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Abstract

In response to the challenges of expanding the widely adopted ENDF evaluated nuclear database
format, weak correlation of covariance data, and poor readability, the GNDS format for evaluated
nuclear databases has been proposed internationally. This format aims to address the legacy issues
of traditional evaluated nuclear database formats (such as ENDF). By adopting a “structured, mod-
ernized, application-oriented, and long-term sustainable” approach, it transforms evaluated nu-
clear databases into a comprehensive, self-describing, and machine-readable repository of nuclear
data knowledge. Developing computational programs capable of processing GNDS-format data holds
significant importance for subsequent reactor physics calculations. This paper first develops GTES,
a processing program for GNDS-format thermal scattering law evaluated nuclear databases. Subse-
quently, the independently developed advanced nuclear cross-section processing program AXSP is
employed for cross-section calculations. Finally, the accuracy of the cross-section processing is val-
idated using international critical benchmark problems. For the one-phonon model graphite ther-
mal scattering law data in the GNDS-format ENDF/B-VIII.1 evaluated library, the thermal scattering
cross section calculated by AXSP is superior to that of crystalline graphite in the energy region be-
low 0.001 eV, shows better agreement with experimental data, and achieves an accuracy improve-
ment of approximately 26%. For metallic hydrides, the use of an adaptive mesh better captures os-
cillations in the high-energy region compared to the fixed-grid approach of NJOY. Furthermore, for
nuclides containing both coherent and incoherent elastic scattering cross-sections, an innovative
method for merging angular scattering distributions has been proposed. Compared to using only
one type of scattering cross-section, this method achieves a remarkable improvement of up to
32.564%.
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VPO AZ B 2 0 S N HE BRI . U155 DA A TR STy v B A 0 A B i a0 it 7
AN A Z B IS, A RAZ B A BRI VPAN o PP AZ B 22 (ENDF) 2 H BT PR A% 25005 2546 1) 32 B4
o PP ZEAE PEA% T T 1960 454X, T 750, 75 ROBEVEB. BERcs it R 1%
TEEEH. 24K, ZEHRENEAEEE ST RBIEG B . e, Y. b1
SEEERESE . B 1990 435 [E ENDF/B VI A& HAH L) ENDF-6 # kA7 LAk, ENDF-6 #3035 bk
NAERBRUE . H AT ENDF S iR 0N 5 7S H(ENDF-6) [1]. ENDF-6 % 20 U F /E tH 7 5% i L) 22 ]
SLEAZEE AR RS 2, IR T A BARPEI R 3R B PR, B4E ENDF/B-VIIL1 #3E J% . JEFF-3.3 %#s
FE[2]« GENDL-3.2 ¥(#2FE[3], JENDL-5 4} FE[4]A1 TENDL2019 #¢4 ZE[5]. /L% ENDF-6 # RO 4 2&—
TR A R Dh Az B ks 2K, AR Aok B A A% B SO R g, HR it H 2 B . — 5T, ENDF-6 #% 2
A T IHATHEHL T AL RS TP R I[6], X APA% 2t 71 2 BRI, 545 DAL B w3 B 5
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377 TH, ENDF-6 [ sCHIx i HAZ 2%, -1 P B BRI F 5 AN KT, 5305 2] ENDF-6 (1R
A KM@ IN[7] -

