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1 Introduction

This document presents results of criticality benchmarks calculated using four of the latest
evaluation libraries made available in recent years : TENDL-17[1], TENDL-19[1], JEFF-3.3[2],
and ENDF /B-VIII[3]. For these comparisons, we used the Monte Carlo codes TRIPOLI-4®) [4]
and MCNP5[5]. Most of the results in this document were obtained using TRIPOLI-4®) , but
for a few specific points, we also performed MCNP calculations. This is particularly the case
for neutron flux and reaction rates studies on a short list of configurations where the unresolved
resonance range plays an important role.
TRIPOLI-4 is the fourth generation of the continuous-energy three-dimensional transport
Monte Carlo code developed by the Service d’Etudes des Réacteurs et de Mathématiques Ap-
pliquées (SERMA) at CEA Saclay (FRANCE). TRIPOLI-4 is devoted to shielding, reactor
physics with depletion, criticality safety and nuclear instrumentation for both fission and fu-
sion systems. The code has been has been developed starting from the mid 90s in C++, with
a few parts in C and Fortran. The latest release of TRIPOLI-4 is version 11, as of November
2018.

The four nuclear data libraries for neutron transport have been produced in a similar
way with the nuclear data processing code NJOY2016.49[6] . The cross section files used
by TRIPOLI-4®) require the use of NJOY’s RECONR, BROADR and THERMR modules to

produce "free gas” cross sections in PENDF files :
e RECONR : Reconstruction using linearization precision of 0.1%
e BROADR : Doppler broadening using 0.1% precision

TRIPOLI-4® code uses additional processed data from evaluation files. These data are
generated and stored in ENDF-like files[I0] the first time the TRIPOLI-4®) code is used with
the new evaluation files. These files contain kinematic data of the particles coming out of the
reactions induced by the incident particle (energetic and angular distributions for example).
These files will be available for later use of the materials in various simulations, regardless of



the temperature of the materials. Finally, the thermal scattering data (H1/H20, H1/CH2,
C/Graphite) are produced using the THERMR module of NJOY2016.49.

Probability tables The probability tables in the unresolved resonance range are produced by
the CALENDF code [7]. This type of probability tables file is the same one used since the 1980s.
The probability tables are given directly in multigroup forms and not in a psuedo pointwise
representation as those produced by NJOY’s PURR module. These probability tables cover
the total, elastic and radiative capture, fission total cross sections but also any other reactions
existing in the unresolved range (e. g. inelastic scattering in the case of U238).

1.1 Nuclear data corrections on evaluation files

The processing of these four libraries, JEFF-3.3, TENDL-17, TENDL-19 and ENDF /B-VIII
for the TRIPOLI-4®) code implies the verification of nuclear data contained in evaluation files.
Sometimes, corrections are required to be used with the TRIPOLI-4®) code. To carry out the
calculations presented later, many corrections have been made to a number of evaluation files
of the nuclei present in the compositions of the benchmarks studied in this document.

JEFF-3.3 The JEFF-3.3 library released in November 2017 had been extensively tested in
its beta versions. There are no major corrections required for use with TRIPOLI-4®).

ENDF/B-VIIL.0 The prompt fission neutron and gamma-ray multiplicity probabilities have
been included for the first time in evaluation files in ENDF/B-VIII library. The latest version
of TRIPOLI-4®) is able to read this evolution of the ENDF format. However, these data are
not currently used in Monte Carlo TRIPOLI-4®) simulations.

The CALENDF code is not able to process energy-dependent scattering radius in the unresolved
domain as it is the case for the U238 evaluation. We have imposed a constant scattering radius
as it was the case in previous evaluations. The value used is 0.9295.

