o
o
o

o

ol

PWR A}
Determination of Bayesian Tolerance Limit for Isotopic Compositions
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ABSTRACT

The measured-to-calculated ratio of the isotopic compositions of 38 nuclides contained in PWR

spent fuel are statistically analyzed for the determination of the 95/95 tolerance limit using

Bayesian matching prior method. The results show that Bayesian tolerance limits for most

nuclides are consistent with the classical tolerance limits. It's also revealed that the relative errors

steeply decrease as the observation number increases.
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Table 1. Exact Coverage Probabilities of Bayesian Tolerance Intervals under

Normal Model ( g= ,95)

alpha n p’{ 01 alpha n p; 09
10 0.8570 0.8829 10 0.9122 0.9352
20 0.8796 0.8939 20 0.9323 0.9447
30 0.8866 0.8967 30 0.9385 0.9471
40 0.8901 0.8978 40 0.9414 0.9481

0.90 50 0.8921 0.8985 0.95 50 0.9432 0.9486
60 0.8935 0.8988 60 0.9443 0.9490
70 0.8944 0.8991 70 0.9452 0.9492
80 0.8951 0.8992 80 0.9458 0.9493
90 0.8957 0.8994 90 0.9463 0.9494
100 0.8961 0.8995 100 0.9466 0.9495




Table 2. Mean and Standard Deviation of Relative Error for the Coverage

Probabilities of Bayesian Tolerance Intervals ( g= 95)