AT fi# Y ENDF-6 [ i) 8, Working Party on International Nuclear Data Evaluation Cooperation
(WPEC)% 38 432H(SG38) [8]T 2012 4F 11 H IEAAOL, LUEHE ENDF-6 # X IEARAG[9], FEFE 17—
BT T A7 A B 13 P A% O B 45 K (GNDS) LB A% 42 1) ENDF-6 #5350, GNDS #% 3 A2
Lawrence Livermore National Laboratory (LLNL)2H ), FF/E RN N EEE& XEH[10]. 222N
HRARIIEA, 5 WPEC £1Ef5, Generalized Nuclear Data (GND)1E 3 ¥ 4 24 General Nuclear Database
Structure (GNDS), T 2019 F345F Nuclear Energy Agency (NEA)WHLHE. TE4T1 T 2 MNRAKIER)E,
GNDS Z—ANIER A ——GNDS1.9, H SG28 T 2020 & fi. HAEl, GNDS % “ASAFFRA 2.0 HiiE
HE T 2023 SERAG[11]. 1E 2024 4F, £ ENDF-VIL1 R A FEE, GNDS SCiA e 2 A, Hd
o U7 FE(TSL) ) GNDS SR B AR IE o GNDS2.1, GNDS2.1 5 6 77 it 2 /i TSL VAR
IS8 P PR R 25 32 B B S0 e FE RGBT T T, GNDS #% a0 H07R il & LLAT 3 R ARG 1E 35 XML 45 . H
A FH TR GNDS-2.0 (1 315 5t 2 XML, ‘& 158 F 44 B — i U0 55 R 7 40 o 2 A i e SR R A% 258
A B B N et S LA rT st JF B A7 I BE 2 ol i R IK, Reifik /7 ENDF-6 JCikfib {7
%HE, i, GNDS #%:Uf#-if ENDF-6 5 H A1 skl LR 248 (AT =2, GNDS A LM
FEATTCiE & AT R [12], AMUIRT XML, WA P& HDF5. JSON &8 Atk 2. RA “4ifgth. IR
o THIA S AN PTRR Ll ” AR, SEVEI R B A R — A e R . BRI ML R R S iR
JE

fEE 5 b, ENDF-VIILO ¥ 2 & HE SEhAs, RS2t 1 AR GNDS k% X %#E: TENGL-2019 ¥idfs
JE R SRS, $RAE T 84> GNDS A% EdE A EE P, T EVPN %S (CENDL) R AT A% 2047
S8 J2 ENDF-6 #4630, FEARIZMEAH 1) GNDS # 0 Eh FE -

N T AbEE GNDS M RGP R E, EPs BT KREPTT, ben. 38 E 570 R ok 2R [H K iR =
JJx T FUDGE 271 GIDI+HFZ/F[13] [14]. MG E R LI EFF K T AMPX F2/F7[15]% GNDS #4174k
H, HAFEFRNMIK T FRENDY [16], PHZACH R K T NECP-Atlas #2J7[17]. #db i )1 K%+
K7 GTES #l AXSP F2/7[18]. AL 1K= GTES F2J7 BARRE AL B TR 1 GNDS #% PPN % £
W, (BTEALEHA T GNDS MAIP AR E, AC#E D588 T GTES 27 b H #ivh - HiUH
GNDS #& PP EdE Dhfe,  [RIEE o # b 7 HOR AT o S R R A, SR T BRI AL B Uy,
fH1F5 G 85 R DR E F I ACE #4Hh 1 BO ki 2 2 s 8 T 2.

2. iHE G
2.1. GNDS WA K IBELIE S *

BTN RImFRES CHH N ER XML P77, 7E GTESLO B2EAh b, B FEFR T #hFHk
SRR R 4, AR R 4 S =R, 43 3 SR B4 - (Find) « #% 4K (Transform). 4= Ji(Generate) Ljj it . GTES
FE 7 AL EE GNDS A% 30U 500 1A e ioh 7SO A = A e, L 1 Fos.

