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Modeling and analysis of depletion experiment benchmark based on assembly calculation
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Abstract  [Background] Assembly calculation plays an important role in reactor core design. The depletion
calculation accuracy of the assembly calculation is of great significance to the power distribution, refueling life and
reactivity control design of nuclear reactor core. [Purpose] This study aims to evaluate the accuracy of the multi-
group constant library in the neutron depletion calculation and establish a set of depletion experimental calculation
model. [Methods| The depletion historical parameters and the final nuclide composition information were provided
by the SFCOMPO-2.0 database. The information of the Takahama-3 reactor, H.B. Robinson-2 reactor and Beznau-1
reactor samples were modeled using the DRAGON code. Some simplified methods were applied to some unavailable
data information. The numerical results were compared and analyzed with the benchmark results in the SFCOMPO-
2.0 database. [Result & Conclusions] The results show that most of the nuclide productions are in good agreement
with the reference value, and the errors are within 10%. Nuclides with large differences between numerical results
and benchmark results are discussed simultaneously, and computational results of three reactor samples were

compared and analyzed.
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Table 1 Depletion information of SF95 sample

B Sample-1 Sample-2 Sample-3 Sample-4 Sample-5
/d Power  Burnup Power Burnup Power Burnup Power Burnup Power Burnup
/Wegh /MW-d-t' /W-g' /MW-d-t' /W-g'  /MW-dt! /Wegt /MWedt! /Weg! /MWed-t!
12 5.08 60.96 8.65 103.80 12.59 151.08 13.04 156.48 10.80 129.60
8 20.32 223.52 34.61 380.68 50.34 553.80 52.15 573.68 43.20 475.20
27 20.33 772.43 34.62 131542 50.36 1913.52 52.17 198227 4322 1642.14
35 20.42 1487.13 34.78 2532.72 50.59 3684.17 52.40 381627  43.42 3161.84
28 20.22 2053.29 34.44 3497.04  50.09 5086.69 51.89 5269.19 42,99 4365.56
21 20.09 247518 34.23 421587  49.78 6132.07 51.57 6352.16  42.73 5262.89
35 20.02 3175.88 34.10 5409.37  49.60 7 868.07 51.37 8 150.11 42.56 6752.49
35 19.71 3865.73 33.57 658432  48.83 9577.12 50.58 9920.41 41.90 8218.99
28 19.72 4417.89 33.49 7522.04  48.85 10944.92  50.61 11337.49  41.93 9393.03
27 19.60 4 947.09 33.39 8423.57  48.57 1225631  50.31 1269586  41.68 10 518.39
49 19.33 5894.26 32.92 10036.65  47.89 14 602.92  49.60 1512626  41.10 12 532.29
15 19.07 6180.31 3247 10523.70  47.23 15311.37 4893 15860.21  40.54 13 140.39
37 18.80 6875.91 32.03 11708.81  46.59 1703520 48.26 1764583 39.98 14 619.65
19 18.61 7229.50  31.71 12311.30  46.12 17911.48  47.77 18 553.46  39.58 15371.67
9 18.50 7396.00  31.51 1259489  45.84 18324.04 47.48 18 980.78  39.34 15725.73
88 0 7396.00 0 1259489 0 18324.04 0 18980.78 0 15725.73
10 4.36 7439.60 743 12669.19  10.80 18432.04 11.19 19092.68 9.27 15818.43
11 17.52 763232  29.85 12997.54 4342 18 909.66  44.97 19 587.35  37.26 16 228.29
20 17.69 7986.12  30.14 13600.34 43.84 19786.46  45.41 2049555  37.62 16 980.69
23 17.78 8395.06  30.28 14296.78  44.04 20799.38  45.62 2154481 3779 17 849.86
28 17.75 8892.06  30.23 1514322 4397 22030.54 4555 2282021  37.74 18 906.58
28 17.72 9388.22  30.17 15987.98  43.89 23259.46 4546 24 .093.09  37.67 19961.34
28 17.68 9883.26  30.12 16 831.34  43.80 24 485.86  45.37 25363.45 37.59 21013.86
35 17.65 10 501.01  30.06 17883.44  43.72 26 016.06  45.29 26948.60  37.52 22 327.06
28 17.61 10994.09  30.00 18723.44  43.63 27237.70  45.20 28214.20 37.45 23 375.66
34 17.57 11591.47  29.93 19741.06  43.53 28717.72  45.09 2974726  37.35 24 645.56
43 17.50 1234397  29.81 21022.89 4336 30582.20 4491 3167839  37.21 26 245.59
28 17.34 12829.49  29.53 21849.73 4295 31784.80 44.49 32924.11  36.86 27277.67
28 17.17 1331025 29.25 22 668.73  42.54 32975.92  44.06 34 157.79  36.51 28299.95
35 17.08 13908.05  29.09 23 686.88 4231 34456.77 43.82 35691.49 3631 29 570.80
15 17.00 14 163.05  28.96 24121.28 42.12 35088.57 43.63 3634594 36.15 30 113.05
8 16.97 1429881 2891 2435256  42.05 3542497 43.56 3669442 36.09 30401.77
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Fig.2 Mesh generation for calculation
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Table 2 Depletion calculation steps of SF95 sample

PRFEEL Time interval K Step /d
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%3 Takahama-3-SF95-Sample-2 i+ E 45 R 5 LG ExTEE
Table 3 Comparisons with experimental data for Takahama-3-SF95-Sample-2

