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Normality Test for Determining the Correction Factor of Isotopic Composition
in PWR Spent Fuel
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ABSTRACT

Normality test has been carried out for the ratios of the measured-to-calculated isotopic compositions
in PWR spent fuel, using Shapiro-Wilk W, Lilliefors D, Cramer-von Mises and Anderson-Darling. All
38 istopices have been evaluated by means of the 1.5XIQR rule and then outliers have been discarded.
As results, it seems that only 20 nuclides are satisfied with the normality at significance level 5 %. 18
Nuclides(samples) including U-235 have higher significance probability(p-value) than 25 % in W-test
and p-values obtained by other three tests exceed the upper limit. Besides, in 6 nuclides including
Pu-239, it seems that the p-values are between 5 % and 25 % in W test. From these results, in order
to predict the isotopic compositions in the conservative point of view, it is decided that the correction
factors for the nuclides are determined at the 95/95 probability and confidence level by using tolerance

limit-methods with the assumption that only 18 nuclides are satisfied with the normality.
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1) Lilliefors D
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Table 1. Descriptive Statistics and Normality Test Results for 38 Nuclides

p-value

Isotopic | Size| Mean Std [Skewness| Kurtosis
W D Cv AD

U-234 | 25 | 1.0026 | 0.1066 1.0445 2.3636 0.0419 | 00713 | 00183 | 00246

U-235 | 55 | 1.0082 | 0.0311 0.0079 -0.3144 | 0.8559 | 0.1500 | 0.2500 | 0.2500

U-236 | 55 | 1.0086 | 0.0452 1.3213 2.7550 0.0005 | 0.0100 | 00050 | 0.0050

U-238 | 49 | 1.0014 | 0.0051 0.5283 3.5748 0.0001 | 00100 | 00050 | 0.0050

Np-237 | 13 | 0.9803 | 0.0868 0.1781 -1.0835 | 0.3791 | 0.1500 | 0.2500 | 0.2500

Pu-238 | 35 | 1.1072 | 0.0987 1.0801 15132 0.0219 | 00100 | 00184 | 00273

Pu-239 | 55 | 0.9860 | 0.0501 1.0553 0.8940 0.0006 | 0.0100 | 00050 | 0.0050

Pu-240 | 55 | 1.0049 | 0.0286 0.5096 2.5385 0.0242 | 01500 | 0.2500 | 0.1312

Pu-241 | 55 | 1.0078 | 0.0630 1.5222 2.5455 0.0001 | 00100 | 00050 | 0.0050

Pu-242 | 51 | 09919 | 0.0617 0.7866 2.2316 0.0741 | 0.1500 | 0.2500 | 0.2500

Am-241| 9 | 1.1258 | 0.1876 26217 7.2125 0.0002 | 00100 | 00050 | 0.0050

Am-242| 6 | 1.0345| 0.1427 | -0.8499 0.5648 0.7929 | 0.1500 | 0.2500 | 0.2500

Am-243| 6 | 1.0272| 0.0627 | -0.4270 | -0.6183 | 0.7891 | 0.1500 | 0.2500 | 0.2500

Cm-242 | 15 | 1.3948 | 0.0699 1.0757 0.9272 0.0632 | 00350 | 00193 | 0.0337

Cm-244| 15 | 1.0230 | 0.0415 | -0.3982 | -0.7328 | 0.3770 | 0.1500 | 0.2500 | 0.2500

Se-79 9 108851 00875 | -0.5214 | -0.8422 | 0.4341 | 0.1500 | 0.2500 | 0.2500

Sr-90 9 | 09752 | 0.0115 | -1.0164 1.7319 0.4528 | 0.1500 | 0.2500 | 0.2500

Tc-99 | 13 | 08712 | 0.1083 | -1.0334 | -0.3560 | 0.0100 | 00192 | 0.0075 | 0.0054

Ru-106 | 4 | 1.0305| 0.0616 0.1083 -3.6422 | 06306 | 0.1500 | 0.2500 | 0.2500

Sn-126 | 6 | 03077 | 0.0456 | -0.0119 | -25706 | 01722 | 0.1500 | 0.2500 | 0.2394

