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ABSTRACT

The isotopic composition calculations were performed for 26 spent fuel samples from Obrigheim PWR
reactor and 55 spent fuel samples from 7 PWR reactors using SCALE4.4 SAS2H with 27, 44 and 238 group
cross-section libraries and SWAT with 107 group cross-section library. For convenience, the ratio of the
measured to calculated value was used as a parameter. The four kinds of the calculation results were compared
with the measured data. For many important nuclides for burnup credit criticality safety evaluation, the four
methods applied in this study showed good coincidence with measurements in general. More precise
observations showed the following results. Less unity ratios were found for Pu-239 and -241 for selected 16
samples out of the 26 samples from Obrigheim reactor. Larger than unity ratios were found for Am-241 for both
the 16 and 55 samples. Larger than unity ratios were found for Sm-149 for the 55 samples. In the case of 26
sample SWAT was generally accompanied by larger ratios than those of SAS2H with some exceptions. Based on
the measured-to-cal culated ratios for 71 samples of a combined set in which 16 selected samples and 55 samples
were included, the correction factors that should be multiplied to the calculated isotopic compositions were
generated for a conservative estimate of the neutron multiplication factor of a system containing PWR spent fuel,
taking burnup credit into account.
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Table 1. Operating Parameters for 55 Spent PWR Fuel Samples

. . Coolin, Axial o Water
Reactor Assembly ID (ézll:lmlat';;;l lfjn;;cshme:/lt (];3‘1;21/1% Timeg Location Temperatflre( ) Density
ple (U-235wt%) | ( tU) @ (cm) Fuel Cladding | Coolant | (o/cyd)

E6-C-f6 yal 3.400 15.95 281.5 220.22 771.3 559.1 548.7 0.770

E6-C-f6 ya2 3.400 30.39 717.0 138.94 889.5 560.2 540.8 0.783

E6-C-f6 ya3 3.400 31.33 281.5 57.66 876.6 550.8 531.7 0.797

Yankee E6-C-f6 yad 3.400 20.19 281.5 17.02 787.1 540.6 528.0 0.803
rowe E6-SE-c2 yab 3.400 32.03 281.5 138.94 889.5 560.2 540.8 0.783
E6-SE-c2 yab 3.400 31.41 281.5 57.66 876.6 550.8 531.7 0.797

E6-SE-e4 yar 3.400 35.97 281.5 138.94 889.5 560.2 540.8 0.783

E6-SE-e4 ya8 3.400 35.26 281.5 57.66 876.6 550.8 531.7 0.797

86b02 mil 3.208 8.30 1825 - 923.0 600.4 560.4 | 0.752

86b03 mi2 3.208 6.92 1825 - 863.0 633.6 593.6 0.679

86905 mi3 3.208 15.36 1825 - 823.0 611.7 71.7 0.730

86003 mi4 3.203 21.29 1825 - 933.0 625.4 585.4 0.700

Mihama-3 | 86907 mi5 3.203 14.22 1825 - 863.0 600.3 560.3 0.755
8603 mi6 3.203 29.50 1825 - 863.0 600.3 560.3 0.752

87c04 mi7 3.210 32.20 1825 - 891.0 607.0 567.0 0.739

87c07 mi8 3.210 33.71 1825 - 905.0 600.8 560.8 0.751

87c08 mi9 3.210 34.32 1825 - 913.0 625.9 585.9 0.698
509-104-M11-7 trl 3.897 12.04 10 79.2 001.0 570.0 543.0 0.780
509-032-E11-4 tr2 3.130 15.38 10 158.5 015.0 570.0 557.0 0.755
509-032-E11-7 tr3 3.130 15.90 10 79.2 001.0 570.0 543.0 0.780
509-032-E11-9 trd 3.130 11.53 10 26.4 927.0 570.0 537.0 0.789
509-069-E11-1 tr5 3.130 12.86 10 237.7 915.0 570.0 563.0 0.737
509-069-E11-2 tré 3.130 20.60 10 211.3 968.0 570.0 561.0 0.741

Trino 509-069-E11-4 tr7 3.130 23.72 10 158.5 015.0 570.0 553.0 0.755
Vercellese | 509-069-E11-7 tr8 3.130 24.30 10 79.2 001.0 570.0 540.0 0.780
509-069-E5-4 tr9 3.130 23.87 10 158.5 015.0 570.0 553.0 0.755

