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Analysis of the application of the ENDF/B-VIII.1 evaluated nuclear data
library in Monte Carlo calculations for fast spectrum devices

Huang Yihan, = Wang Lianjie, WangBo, LouLei, Zhao Chen, Zhang Bin
(National Key Laboratory of Nuclear Reactor Technology, Nuclear Power Institute of China, Chengdu 610213, China)

Abstract:  [Background] Accurate evaluated nuclear data libraries are fundamental inputs for reactor physics
simulations, directly determining calculation precision. In October 2024, the ENDF/B-VIII.1 library was officially
released, featuring extensive updates in nuclear reaction models, experimental measurements, and evaluation
methodologies compared to its predecessor, ENDF/B-VIIL.0. To ensure its reliability in advanced nuclear energy
systems, its applicability to fast spectrum reactor calculations must be thoroughly validated. [Purpose] This study aims
to systematically evaluate the performance and applicability of the newly released ENDF/B-VIIIL.1 evaluated nuclear
data library in Monte Carlo reactor physics simulations for various fast spectrum experimental devices. [Methods] The
nuclear data processing program NECP-Atlas was utilized to process the raw ENDF/B-VIII.1 library and generate
continuous-energy nuclear data in ACE format. A comprehensive suite of domestic and international fast spectrum
benchmarks—including HMF057, PMF035, BN-600, SNEAK-7A/7B, CEFR, and ZPPR-9—was selected to cover
diverse fuel types (HEU, Pu, MOX), core geometries, and coolants (sodium and lead). High-fidelity simulations were
executed using the Monte Carlo code RMC to calculate key parameters such as the effective multiplication factor kg
and control rod worth. The results were compared against calculations using the ENDF/B-VIIIL.0 and ENDF/B-VIL0
libraries. [Results] Numerical results demonstrate that the processed ENDF/B-VIIIL.1 library can be successfully
applied to Monte Carlo calculations for fast spectrum devices. For simple uranium assemblies and the SNEAK

benchmarks, ENDF/B-VIIIL.1 exhibits improved accuracy, yielding k¢ values closer to the experimental benchmarks
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than previous versions. Conversely, for complex plutonium-bearing cores (e.g., CEFR and ZPPR-9), the calculated k¢
values are notably lower, leading to larger negative deviations from experimental data. This trend stems from the
significant re-evaluation of the Pu-239 radiative capture cross-section in the new library. For control rod worth
simulations in ZPPR-9, ENDF/B-VIII.1 generally matches the accuracy of older libraries across most cases, though a
distinct deviation occurs in Case 5 due to the localized high-plutonium concentration in that experimental zone.
[Conclusions] The ENDF/B-VIIL.1 evaluated library is fully capable of conducting reactor physics calculations for
fast spectrum devices, providing reliable predictive performance for core criticality and control rod worth. However,
the re-evaluated Pu-239 data introduces non-negligible discrepancies in plutonium-fueled systems, necessitating
localized database adjustments, mixed-library approaches, or highly refined geometric modeling in future applications.

Key words:  Evaluated nuclear data, Fast reactors, Nuclear data process, Monte Carlo method.
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Table 1 Fast spectrum experimental devices used for testing and validation

fast spectrum device fuel assembly type core structure type coolant other material
HMFO057 highly enriched uranium spherical spherical Pb —
PMFO035 highly enriched plutonium spherical spherical Pb —
BN-600 MOX hexagonal hexagonal Na —
SNEAK7A & 7B Pu0,-UO, plate rectangular Na graphite, Eu,03, stainless steel
CEFR U0, hexagonal hexagonal Na 315Ti, 316Ti, B,C
ZPPR-9 MOX plate hexagonal Na SS316, B,C
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BN ERIE s e il MU BT SN IR o SRR & A

A E  HMF057-01 J2& B 2424 0.5555 cm [ Po Be H1 F Ui | highly enriched  SUrCe
JEIE H9 6,555 cm i) G 4 I K 93.17% 19U M Bk JE g
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P8 TR 6.9235 em WY B AR 93.17% B U AR FILE B2
k1 8.99 cm FY 4T T 2 I Bk e 4 B B4R R 16.469 em ()

