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Statistical combination method for previous and JAERI data of isotopic compositions in PWR spent

fuel has been investigated. Using the F and T datistical test method, tests for the normality, the

homogeneous variance and equivalent mean a a 5 % significance level have been carried out for
twenty two isotopes which consist of spent fuel over 30 GWd/tU in burnup. All isotopes except U-238

and Nd-148 seem to be satisfied with the normality. 16 isotopes including U-234 seem to be satisfied
of U-235, Pu-240, Pu-241, Cs-134, Nd-144 and Sm-148 are appeared to be satisfied simultaneously

with the homogeneous variance. 9 isotopes including U-235 seem to have a equivalent mean. 6 isotopes
with 3 alternative test results.
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Table 1. Sample mean and Standard Deviation for the previous and JAERI data.

Previous Data JAERI Data
Isotope Sa@ple Standard Sal'nple Standard
size Mean o size Mean o
(Outliers) Deviation (Outliers) Deviation
U-234 18(1) 0.9887 0.0896 8 0.8961 0.0946
U-235 21 1.059 0.037 8 1.031 0.022
U-236 21 0.9813 0.0229 8 1.0101 0.0038
U-238 20(1) 1.0007 0.0041 7 0.9988 0.0006
Np-237 7 0.8884 0.0481 5 1.0946 0.0190
Pu-238 21 1.0614 0.0717 8 1.1888 0.0666
Pu-239 17(4) 0.9885 0.0314 8 1.076 0.0456
Pu-240 21 1.0300 0.0224 8 1.0292 0.0229
Pu-241 21 1.0452 0.0700 8 1.0657 0.0402
Pu-242 20 0.9668 0.0503 8 0.9895 0.0142
Am-241 5(1) 1.1174 0.0703 7(1) 0.9138 0.0610
Cs-134 2 1.1875 0.0586 6(2) 1.2338 0.0111
Cs-137 7 0.9917 0.0168 8 1.0147 0.0050
Nd-143 2 0.9995 0.0035 8 1.0266 0.0111
Nd-144 2 0.9945 0.0035 8 1.0141 0.0240
Nd-145 2 1.0050 0.0014 8 0.9940 0.0042
Nd-146 2 0.9875 0.0007 8 1.0062 1.0080
Nd-148 7 0.9874 0.0062 8 1.0128 0.0042
Nd-150 2 0.9625 0.0049 7 1.0145 0.0098
Sm-148 2 1.1965 0.0374 5 1.2408 0.0295
Sm-149 2 1.6730 0.4171 5 1.5210 0.0639
Sm-150 2 1.0125 0.0685 5 0.9328 0.0070




Table 2. Results of Normality and Constant Variance Tests.