509-069-E5-7 tr10 3.130 24.55 10 79.2 001.0 570.0 540.0 0.780
509-069-L11-4 tril 3.130 23.93 10 158.5 015.0 570.0 553.0 0.755
509-069-L11-7 tr12 3.130 24.36 10 79.2 001.0 570.0 540.0 0.780

509-069-L5-4 trl3 3.130 24.33 10 158.5 015.0 570.0 553.0 0.755

509-069-L5-7 trld 3.130 24.31 10 79.2 001.0 570.0 540.0 0.780
D047-MKP109 cal 3.038 27.35 1870 13.2 922.0 595.0 570.0 0.731
D047-MKP109 ca2 3.038 37.12 1870 27.7 922.0 595.0 570.0 0.731
D047-MKP109 ca3 3.038 44.34 1870 165.22 922.0 595.0 570.0 0.731

Calvert D101-MLA098 cad 2.720 18.68 2374 9.10 922.0 595.0 570.0 0.731
Cliffs D101-MLAQ98 cab 2.720 26.62 2374 24.50 922.0 595.0 570.0 0.731
Units 1 D101-MLAQ98 cab 2.720 33.17 2374 161.90 790.0 620.0 557.0 0.757
BT03-NBD107 car 2.453 31.40 2447 11.28 841.0 620.0 558.0 0.757
BT03-NBD107 ca8 2.453 37.27 2447 19.92 873.0 620.0 570.0 0.733
BT03-NBD107 ca9 2.453 46.46 2447 161.21 816.0 620.0 557.0 0.758

D01-G9 tkl 2.556 30.72 927 - 880.0 620.0 558.0 0.757

D01-G10 tk2 2.556 30.51 927 - 910.0 620.0 570.0 0.734

:(‘)‘l:ll;eg D01-H9 3 2556 31.56 927 - 790.0 | 6200 | 5570 | 0.758
D04-G9 tk4 2.556 31.26 927 - 841.0 620.0 557.0 0.758

D04-G10 tk5 2.556 31.31 927 - 873.0 620.0 570.0 0.758

N-9B-S rol 2.560 16.02 3936 - 743.0 595.0 559.0 0.687

H.B. N-9B-N ro2 2.560 23.81 3936 - 830.0 595.0 559.0 0.687
Rorinson N-9C-J ro3 2.560 28.47 3631 - 883.0 595.0 576.0 0.656
N-9C-D ro4 2.560 31.66 3631 - 923.0 595.0 579.0 0.650

170-94 orl 3.130 25.93 10 - 846.0 605.0 572.0 0.728

172-92 or2 3.130 26.54 10 - 841.0 605.0 572.0 0.728

Orrigheim 176-91 or3 3.130 27.99 10 - 849.0 605.0 572.0 0.728
168-86 Ob4 3.130 28.40 10 - 859.0 605.0 572.0 0.728

171-89 0b5 3.130 29.04 10 - 867.0 605.0 572.0 0.728

176-90 or6 3.130 29.52 10 - 771.3 560.2 540.8 0.783




Table 2. Design Specifications for Origheim Spent Fuel

Design Specification Value
Fue Rod

-Pellet Density 10.422 g/cm?
-Pellet Diameter 0.9040 cm
-Cladding 1D 0.9318 cm
-Cladding OD 1.0760 cm
-Pitch 1.4300 cm
Assembly

-Rod No 180
-Array 14x 14
-Inlet/Outlet  Coolant 283/313°C
Temperature

Table 3. Operating Parameters for 26 Obrigheim Samples

Calculatio
n Enrichment . . Temperature(®
Sample ID | Sample ID Meﬁf;::::::‘:“t (U-235 ( 3;“;:7&) Ax'al(clesa"“" i o
wt%) Fuel Claddin Cootlan
g