1-129 3 | 1.1210 | 0.0570 | -0.6924 . 0.7382 | 0.1500 | 0.2500 | 0.2500

Cs-133 | 3 | 09733 | 0.0090 | -0.3308 0.8777 | 01500 | 0.2500 | 0.2500

Cs-134 | 16 | 1.2726 | 0.1229 1.9917 7.2798 0.0013 | 0.0100 | 00050 | 0.0050

Cs-135 | 9 | 09506 | 0.0207 | -0.9010 0.5841 0.5025 | 0.1500 | 0.2500 | 0.2500

Cs-137 | 26 | 0.9886 | 0.0140 | -0.1282 0.3628 0.4707 | 0.1500 | 0.2500 | 0.2500

Ce-144 | 4 | 1.0260 | 0.0290 | -1.3377 2.0196 0.4614 | 0.1500 | 0.2500 | 0.2500
Nd-143 | 3 | 09907 | 0.0042 | -1.2933 . 0.4633 | 0.1500 | 0.2500 | 0.2500
Nd-144 | 3 | 1.0003 | 0.0015 0.9352 . 0.6369 | 0.1500 | 0.2500 | 0.2500
Nd-145 | 3 | 1.0027 | 0.0032 | -1.5454 . 0.2983 | 0.1500 | 0.2500 | 0.2091
Nd-146 | 3 | 09907 | 0.0006 | -1.6795 . 0.1572 | 0.1362 | 0.1834 | 0.1191
Nd-148 | 16 | 1.0013 | 0.0141 | -02450 | -1.8443 | 0.0049 | 0.0221 | 0.0091 0.0050
Nd-150 | 3 | 09673 | 0.0091 0.6470 . 0.7563 | 0.1500 | 0.2500 | 0.2500
Sm-148 | 3 | 1.2320 | 0.0269 | -1.7293 . 0.0356 | 0.0879 | 0.1127 | 0.0710
Sm-149 | 3 | 1.5873 | 0.3133 1.5995 . 0.2506 | 0.1500 | 0.2458 | 0.1751
Sm-150 | 3 | 09890 | 0.0446 | -1.5683 . 0.2791 | 0.1500 | 0.2500 | 0.1956
Sm-152 | 3 | 09453 | 0.0273 | -1.1634 . 0.5311 | 0.1500 | 0.2500 | 0.2500
Eu-153 | 3 | 09310 | 0.0473 | -1.5628 . 0.2838 | 0.1500 | 0.2500 | 0.1990
Eu-154 | 9 | 1.1710 | 0.0587 | -0.6714 | -0.9367 | 03064 | 0.1500 | 0.2500 | 0.2500




Table 2. Descriptive Statistics and Normality Test Results for 26 Nuclides After
Deleting Outlier

