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ABSTRACT

The bootstrap method improved with the interpolation technique is applied to normal, Laplace and Student t
distributions in order to determine the corrected contents and their confidences, for the validation of the method,
which are compared with the true values as well as the previous results. It seems that the results obtained from
the improved bootstrap method are similar to the previous for the lower content. But it seems to be more
consistent with the true than the previousis in the case of the higher content. This validated method is applied to
the sample of the measured-to-calculated ratios of 21 isotopic compositions contained in PWR spent fuel under
the conditions of 75/90 and 90/95 probahilities and confidences. It is revealed that the difference between the

given and corrected contents is 3 ~ 12 % for the most part of 21 isotopes.
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Table.l. Averag

e Corrected-Contents for Three Populations with the 75/90 Probability and Confidence

Py
Population Size k Ref (1) This Study
' Start End Near Mini. Interpol. Maxi.
Normal(0,1) 10 1.773 - 0.7488 | 0.7729 | 0.7693 | 0.6487 0.7675 0.8730
20 1.505 .7357 0.7352 | 0.7574 | 0.7398 | 0.6851 0.7499 0.8077
30 1.416 - 0.7394 | 0.7446 | 0.7396 | 0.7058 0.7429 0.7788
40 1.370 - 0.7349 0.7363 0.7371 0.7095 0.7402 0.7643
50 1.340 - 0.7391 | 0.7393 | 0.7390 | 0.7185 0.7403 0.7609
55 1.329 - 0.7396 | 0.7395 | 0.7400 | 0.7205 0.7409 0.7599
80 1.292 7405 0.7401 0.7401 0.7403 0.7271 0.7407 0.7536
Laplace(0,1) 10 1.773 - 0.7260 | 0.7626 0.7721 0.6259 0.7640 0.8627
20 1.505 .7489 0.7458 | 0.7635 | 0.7473 | 0.6958 0.7562 0.8138
30 1.416 - 0.7585 | 0.7630 | 0.7582 | 0.7250 0.7630 0.7984
40 1.370 - 0.7659 | 0.7671 | 0.7664 | 0.7402 0.7688 0.7953
50 1.340 - 0.7682 0.7685 0.7693 0.7477 0.7715 0.7916
55 1.329 - 0.7710 | 0.7710 0.7714 | 0.7523 0.7732 0.7917
80 1.292 7763 0.7761 0.7759 0.7768 0.7630 0.7778 0.7903
Student t(3) 10 1.773 - 0.7285 | 0.7663 | 0.7738 | 0.6285 0.7645 0.8663
20 1.505 7621 0.7608 0.7753 0.7577 0.7107 0.7673 0.8258
30 1.416 - 0.7773 0.7820 0.7760 | 0.7438 0.7807 0.8177
40 1.370 - 0.7884 | 0.7897 | 0.7882 | 0.7628 0.7908 0.8179
50 1.340 - 0.7952 | 0.7955 | 0.79%4 | 0.7747 0.7976 0.8186
55 1.329 - 0.7988 | 0.7989 | 0.7989 | 0.7801 0.8007 0.8199
80 1.292 .8095 0.8091 | 0.8089 | 0.8095 | 0.7960 0.8104 0.8234
Table.2. Average Corrected-Contents of Three Populations at the 90/9§ Probahility and Confidence
Pn
Population Size k Ref.(1) This Study
' Start End Near Mini. Interpol. Maxi.
Normal(0,1) 10 2.838 - 0.8859 | 0.8494 | 0.8605 | 0.7859 0.8571 0.9719
20 2.310 .8985 0.8981 | 0.8878 | 0.8894 | 0.8480 0.8910 0.9420
30 2.140 - 0.8947 | 0.8960 | 0.8957 | 0.8613 0.8977 0.9301
40 2.052 - 0.8943 | 0.8981 | 0.8954 | 0.8693 0.8985 0.9234
50 1.996 - 0.8936 | 0.8979 | 0.8945 | 0.8735 0.8976 0.9182
55 1.976 - 0.8929 | 0.8975 | 0.8940 | 0.8747 0.8970 0.9160
80 1.907 .8932 0.8931 | 0.8952 | 0.8936 | 0.8805 0.8954 0.9083
Laplace(0,1) 10 2.838 - 0.8605 | 0.8338 | 0.8348 | 0.7606 0.8362 0.9528
20 2.310 8634 0.8630 | 0.8636 | 0.8653 | 0.8129 0.8663 0.9159
30 2.140 - 0.8619 | 0.8721 | 0.8650 | 0.8285 0.8704 0.9057
40 2.052 - 0.8676 0.8741 0.8672 0.8426 0.8721 0.8994
50 1.996 - 0.8698 | 0.8752 | 0.8707 | 0.8498 0.8741 0.8957
55 1.976 - 0.8712 | 0.8759 | 0.8722 | 0.8529 0.8752 0.8949
80 1.907 8765 0.8762 | 0.8777 | 0.8770 | 0.8635 0.8784 0.8915
Student t(3) 10 2.838 - 0.8652 | 0.8373 | 0.8371 | 0.7652 0.8384 0.9564
20 2.310 .8655 0.8643 | 0.8650 | 0.8658 | 0.8142 0.8662 0.9174
30 2.140 - 0.8660 | 0.8769 | 0.8674 | 0.8327 0.8736 0.9106
40 2.052 - 0.8744 | 0.8816 | 0.8732 | 0.8494 0.8785 0.9070
50 1.996 - 0.8803 | 0.8848 | 0.8790 | 0.8602 0.8829 0.9053
55 1.976 - 0.8819 | 0.8860 | 0.8814 | 0.8637 0.8845 0.9049
80 1.907 .8912 0.8912 | 0.8925 | 0.8910 | 0.8785 0.8927 0.9063
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Table. 3. Simulated B-conf. and S-conf. with the 75/90 Probability and Confidence