orl D1-P1 Karlsruhe 3.00 21.17 15.0 900.0 | 600.0 | 556.3
or2 D1-P3 Ispra 3.00 33.75 143.5 900.0 | 600.0 | 570.5
or3 E3-P1 Ispra 3.00 20.18 15.0 900.0 | 600.0 | 556.3
or4 E3-P2 Karlsruhe 3.00 35.10 315 900.0 | 600.0 | 557.0
or5 E3-P3 Ispra 3.00 36.26 143.5 900.0 | 600.0 | 570.5
or6 E3-P4 Ispra 3.00 30.89 231.5 900.0 | 600.0 | 582.8
or7 E3-P4 Karlsruhe 3.00 30.94 231.5 900.0 | 600.0 | 582.8
or8 E3-P5 Ispra 3.00 22.86 258.5 900.0 | 600.0 | 585.0
or9 G7-P1 Ispra 3.00 17.13 15.0 900.0 | 600.0 | 556.3
orl0 G7-P1 Karlsruhe 3.00 22.70 15.0 900.0 | 600.0 | 556.3
orll G7-P2 Ispra 3.00 25.83 315 900.0 | 600.0 | 557.0
orl2 G7-P3 Ispra 3.00 31.50 143.5 900.0 | 600.0 | 570.5
orl3 G7-P3 Karlsruhe 3.00 31.14 143.5 900.0 | 600.0 | 570.5
orl4 G7-P4 Ispra 3.00 27.71 231.5 900.0 | 600.0 | 582.8
orl5 G7-P5 Karlsruhe 3.00 25.81 258.5 900.0 | 600.0 | 585.0
orlé M14-P1 Karlsruhe 3.00 15.60 15.0 900.0 | 600.0 | 556.3
orl7 M14-P3 Ispra 3.00 29.36 143.5 900.0 | 600.0 | 570.5
orl8 M14-P4 Karlsruhe 3.00 24.90 231.5 900.0 | 600.0 | 582.8
orl9 G14-P3(1) Ispra 2.83 38.10 132.8 900.0 | 600.0 | 568.8
or20 G14-P3(1) Karlsruhe 2.83 36.88 132.8 900.0 | 600.0 | 568.8
or2l G14-PA(1) Ipara 2.83 35.64 220.6 900.0 | 600.0 | 581.6
or22 G14-P5(1) Ispra 2.83 30.16 242.6 900.0 | 600.0 | 583.8
or23 G14-P5(2) Ispra 2.83 24.22 254.7 900.0 | 600.0 | 584.8
or24 K14-P1 Ispra 2.83 25.45 15.0 900.0 | 600.0 | 556.3
or25 K14-P3(1) Ispra 2.83 36.67 132.8 900.0 | 600.0 | 568.8
or26 K14-P4(1) Karlsruhe 2.83 32.90 220.6 900.0 | 600.0 | 581.6

* Cooling Time: 0.0 day
*Cooling Water Density:
-SAS2H: 0.8238 g/cm’

-SWAT: water density, corresponding to the coolant temperature, is calculated in SWAT.




Table 4. U-235 Relative errors of SAS2H and SWAT Calculated Compositions in the Case of

26 Obrigheim Spent Fuel Samples

Sample | Enrich- Axial- Burnup Exp. Data (Cal.-Exp.)/Exp.
Id ment Location | (GWd/tU) (g/1tU, SAS2H SWAT
(Wt%%o) (cm) Initial) 27G 44 G 238G | 107G
Or23 | 2.830 254.7 24.220 8.940E+03 | 9.351 9.620 11.454 | 11.857
or24 2.830 15.00 25.450 1.000E+04 | -7.880 -8.110 -6.470 | -8.830
or22 2.830 242.6 30.160 6.270E+03 | 16.571 | 16.938 | 19.569 | 19.522
or26 2.830 220.6 32.900 5.040E+03 | 26.369 | 26.369 | 30.099 | 28.849
or2l 2.830 220.6 35.640 4950E+03 | 11576 | 11576 | 15.374 | 13.798
or25 2.830 132.8 36.670 4.860E+03 | 7.840 6.872 10.741 | 6.008
or20 2.830 132.8 36.880 4410E+03 | 17.234 | 16.712 | 20.975 | 15.488
orl9 2.830 132.8 38.100 5.050E+03 | -3.663 -4.594 -0.871 | -5.743
orl6 3.000 15.00 15.600 1.570E+04 | 1.338 1.338 1911 | 1.720
or9 3.000 15.00 17.130 1.520E+04 | -1.974 -1.842 -1.184 | -1.645
or3 3.000 15.00 20.180 1.280E+04 | 2.109 2.109 2.969 | 2.031
orl 3.000 15.00 21.170 1.370E+04 | -8.759 -8.759 -7.737 | -8.832
or10 3.000 15.00 22.700 1440E+04 | 18.889 | 18.889 | 17.917 | 19.167
or8 3.000 258.0 22.860 1.190E+04 | -2.437 -2.269 -1.092 | -0.420
orl8 3.000 231.0 24.900 1.030E+04 | 2.718 2.913 4466 | 4.757
orl5 3.000 258.0 25.810 1.010E+04 | 0.495 0.792 2376 | 2772
orll 3.000 31.00 25.830 1.080E+04 | -6.204 -6.389 -4.907 | -6.944
orl4 | 3.000 231.0 27.710 1.010E+04 | -8.089 -7.861 -6.228 | -6.099
orl7 3.000 143.0 29.360 8.780E+03 | -2.301 -2.301 -0.159 | -1.970
or6 3.000 231.0 30.890 7.480E+03 | 6.818 6.818 9.332 | 9.064
or7 3.000 231.0 30.940 7.840E+03 | 1.620 1.620 4018 | 3.814
orl3 3.000 143.0 31.140 7.500E+03 | 5.280 4973 7480 | 5147
orl2 3.000 143.0 31.500 7.610E+03 | 1.905 1.603 4074 | 1787
or2 3.000 143.0 33.750 6.930E+03 | 0.043 -0.303 2.756 | -0.216
or4 3.000 31.00 35.100 8.440E+03 | 23.152 | 23.709 | 21.481 | 25.616
or5 3.000 143.5 36.260 6.090E+03 | 0.722 -0.049 3.415 | -0.263