1st order 2nd order

alpha n Standard Standard
Mean o Mean o
Deviation Deviation

10 -7.1265 1.0994 -3.1423 0.4847

20 -2.4074 0.2838 -0.7568 0.0892

30 -1.3079 0.1239 -0.3369 0.0319

40 -0.8313 0.0634 -0.1858 0.0142

50 -0.5913 0.0437 -0.1184 0.0088

0-90 60 -0.4504 0.0320 -0.0824 0.0059
70 -0.3573 0.0241 -0.0605 0.0041

30 -0.2922 0.0164 -0.0464 0.0026

90 -0.2433 0.0124 -0.0364 0.0019

100 -0.2073 0.0116 -0.0294 0.0016

10 -9.7806 1.2895 -4.5249 0.5966

20 -3.4020 0.3671 -1.1186 0.1207

30 -1.8681 0.1651 -0.5023 0.0444

40 -1.1963 0.0862 -0.2787 0.0201

0.95 50 -0.8549 0.0601 -0.1783 0.0125
60 -0.6532 0.0444 -0.1244 0.0084

70 -0.5196 0.0336 -0.0916 0.0059

30 -0.4258 0.0229 -0.0703 0.0038

90 -0.3552 0.0174 -0.0552 0.0027

100 -0.3032 0.0164 -0.0447 0.0024




Table 3. Classical and Bayesian 95/95 Tolerance Limit for the Ratio of the

Measured-to—-Calculated of Isotopic Compositions of 38 Nuclides

Classic Bayesian
Isotope | n 2 B B 1st order 2nd order
TLC | k| TL® | B,| TL? | By
U-234 | 24 [2.3093|-2.2984|-2.3408]| 0.7890 [0.4815|0.7940 [0.4692 | 0.7905 |0.4778
U-235 | 55 |2.0419|-2.0455|-2.0577| 0.9491 [0.2779]0.9497 |0.2758|0.9493 |0.2775
U-236 | 54 |2.0463|-2.0498|-2.0623| 0.9228 [0.2811|0.9234 [0.2789|0.9229 |0.2806
U-238 | 42 |2.1114|-2.1133|-2.1316] 0.9943 [0.3297]0.9944 |0.3261 | 0.9943 |0.3289
Np-237| 13 |2.6705|-2.6003|-2.7067| 0.7173 ]0.7709|0.7325 |0.7212|0.7235 |0.7507
Pu-238| 35 |2.1667|-2.1663|-2.1904| 0.8809 |0.3716]0.8841 |0.3662|0.8817 |0.3702
Pu-239 | 55 |2.0419|-2.0455|-2.0577| 0.9077 |0.2779]0.9085 |0.2758 | 0.9079 |0.2775
Pu-240| 55 [2.0419|-2.0455|-2.0577| 0.9628 |0.2779|0.9632 {0.2758]0.9629 |0.2775
Pu-241] 55 |2.0419|-2.0455|-2.0577| 0.9005 |0.2779]0.9016 |0.2758 | 0.9007 |0.2775
Pu-242| 51 |2.0601|-2.0633|-2.0770| 0.8694 [0.2913|0.8704 {0.2889]0.8696 |0.2908
Am-241| 8 |3.1873|-2.9524|-3.1727] 0.9018 |1.2047]0.9279 |1.0438|0.9153 |1.1217
Am-242| 6 [3.7077]-3.2289|-3.5680| 0.5279 |1.6581]0.6419 |1.3182]0.5954 |1.4566
Am-243| 6 [3.7077|-3.2289|-3.5680| 0.7994 |1.6581]0.8461 |1.3182]0.8271 |1.4566
Cm-242| 15 |2.5660|-2.5179|-2.6037| 1.2400 ]0.6858|1.2495 |0.6501|1.2436 |0.6723
Cm-244| 15 |2.5660(-2.5179|-2.6037| 0.9809 |0.6858|0.9868 |0.6501|0.9832 |0.6723
Se-79 | 9 |3.0312|-2.8552|-3.0398] 0.6205 [1.0717]0.6500 |0.9517]0.6349 |1.0133
Sr-90 | 9 ]13.0312|-2.8552|-3.0398| 0.9373 |1.0717]0.9412 |0.9517]0.9392 |1.0133
Tc-99 | 13 |2.6705|-2.6003|-2.7067| 0.5918 |0.7709|0.6102 |0.7212| 0.5993 |0.7507
Ru-106| 4 [5.1439|-3.7374|-4.3604| 0.7190 [2.9698|0.8396 |1.8687|0.8055 |2.1802
Sn-126| 6 |3.7077|-3.2289]-3.5680| 0.1393 |1.6581]0.1742 |1.3182]0.1600 |1.4566
[-129 | 3 |7.6559|-4.2096|-5.1688| 0.7192 |5.4135]0.9424 |2.4304 | 0.9010 |2.9842
Cs-133| 3 |7.6559|-4.2096|-5.1688| 0.9168 [5.4135]0.9496 |2.4304 | 0.9435 |2.9842
Cs-134| 15 12.5660|-2.5179|-2.6037| 1.0350 [0.6858]1.0441 |0.6501|1.0384 |0.6723
Cs-135| 9 ]3.0312|-2.8552]-3.0398| 0.9019 |1.0717]0.9087 |0.9517]0.9052 |1.0133
Cs-137| 26 |2.2753|-2.2675|-2.3051| 0.9564 |0.4551]0.9571 |0.4447]0.9566 |0.4521
Ce-144| 4 |5.1439|-3.7374|-4.3604| 0.8670 |2.9698|0.9248 |1.8687|0.9084 |2.1802
Nd-143| 3 |7.6559|-4.2096|-5.1688| 0.9704 [5.4135|0.9856 |2.4304 | 0.9828 |2.9842
Nd-144| 3 |7.6559|-4.2096|-5.1688| 0.9689 |5.4135|0.9823 |2.4304 | 0.9798 |2.9842
Nd-145| 3 |7.6559|-4.2096|-5.1688]| 0.9754 [5.4135|0.9906 |2.4304 | 0.9878 |2.9842
Nd-146| 3 |7.6559|-4.2096|-5.1688| 0.9803 |5.4135|0.9845 |2.4304 | 0.9837 |2.9842
Nd-148]| 16 |2.5237|-2.4834|-2.5612| 0.9671 |0.6516|0.9686 |0.6208|0.9676 |0.6403
Nd-150| 3 |7.6559|-4.2096|-5.1688| 0.8978 |5.4135|0.9361 |2.4304 | 0.9290 |2.9842
Sm-148| 3 [7.6559]-4.2096|-5.1688| 0.9839 |5.4135|1.1045 |2.4304|1.0821 |2.9842
Sm-149| 3 |7.6559]-4.2096|-5.1688|-0.8408]5.4135|0.5057 |2.4304 | 0.2557 |2.9842
Sm-150| 3 [7.6559|-4.2096|-5.1688| 0.6409 |5.4135|0.8482 |2.4304 | 0.8097 |2.9842
Sm-152| 3 |7.6559]-4.2096|-5.1688] 0.5590 |5.4135|0.7100 |2.4304|0.6820 |2.9842
Eu-153] 3 |7.6559|-4.2096|-5.1688]| 0.5657 |5.4135|0.7797 |2.4304|0.7400 |2.9842
Eu-154| 9 ]3.0312]-2.8552|-3.0398] 1.0373 |1.0717|1.0575]0.9517|1.0471 |1.0133
=~ k=kVn—1,B,=—B"/Nn ,B~=—B/Vn




