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Abstract

Monte Carlo plays an important role in reactor physical calculation, and the current reactor Monte
Carlo program, such as MCNP, RM(, etc., all use continuous energy point cross section. It is of great
significance to develop continuous energy point cross section processing program based on eval-
uation nuclear database for Monte Carlo calculation. A continuous energy point cross section pro-
cessing module, ACEXS, is developed by using backward stack method. The main function of ACEXS
is to convert the angular distribution and energy distribution data in ENDF database into proba-
bility table form, including all reaction paths in MF4, MF5 and MF6, including fission, (n, 2n), (n,
3n), etc. Then, based on ENDF/B-VIIL.1 evaluation kernel database, the continuous energy point cross
section database was made, and the probability distribution generated by ACEXS was compared
with the results of NJOY2016. The maximum error of probability density was less than 0.5%, and
the maximum cumulative density was less than 0.1%. The accuracy of the database was verified by
the critical benchmark in ICSBEP manual, and the absolute deviation between ACEXS and ACER was
less than 100 pcm. Finally, fast reactor benchmark ZPR6/7 was used to calculate the effective pro-
liferation factor of the benchmark. The deviation between ACEXS and ACER was 6 pcm, indicating
that the program was developed correctly and the calculated results were in good agreement with
those of ACER.

Keywords

Nuclear Data Processing, Continuous Point Section, Probability Table, AXSP

Copyright © 2022 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 518

PR RO 2 R i TR BT SRR W FU M s A, (R VAN A% B ds e AN R B B T A% AR
Weit, MRATRELEE MR, SR E BN TR EAR N 50 . S RP Ry
MCNP [1]F1 RMC [2]Ff 75 (1) ACE #% =% S gt & md A i R 2 Horp —Fp . H AT B 4528 B ACE #% s
F T e B FE 7 A 3% [ i« ] 4 2 307 [ 5% S0 = T 1) NJOY2016 [3],  H A& 1 REWF 78 BT T & 1)
FRENDY [4], {EHKZIF K RXSP [5], PU4aCil K= K K] NECP-Atlas [6]5F. NJOY2016 /7
SR, (A BT AR SRARURACRD, i SEARCR T i AL B G R AT ek, AR R AR A
Mo HLH, BEFKI NIOY FEALFEH RN, XLz R o B A B BLR[7]. &
NJOY 1] UNRES i, fERAKATIRS, THE MR B BT, BT RAE 2 S BONET 1 A &
[8]. A, HEAbHL /R IRPS SKIG % H EITR 1 et PN PEALBRAR i AXSP, AXSP 3 ZE DR H5 L4k
W (8], IR . ANAl S PHLIRIGHIAC T ESRE R S R R SRR AR ZRE
T3 R SR . ACEXS S AXSP F2/7 FHiE e i A AL BEAS B, - BETh AR R RS, Ead
JLPRUE MG . 2RI A0 PRI AL BE 1Y) PENDF 34 #4400 i 0% 4L 68 & S £, DAY
SR RP R . ACE %208 PE1E A — R BB AT e AR 20, R — Rl SRR HESL G &
B, RmHdEER, O ELET, SRS RN, FARRREMEL. BRI RED T
DA% ok A A A AR T A S SR Y () S R IR - F A AR R . IRGORL T R B A A e 3R 55
Bd o ACEANDT ACE kB E AR FEFE 1S, SRS [ NJOY F=AE MR A ATk AT xf b, DABRIERE 7

DOI: 10.12677/nst.2022.103016 153 MR A


https://doi.org/10.12677/nst.2022.103016
http://creativecommons.org/licenses/by/4.0/

e %

AR IERTE . SRJ5 KA ICSBEP Z:4EF M1 HIlG A AL HERT ZPR-6/7, XJHE 7 7= A () S fig & r 1 24
P E R PE AT T BRAIE

2. BERREMEIR

ACEXS fJEZE IR/ R ENDF i LA R AAA# S, Fb R R e R 22
ENDF PR anKuE, T EAMRIRL I AR R AT, — BRI Z R AL, ik s
H. AR~ N Kalbach-Mann 230 N2 AR LA F T AL T B 45 T 7347 -
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2.2. MF5 iR R R

MF5 FF ik 5 PR E A6, MF5 Figa il TBR MF4. MF6 g i i oAt 7= AR IR g b 71 I
N, 7 ENDF/B {4 LF AR, B aE AR, HEMRAE B E AR, F2E
BINFOAR, ISP A B3 AT IS T T B R 1 iR

Table 1. Six types of energy distribution in ENDF/B format database
% 1. ENDF/B 18N BUREE R 3 R A < FHaE 8 2R