The first calculations made with TRIPOLI-4®) using this ENDF /B-VIII library showed very
significant differences with TRIPOLI-4®) calculations using the ENDF/B-VII.1 library[§] and
MCNP calculations with ENDF/B-VIILO for benchmarks that contain Pu239. Figure 1] shows
different results on a series of benchmarks containing Pu239:

e MCNP + ENDF/B-VIL.1 in blue

e MCNP + ENDF/B-VIII in green

TRIPOLI-4, version 11 + ENDF/B-VIL.1 in black

TRIPOLI-4, version 11 + ENDF/B-VIII in red
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Figure 1: MCNP and TRIPOLI-4®) ks calculations on a series of Pu benchmarks using
ENDF/B-VII.1 and ENDF/B-VIII libraries

A very good agreement is obtained between the MCNP and TRIPOLI-4®) results for the
ENDF/B-VII.1 library (blue and black results). However, the change of library from ENDF /B-
VII.1 to ENDF /B-VIII does not produce the same modifications for the MCNP and TRIPOLI-
4®) codes. The analysis of the modifications on the Pu239 nuclear data between the ENDF/B-
VII.1 and ENDF/B-VIII evaluations shows that the total cross section (MF=3, MT=1) is not
equal to the sum of the partial cross sections (elastic and inelastic scatterings, capture, fission)
in the unresolved resonance range. The use of the LSSF=1 flag in this range implies that the
probability tables must be normalized to the cross sections given in MF=3. CALENDF does
not calculate correctly the probability tables if this legitimate equality is not verified. We have
corrected the total cross section in the unresolved range and obtained the new results presented
in Figure 2] The TRIPOLI-4@®) results obtained using this corrected evaluation file (black star)
are in a very good agreement with the expected values and with the MCNP results. It is very
important to note that this correction on the Pu239 evaluation is also used for the
TENDL-17 and TENDL-19 libraries.

TENDL-17 Corrections applied to the evaluation files U238 and Pu239 for the ENDF /B-
VIII library were reported in TENDL-17 evaluation files. In order to calculate all the ICSBEP
configurations selected for this comparison, we had applied corrections to part of the library’s

evaluation files. These corrections concern the normalization of PFNS distributions for the
following nuclei: Am241, Pu238, Pu240, Pu241, Pu242, U234 and U236.
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Figure 2: MCNP and TRIPOLI-4®) calculations on a serie of Pu benchmarks using ENDF /B-
VIII libraries

Other nuclei could be concerned by this correction but they do not appear in the configurations
studied in this report.

TENDL-19 Corrections applied to the evaluation files U238 and Pu239 for the ENDF /B-
VIII library were reported in TENDL-19 evaluation files. Incorrectly normalized PFNS for the
TENDL-17 library have been corrected for this new version of the TENDL library.

2 Criticality Benchmarks calculations

Several configurations from ICSBEP database[9] were studied with the four libraries ENDF /B-
VIII, JEFF-3.3, TENDL-17 and TENDL-19. Table [1| summarizes results for the list of bench-
marks selected for this study. The general trends of these four libraries are quite consistent.



Ident || ENDF/B-VIII (o) | JEFF-3.3 (o) [ TENDL-17 () | TENDL-19 (o) |
hmf001cl 1.00018 (12) 1.00029 (12) 1.00008 (12) 1.00002 (11)
hmf001c2 0.99994 (12) 1.00032 (12) | 0.99980 (12) 1.00008 (12)