Table 4. Relative Errors of 95/95 Tolerance Limit for the Ratio of the Measured-
to—Calculated of Isotopic Compositions of 38 Nuclides

normality

TL® — 1L | _TL”—TLC B = ky _Bi—ky

Isotope | n W TI.C TLC k, k,

(p-value) (%) (%) (%) (%)

U-234 | 24 | 0.4176 0.6365 0.1912 -2.5686 -0.7717
U-235 | 55 | 0.2417 0.0617 0.0123 -0.7402 -0.1473
U-236 | 54 | 0.0330 0.0639 0.0128 -0.7608 -0.1527
U-238 | 42 | 0.0028 0.0060 0.0014 -1.1092 -0.2524
Np-237| 13 | 0.3129 2.1131 0.8594 -6.4479 -2.6225
Pu-238| 35 | 0.0256 0.3615 0.0900 -1.4579 -0.3630
Pu-239| 55 | 0.0000 0.0879 0.0175 -0.7402 -0.1473
Pu-240| 55 | 0.1034 0.0447 0.0089 -0.7402 -0.1473
Pu-241| 55 | 0.0000 0.1128 0.0224 -0.7402 -0.1473
Pu-242| 51 | 0.0890 0.1254 0.0259 -0.8290 -0.1713
Am-241| 8 | 0.1827 2.8880 1.4898 -13.3519 -6.8877
Am-242| 6 | 0.8098 21.5896 12.7969 -20.5006 -12.1514
Am-243| 6 | 0.8199 5.8508 3.4680 -20.5006 -12.1514
Cm-242| 15 | 0.0737 0.7700 0.2919 -5.2014 -1.9715
Cm-244| 15 | 0.3275 0.5920 0.2244 -5.2014 -1.9715
Se-79 | 9 | 0.4698 4.7593 2.3183 -11.1936 -5.4524
Sr-90 | 9 | 0.6549 0.4186 0.2039 -11.1936 -5.4524
Tc-99 | 13 | 0.0112 3.1222 1.2699 -6.4479 -2.6225
Ru-106| 4 | 0.6294 16.7743 12.0290 -37.0763 -26.5877
Sn-126| 6 | 0.1714 25.0413 14.8428 -20.5006 -12.1514
[-129 | 3 | 0.7597 31.0423 25.2798 -55.1047 -44.8754
Cs-133| 3 | 0.4974 3.5761 2.9122 -55.1047 -44.8754
Cs—134 | 15 | 0.1497 0.8861 0.3358 -5.2014 -1.9715
Cs-135| 9 | 0.6776 0.7502 0.3654 -11.1936 -5.4524
Cs-137]| 26 | 0.4976 0.0756 0.0218 -2.2778 -0.6577
Ce-144| 4 | 0.6204 6.6580 4.7745 -37.0763 -26.5877
Nd-143| 3 | 0.5367 1.5683 1.2772 -55.1047 -44.8754
Nd-144| 3 | 0.2983 1.3923 1.1338 -55.1047 -44.8754
Nd-145| 3 | 0.5368 1.5573 1.2682 -55.1047 -44.8754
Nd-146| 3 | 0.9995 0.4346 0.3539 -55.1047 -44.8754
Nd-148] 16 | 0.0033 0.1635 0.0600 -4.7210 -1.7332
Nd-150| 3 | 0.7563 4.2666 3.4746 -55.1047 -44.8754
Sm-148| 3 | 0.2683 12.2522 9.9778 -55.1047 -44.8754
Sm-149| 3 | 0.2521 -160.1395 -130.4122 -55.1047 -44.8754
Sm-150| 3 | 0.6957 32.3309 26.3292 -55.1047 -44.8754
Sm-152| 3 | 0.2408 27.0118 21.9975 -55.1047 -44.8754
Eu-153| 3 | 0.2645 37.8190 30.7985 -55.1047 -44.8754
Eu-154| 9 | 0.2718 1.9541 0.9518 -11.1936 -5.4524
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