FEF 1 Y ) GNDS FAHUR FE hR 25 S48 HAREE, TG s 30 GNDS £4fs #4216 i ENDF-6 ¢
i, f 5% ENDF-6 FHY0 305 A2 P A% 5 2 SO fF, 2% S8 GNDS i) ENDF-6 #8 Uit 78
AXSP 4bFE TSL SCHFIS, W4 @St MHERAE SRS T 8. FIH AXSP 407
GTES #4k#33() ENDF-6 # X rh 7 HUR R EdE SO 5 B 7 ENDF-6 #3X[1) ENDF/B-VIIL1 # -
SHRBIE SO SRR T TR B ACE S, FXt— S8 R OpenMC 3T IS HEL, X HLRt
HAER, I6IE GTES HIIERETE.
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Figure 1. Processing of GNDS-format thermal scattering law data and workflow for
generating thermal neutron scattering cross sections using the GTES code
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Figure 2. Schematic of the search function’s node-by-node keyword and parameter search
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MR, SR I, XK 2 S BU YT S BB 25 . /£ ENDF/B-VIILO P4
B 2 e, 7 AR 2 ORI — R O, AL T TR AR 45 Hh R T 56 2 RS AR A A 5 O
#IT . NJOY2016.77 A2 F7FEAL P Al 0 A4 i ACE Hss BRI, ] DA 3 FfrSc S5 A0 482 T 0 A 0 A IS E AT
e EHTRSRE R, A ARSI PO A AT S s AR, DR A A e e U
REHEAT &I, BT CURI H AT SRR 2 R AT RS i U5

€ E IASh TR, EOMMShTRE, M rEEUEIE N o (E), B Mot

fl(EEQ) FEA TSR BN o, (E) » Uﬂ*@c%ﬁ\?ﬁ?ﬂfz(E,E’,Q), JURE S LIPS IS

o(E)=0,(E)+0,(E) (1)
S ERA—ALA AN
[P _O-I(E) A O-Z(E) I A
f(E.E.Q)= o (E) 5(EE.Q)+ > (F) £ (E.E.9Q) )
BT R AR R S AN
j"l {Z?ﬁf’,(,u)}d,uzi&(izlﬂ,}--N) 3)

Hob, fRERHERN, o WHEER, N KA

R S, (BB Q) R £, (E,E',Q0) W2 R B8 MR 0 5, 7T B LB B R A 9 1
WRML W £ (EEQ) M/, (E,E,Q) MRRAMERRILRL 1K ¥ 75— th B R A
B, G5 e BURS 7 5 AR ) O e OO, 0 PR A ST A B AR JE 20, R R AP AR (2)
EEEREATA I MBE—ARIIERY, —AMREER, R R IR i R R %
AU AR(), R TR ARQUEAT Ao AL R M0k (B 22 1 DR S5 5 R (6
F AR, R RE AR5

3. itEE RO
3.1. EF GNDS B TFM B R I A B A IE
NEAE GTES AbFE GNDS #4301 ENDF/B-VIIL1 B #eh P3P A% 5ds i IERf i, B 26/ GTES &8
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100 pem VAPY, WL 3(c), BEHA AXSP il fF 102 48 5 a8 5008 e A B R 2« 141 3(d)4a T 4R ) AXSP
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Table 1. Computational procedure for the criticality results

F 1. IERTELERINITERZ

FIG. Pathway 1 Pathway 2
(a) GNDS->GTES->ENDF>AXSP>ACE Experimental results
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MK 3 RE, GTES ARERAG B rh 7 HUN 4R 55 77 ENDF-6 FEVLHC R4F, P (A 4E A7
ROEGAE R I 222479 0 peme 1X3H] T GTES fEALFEK) ENDF-6 # 3R SO 5 8 HIEHi ) .

1.030 4 1.030
1.025 . 1.025 4
1.020 1.020
1,015 ‘ 1.015
N R
N

1.010 . s 1010 ‘. o
L SREEE T iﬁﬁz:[iin Jittettistansmaneng 11 HHHH J

ff

20,995~ 50.9%
0.990
0.985
0. 980
0.975
0.970
0.965 0.9657| = EXP
0. 960 0. 96(_) 1.+ NJoy

T T T T 0.955 T T T T

0 10 20 30 40 0 10 20 30 40

(a)k,g errors between the ACE-AXSP and (b, errors between the ACE-NJOY and

0.990 1
0.985 1
0.980 1
0.975 1
0.970 1
- EXP

+ AXSP

DOI: 10.12677/nst.2026.143015 174 R 5HA


https://doi.org/10.12677/nst.2026.143015

PULIPE

experimental results

100

50

(AXSP)'k(NJOY)(Pcm)

k

-100

experimental results

-0. 10

M -0.05 4

0.00 1

kresy K Enpr(Pem)