hmf028 1.00075 (11) 1.00429 (11) 1.00072 (11) 1.00075 (11)
hst001cl 0.99907 (17) 1.00042 (17) | 0.99922 (17) 0.99910 (17)
hst001c2 0.99542 (17) 0.99883 (17) | 0.99550 (17) 0.99563 (17)
hst001c3 1.00267 (17) 1.00394 (17) 1.00211 (17) 1.00255 (17)
hst001c4 0.99808 (17) 1.00105 (17) | 0.99770 (17) 0.99758 (17)
hst001c5 0.99935 (16) 1.00054 (16) | 0.99949 (16) 0.99929 (16)
hst001c6 1.00312 (16) 1.00351 (16) 1.00264 (16) 1.00269 (16)
hst001c7 0.99865 (17) 1.00036 (17) | 0.99839 (17) 0.99844 (17)
hst001c8 0.99918 (16) 1.00030 (17) | 0.99888 (17) 0.99870 (17)
hst001c9 0.99334 (17) 0.99735 (17) | 0.99371 (17) 0.99347 (17)
hst009c1 1.00144 (17) 1.00301 (17) 1.00119 (16) 1.00138 (16)
hst009¢2 1.00240 (16) 1.00333 (16) 1.00243 (16) 1.00232 (16)
hst009¢3 1.00262 (16) 1.00248 (16) 1.00245 (16) 1.00262 (16)
hst009c4 0.99788 (16) 0.99665 (16) | 0.99713 (16) 0.99752 (16)
hst010c1 1.00284 (16) 1.00188 (16) 1.00269 (16) 1.00227 (16)
hst010c2 1.00312 (16) 1.00206 (16) 1.00314 (16) 1.00283 (16)
hst010c3 1.00033 (16) 0.99985 (16) 1.00088 (16) 1.00046 (16)
hst010c4 0.99838 (16) 0.99775 (16) | 0.99858 (16) 0.99843 (16)
hst011cl 1.00596 (16) 1.00512 (16) 1.00554 (16) 1.00605 (16)
hst011c2 1.00200 (16) 1.00115 (16) 1.00169 (16) 1.00190 (16)
hst012c1 1.00088 (16) 1.00053 (16) 1.00090 (16) 1.00112 (16)
hst013cl 0.99860 (16) 0.99828 (16) | 0.99831 (16) 0.99846 (16)
hst013c2 0.99772 (16) 0.99734 (16) | 0.99797 (16) 0.99769 (16)
hst013c3 0.99460 (16) 0.99378 (16) | 0.99456 (16) 0.99440 (16)
hst013c4 0.99627 (16) 0.99540 (16) | 0.99597 (16) 0.99634 (16)
hst014cl 0.99517 (16) 0.99484 (16) | 0.99494 (16) 0.99491 (16)
hst014c2 1.01117 (16) 1.01118 (16) 1.01086 (16) 1.01134 (16)
hst014c¢3 1.01983 (16) 1.01932 (16) 1.01920 (16) 1.01984 (16)
hst018cl 0.99088 (16) 0.99100 (16) | 0.99055 (16) 0.99047 (16)
hst018¢2 0.98517 (17) 0.98659 (16) | 0.98493 (17) 0.98523 (16)
hst018c3 0.98911 (16) 0.98953 (16) | 0.98903 (16) 0.98866 (16)
hst019¢1 0.99742 (16) 0.99874 (17) | 0.99724 (16) 0.99720 (16)

hst032 0.99863 (16) 0.99746 (16) | 0.99822 (16) 0.99848 (16)
imf001c2 0.99708 (13) 0.99837 (13) | 0.99705 (13) 0.99731 (13)
imf001c3 0.99826 (12) 0.99959 (12) | 0.99820 (13) 0.99859 (13)
imf001c4 0.99895 (12) 1.00064 (13) | 0.99907 (12) 0.99922 (12)
imf002c1 0.99633 (11) 0.99663 (11) | 0.99623 (11) 0.99621 (11)
imf007d 1.00466 (13) 1.00525 (13) 1.00511 (13) 1.00471 (13)

imf007s 1.00415 (13) 1.00447 (13) 1.00410 (13) 1.00388 (13)
imf010c1 0.99660 (12) 0.99906 (12) | 0.99705 (12) 0.99722 (12)
imf012c1 1.00184 (13) 1.00463 (13) 1.00045 (13) 1.00227 (13)
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pmf001 0.99986 (15) 0.99931 (15) | 1.00014 (15) | 1.00029 (15)
pmf002 1.00136 (15) 1.00142 (15) | 1.00496 (15) | 1.00378 (15)
pst001c01 1.00152 (12) 1.00096 (12) | 1.00145 (13) | 1.00143 (13)
pst001c02 1.00396 (13) 1.00276 (12) | 1.00375 (13) | 1.00386 (13)
pst001c03 1.00711 (12) 1.00574 (12) | 1.00718 (13) | 1.00721 (13)
pst001c04 1.00182 (13) 1.00014 (12) | 1.00161 (13) | 1.00155 (12)
pst001c05 1.00590 (13) 1.00408 (12) | 1.00555 (12) | 1.00561 (13)
pst001c06 1.00869 (13) 1.00757 (13) | 1.00831 (13) | 1.00867 (13)
pst009cla 1.03943 (11) 1.04017 (11) | 1.03965 (11) | 1.03948 (11)
pst009c2a 1.01294 (11) 1.01380 (11) | 1.01328 (11) | 1.01284 (11)
pst009c3a 1.01294 (11) 1.01382 (11) | 1.01204 (11) | 1.01293 (11)
pst011¢16-1 1.00398 (13) 1.00641 (13) | 1.00417 (13) | 1.00377 (13)
pst011¢16-5 1.00041 (13) 1.00251 (13) | 1.00053 (13) | 1.00034 (13)
pst011¢18-1 0.98799 (13) 0.99102 (13) | 0.98808 (13) | 0.98802 (13)
pst011¢18-6 0.99385 (13) 0.99689 (13) | 0.99397 (13) | 0.99399 (13)
pst013c¢01 1.00029 (13) 1.00061 (12) | 1.00015 (13) | 1.00035 (13)
pst013¢02 1.00002 (13) 1.00051 (12) | 0.99984 (13) | 1.00007 (13)
pst013c04 0.99281 (13) 0.99332 (12) | 0.99258 (13) | 0.99255 (13)
topsyni 1.00354 (17) 1.01010 (18) | 1.02598 (18) 0.00
topsyu 1.00854 (16) 1.01421 (16) | 1.00872 (16) 0.00