S-conf. B-contf.
Population | Size| K i Rett) This Study
Ref.(1) Study ' Start End Near | Mini. | Interpol. | Maxi.
Normal 10 | 1.773 - 0.8987 - 0.8847 | 0.8549 | 0.8622 | 0.9646 | 0.8729 | 0.5759
(0,1) 20 | 1.505| .8963 | 0.8953 | .8944 | 0.8925 | 0.8506 | 0.8917 | 0.9592 | 0.8789 | 0.6806
30 | 1416 - 0.8979 - 0.8841 | 0.8729 | 0.8911 | 0.9484 | 0.8883 | 0.7515
40 | 1.370 - 0.9006 - 0.8998 | 0.8938 | 0.8961 | 0.9482 | 0.8921 | 0.7973
50 | 1.340 - 0.8993 - 0.8900 | 0.8894 | 0.8932 | 0.9404 | 0.8899 | 0.8036
55 | 1.329 - 0.8961 - 0.8871 | 0.8871 | 0.8912 | 0.9367 | 0.8901 | 0.8035
80 | 1.292 | .8998 | 0.9005 | .8941 | 0.8944 | 0.8943 | 0.8967 | 0.9372 | 0.8948 | 0.8308
Laplace | 10 | 1.773 - 0.8922 - 0.8878 | 0.8415 | 0.8381 | 0.9688 | 0.8661 | 0.5569
(0,1) 20 | 1.505| .9167 | 0.9183 | .9012 | 0.9038 | 0.8721 | 0.9106 | 0.9637 | 0.9035 | 0.7130
30 | 1416 - 0.9373 - 0.8972 | 0.8829 | 0.9044 | 0.9556 | 0.8956 | 0.7618
40 | 1.370 - 0.9502 - 0.8865 | 0.8838 | 0.8959 | 0.9469 | 0.8892 | 0.7757
50 | 1.340 - 0.9607 - 0.8996 | 0.8976 | 0.9022 | 0.9485 | 0.8966 | 0.8067
55 | 1.329 - 0.9674 - 0.8946 | 0.8934 | 0.8968 | 0.9450 | 0.8926 | 0.8057
80 | 1.292| .9702 | 0.9796 | .8966 | 0.8990 | 0.9004 | 0.8968 | 0.9432 | 0.8954 | 0.8265
Student 10 | 1.773 - 0.8906 - 0.8811 | 0.8391 | 0.8474 | 0.9640 | 0.8631 | 0.5445
t(3) 20 | 1.505| .9292 | 0.9209 | .9103 | 0.9044 | 0.8757 | 0.9100 | 0.9661 | 0.9012 | 0.7216
30 | 1.416 - 0.9482 - 0.9045 | 0.8932 | 0.9125 | 0.9589 | 0.9077 | 0.7778
40 | 1.370 - 0.9591 - 0.9060 | 0.9015 | 0.9087 | 0.9545 | 0.9062 | 0.7946
50 | 1.340 - 0.9671 - 0.9043 | 0.9017 | 0.9108 | 0.9531 | 0.9052 | 0.8062
55 | 1.329 - 0.9714 - 0.9034 | 0.9019 | 0.9093 | 0.9501 | 0.9053 | 0.8161
80 | 1.292| .9871 | 0.9854 | .9049 | 0.9020 | 0.9025 | 0.9044 | 0.9442 | 0.9030 | 0.8282
- K iscaculated with Howe' s method[7 ].