p-value
W D CvV AD
U-234 | 19 | 09923 | 0.0447 | -0.1949 | 0.2538 | 0.5102 | 0.1500 | 0.2500 | 0.2500
U-235 | 55 | 1.0082| 0.0311 | 0.0079 | -0.3144 | 0.8559 | 0.1500 | 0.2500 | 0.2500
U-236 | 51 | 09996 | 0.0317 | 0.2039 | -0.2331 | 0.2776 | 0.1500 | 0.2500 | 0.2500
Np-237 | 13 [ 0.9803| 0.0868 | 0.1781 -1.0835 | 0.3791 | 0.1500 | 0.2500 | 0.2500
Pu-242 | 50 | 0.9875| 0.0537 | 0.0292 0.0340 | 0.9891 | 0.1500 | 0.2500 | 0.2500
Am-241| 8 |1.0695| 0.0535 | 1.2488 16178 | 0.3105 | 0.1500 | 0.2500 | 0.2500
Am-242| 6 |1.0345| 0.1427 | -0.8499 | 0.5648 | 0.7929 | 0.1500 | 0.2500 | 0.2500
Am-243| 6 | 1.0272| 0.0627 | -0.4270 | -0.6183 | 0.7891 | 0.1500 | 0.2500 | 0.2500
Cm-244| 15 | 1.0230 | 0.0415 | -0.3982 | -0.7328 | 0.3770 | 0.1500 | 0.2500 | 0.2500
Se-79 | 9 | 08851 | 0.0875 | -0.5214 | -0.8422 | 0.4341 | 0.1500 | 0.2500 | 0.2500
Sr-90 | 8 [0.9783| 0.0076 | 0.2808 | -0.7007 | 0.7081 | 0.1500 | 0.2500 | 0.2500
Tc-99 | 10 | 09251 | 0.0407 | 0.2904 | -0.6982 | 0.6439 | 0.1500 | 0.2500 | 0.2500
Ru-106 | 4 |1.0305| 0.0616 | 0.1083 | -3.6422 | 0.6306 | 0.1500 | 0.2500 | 0.2500
Cs-134 | 14 | 1.2599| 0.0462 | 0.0127 | -0.8342 | 0.6615 | 0.1500 | 0.2500 | 0.2500
Cs-135 | 9 [09506| 0.0207 | -0.9010 | 0.5841 | 05025 | 0.1500 | 0.2500 | 0.2500
Cs-137 | 26 | 09886 | 0.0140 | -0.1282 | 0.3628 | 0.4707 | 0.1500 | 0.2500 | 0.2500
Ce-144 | 4 |1.0260| 0.0290 | -1.3377 | 2.0196 | 0.4614 | 0.1500 | 0.2500 | 0.2500
Eu-154 | 9 | 1.1710| 0.0587 | -0.6714 | -0.9367 | 0.3064 | 0.1500 | 0.2500 | 0.2500
Sn-126 | 6 | 0.3077] 0.0456 | -0.0119 | -2.5706 | 0.1722 | 0.1500 | 0.2500 | 0.2394
Pu-240 | 54 | 1.0029| 0.0250 | -0.4332 | 0.1018 | 0.1310 | 0.1500 | 0.2244 | 0.1571
Pu-239 | 47 10.9694| 0.0302 | 0.1835 0.1796 | 0.2798 | 0.0220 | 0.0559 | 0.0935
Pu-238 | 34 | 1.0983| 0.0846 | 0.6190 0.0908 | 0.1901 | 0.0152 | 0.0703 | 0.1205
U-238 | 42 | 1.0004| 0.0024 | -0.1087 | 0.5260 | 0.1042 | 0.1300 | 0.0633 | 0.0462
Cm-242| 15 | 1.3948 | 0.0699 | 1.0757 09272 | 0.0632 | 0.0350 | 0.0193 | 0.0337
Nd-148 | 16 | 1.0013| 0.0141 | -0.2450 | -1.8443 | 0.0049 | 0.0221 | 0.0091 | 0.0050
Pu-241 | 54 | 1.0034| 0.0546 | 1.0690 0.2356 | 0.0001 | 0.0100 | 0.0050 | 0.0050

Isotopic | Size| Mean Std  |Skewness| Kurtosis




Table 3. Correction Factors for 18 Nuclides which are satisfied with the Normality

Correction Tolerance Standard

Isotopic Size Factor*SD Mean Deviation Tolerance
Factor (Uncertainty) (SD) Factor
U-234 19 0.88394 0.10833 0.99228 0.04471 2.42300
U-235 55 1.07171 0.06348 1.00823 0.03109 2.04200
U-236 51 0.93424 0.06539 0.99963 0.03174 2.06000
Np-237 13 0.74850 0.23182 0.98032 0.08679 2.67100
Pu-242 50 0.87658 0.11090 0.98748 0.05371 2.06500
Am-241 8 0.89494 0.17056 1.06550 0.05352 3.18700
Am-242 6 0.50551 0.52899 1.03450 0.14266 3.70800
Am-243 6 0.79461 0.23255 1.02717 0.06272 3.70800
Cm-244 15 0.91646 0.10654 1.02300 0.04152 2.56600
Se-79 9 0.61992 0.26519 0.88511 0.08749 3.03100
Sr-90 8 0.95407 0.02419 0.97826 0.00759 3.18700
Tc-99 10 0.80670 0.11842 0.92512 0.04068 2.91100
Ru-106 4 0.71367 0.31683 1.03050 0.06159 5.14400
Cs-134 14 1.13912 0.12081 1.25994 0.04622 2.61400
Cs-135 9 0.88799 0.06260 0.95059 0.02065 3.03100
Cs-137 26 0.95685 0.03180 0.98865 0.01398 2.27500
Ce-144 4 0.87662 0.14938 1.02600 0.02904 5.14400
Eu-154 9 0.99322 0.17778 1.17100 0.05865 3.03100
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