Table 1: ICSBEP Benchmarks : TRIPOLI-4®) calculations using ENDF/B-VIII, JEFF-3.3,
TENDL-17 and TENDL-19 libraries

3 Benchmark analysis

We focus on five bechmarks for which we compared neutron flux and reaction rates for cal-
culations performed with the different libraries and codes MCNP-5.1.40 and TRIPOLI-4(®).
The results available on the conderc website with the code MCNP6 are used in this section to
validate the calculations we have made with MCNP5.1.40 and TRIPOLI4®). We have selected
28 reaction rates classically used and we also calculate the neutron fluxes in the fuel volumes
of these various benchmarks. Table [2] gives the different reactions considered and Figures
and [0l show the cross sections for the calculations of reaction rates in the fuels of the various
configurations studied. All of these cross sections make it possible to cover a large energy range
with various energy specificities. The results on the reaction rates are reported in tables for
each configuration. The fluxes are presented as a spectrum in 2-part figures. The upper part
is the representation of the flux, the lower part presents the ratios compared to the results
obtained with MCNP5.1.40 and TENDL-19.



Figure 3: reaction cross sections considered for reaction rates in the following benchmarks
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Table 2: Reaction rates considered in the following benchmarks
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Figure 4: reaction cross sections considered for reaction rates in the following benchmarks
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3.1 PMF1

This benchmark, named Jezebel, consists of a 6.3849c¢m sphere made of plutonium and gallium.

Figure [6] and Table [3] present results obtained with MCNP6, MCN

using various libraries.
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Figure 6: Results on neutron flux for PMF1 benchmark Jezebel.
Lower part : ratio to MCNP5.1.40 + TENDL-19.
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3.2 PMF2

This benchmark, named Jezebel-Pu40, consists of a 6.6595cm sphere made of plutonium and
gallium. The concentration of Pu240 is much higher than in PMF1. Figure [7] and Table []
present results obtained with MCNP6, MCNP5.1.40 and TRIPOLI-4.11 using various libraries.
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Figure 7: Results on neutron flux for PMF2 benchmark Jezebel-Pu40. Upper part : neutron
flux. Lower part : ratio to MCNP5.1.40 + TENDL-19.
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3.3 HMF1

This benchmark, named Godiva, consists of a 8.7407cm enriched uranium sphere. Figure [§|and
Table [5| present results obtained with MCNP6, MCNP5.1.40 and TRIPOLI-4.11 using various

libraries.
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Figure 8: Results on neutron flux for HMF1 benchmark Godiva. Upper part : neutron flux.
Lower part : ratio to MCNP5.1.40 + TENDL-19.
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3.4 HMF28

This benchmark, named Flattop, consists of a 6.1156cm enriched uranium sphere reflected
by natural uranium. Figure [J] and Table [6] present results obtained with MCNP5.1.40 and
TRIPOLI-4.11 using various libraries. The modelling of the geometry used for comparisons
of fluxes and reaction rates is not exactly the same as that now considered in the CON-
DERC/MCNP6 document. Therefore, we have not reported these results obtained with MCNPG6.
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Figure 9: Results on neutron flux for HMF28 benchmark Flattop. Upper part : neutron flux.
Lower part : ratio to MCNP5.1.40 + TENDL-19.

