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Applicability analysis of multi-group cross sections processing code ARES-MACXS

for shielding calculation

HU Jiaju ZHANG Bin LIU Cong CHEN Yixue
(School of Nuclear Science and Engineering, North China Electric Power University, Beijing 102206, China)

Abstract  [Background] Deterministic method is widely used in shielding calculation for fusion and fission
devices. The data accuracy of multi-group cross section has significant influence on the deterministic calculation
results. [Purpose] This study aims to obtain a multi-group cross-section library suitable for various shielding
problems by developing a multi-group cross-section processing code ARES-MACXS based on Bondarenko
resonance processing method with functionalities of resonance processing, temperature interpolation, transport
correction, up-scattering processing, collapse group, and so on, and uses the exponential interpolation method to
obtain more accurate multi-group cross sections. [Method] First of all, KASHIL E70 library and FENDLL-3.1d
library were respectively processed by ARES-MACXS for single nuclide calculation to verify the correctness of the
code, and the results were compared with continuous energy Monte Carlo code. Then, the ill-Fe, OKTAVIAN-AI and
other benchmarks were calculated to verify the applicability of the code to different nuclides, and the results were
compared with the continuous energy Monte Carlo code. Finally, the ill-Fe, OKTAVIAN-AI and other benchmarks

calculated by ARES-MACXS were compared with experimental measurements. [Results] The error between the

5K H A B2 5 4 (No.11975097) 5 By

SR WY, 5, 19904F AL, 2013 4RV TAEILHL IR, BT R A, WIFFL U0 T 18 B i T S 2 BRI A
JEEEE: 9kl, E-mail: zhangbin@ncepu.edu.cn

ok H i 2020-09-04, &[] H . 2021-02-23

Supported by National Natural Science Foundation of China (No.11975097)

First author: HU Jiaju, male, born in 1990, graduated from North China Electric Power University in 2013, doctoral student, focusing on multi-group
cross sections for shielding calculation

Corresponding author: ZHANG Bin, E-mail: zhangbin@ncepu.edu.cn

Received date: 2020-09-04, revised date: 2021-02-23

050601-1



% AR

2021, 44: 050601

deterministic transport calculation result and the Monte Carlo calculation result is less than 1%, the error between the

deterministic transport calculation result and experimental measurement values is less than 20%. [Conclusions] The

results show that the multi-group cross sections calculated by ARES-MACXS have reliable accuracy and can be

applied to the verification of benchmarks, hence can be applied to the calculation of engineering problems.
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Table 1 ill-Fe benchmark device material composition

%% Nuclide  J& %% %
Nuclear density / 10**atoms-cm™
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225 B A W R b 7R 1D CF H R AR 2)
PR AT AN D-T RAS . Sk et 7
ZHP TR RE, IS KT 1 MeV REE A
Tl R A, T S5 ST R

i F§ ARES-MACXS 774 2 B # i , ANISN 2
JP AT S T A3 BT R IR R, S
AR S A ) SE IS I A AT Hh L. B 10 AT LA
FI) () % o4 2 B R T 199 FE b 1 ik 2 5 S 6 I =4
R

H 10 AT, FE i R S SL i EEY A R
Uf . FefENE T BEMIM KL, BAA 52 H 3R 2%

——— ARES-MACXS Result
——————— Experimental Result

Neutrons Leakage / (1/MeV/n)

1 2345678 9101112131415161718
Energy / MeV

E 10 ill-Fe ikt B L 0 p it g 2

Fig.10 Neutrons leakage of ill-Fe benchmark device
I ARES-MACXS fif I JL4iR 4 3R AR H A5 21 5 1]
AH G 1) g 2 BERUTH R 3E AT s v 5, Re B4R 2 S
R R RS R . BP U EE SR EE
PR 22 FE AR 20% LAY .
2.2.2 OKTAVIAN-AI"EE

OKTAVIAN 2% H# & K PR oK 22 @ & M — A
14 MeV D-T H &A= 2% , i R RAT B[R] J7 70
HEEHEREZFERFEERN P TFMEER . NIRIE
ARES-MACXS X} H At & WL 57 A k-85 i 4k 34 11 1F
ik, % B OK TAVIAN-AL 235 B HE47 115, Ho
BRI B N . JEHERE E 1) — B G 11 By
7~ A WA EAEERSE , WE BRSO AL B
AR, MRS ANEAE IR GT AN N A
P9 JZER 52 EE N 0.2 em, B ZBR 5 H [A]THCE 858
HARHH N2 2 firs

In (R=19.75 cm)
Out (R=19.95 cm)

In (R=10 cm)
Out (R=10.2 cm)

El 11 OKTAVIAN-AI % v i s 1
Fig.11 Model of OKTAVIAN-AI benchmark
i F ANISN AT iz 1H 5. 20 il G vk Jk of
[ - itt 2 50 Tt 2R, O 5 R R e e
BEEAT . PR REwE 12 R, it EES
SIZBG I B AE BEAR G — B A R O BUE R A R
UF o UE BRI AL AR YOG b ) A P A B AR

050601-5



% AR

2021, 44: 050601

%2 OKTAVIAN-Al H/EE B RIERER
Table 2 OKTAVIAN-AIl benchmark device material
composition

{37 Location M#E JR TS
Nuclide Nuclear density
/10** atoms*cm™
TR N 4.086 7x10°°
Neutron Source ) 9.391 2x10°°
NEFHNER Fe 5.576 6x107
Stainless steel Cr 2.292 6x1072
spherical shell Ni §.859 5x10°
R I Al 2.712 0x107
Aluminum shield g; 3.934 5%10°
Fe 2.623 0107
Cu 1.147 6x107°
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Table 3 H,O benchmark material composition

DX MR %R SR
Region Material Nuclide Nuclear density
/10*atoms*cm™

1 Air N 4,086 7x107
0 9.391 2x10°°
2 SS304  Fe 5.920 010
Cr 2.310 3x107
Ni 8.859 5%107°
3 H,0 H 6.673 4x107
0 3.337 0x107
4 SS304  H2XAHIH 52 XA[H

Same as region 2 Same as region 2

4 Fl ANISN #4758 15, Ge vt b 7 it % .
FH T H,O 76 # b 7 B8 X A7 75 58 21U L SO 208,
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AU Kb BEAR B A RS B A R AT AR BE L 45
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