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Abstract

The accuracy of burnup library is the main factor affecting the accuracy of burnup calculation re-
sults. In this paper, the library processing program PSTL is developed, and a PWR burnup library
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for ORIGEN-S program is made based on the evaluated nuclear libraries ENDF/B-VIIL.O, EAF-2010
and TENDL-2019. The library contains two sublibraries, namely neutron cross section-fission yield
library and decay library. First, the point continuous cross sections in ENDF/B-VIIL.O evaluated li-
brary and so on are processed into 172-group cross sections by NJOY2016 program. Then the 172-
group cross section is further merged into three-group cross sections by using the neutron spec-
trum of the assembly or cell at the specified burnup depth. Fission yield data are taken from
MF8/MT454 and MT459. Decay data are taken from MF8/MT457. Finally, the benchmark of nuclide
inventory in PWR of OECD/NEA is used to verify and analyze. The results show that the neutron
energy spectrum has a significant effect on burnup library and nuclide inventory. For such nuclides
as 238Py, 237Np and 147Sm, the calculated results of the burnup library processed by the assembly
neutron spectrum are closer to the experimental values, which improves the calculation accuracy
of ORIGEN-S.
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Figure 1. Production process of neutron cross section-fission yield library
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Figure 2. Comparison of neutron spectra of assemblies and cells at different burnup
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Table 1. Comparison of calculation results of MKP109-CC samples
# 1. MKP109-CC #mit &R

I ATE BFEa HRED AflEc HREd WEY WmEY WET mEY wmE®
(g/gU)  (g/gU)  (g/gU)  (g/gl) (ggl)  (ggl) (%) () () (%) (%)
U-234  1.59E-04 1.52E-04 1.54E-04 1.56E—04 151E-04 1.53E-04 —4.60 -—2.77 -2.08 -5.10 -3.78
U-235 5.87E-03 5.48E—03 5.49E-03 5.42E—03 4.78E-03 4.70E-03 —6.55 —6.34 -7.60 —18.52 —19.85
U-236  4.01E-03 4.11E-03 4.14E—03 4.15E-03 4.17E-03 4.17E-03 2.52 332 3.62 400 4.19
U-238 9.45E-01 9.41E-01 9.41E-01 9.41E-01 9.41E-01 941E-01 -034 -034 -034 -035 -0.34
Pu-238 2.15E-04 1.88E-04 2.05E-04 2.01E-04 1.87E—04 1.82E-04 —12.62 —4.38 —6.19 —12.95 —1523
Pu-239 4.94E-03 5.08E-03 5.05E-03 5.08E-03 5.99E—03 6.04E—03 281 216 277 21.14 2217
Pu-240 2.54E—03 2.38E—-03 2.40E—03 2.38E—03 2.46E-03 243E-03 -6.38 -5.51 -634 -331 —421
Pu-241 1.02E-03 1.11E-03 1.11E-03 1.10E-03 1.01E-03 1.00E-03 8.40 850 7.52 —0.98 -2.34
Pu-242 6.54E-04 6.23E-04 6.75E-04 6.79E—04 540E—04 539E-04 -4.70 332 390 -17.35 —17.58
Np-237 4.05E-04 4.57E-04 430E-04 427E-04 429E-04 426E-04 1294 625 558 603 5.14
Se-79  4.46E—06 5.25E-06 4.94E-06 4.94E-06 4.97E-06 4.97E-06 17.76 10.85 10.88 11.53 11.55
Sr-90 4.86E—04 4.94E—04 4.98E—04 4.98E—04 5.06E—04 5.07E-04 1.58 228 247 411 432
Tc-99 8.15E-04 8.87E—04 8.77E-04 8.80E—04 8.77E-04 8.80E-04 885 7.63 793 7.66 7.93
Cs-133  1.24E-03 1.26E-03 1.26E-03 127E-03 1.26E-03 1.27E-03 154 218 251 202 234
Cs-137 1.18E-03 1.18E—03 1.19E-03 1.19E—03 1.19E-03 1.19E-03 0.59 0.85 0.85 0.93  0.93
Nd-143 8.12E—04 8.17E-04 8.17E—04 8.14E-04 7.96E-04 7.93E-04 0.60 0.53 023 -1.98 -2.35
Nd-144 1.52E-03 1.53E-03 1.53E-03 1.53E-03 1.56E-03 1.57E-03 0.66 0.66 092 296 323
Nd-145 7.41E-04 7.44E-04 7.43E-04 7.44E-04 7.44E-04 745E-04 039 026 042 038 057
Nd-146 7.74E—04 7.83E-04 7.82E-04 7.81E—04 7.88E-04 7.87E-04 1.16 1.05 1.00 1.78 1.73
Nd-148 4.07E-04 4.14E-04 4.14E-04 4.15E—04 4.14E-04 4.15E-04 1.72 174 177 174 1.77
Nd-150 1.95E-04 2.03E-04 2.02E-04 2.02E-04 2.01E-04 2.01E-04 3.79 3.74 3.69 282 277
Sm-147 2.70E-04 2.88E—-04 2.66E—04 2.68E-04 2.64E—04 2.66E—04 632 —1.55 —0.78 -2.55 -1.52
Sm-150 2.90E—04 3.25E-04 3.07E-04 3.06E—04 2.98E-04 2.97E-04 12.15 590 5.66 3.00 245
Sm-152 1.10E—04 1.21E-04 1.24E-04 1.25E-04 1.24E-04 1.24E-04 1040 13.50 1423 1277 12.96
Sm-154 3.81E-05 4.15E-05 4.23E-05 4.22E-05 4.12E-05 4.11E-05 899 11.17 1091 838  8.04
Eu-151 1.05E-06 9.86E—07 1.06E-06 1.04E-06 8.16E—07 8.00E—07 -5.65 1.3 —0.10 -21.92 —23.41
Eu-152 5.93E-08 6.17E-09 6.47E—09 6.25E-09 3.78E-09 3.62E—09 -89.59 —89.08 —89.45 —93.63 —93.89
Eu-153 1.29E-04 1.37E-04 1.38E-04 1.37E-04 1.35E-04 1.35E-04 5.89 690 6.51 442 450
Eu-155 1.39E-06 1.54E-06 1.57E-06 1.59E—06 1.58E—06 1.61E—06 11.19 1343 1487 1430 16.39
Gd-155 7.41E-06 8.74E—06 8.60E—06 8.71E—06 8.64E—06 8.80E-06 17.94 16.05 17.52 16.66 18.72
Gd-157 2.07E-06 9.42E—08 8.70E—08 8.47E—08 6.62E—08 6.42E—08 —95.45 —95.80 —95.91 —96.81 —96.90
Gd-158 1.49E-05 2.13E—05 2.03E—05 2.02E-05 1.93E-05 1.92E-05 4320 3647 35.67 30.01 28.94