17




sotrelql] 6T-TANAL PU® LT-TANHAL € €-AdAL

TIIA-A/ AN Suisn suone[no[es saget uonaest TTH-[TOJIML P 07 T'SANDIN * doiye ] rewpuaq Qg JINH :9 2Bl

G0-999€8G0'T | CO-HSF090'T | G0-9GLISGST | GO-HIPRGS T | S0-00S615a T | GO-HETITE T | S0-061F815T | SO-H0661% 1 || (L‘u)60zid
F0-0COFR00°8 | FO-ASFEIO'S | F0-98LE969°L | FO-HIVO0L'L | FO-OVERLLYL | FO-HIFCI9L | F0-089€T€LL | PO-HOSTHL'L || (L'w)r6Tny
€0-9CTLIFE'T | €0-HLSEFET | €0-079908T°T | €0-HTIZIST'T | F0-09T1¥86'6 | $O-H66016'6 | FOOFI6EIL'6 | FO-HCIREL'6 || (LW)E6Tal
€0-9FL636GT | €O-HEBV6S T | €0-0L1862GT | €O-HETHES T | €0-0C9Z9T8T | €0-HSTHIST | €0-0F68G08°T | £0-H96L08°T | (Lw)16Tar
C0-060920T°T | GO-HOL6SO'L | COOTYSOITT | O-HEESEIT | G0-08I0LECT | SOHEISGTT | SOORISGIETT | COTMIGLEE T || (UEW)IGTL
€0-9F0GEE0'T | €0-HOSCE0'T | €0-0LESTIT'T | CO-AESIETT'T | F0-0TZ08CS'6 | FO-HOSEFS'6 | F0-009GL89°6 | PO-APCCLO6 || (L'w)eoTuny,
GO-0ETCTI0'T | CO-H9S0S0'T | C0-9CGZZEOT'T | CO-H690TT T | SO-0TEPROT'T | GO-HE]FET'T | S0-0868CTTT | SO-HI69TT T ANQV%EB
GO-0LTCETE'S | CO-HEIVET'S | CO-OCTIOE0'G | CO-HIR6E0°C | GO-0G686T8F | GO-HSESIS T | S0-06TILYOC | SO-HGEVSOC || (Lw)geTeT
FO-0£EL879°9 | F0-HTL099'9 | F0-980L186°L | FO-HISE66™L | FO-OT66ZFF9 | FO-HE06EF'9 | F0-0€028L8°L | $0-AF906€L | (Lw)1z1qS
FO-OFZ96VS L | FO-H0029%L | €0-96G€2€0°T | €0-HFSTE0T | FO-9CFERRL'D | FO-HLF0SL'O | FOOIEELLE'S | PO-HF006S8 | (L'w)L018y
F0-9098096'6 | FO-HC0LLE'6G | FO-988E8CS'S | FO-HT0LIC'S | €0-9688€00°T | €0-HLLZO0T | €0FFIZIOT | €0-ASOFIOT || (Lw)eoruy
P0-00GGG96'C | FO-HESTLE'T | PO-OP/FSSLT | PO-AVIT6ELT | FO-0CHPEE0s | FO-AIS089C | F0-008¥9L9°C | P0-AS1289°C || (L'w)g6aN
GO-96TL9GL'6 | CO-HI6RLL'6 | CO-OFGO66T'6 | CO-HBVS0T6 | SO-THETFF'] | GO-HSTTHI'S | G0-0686690°8 | CO-HETER0] || (Lw)ggnp
LO-OTRFLRLT | LO-AVSELLT | LO-OTES8EL'T | LO-AVESEL'T | L0-9GC8FL9T | LO-AT6CHR'E | L0-9GE816L°C | LO-H9S08L || (ug'w)egnd