2 THE SR FE ST THREIR G RAE IR E  t
Nuclide Calculation value / 10* cm™  Experimental value / 10* cm™ Ratio of calculation value to
experimental value
U 6.206 30x10™° 6.731 15x10°° 0.92
U 5.056 74x10™* 4.531 84x10™* 1.12
U 9.472 57x107° 9.423 37x107° 1.01
U 2.176 98x107 2.188 36107 0.99
“Pu 2.098 19x10°° 1.649 17x107° 1.27
*Pu 1.950 74x107 1.307 66x107 1.49
*Pu 3.767 69x107° 3.543 95x10°° 1.06
*'Pu 2.803 56107 2.196 43x107° 1.28
*Ppy 3.733 50x107° 4.21120%10° 0.89
*Am 8.418 25x107 5.37528x107 1.57
mAm 1.874 28x107* 1.187 77107 1.58
"Cs 3.53729%10°° 3.766 18x107° 0.94
*Cs 2.759 10x10°° 2.891 99x10°° 0.95
Eu 6.750 63x107 4.686 87x1077 1.44
"Ce 1.143 11x10°° 1.212 79107 0.94
'»Sb 3.636 37x107 1.282 18x107 2.84
""Ru 5.658 03x10°° 4348 31x10°° 1.30
““Nd 3.300 88x1077 3.458 81x1077 0.95
"Nd 2.661 07x107° 2.762 93x107° 0.96
“Nd 2.078 64x107° 2.32042%107° 0.90
"“Nd 1.937 66107 2.052 09%x107° 0.94
“Nd 1.846 42x107° 1.864 29x107° 0.99
“Nd 9.955 68x10°° 1.021 68x107° 0.97
"Nd 4.626 19x10°° 4.635 00x10°° 1.00
LA 30;
4 L NG B A AR5 2 1% %2 al

HH S B BAFE VR BE R T iH R AEIR B, IX AT R 42 °U
W F AT B OR T R AR A HAE X 22 KT 10% 1)
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Fig.4 Schematic of relative deviations for H.B.Robinson-2-
Sample A
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%4 H.B.Robinson-2-Sample A i+ E 4R 5EESLIGEXTEL
Table 4 Comparisons with experimental data for H.B.Robinson-2-Sample A

¥ THRER FE ST THREEIR G REAE IR E  t
Nuclide Calculation value / 10* cm™  Experimental value / 10* cm™  Ratio of calculation value to
experimental value
U 3.306 60x10™° 3.50529x10°° 0.94
U 2.05930x10™* 1.788 11x10™* 1.15
U 6.799 18x107° 7.143 66x107° 0.95
U 2.143 29x107 2.16594x107 0.99
“Pu 2.031 50x10°° 2.052 54x10°° 0.99
“Pu 1.312 48x10™* 1.069 98x10™* 1.23
*Pu 4.204 67107 4.184 13x107° 1.00
*Pu 2.648 18x107° 2.127 56x107° 1.24
Py 6.505 75x107° 7.488 55x107° 0.87
“Nd 9.650 93x107° 9.746 67x107° 0.99
%5 Beznau-1-Sample BM1 i+ 5 4R 5EESLIEETTEE

Table 5 Comparisons with experimental data for Beznau-1-Sample BM1
¥ THERAR FESIO A THRE IR G RAE IR E  tL
Nuclide Calculation value / 10* cm™  Experimental value / 10* cm™  Ratio of calculation value to

experimental value

U 2.268 78x1077 1.605 76x10°° 0.14
U 2.453 46x107° 2.057 12x107° 1.19
U 5.823 18x10™° 6.324 46x10™° 0.92
U 2.080 32x107 1.986 96x107 1.05
“Pu 3.000 41x107° 2.729 20x107° 1.10
*Pu 5.709 92x10™* 2.914 23x10™ 1.96
*Pu 3.373 48x10™* 2.878 44x10™ 1.17
*'Pu 1.83209x10™* 1.211 89x10™ 1.51
*Ppy 8.293 79x107° 9.382 60x107° 0.88
*Am 5.188 01x107° 3.789 16x107° 1.37
mAm 6.725 10x107 3.408 95x107 1.97
"Cs 6.38526x107° 5.810 76x107° 1.10
*Cs 2.464 34107 1.633 64x107° 1.51
Eu 2.262 70x10°° 1.402 38x10°° 1.61
"Ce 7.111 90x107 3.259 65x107 2.18
Sb 3.625 06x107 3.152 93x107 1.15
""Ru 1.993 46x10°° 7.646 41x10°° 0.26
“Nd 8.464 66x107 7.419 16x107 1.14
“Nd 4301 38x107° 3.683 64x107 1.17
Nd 4.880 55x107° 4.797 39x107° 1.02
“Nd 3.031 60x107° 2.829 41x107° 1.07
“Nd 3.290 10x107° 2.966 22x107° 1.11
“Nd 1.912 66x107° 1.751 71x107° 1.09
P'Nd 1.134 78%107° 1.033 92x107° 1.10

R = e N HERE ST SR R AR, UL BARAR, XU AR A R I E T BOR AN E
PUSKBEA —EmME. LEPUSP TR0 M XWA RSB EE R M E . A EEF
(n, )™ U RN 5 THREEF B AR R PAREETh R HE &0 LU IR (0, 20) 8
PG XA ZE B SR AL A, U AR S DU B o A RN, IR W] EIE AR U AL R AL
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Fig.5 Schematic of relative deviations for Beznau-1-Sample
BM1
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