Normality test

Constant variance

Previous Data JAERI Data test
Isotope | W D w? A w D w? A F |p-value
U-234 | 0.2035 | 0.0389 | 0.0389 | 0.0644 | 0.2095 | 0.0988 | 0.0851 | 0.1089 1.11 | 0.7976
U-235 | 0.6708 | 0.1500 | 0.2500 | 0.2500 | 0.9862 | 0.1500 | 0.2500 | 0.2500 | 2.86 0.1593
U-236 | 0.1756 | 0.1500 | 0.2500 | 0.2500 | 0.2020 | 0.0935 | 0.0987 | 0.1319 | 36.06 | <.0001
U-238 | 0.0365 | 0.0112 | 0.0246 | 0.0244 | 0.0995 | 0.0624 | 0.0377 | 0.0495 | 35.83 | 0.0002
Np-237 | 0.1065 | 0.1388 | 0.1205 | 0.1100| 0.1255 | 0.1500 | 0.1350 | 0.1128 | 6.40 0.0938
Pu-238 | 0.0736 | 0.0536 | 0.0508 | 0.0495 | 0.2648 | 0.1500 | 0.2500 | 0.2500 1.16 | 0.8941
Pu-239 | 0.7809 | 0.1500 | 0.2500 | 0.2500 | 0.9611 | 0.1500 | 0.2500 | 0.2500 | 2.11 0.2061
Pu-240 | 0.2737| 0.1500 | 0.2500 | 0.2454 | 0.6682 | 0.1500 | 0.2500 | 0.2500 | 1.04 | 0.8723
Pu-241 | 0.0610 | 0.0268 | 0.0664 | 0.0675 | 0.4016 | 0.1500 | 0.2500 | 0.2500 | 3.03 0.1380
Pu-242 |0.3739|0.1500| 0.2500 | 0.2500 | 0.6894 | 0.1500(0.2500|0.2500| 12.41 | 0.0023
Am-241{0.7789|0.1500| 0.2500 | 0.2500 {0.0954|0.0954|0.2159|0.1389| 1.32 0.7207
Cs—134 | 1.0000 | 0.1500 | 0.2500 | 0.2332 | 0.0704 | 0.1500 | 0.1076 | 0.0814 | 27.92 | 0.0065
Cs-137 | 0.5432 | 0.1500 | 0.2500 | 0.2500 | 0.4230 | 0.1500 | 0.2500 | 0.2500 | 10.92 | 0.0059
Nd-143 {1.0000| 0.1500 | 0.2500 |0.2332(0.8413| 0.1500 | 0.2500 | 0.2500 | 9.92 | 0.4798
Nd-144 [{1.0000| 0.1500 | 0.2500 |0.2332|0.3513| 0.1500 | 0.2500 | 0.2500 | 46.09 | 0.2259
Nd-145 |1.0000| 0.1500 | 0.2500 |0.2332|0.0552|0.1083|0.0893|0.0676 9.0 0.5027
Nd-146 [1.0000| 0.1500 | 0.2500 |0.2332(0.3864 | 0.1500 | 0.2500 | 0.2500 | 97.00 | 0.1561
Nd-148 |0.0038|0.0100|0.0050|0.0050|0.8570| 0.1500 | 0.2500 | 0.2500 2.18 0.3303
Nd-150 {1.0000| 0.1500 | 0.2500 |0.2332|0.3315|0.1500|0.2238|0.2500| 3.94 0.7350
Sm-148 |1.0000 | 0.1500 | 0.2500 {0.2332|0.3497| 0.1500 | 0.2500 | 0.2500 | 1.61 0.5477
Sm-149 |1.0000]| 0.1500 | 0.2500 {0.2332{0.1971|0.1500|0.2266(0.1890| 4225 | 0.0057
Sm-150 | 1.0000| 0.1500 | 0.2500 |0.2332|0.2423| 0.1500 | 0.2500 {0.2178| 524 0.6305




Table 3. Results of Equal Mean Tests.

Isotope degree of freedom T p-value
U-234 24 -2.39 0.0249
U-235 27 -1.94 0.0629
U-236 22.7 5.60 <.0001
U-238% 21.7 -1.92 0.0681
Np-237 10 8.98 <.0001
Pu-238 27 4.35 0.0002
Pu-239 23 5.60 <0.001
Pu-240 27 -0.09 0.9289
Pu-241 27 0.77 0.4461
Pu-242x 24.7 1.84 0.0779
Am-241 10 -5.35 0.0003
Cs—134: 1.02 1.11 0.4635
Cs—137x 6.96 3.48 0.0103
Nd-143 8 3.27 0.0113
Nd-144 8 1.10 0.3017
Nd-145 8 -3.48 0.0083
Nd-146 8 3.64 0.0066
Nd-148 13 9.36 <.0001
Nd-150 7 6.99 0.0002
Sm-148 5 1.69 0.1517
Sm-—149% 1.01 -1.64 0.3471
Sm-150 5 6.12 0.0017

* 1s approximated T-distribution.




—— Previous data = JAERI data
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Fig. 1. Measured-to-Calculated Ratio of Isotopes.
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Fig. 2. Histogram and Normal Curve Fitting of U-235 which is one

of previous data.
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Fig. 3. Histogram and Normal Curve Fitting of U-235 which is one
of JAERI data.
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Fig. 4. Histogram and Normal Curve Fitting of U-235 by combining both
Previous and JAERI data
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