. 0.05

10

20

T
30

(¢)k g errors between the ACE-AXSP and

ACE-NJOY

40 0

10

20

30

40

(d)k,g; errors between the GTES and ENDF-6

Figure 3. Comparison of calculation results from processing evaluated nuclear data libraries in GNDS format and ENDF-6
format using AXSP and NJOY2016 codes, respectively
[ 3. 955K AXSP #1 NJOY2016 #2543 GNDS #3F1 ENDF-6 &I M iz BB E T B AR Xt

Table 2. Correspondence table of benchmark identifiers and benchmark titles

2. B S SEERRIX N KRR

G i I
1 HEU-MET-FAST-056 16
2 HEU-MET-FAST-082 17
3 HEU-MET-FAST-088 18
4 HEU-COMP-THERM-016-05 19
5 HEU-COMP-THERM-016-06 20
6 HEU-MET-FAST-053-02 21
7 HEU-MET-FAST-053-03 22
8 HEU-MET-FAST-053-04 23
9 HEU-COMP-THERM-003 24
10 ZMIX-MET-FAST-007-02 25
11 MIX-MET-FAST-007-03 26
12 MIX-MET-FAST-007-04 27
13 MIX-MET-FAST-007-05 28
14 MIX-MET-FAST-007-06 29
15 MIX-MET-FAST-007-07 30

B
MIX-MET-FAST-007-08
MIX-MET-FAST-007-09
MIX-MET-FAST-007-10
MIX-MET-FAST-007-11
MIX-MET-FAST-007-12
MIX-MET-FAST-007-13
MIX-MET-FAST-007-14
MIX-MET-FAST-007-15
MIX-MET-FAST-007-16
MIX-MET-FAST-007-17
MIX-MET-FAST-007-18
MIX-MET-FAST-007-19
MIX-MET-FAST-007-20

HEU-MET-FAST-042
PU-MET-FAST-037-07

44
45

Hh e
PU-MET-FAST-037-08
PU-MET-FAST-037-09
PU-MET-FAST-037-10
PU-MET-FAST-037-12
PU-MET-FAST-037-13
PU-MET-FAST-037-15
PU-MET-FAST-037-16

U233-SOL-INTER-001-06
U233-SOL-INTER-001-11
U233-SOL-INTER-001-21
U233-SOL-THERM-015
U233-SOL-MIXED-001-016
HEU-MET-THERM-001
HEU-MET-FAST-059
HEU-MET-THERM-026-11

3.2. TR RS AR T B & HIRE

NJOY TEA i ACE P A [F] s 4 H A s e, 5 H AT S8R 2 R (A0 MCNP) FFAS SCRE[R]
RE Y0 P [ B 3O H AR5 AR T st A SR I, 75 B
RO A AR EE 7750, BRIk, ASCHRH T — M 07735, R AR T S SO AR T3P A A T
DSBS AR 54 A R A E  , FRONTR A S MU

N T IR & R BN AT AL R R IERA M, AR T — N 50 EOK BRI, e — N e

TN PR PR B AT o AR S A AR AR A
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Figure 4. The variation of the coherent elastic cross section and the incoherent elastic
scattering cross section of H in LiH with the incident neutron energy
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Figure 5. In a 50 cm model, the variation of neutron flux density with position is

calculated using F4 tally, with each cell being 10 cm
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EEXT SR S8R — 7 PR AL B, AXSP 5 NIOY A5t AW &350 o AH B AR S8 BV 4
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Figure 6. Comparison of graphite total cross-section data evaluated using
AXSP and NJOY and their comparison with experimental data [21] [22]
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Figure 7. Comparison of calculation results between adaptive energy grid and fixed energy grid
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