Table. 4. Smulated B-conf. and S-conf. with the 90/95 Probability and Confidence
S-conf. B-cont.
Population | Size| k This | Ref.(1) This Study
Ref.(1) Study ' Start End Near | Mini. | Interpol. | Maxi.
Normal 10 | 2.838 - 0.9498 - 0.8222 | 0.9694 | 0.9653 | 0.9874 | 0.9713 | 0.2619
0,2) 20 | 2.310| .9506 | 0.9464 | .9040 | 0.9035 | 0.9344 | 0.9414 | 0.9760 | 0.9455 | 0.6921
30 | 2.140 - 0.9469 - 0.9091 | 0.9205 | 0.9289 | 0.9730 | 0.9314 | 0.7458
40 | 2.052 - 0.9491 - 0.9164 | 0.9087 | 0.9208 | 0.9668 | 0.9221 | 0.7811
50 | 1.996 - 0.9488 - 0.9223 | 0.9092 | 0.9248 | 0.9727 | 0.9213 | 0.7965
55 | 1.976 - 0.9469 - 0.9277 | 0.9116 | 0.9295 | 0.9719 | 0.9232 | 0.8055
80 | 1.907 | .9520 | 0.9505 | .9334 | 0.9349 | 0.9256 | 0.9369 | 0.9678 | 0.9331 | 0.8519
Laplace | 10 | 2.838 - 0.8833 - 0.8723 | 0.9344 | 0.9334 | 0.9759 | 0.9432 | 0.4178
0,2) 20 | 2.310 | .8754 | 0.8711 | .9027 | 0.9007 | 0.9077 | 0.9163 | 0.9709 | 0.9201 | 0.7017
30 | 2.140 - 0.8679 - 0.9260 | 0.9063 | 0.9247 | 0.9740 | 0.9196 | 0.7651
40 | 2.052 - 0.8602 - 0.9340 | 0.9134 | 0.9381 | 0.9742 | 0.9300 | 0.8014
50 | 1.996 - 0.8670 - 0.9393 | 0.9231 | 0.9423 | 0.9754 | 0.9382 | 0.8325
55 | 1.976 - 0.8664 - 0.9399 | 0.9258 | 0.9425 | 0.9759 | 0.9384 | 0.8423
80 | 1.907 | .8610 | 0.8698 | .9379 | 0.9429 | 0.9369 | 0.9456 | 0.9731 | 0.9436 | 0.8751
Student 10 | 2.838 - 0.8868 - 0.8605 | 0.9357 | 0.9275 | 0.9732 | 0.9415 | 0.3907
t(3) 20 | 2.310| .9024 | 0.8824 | .8907 | 0.8890 | 0.8979 | 0.9105 | 0.9696 | 0.9143 | 0.6837
30 | 2.140 - 0.8883 - 0.9239 | 0.9058 | 0.9236 | 0.9752 | 0.9214 | 0.7656
40 | 2.052 - 0.8936 - 0.9347 | 0.9165 | 0.9358 | 0.9710 | 0.9304 | 0.8126
50 | 1.996 - 0.9007 - 0.9367 | 0.9224 | 0.9464 | 0.9753 | 0.9381 | 0.8400
55 | 1.976 - 0.9044 - 0.9421 | 0.9297 | 0.9455 | 0.9770 | 0.9399 | 0.8504
80 | 1.907 | .9278 | 0.9223 | .9510 | 0.9462 | 0.9406 | 0.9479 | 0.9729 | 0.9460 | 0.8784