LF A POPTA/N W L1 R PR /N %ot 8 ACE FR 434 1
1 WA SRR f(E>E)=g(E>FE) 4
5 W AR f(E—>E')=g(E/0(E)) 5
f(E—E)= ge’”‘m
7 HEET RIS N 7
| =% [zerf (J(E [y )/9)—&””“}
f(E>E)= ge’EV”‘E)
9 R 9

I =6 {1e(”)/“’[1+ E ;U H
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1 ﬁmi‘i‘tﬁigﬂ’l | = 21/ exp( ]l:erf( n ]+erf[ / +5 H 1
—aexp{ [ ﬂsmh (E-V)

12 f(E—>E):;[ (E"Ec(L))+9(E"Ec(H))] 4

R PENDF SCFFT 45 i B HE SR AT 5 BE & rsi 8] B i K 7 Bk AT Inas, R PRI AR a3 B (R RE &
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2.3. MF6 8RR REWL

MF6 B TR 4 5 4 % S, 7F ENDF/B X R IE LAW SEINAH, B o it m A
F, TR E AW A FIAE, FEA )\ MoA. HET ACEXS FZAIE TR H T EuE,
fFF LAW =1, 6. 7 &L, 2 LAW = 1 B SRS LANG 7T RLZ3A LANG = 1 F1 LANG = 2 FiffE .
HH % LAW 545 5 ACE H 40 h N oG R 2 Fios:

Table 2. Correspondence of LAW distributions in MF6 and ACE
F 2. MF6 & LAW 2 5 ACE R i R X &

LAW I3 ARZEH St ACE 4y A
LAW =1, LANG =1 AR - AEN, BikEE 61
LAW =1, LANG =2 TEEEREE - MET, Kalbach B 44
LAW =6 Z WA 23 (8] 43 A 66
LAW =7 SIS AR A - M 67

YT LAW =1, LANG =1 ¥t ERoe, X THEAMGEEE, ST HHREE, &
{8 P BIRR YV AL HRAE [0, 1] 1) e )0 A, AR ARE 2R %85 P 40 A7 R IR B A R B 0 T LAW =11,
LANG =2 [f] Kalbach &% #1E10, B2kt A IRBAEE N RGO T8 2 M E— DN R B E 2R AN
WA R, il ENDF/B FEh &% a(E, E,y) 1, MR T S HAHRLI A, A4S 0 75 2 A
FAAARLfY) Kalbach #4524 St 5.

3. FEFFMLFLEIE

HT R LA I, 758 BRI EIE AR AXSP &R E, A Fortran2003 77 R T
ACE #% 20H s B fE R B ACEXS,  F- it A 3L vk i ACEXS 5117 5 NJOY2016 + ACER #ibdil
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Figure 1. Flow chart of ACEXS program
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ACE & B B A A e R 02X, AT RE A0 H IR B B e X e &, BRI — S A\
B L — AN ST A A A AR B A — A A BERT R — AR 2 A — N BB . DL 2PU sk
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Figure 2. Comparison of angular distribution probability density and rela-
tive error between ACEXS and ACER
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Figure 3. Comparison of angular distribution cumulative density and rela-
tive error between ACEXS and ACER
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Figure 4. Comparison of energy Angle probability density and relative
error between ACEXS and ACER when LAW =1 and LANG =1
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Figure 5. Comparison of cumulative density of energy angle distribu-
tion and relative error between ACEXS and ACER when LAW =1 and
LANG =1
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Figure 6. Comparison of energy spectrum probability density and rela-
tive error between ACEXS and ACER when LAW =1 and LANG =2
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Figure 7. Comparison of energy spectrum cumulative density and rela-
tive error between ACEXS and ACER when LAW =1 and LANG = 2
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Figure 8. Comparison of energy spectrum probability density and rela-
tive error between ACEXS and ACER at LAW =6
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Figure 9. Comparison of energy spectrum cumulative density and rela-
tive error between ACEXS and ACER at LAW =6
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3.2. ImAEERRLIE

T #E—PRAUE ACEXS P THEE M, X B A T Bl 72 4 5 HE N F A (ICSBEP) H 1)
v G BT P A BB RS BE L T 2B R . T ENDF/B-VILL PP AZ S 1, 43 )R A ACEXS
A NJOY2016 1) ACER FR/FHilME LR & Rl EuE . RABEHERFIT K RIEF RMC
THEG MRS, T EBRIE S22 BN TREF MR IR ke M LEL. RMC THE L5 B G
1000 1%, Hrp 50 AN AREIRAR, A —RBLE 20000 MK T, BERSEHEZE/NT 15 pem. IR G A3
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Table 3. List of critical benchmarks