Table 5. Correction Factors for 38 nuclides

Tolerance Correction Factor
Nuclide Limit Datatt SAS2H SWAT
Factor 271G 4G 238 G 107G
U-234 2.292 25 0.7386 0.7548 0.7581 0.7472
U-235 1.987 71 1.1057 1.1047 1.0749 1.1091
U-236 1.987 71 0.9103 0.9116 0.9140 0.9519
U-238 2.005 65 0.9919 0.9918 0.9923 0.9920
Np-237 2.671 13 0.6435 0.7173 0.7485 0.7462
Pu-238 2.060 51 0.7905 0.8404 0.8516 0.9830
Pu-239 1.987 71 1.0901 1.1166 1.0819 1.1104
Pu-240 1.987 71 0.9864 0.9433 0.9274 0.9407
Pu-241 1.987 71 1.1145 1.1858 1.1484 1.1984
Pu-242 1.999 67 0.8986 0.8166 0.8113 0.8882
Am-241 2.371 21 0.0000 0.0000 0.0000 0.0000
Am-242 3.187 8 0.5196 0.5946 0.5793 0.9371
Am-243 3.187 8 0.5205 0.4822 0.4727 0.7937
Cm-242 2.220 30 0.4265 0.4974 0.4863 0.4665
Cm-244 2.208 31 0.7302 0.6135 0.5742 0.8561
Se-79 3.031 9 0.6218 0.6204 0.6197 0.7174
Sr-90 3.031 9 0.9387 0.9371 0.9406 0.9308
Tc-99 2.671 13 0.5931 0.5919 0.5820 0.5623
Ru-106 5.144 4 0.7161 0.7200 0.7140 0.7180
Sn-126 3.708 6 0.1405 0.1396 0.1392 0.1279
-129 7.656 3 0.6838 0.7162 0.6845 0.7592
Cs-133 7.656 3 0.9399 0.9177 0.9027 0.9092
Cs-134 2.275 26 0.7727 0.8013 0.8238 0.8056
Cs-135 3.031 9 0.8513 0.9019 0.8883 0.9036
Cs-137 2.158 36 0.9318 0.9317 0.9317 0.9394
Ce-144 5.144 4 0.8669 0.8669 0.8773 0.8759
Nd-143 7.656 3 0.9591 0.9719 0.9576 0.9759
Nd-144 7.656 3 0.9869 0.9690 0.9869 0.9863
Nd-145 7.656 3 0.9845 0.9774 0.9807 0.9828
Nd-146 7.656 3 0.9884 0.9797 0.9873 0.9955
Nd-148 2.524 16 0.9661 0.9671 0.9658 0.9519
Nd-150 7.656 3 0.8992 0.8992 0.8992 0.8855
Sm-148 7.656 3 0.9619 0.9862 1.0248 0.7183
Sm-149 7.656 3 0.0000 0.0000 0.0000 0.0000
Sm-150 7.656 3 0.6426 0.6403 0.6436 0.6965
Sm-152 7.656 3 0.5571 0.5620 0.7353 0.6010
Eu-153 7.656 3 0.6654 0.5664 0.5699 0.6714
Eu-154 2.423 19 0.3806 0.7385 0.7168 1.0064
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