K is calculated with Howe' s method[7 ].




Table. 5. Statistical Results for 21 Samples with the 75/90 Probability and Confidence

Corrected-Content p ,

Isotopes | Size | Mean Stand. Skew. Kurt. W k Lower Upper St End Near VI nterpol EY

25 | 09977 | 0.1060 | 1.1107 | 2.6022 0.0342 1452 | 0.8438 | 1.1517 | 0.7600 | 0.7600 | 0.7200 | 0.7200 0.7552 0.8233

U-234 24 | 0.9845 | 0.0847 | 0.3025 | 1.0659 0.4209 1461 | 0.8608 | 1.1082 | 0.7083 | 0.7500 | 0.7500 | 0.6667 0.7345 0.7917

U-235 55 | 1.0283 | 0.0387 | 0.4516 | -0.2190 | 0.2812 1329 | 09768 [ 1.0797 | 0.7636 | 0.7636 | 0.7455 | 0.7455 0.7556 0.7827

U-236 55 | 1.0030 | 0.0435 | 1.3184 | 2.8427 0.0005 1329 | 09453 | 1.0611 | 0.7818 | 0.7818 | 0.7636 | 0.7636 0.7714 0.8022

54 | 1.0002 | 0.0379 | 0.7868 | 0.9033 0.0276 1331 | 09498 [ 1.0506 | 0.7037 | 0.7037 | 0.7222 | 0.6852 0.7134 0.7232

49 | 1.0007 | 0.0051 | 0.5911 | 2.9713 | <0.0001 | 1.343 | 0.9939 | 1.0075 | 0.7959 | 0.7551 | 0.7551 | 0.7143 0.7632 0.8367

U-238 42 | 0999 | 0.0025 | 0.2178 | 1.0885 0.0035 1363 | 09963 | 1.0030 | 0.6667 | 0.6905 | 0.7381 | 0.6190 0.7201 0.7381

Np-237 13 | 0.9524 | 0.0880 | 0.2212 | -1.1785 0.2932 1647 | 0.8074 [ 1.0974 | 0.7692 | 0.7692 | 0.7692 | 0.7692 0.7708 0.7708

Pu-238 35 | 1.0993 | 0.1008 | 1.0880 | 1.5498 0.0212 1.390 | 09592 [ 1.2395 | 0.8000 | 0.8000 | 0.7714 | 0.7655 0.7728 0.8286

Pu-239 55 | 1.0155 | 0.0528 | 1.2006 | 0.9372 | <0.0001 | 1.329 | 0.9453 | 1.0857 | 0.7818 | 0.7636 | 0.7818 | 0.7455 0.7746 0.8000

Pu-240 55 | 1.0200 | 0.0285 | 0.8937 | 3.2919 0.0148 1.329 | 09831 [ 1.0589 | 0.8182 | 0.7818 | 0.8182 | 0.7636 0.8193 0.8439

Pu-241 55 | 1.0377 | 0.0672 | 14836 | 21984 | <0.0001 | 1.329 | 0.9484 | 1.1271 | 0.8000 | 0.8182 | 0.8182 | 0.8000 0.8167 0.8185

Pu-242 51 | 1.0009 | 0.0638 | 0.8761 | 2.6977 0.0282 1.338 | 0.9155 [ 1.0863 | 0.7843 | 0.7843 | 0.8235 | 0.7647 0.8054 0.8235

Am-241 9 1.1616 | 0.2023 | 2.5809 | 6.9967 0.0002 1.836 | 0.7901 | 1.5330 | 0.6667 | 0.7778 | 0.7778 | 0.6667 0.7420 0.7778

8 | 1.0969 | 0.0612 | 1.3970 | 2.3350 0.1809 1918 | 09795 | 1.2142 | 0.6250 | 0.8750 | 0.7500 | 0.6250 0.7552 0.8750

Cm-242 15 | 14235 | 0.0715 | 1.0834 | 1.1912 0.0742 1593 | 1.3096 | 1.5375 | 0.7333 | 0.8000 | 0.7333 | 0.7319 0.7551 0.8000

Cm-244 15 | 1.0920 | 0.0435 | -0.5001 | -0.5766 | 0.3169 1593 | 1.0233 | 1.1619 | 0.8000 | 0.7333 | 0.7333 | 0.7333 0.7611 0.8072

