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Impact analysis of basic burnup cross section on coupled calculation of neutron transport burnup
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(Institute of Nuclear Physics & Chemistry, China Academy of Engineering Physics, Mianyang 621900, China)

Abstract  [Background] Monte Carlo depletion method is based on Monte Carlo neutron transport code and
ORIGEN?2 point depletion code, it is widely used for neutron transport burnup. However, the continuous energy
neutron cross sections of the nuclides in the current evaluation library are less than the cross section used in the
depletion calculation. Therefore, the depletion cross sections generated by Monte Carlo transport calculation cannot
replace all the cross sections in the basic depletion library. [Purpose] This study aims to analyse the influence of
different basic depletion libraries on coupled calculation of neutron transport burnup. [Methods] The Monte Carlo
transport depletion code MCBMPI (Monte Carlo Burnup code in MPI version) was employed to calculate the new
VERA (Virtual Environment for Reactor Applications) depletion benchmark. The influence of different basic burnup
cross section on the burnup calculation in transportation was compared and analyzed. [Results|] Calculation results
show that relative error of &, is less than 8%o in all the depletion stages, and the mass variation of **U and '**Xe are
less than 4%o0 and 5%o respectively, in the last depletion stage. The variation between thermal and fast neutron
spectrum cross section library is small in this benchmark. [Conclusions] It is recommended to select a basic
depletion cross section library containing similar neutron spectrum instead of a typical thermal neutron cross section
library in real application.
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Fig.1 Geometry sketch map of benchmark VERA-1c¢
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Table 1 Description of Benchmark VERA-1c

WiH Item  Z%04 FK Parameter Z4{H Value
PR 1%} Material U0, (¢=3.1%)
Fuel %5 % Density / g-cm™ 10.257

HLP 2 Pellet radius / em - 0.409 6

% Temperature / K 900
57 4%} Material Zircaloy-4
Cladding %% Density / g-cm™ 6.560

P4F-4% Inner radius / cm 0.418

#1242 Outer radius / cm 0.475

15 JZ Temperature / K 600
4k 71 ¥} Material 1% Boric acid
Moderator %% Density / g-cm™ 0.700

Ii% % Temperature / K 600
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Fig.2 Flow chart of NJOY2016 cross section generation
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Table 2 Time Step Setup of Benchmark VERA-1¢ Calculation

B Step #AFE Burnup / MW-d™"kg™" |25 Step WAFE Burnup / MW-d kg™ |4 Step WAFE Burnup / MW-d ' kg™!
1 0.000 034 7 23 4.0 45 47.5
2 0.0177 24 5.0 46 50.0
3 0.0350 25 6.0 47 52.5
4 0.0523 26 7.0 48 55.0
5 0.069 7 27 8.0 49 57.5
6 0.0870 28 9.0 50 60.0
7 0.0122 29 10.0 51 62.5
8 0.0156 30 11.0 52 65.0
9 0.0191 31 12.5 53 67.5
10 0.022 6 32 15.0 54 70.0
11 0.026 0 33 17.5 55 72.5
12 0.0330 34 20.0 56 75.0
13 0.0399 35 22.5 57 77.5
14 0.046 8 36 25.0 58 80.0
15 0.053 8 37 27.5 59 82.5
16 0.060 7 38 30.0 60 85.0
17 0.078 0 39 32.5 61 87.5
18 0.1 40 35.0 62 90.0
19 0.5 41 37.5 63 92.5
20 1.0 42 40.0 64 95.0
21 2.0 43 42.5 65 97.5
22 3.0 44 45.0 66 100.0
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Table 3 Nuclides of replaced cross section in last burnup time step