E: WEO. @, @, @. @ WFRR(AWE/SZIAE — 1) x 100, (FHIPE a/S258MH — 1) x 100, (E HIEE b/S2iE
— 1) x 100, (BEHIE o/SEHAE — 1) x 100 (E & d/SEZHE — 1) x 100,

25
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Table 2. Comparison of calculation results of SF95-4 samples
% 2. SF95-4 1Mt BEERITEL

ez FWE BWE ARFa ARFEL AREC HElEd " wz2" WEY WE fWmE’
S (ggU)  (ggU)  (ggl) (ggU) (gel)  (ggl) () (%) (%) (%) (%)

U-235 1.23E-02 1.05E-02 1.05E—02 1.04E-02 9.59E—03 9.49E—03 -14.88 —14.72 —15.45 —22.06 —22.85

U-236 5.00E—03 5.05E-03 5.08E-03 5.09E—03 5.13E-03 5.13E-03 0.96 1.58 1.84 252 2.66
U-238 9.34E-01 9.37E-01 9.36E-01 9.37E-01 9.37E-01 9.37E-01 0.32 0.31 0.32 0.34 0.35
Pu-238 1.59E-04 1.15E-04 1.20E—04 1.17E-04 1.11E-04 1.08E-04 -27.83 —24.50 —26.20 —29.85 —31.93
Pu-240 2.21E-03 2.15E-03 2.17E-03 2.15E-03 2.14E-03 2.12E-03 -2.76 —-1.63 -2.58 -3.04 -4.17
Pu-241 1.47E-03 1.19E-03 1.20E—03 1.19E-03 1.03E-03 1.02E-03 -18.62 —18.28 —19.17 —29.54 -30.76
Pu-242 4.80E-04 3.93E—04 4.24E—04 4.23E-04 3.17E-04 3.13E-04 -18.28 —11.72 —11.93 -34.10 —-34.92
Am-241 2.35E-05 2.75E-05 2.49E-05 248E-05 2.11E-05 2.09E-05 16.80 5.70 549 -10.17 —-11.19
Cm-242 2.33E-05 8.90E—06 1.09E—05 1.07E-05 &.18E-06 7.90E-06 -61.78 —53.09 —54.21 —-64.87 —66.07
Cm-243 3.98E-07 1.59E—07 2.42E—07 2.36E-07 1.76E-07 1.68E-07 —-59.93 -39.21 —-40.67 —55.76 —57.67
Cm-244 2.84E-05 1.51E—05 1.67E—05 1.49E-05 1.13E-05 9.93E-06 —46.95 —41.21 —-47.62 —60.27 —65.01
Cm-245 1.59E-06 5.98E—07 7.36E—07 6.42E-07 4.48E-07 3.89E-07 —-62.35 —53.63 —59.57 —-71.80 —75.51
Cm-246 1.25E-07 4.91E-08 5.78E—08 5.10E-08 4.19E-08 3.68E-08 —60.76 —53.76 —59.26 —66.55 —70.59
Nd-143 9.37E—04 8.86E—04 8.85E-04 8.84E-04 8.73E—04 8.72E-04 -549 -554 -570 —-6.82 —7.01
Nd-144 1.02E-03 1.06E—03 1.06E-03 1.06E-03 1.09E-03 1.09E-03 3.61 3.52 3.81 6.15 6.54
Nd-145 7.60E—04 7.80E—04 7.79E-04 7.81E-04 7.83E—04 7.85E-04 2.70 2.58 2.76 3.07 3.26
Nd-146 7.62E—04 7.75E—04 7.74E—04 7.74E-04 7.79E—04 7.79E-04 1.67 1.56 1.51 2.19 2.14