Se-79 9 0.8843 | 0.0870 | -0.5073 | -0.8126 0.4561 1836 | 0.7245 | 1.0441 | 0.7778 | 0.7778 | 0.7778 | 0.7778 0.7778 0.7778

Sr-90 9 0.9723 | 0.0116 | -0.8415 | 1.0805 0.6718 1.836 | 09511 [ 09936 | 0.8889 | 0.5556 | 0.7778 | 0.5481 0.7412 0.8889

Tc-99 13 | 0.8783 | 0.1073 | -1.0381 | -0.3441 | 0.0116 1647 | 0.7016 | 1.0550 | 0.6923 | 0.6923 | 0.7692 | 0.6154 0.7133 0.7692

Cs134 16 | 1.2361 | 0.1193 | 1.8838 | 6.6193 0.0028 1571 | 1.0486 | 1.4235 | 0.8125 | 0.8125 | 0.8125 | 0.7362 0.8145 0.8750

15 | 1.2113 | 0.0687 | -1.0872 | 2.2419 0.1523 1593 | 11018 | 1.3207 | 0.8000 | 0.7333 | 0.7333 | 0.7333 0.7726 0.8134

Cs-135 9 0.9623 | 0.0199 | -0.5431 | 0.0919 0.6780 1.836 | 09257 [ 09989 | 0.7778 | 0.6667 | 0.7778 | 0.6667 0.7742 0.7782

Cs-137 26 | 0.9882 | 0.0140 | -0.0205 | 0.3692 0.4879 1444 | 0.9680 [ 1.0083 | 0.7308 | 0.7308 | 0.6923 | 0.6923 0.7180 0.7812

Nd-148 16 | 1.0006 | 0.0133 | -0.2982 | -1.8290 | 0.0034 1571 | 09797 | 1.0214 | 0.7500 | 0.7500 | 0.7500 | 0.7331 0.7331 0.7500

Eu-154 9 1.2183 | 0.0597 | -0.6952 | -0.9105 | 0.2589 1.836 | 1.1087 [ 1.3280 | 0.7778 | 0.7778 | 0.7778 | 0.7778 0.7778 0.7778




Table. 6. Statistical Results for 21 Samples with the 90/95 Probability and Confidence

Corrected-Content p ,

i . . Kurt. W k L — -
Isotopes | Size | Mean | Stand. | Skew urt ower | Upper Start End Near | Mini. | Interpol. | Maxi.

25 | 09977 | 0.1060 | 1.1107 | 2.6022 0.0342 2208 | 0.7636 | 1.2318 | 0.8400 | 0.8800 | 0.8400 | 0.8332 0.8464 0.8800

U-234 24 | 0.9845 | 0.0847 | 0.3025 | 1.0659 0.4209 2225 | 07961 | 1.1729 | 0.8333 | 0.8750 | 0.8750 | 0.8322 0.8574 0.8750

U-235 55 | 1.0283 | 0.0387 | 0.4516 | -0.2190 | 0.2812 1976 | 09517 | 1.1048 | 0.8727 | 0.8909 | 0.8909 | 0.8720 0.8879 0.8909

U-236 55 | 1.0030 | 0.0435 | 1.3184 | 2.8427 0.0005 1976 | 09172 | 1.0892 | 0.8727 | 0.8909 | 0.8909 | 0.8727 0.8884 0.8957

54 | 1.0002 | 0.0379 | 0.7868 | 0.9033 0.0276 1979 | 09253 | 1.0752 | 0.8704 | 0.8704 | 0.8889 | 0.8519 0.8773 0.8889

49 | 1.0007 | 0.0051 | 0.5911 | 2.9713 | <0.0001 | 2.001 | 0.9906 | 1.0109 | 0.8571 | 0.7959 | 0.7959 | 0.7755 0.8253 0.8776

U-238 42 | 0999 | 0.0025 | 0.2178 | 1.0885 0.0035 2.039 | 0.9946 | 1.0047 | 0.8095 | 0.8571 | 0.8333 | 0.7857 0.8250 0.8571

Np-237 13 | 09524 | 0.0880 | 0.2212 | -1.1785 | 0.2932 2587 | 0.7247 | 1.1801 | 0.9231 | 0.9231 | 0.9231 | 0.9231 0.9231 0.9231