W R I0F Actinides Z4A5 =1 Fission Products

1 2P 49 *Cm 1 ‘H 49 Mo 97 Sn 145 Ce
2 ) 50 #*Cm 2 °Li 50 *Mo 98 12Sh 146 “Ppr
3 2%ph 51 *Cm 3 Li 51 “Mo 99 %Te 147 "Nd
4 Bj 52 *Cm 4 ‘Be 52 *Te 100 '»Sn 148 *Ce
5 »Ra 53 *Cm 5 “Ga 53 “Ru 101 »Sb 149 "“Nd
6 Ra 54 *Cm 6 "Ga 54 Mo 102 »Te 150 "Nd
7 Ra 55 Bk 7 “Ge 55 '“Ru 103 126Sn 151 “Nd
8 ?Ac 56 Bk 8 "Ge 56 ""Ru 104 126Sh 152 "“'Nd
9 *'Th 57 »Cf 9 "Ge 57 2Ru 105 126Te 153 “Pm
10 Th 58 »Cf 10 ®As 58 "“Ru 106 21Te 154 Sm
11 *Th 59 BICf 11 “Ge 59 '“Rh 107 27 155 "Nd
12 Th 60 ®Cf 12 “Se 60 '"“Ru 108 %Te 156 ““Pm
13 Th 61 ®Cf 13 Se 61 1%pd 109 #Xe 157 “Sm
14 Th 62 ®Cf 14 "Se 62 '“Ru 110 2Te 158 “Pm
15 *Th 15 ”Se 63 '“Rh 111 21 159 "Sm
16 51Pa 16 "“Br 64 1%5pd 112 PXe 160 'Nd
17 #2pg 17 %Se 65 %Ru 113 Te 161 Sm
18 Pa 18 “Kr 66 1%pd 114 B[ 162 “'Pm
19 2y 19 “Br 67 17pd 115 BXe 163 “1Sm
20 U 20 “Se 68 Ag 116 BT 164 “'Eu
21 U 21 Kr 69 1%pd 117 BlXe 165 2Sm
22 U 22 SKr 70 %Cd 118 2Te 166 '2Eu
23 U 23 ¥Kr 71 WAg 119 G 167 2Gd
24 ) 24 SKr 72 '1pq 120 Xe 168 'Sm
25 U 25 “Rb 73 "Ag 121 ¥Cs 169 'SEu
26 U 26 SKr 74 "Cd 122 BXe 170 '%*Sm
27 0y 27 “Rb 75 Ag 123 ¥Cs 171 Eu
28 “*Np 28 %Sr 76 "Cd 124 Ba 172 Gd
29 “*Np 29 Rb 77 2Cd 125 T 173 'SEu
30 *Np 30 ¥Sr 78 'BCd 126 Xe 174 $Gd
31 “Np 31 %Sr 79 "In 127 Cs 175 By
32 “Np 32 “Sr 80 Cd 128 *Ba 176 %Gd
33 Py 33 ' 81 '“Sn 129 BXe 177 “"Eu
34 7Py 34 “Sr 82 Cd 130 B5Cs 178 ¥Gd
35 Pu 35 y 83 In 131 Ba 179 Gd
36 Pu 36 NZr 84 '5Sn 132 B1Cs 180 Tb
37 #0py 37 Yy 85 "Cd 133 "Ba 181 Gd
38 Py 38 NZr 86 "15Sn 134 Ba 182 '“Th
39 *2py 39 27r 87 'Sn 135 ) 183 Dy
40 Py 40 Zr 88 "%Sn 136 *La 184 "Dy
41 Py 41 “Nb 89 “Sn 137 'Ba 185 Dy
42 *'Am 42 HZr 90 2°Sn 138 "La 186 Dy
43 *2Am 43 “Nb 91 2ISh 139 "Ce 187 Dy
44 *Am 44 SZr 92 '28n 140 “Ce 188 '“Ho
45 “Am 45 “Nb 93 2Te 141 4Py 189 1By
46 *Cm 46 Mo 94 'Sn 142 “Ce 190 "By
47 *Cm 47 SZr 95 ) 143 142py 191 By
48 *Cm 48 Mo 96 BTe 144 "“Nd 192 “Tm
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