Nd-148 4.13E-04 4.16E—04 4.16E-04 4.16E-04 4.17E—04 4.17E-04 0.90 090 0.92 0.99 1.02
Nd-150 1.96E-04 1.91E—04 1.90E-04 1.90E-04 1.89E-04 1.88E—04 -2.76 —-2.81 -291 -3.78 -3.88
Cs-137 1.40E-03 1.37E-03 1.37E-03 1.37E-03 1.37E-03 137E-03 -2.29 -229 -229 -221 221
Ce-144 430E—04 4.59E-04 4.59E—04 4.59E-04 4.62E—04 4.62E-04 6.74 6.65 6.72 7.37 7.46
Eu-154 2.66E—05 2.02E-05 2.38E—05 2.36E-05 2.77E-05 2.76E—05 -23.97 —-10.43 —-11.07 4.06 4.03

F: MED. @ @ @, OB HFR(EE/SLZIAE —1) % 100, (FHE /SZIAH —1) x 100+ (F$lE b/a2seiE -
1) x 100+ (E HIFE /288 — 1) x 100~ (HEHE /92518 — 1) x 100,

SFEEFE 1 M 2 S RET LA, EHIE a. b 5 ORIGEN-S [ #5 B 45 RIS 158 0T,
BT iza, bl 238Puy 2Np A1 WSm %, B av b L E W EEEIE TO0ME, 3UE 7 A0
0 P A 7k e R P I IE W . AR S, EHIE a 1 b AOTHSHLSE AL T B # 2% ¢ Al do L MKP109-CC
FEf T 25U R (0, v) A, 5387 7 BRSO 00 R Sz = AR E AR s . 2 3 2B 1Y
Folr B8 o) P 1) =BT R IR DA ST A T

2 LR A A A FR T RE T O N L E a AT )R A ST BT A A R T RE R O B R EE ¢
M OTERBEX IR K ZER, FEESE a # b HAK(S) (O)F(7) I H TR =HEFE 7L B HlE o F
d BN, 3 3 P e 2R H A 20(4)RAF I B HEA SO N T B E ¢ Al d, SECEGIE a Ml b i
THRIFHF IR SBLIE B 25U HTH R EAIRTRD, R PUF R E SR s T BHE o M d FikE4 R, H
I A B T TSR0
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Table 3. Comparison of (n, y) cross sections of 2°U from different self-made libraries in MKP109-CC sample

%= 3. MKP109-CC # @ P AREBHIER U (n, y) R MAE L

H il a H il b H il ¢ Bl e d
P (b) 93.4 93.4 95.7 95.8
LR (b) 5.62 5.62 5.61 5.59
PREF T (D) 0.0522 0.0520 0.0522 0.0521
THERM [X T 0.5563 0.5617 0.6860 0.6967
RES [A¥ 4.2465 42065 4.8530 4.8176
FAST ¥ 1.5689 1.5576 1.7956 1.7981
AT ROBE (b) 75.91 76.20 92.96 93.75

5. B4

AICWHST T ORIGEN-S #2/7 [) Card-image ¥ X e I 7%, FEHFER TSR A2 P . 26T
PEM A% A3 % ENDF/B-VIILO. EAF-2010 Al TENDL-2019, LA CE14 x 14 HERL 24 ROl 7o 26 A R A
FEIRIE T b RES, 0L 7 DUZE HooKk 3 F BAFE 2 & . il OECD/NEA K AR I He /K HERE 1R AT 1 5%
WE, 45 SRR AR ) R T R 0 R RO S SR A A ST, [RIIHIERA T A S B PR
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