Pu-238 35 | 1.0993 | 0.1008 | 1.0880 | 1.5498 0.0212 2.090 | 0.8887 | 1.3100 | 0.8857 | 0.9143 | 0.8857 | 0.8834 0.8850 0.9143

Pu-239 55 | 1.0155 | 0.0528 | 1.2006 | 0.9372 | <0.0001 | 1.976 | 0.9112 | 1.1198 | 0.8364 | 0.8727 | 0.8727 | 0.8364 0.8573 0.8746

Pu-240 55 | 1.0200 | 0.0285 | 0.8937 | 3.2919 0.0148 1976 | 09647 | 1.0773 | 09091 | 0.9273 | 0.8909 | 0.8909 0.9102 0.9455

Pu-241 55 | 1.0377 | 0.0672 | 1.4836 | 21984 | <0.0001 | 1.976 | 0.9050 | 1.1705 | 0.8727 | 0.8727 | 0.8909 | 0.8545 0.8853 0.8909

Pu-242 51 | 1.0009 | 0.0638 | 0.8761 | 2.6977 0.0282 1992 | 0.8737 | 11280 | 0.8824 | 0.9020 | 0.9020 | 0.8824 0.8962 0.9025

Am-241 9 1.1616 | 0.2023 | 2.5809 | 6.9967 0.0002 2967 | 05614 | 17617 | 0.7778 | 0.8889 | 0.7778 | 0.7778 0.7844 0.8889

8 | 1.0969 | 0.0612 | 1.3970 | 2.3350 0.1809 3.135 | 09050 | 1.2888 | 0.7500 | 0.8750 | 0.7500 | 0.7500 0.8049 0.8750

Cm-242 15 | 14235 | 0.0715 | 1.0834 | 1.1912 0.0742 2480 | 1.2461 | 1.6009 | 0.8667 | 0.9333 | 0.8667 | 0.8667 0.8727 0.9333

Cm-244 15 | 1.0920 | 0.0435 | -0.5001 | -0.5766 | 0.3169 2480 | 0.9847 | 1.2005 | 0.9333 | 0.8667 | 0.8667 | 0.8667 0.8801 0.9333

Se-79 9 0.8843 | 0.0870 | -0.5073 | -0.8126 | 0.4561 2967 | 0.6261 | 1.1425 | 0.8889 | 0.7778 | 0.8889 | 0.7778 0.8876 0.8889

Sr-90 9 0.9723 | 0.0116 | -0.8415 | 1.0805 0.6718 2967 | 09380 | 1.0066 | 0.8889 | 0.6667 | 0.7778 | 0.6667 0.7820 0.8889

Tc-99 13 | 0.8783 | 0.1073 | -1.0381 | -0.3441 | 0.0116 2.587 | 0.6008 | 1.1558 | 0.7692 | 0.7692 | 0.7692 | 0.7692 0.7767 0.7767

Cs134 16 | 1.2361 | 0.1193 | 1.8838 | 6.6193 0.0028 2437 | 09452 | 15269 | 0.8125 | 0.8750 | 0.8125 | 0.7500 0.8275 0.8750

15 | 1.2113 | 0.0687 | -1.0872 | 2.2419 0.1523 2480 | 1.0409 | 1.3816 | 0.9333 | 0.8000 | 0.8667 | 0.8000 0.8737 0.9333

Cs-135 9 0.9623 | 0.0199 | -0.5431 | 0.0919 0.6780 | 2967 | 09032 | 1.0215 | 0.8889 | 0.7778 | 0.8889 | 0.7778 0.8528 0.8889

Cs-137 26 | 0.9882 | 0.0140 | -0.0205 | 0.3692 0.4879 2193 | 09576 | 1.0188 | 0.8077 | 0.8846 | 0.8462 | 0.8077 0.8608 0.8846

Nd-148 16 | 1.0006 | 0.0133 | -0.2982 | -1.8290 | 0.0034 2437 | 09682 | 1.0329 | 0.8125 | 0.8125 | 0.8125 | 0.8125 0.8125 0.8125

Eu-154 9 1.2183 | 0.0597 | -0.6952 | -0.9105 | 0.2589 2967 | 1.0411 | 1.3955 | 0.8889 | 0.7778 | 0.8889 | 0.7778 0.8404 0.8889
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