3. IeFEERTIE

. i fETFR
1 u233-met-fast-001 23umtl
2 u233-met-fast-002-case-1 23umt2a
3 u233-met-fast-002-case-2 23umt2b
4 u233-met-fast-003-case-1 23umt3a
5 u233-met-fast-003-case-2 23umt3b
6 u233-met-fast-004-case-1 23umtda
7 u233-met-fast-004-case-2 23umtdb
8 u233-met-fast-006 23umet6
9 pu-met-fast-006 pumet6
10 pu-met-fast-008-case-1 pumet8a
11 pu-met-fast-008-case-2 pumet8b
12 pu-met-fast-009 pumet9
13 pu-met-fast-010 pumet10
14 pu-met-fast-011 pumetll
15 pu-met-fast-018 pumet18
16 heu-met-fast-001-case-2 umetlss
17 heu-met-fast-003-case-1 umet3a
18 heu-met-fast-003-case-2 umet3b
19 heu-met-fast-003-case-3 umet3c
20 heu-met-fast-003-case-4 umet3d
21 heu-met-fast-003-case-5 umet3e
22 heu-met-fast-003-case-6 umet3f
23 heu-met-fast-003-case-7 umet3g
24 heu-met-fast-003-case-12 umet3|
25 heu-met-fast-028 umet28
26 heu-sol-therm-013-case-1 usol13a
27 heu-sol-therm-013-case-2 usol13b
28 heu-sol-therm-013-case-3 usol13c
29 heu-sol-therm-013-case-4 usol13d
30 heu-sol-therm-032 usol132

DOI: 10.12677/nst.2022.103016 160 MR A


https://doi.org/10.12677/nst.2022.103016

e 2%

200
_
£
o
£ 1004 «,
2
i x*X  *
O * *
< *xo ok x*x *
\Eq, O K ** """"""""""""
* * *
X * *
Y * . e
(2] * * *
x *
3)
< -100
3
X
-200IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
) —
§££3£$£§§§§%2:2 %3333@5%833333
E E E EEQ@EG}W@:O(‘DG}&W Ve O
RaassscanttoEEiStLEREERERgsans
NaNaNaN 28 aaa S 33333

Figure 10. Absolute error between ACEXS and ACER
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Figure 11. Calculation results and reference values of ACEXS
and ACER
11. ACEXS #1 ACER HHH &R S5 EHE

M 10, & 11 AT AR, #4K - ACEXS Il ACER #F&5iF, mKIRZEAEIL 0.1%.
3.3. ZPR6-7 R ERRLEIE

ZPR6-7 J&35 [ERT 5T SR s 5 @ M R TR M I LA B 2 —[11], BEEEA Pu-U-Zr, RESFIXNET04H
RGN, 2 B 4% 8 X33 2H 23 DA SRR R 45 &) R-Z BE8Y, MESSTEAR A1 40 N0 4y, RIS RIS HERS,
HES AN — 2 R X A A AR 2R, 35— 2 RO XAMEDN S R RS IX, SR R X O —
ANBEAR, SRR I, ZPREIT (1) RZ 8 RSE Koy X an ] 12 Fros « BN R B A E 40 M. A RMC
% ZPR6-7 vk G it 5, fEFMUEL B 5 ICSBEP JEUEMMF], IWAbSitiR2E A 15 pem. 45 HRins
4 fii7n, ACER Al ACEXS THH45 B4R 2N 6 pom. K] 13, & 14 735 ZPR6/7 A HERS 142 7] i 1 )2

DOI: 10.12677/nst.2022.103016 161 MR A


https://doi.org/10.12677/nst.2022.103016

e %

TEREE N 5 x 107%~10 MeV il EXTEL, H1/&] 13 7] LLE H7E N HES A AN BE X A ACEXS 5 ACER i &
WA, MXTIRZEEX1% AN . B 14 WU HE A BERFR 25K, ZaERFbE RN, W8 R
AR, BRIEZ AN A ARHRZE 1% AN .

Table 4. ZPR6-7 thresholds for NJOY and ACEXS calculated by RMC

5% 4. NJOY #1 ACEXS H RMC i+ E#) ZPR6-7 I F1&

ACER ACEXS TR (pem)
Keff 0.98714 0.98708
Z R
LA cm
121.9200
Matrix
110.5357
106.6800 | IR2 OR2 Marrix
101.7257
Inner Axial Out Axial
Reflector 1 Reflector 1
(IR1) (OR1)
762813
Radial :
Reflector 1 Mt
(RR1)
Inner Core Outer Core
24.3535 80.7984 112.2504 140.2589
Figure 12. ZPR6-7 core RZ model [11]
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Figure 13. Core flux comparison in ZPR6/7
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