HOLRE . Fig.2 Cross-sectional schematic of the HMF057
PMF035( PU-MET-FAST-035) [A] #£ j& ICSBEP H 1% & /i criticality experiment
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Fig. 3 Radial 1/6 core layout of the BN-600 MOX core
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Fig. 4 Simplified model diagrams of SNEAK7A and SNEAK7B
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Fig. 5 Radial distribution of the active zone in the expected critical condition of CEFR
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Table 2 Calculated and measured values and deviations of k. for each fast spectrum device

fast spectrum device kesr measured value kegr calculated value deviation/107°

HMF057-01 1.00000 0.993 67 —633
HMF057-02 1.00000 1.00220 220
PMFO035 1.00000 1.00241 241
BN-600 1.00951 1.01817 866
SNEAK7A 0.999 80 1.00046 66
SNEAK7B 1.00010 1.00643 533

CEFR 1.00000 0.99793 -207

ZPPR-9 1.00080 0.99323 =757
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Fig. 7 Comparison of deviations in k. from different evaluated nuclear libraries
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Fig. 8 Radiative capture cross sections of Pu-239 from different evaluated nuclear libraries
8 R [ AR B4 42 B P2 Y Pu-239 4 5 7 A T

SRTTE, B 7 B T Atlas 3T ENDF/B-VIIL1 il /F i ACE 4% =X £ 48 P2 (4 IE 4 1, tiE B T ENDF/B-VIIL1 ¥
W A% B 2 R A% 1 T PR3 2k B 0 S0y HE W BT ORL, (HAE & Pu e B Y ke TR b, ke TH53 45 2R LL ENDF/B-
VILO, ENDF/B-VIILO R .

T kL B E ENDF/B-VIIL1 PP A% 850405 e, A< SCRI I RMC B2 )5, % ZPPR-9 (4 2 il B A0 (i 0] et 30 56 th i 4 7
TiE . AT ENDF/B-VIIL1, ENDF/B-VIILO, ENDF/B-VILO {3545 58, DL K52 45 R0 M hne 3 s, A 22
ICEE 9 PR, R LA, BRikS case 5 LAAN, = ASTPU #5080 22 09 13506 -5 52 30 08 =2 1] 1) g 22 FRAR /I, GIERA T
ARSI R ACE A% U800 B (09 1E # M , ENDF/B-VIIL1 2 77 G868 1 T P 25 A M (8 9315 o i X T 56 case S,
ST 1 2 S S A R LA AR 2 A2 5 ROk A A 5 S DX 1 4 R A ML, 1 X Pu % R4 R, HL ENDF/B-VIIL1 %}

096019-6



F O, . ENDF/B-VIILL VP AZ 04 FE 78 DUl s o6 26 B 52 R 5 B0 R 4 #

Rx3 ZPPRYEHEMEMNEXWITEESIEETL

Table 3 Comparison of calculated and measured values for control rod worth experiments in ZPPR-9

No. measured RMC(ENDF/ relative deviation RMC(ENDF/ relative deviation RMC(ENDEF/ relative deviation
experiment values/ $ B-VIIL.1)/ $ (ENDF/B-VIIL.1) B-VIILO)/ $ (ENDF/B-VIIL0) B-VIL.0)/ $ (ENDEF/B-VII.0)
casel 0.56 0.60 7.32% 0.58 4.93% 0.62 11.51%
case2 3.48 3.44 -1.19% 342 —1.84% 3.48 -0.11%
case3 2.86 2.99 4.42% 2.99 4.43% 3.02 5.48%
case4 1.00 1.04 3.84% 1.05 5.08% 1.01 0.60%
caseS 0.76 0.82 8.78% 0.75 —0.96% 0.76 0.66%
case6 0.84 0.86 3.23% 0.85 1.75% 0.86 2.87%
case’ 6.53 6.38 —2.26% 6.42 -1.67% 6.42 —1.68%
case8 4.39 4.31 -1.91% 4.31 —1.84% 4.29 -2.28%
case9 2.02 1.99 —1.10% 1.96 -2.61% 1.98 -1.79%
casel0 3.05 3.10 1.63% 3.10 1.45% 3.05 -0.13%
casell 16.75 15.82 =5.57% 15.91 —4.99% 15.90 —5.07%
casel2 17.26 16.22 —6.02% 16.35 -5.30% 16.30 —5.56%
casel3 2.73 2.83 3.61% 2.76 1.26% 2.74 0.37%
casel4 17.67 16.44 —6.98% 16.43 —7.04% 16.40 =7.19%
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Fig. 9 Comparison of relative deviations in control rod worth experiments in ZPPR-9 from different evaluated nuclear libraries
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