90-9L29€20°€ | 90-HSTZZ0E | 90-9T8TSTTE | 90-HAFERTI'E | 90-960015T°€ | 90-HI6IET'E | 90-07Lgge1'e | 90-A9¥8eT € | (d'u)9geq
G0-9G92090°€ | C0-H69290°E | CO-OTT6VFRT | CO-HISIVRT | GO-080L8¥8'C | CO-HASI6VSC | G0-o¥ehLEST | CO-HIFIIRT || (Lu)cculy
GO-0ELCTFCT | CO-HTT6FST | COOCTLIFET | CO-HL68FET | GO-OFLGRECT | GO-HELEFST | G0-08€T169°C | SO-HAFFS69C || (LW)IGA
GO-00GOFGL L | CO-HSTILLL | CO-OTLEETIT'6 | CO-HEI6IT'6 | SO-OTCHE99'6 | CO-H60999°6 | G0-086LZ8C6 | CO-HCTI®8C6 || (du)1ed
€0-909££99°¢ | €0-H08999°€E | 0-0LEVRSH'E | €O-HIZ6SH'E | €0-982609C°€ | €O-HRESCC'E | €0-098L0SG€ | €0-H68VSS'E || (Lu)Tpgury
G0-0L6098C°T | CO-ASGESTT | CO-OTSCGOT'T | CO-H6TIOTT | CO-0GEEZOT'T | SO-A60L0TT | S0-09T0L0T'T | CO-aFE60T'T || (ug‘u)eeend
€0-00C0807°6 | €0-HELLIT'6 | €0-96TCPLT 6 | €0-HIS/LE'6 | €0-900VC8T6 | €0-HLTILE'6 | €0-00TFR9Z'6 | £0-HOVELT 6 | (Ju)eeend
90-9C00663°L | 90-APF0LE'L | 90-0T€0TEV L | 90-AETFLY L | 90-0T96%2E L | 90-AVLS6T L | 90-0Tg06L8 L | 90-A8¢61e L || (ug'w)LegdN
€0-9010968'F | €0-HTI6T06'F | £0-0L8FS06F | 0-HZI606'F | €0-06CLISSF | €0-HT8E8]F | £0-9GL98.8F | €0-HRE088 T ag:mmgz
FO-OFPPRCO'S | FO-HOVSI9'S | FO-0807999°S | FO-HERILY'S | F0-00L0EL9'G | PO-HIFILYG | FO-OFGC689°C | FO-HFE699°C || (Lu)gezn
GO-0LLOTOTF | CO-HEITITF | COOOSTERET | CO-HOLERET | CO-OPSTIEIET | CO-ABV06ET | C0-08€THET | C0-H8E86eF || (ug‘u)8ezn
F0-9TE8YI8'S | FO-H6EVER'S | FO-90T6L68°8 | FO-H6TFO6'S | F0-006¥868°8 | FO-HPLT06'] | F0-0966668'8 | FO-HI¥F068 | (Ju)sezn
€0-00VTTCO'L | €0-H6TRC0'L | €0-089LTH6'9 | CO-APIFFE'O | €0-099T8F6'0 | £0-HSSEHE9 | £0-96L€9€6°9 | €0-H60TF6'0 || (Fu)cezn
20-9CF0L0T'T | G0-H9TFOL'T | G0-0088€60°T | G0-AFEF60'T | ©0-0L06¥60°T | Z0-AFOF60'T | 20-°1€0860°'T | c0-HELE60'T || (Fuweezn
| eervn | €er-sANOIN | 8d-¥L 8A-GANOIN |  6LIFL | 6TL-GINDIN | LLLFL | LTL-GINOWN || uonoesy ;

