1 19.260 10.440 0.010 -0.508
C15D9-3 34.900 10.370 0.010 0.164
C15E11-2 35.890 10.360 0.010 0.261
C15E11-3 35.500 10.290 0.010 0.943
D29A12-1 39.720 10.340 0.010 0.561
D29A12-2 18.290 10.530 0.010 -1.254
D D29A12-3 17.500 10.530 0.010 -1.254
D29A13-2 19.470 10.520 0.010 -1.160 10.398
D29A13-3 17.550 10.530 0.010 -1.254
G G33N1-1 8.300 10.530 0.010 -1.254
G33N1-2 17.510 10.440 0.010 -0.402
Q17D11-2 47.297 10.341 0.011 1.422
Q17D11-6 48.003 10.347 0.013 1.363
Q17D11-7 38.270 10.361 0.011 1.226
Q17A03-2 42 .247 10.303 0.0183 1.796
Q17A03-6 43.373 10.334 0.012 1.490
Q Q17A03-7 36.879 10.361 0.010 1.226 10.488
KNPP-2 Q17M14-2 44.650 10.359 0.014 1.245
Q17M14-6 42.703 10.326 0.011 1.569
Q17M14-7 37.297 10.370 0.009 1.138
Q44A16-6 41.653 10.336 0.013 1.471
Q44A16-7 35.273 10.326 0.010 1.569
R41E06-4 36.216 10.367 0.019 0.984
R R41E06-7 34.907 10.375 0.014 0.906 10.469
R41E06-9 28.824 10.411 0.0183 0.557




1 Volume Change Behavior of PWR Fuel Pellet
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29 1. Volume Change Curves obtained by Curve Fitting of the Density
Measurement Data of KNPP-1 and KNPP-2 Fuels.
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