18



3.5 IMF7

The modelling of the geometry used for comparisons of fluxes and reaction rates is not exactly
the same as that now considered in the CONDERC/MCNP6 document. Therefore, we have
not reported these results obtained with MCNP6. We considered the Two Zone homogenized
configuration, Figure [I0] and Table [7] present results obtained with MCNP6, MCNP5.1.40 and
TRIPOLI-4.11 using various libraries.
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Figure 10: Results on neutron flux for IMF7-2Z benchmark BigTen-27. Upper part : neutron
flux. Lower part : ratio to MCNP5.1.40 + TENDL-19.

19



sotrelql] 6T-TANHAL PU® LT-TANHAL ¢ €-AAAL TIIA
-/ AN SuIsn suoryenores sajer uoroesl 1T F-ITOJIYL PUe 07 T'SANDIN © Zg-UoLSIg NIewupuaq 7g-L NI ‘L 2[qeL

L0-9GG68C9°G | LO-HLSLLOG | 90-09STSTOT | 90-A6LITOT | L0-961S596'0 | LO-HPRES6'9 | L0089€1F9°9 | L0-H12€€99 || (Luw)60ctd
C0-0097988°L | GO-HLGL6R'L | G0-98C9€89°L | CO-HSETRYL | G0-0G6GT99°L | GO-HE0S99'L | S0-09FCT6L L | CO-HE068LL || (Lw)L6Iny
PO-OPEL0TE T | FO-AT698G T | F0-090FFFE T | FO-H09SHE T | $0-00LE0L0°T | $O-HERGI0'T | $0-0806€90°T | FO-HIZEI0T || (Lw)e6Tal
P0-9T92209°T | FO-H69€9C T | FO-OTESHIST | $O-ATECIST | $0-06G0Z0L T | FO-ATITOLT | FO-06ETR0LT | $O-H9ZLOLT | (Lw)r6rar
L002690SL'T | L0-H6SETL'T | L0OFPOGES'T | LO-UIEEES'T | LO00ISEI0T | LOIGILOT | L0OGLLEGTT | LOTLLOETT || (UE W) 16T
P0-00LL6LT'T | FO-ATICLTT | $0-0L0088T'T | FO-HESSST'T | FO-OGTLE0T'T | $O-HILOTT'T | $0-0L98€CTT | FO-HIOVGTT || (Lw)e9ruL,
LO-OTPFSSY'T | LO-AGFE99 T | L0-0GTFees T | LO-AP65T8T | L0-OTLEGHS'T | LO-HSTLERT | L0-0L8C9e8°T | L0-HASSS08T || (u N&%Ee
90-9CLZ90F'F | 90-HZESTY T | 90-9CF8LLET | 90-H0908T ¥ | 90-086260¢F | 90-AV6TIZT | 90-20086SLF | 90-HEIVRLY || (Lw)eeTeT
G0-999¢€L0'9 | GO-HETSRE'S | C0-0T96036'9 | CO-HSLOVE'O | SO-OTTS0S0'9 | CO-HLIBE0D | G0-09GFSFR'9 | CO-HG6SSR9 || (Lw)121as
G0-0082TE6°L | SO-HORESS'L | FO-OLECLEDT | FO-ATFLEDT | CO-OPRLOVSL | SO-ATISHFSL | GO-OTFSSET'6 | SO-HL6EET6 || (L'U)L018Y
PO-0LFELO0T | FO-HSCRI0 T | GO-098E0FE'6 | GO-HLSTHE 6 | F0-0C008ET'T | FO-HISLET'T | FO-00F00ST'T | $0-A666FT'T || (Lw)eoruy
C0-0L210G0°E | SO-ATT6S0E | G0-00L1888°C | GO-HOEE68C | SOOTETLELT | SO-AV6IILT | C0-20TCRE’'E | SO-HEEEFSC || (LW)g6aN
90-9628GL8'8 | 90-ATSTI6'S | 90-0T0L8IT'] | 90-HITILI'] | 90-0€T9606°L | 90-HS0ET6'L | 90-0VLIECE L | 90-HFL69E L || (Lw)gonD
60-9G8900F'F | 60-HSSTIVT | 60-062€85E Y | 60-HSSR0TF | 60-0F0900SF | 60-ATLELY'T | 60-029088FF | 60-He88Ge Y || (ug w)eony
Q0-OTGCHERF | 80-HI0LESF | S0-0LISTRI'G | 8O-HILLLL'G | 80-0T66961°C | 80-HERE0TC | 80-0LSELLT'S | 80-HTSELL'G || (du)gcoq
90-92029€3°€ | 90-HTLIET'E | 90-9666€0°€ | 90-HLICKO'E | 90-0TELIE0'E | 90-HIETSOE | 90-0LGLIE0'E | 90-HS6ES0°E || (Lw)cculy
90-9TG0ESL'T | 90-HIF6RLT | 90-97L9299°C | 90-HOV6L9C | 90-0LE6816'C | 90-H96TE6'T | 90-02809S8°C | 90-HCHRISC || (LW)TGA
90-9TZ8LSE'T | 90-H6SHST' T | 90-06P196C T | 90-HSTRES T | 90-0FT0E9'T | 90-HZ0629'T | 90-0988€19°T | 90-4€9919°T | (du)red
P0-001519L°E | FO-HOSHVL'E | PO-962S8TCE | FO-HLEITC'E | F0-9809269°¢ | $O-HZ0889'E | F0-0169€69°€ | #0-H00689°¢ || (Lu)1pgury
L0-0L0T6L0°C | LO-ASKTINT | LO-OFCTHes' T | LO-HE6ET8 T | L0-009.828°T | LO-HSETEST | L0-986Z028'T | L0-ASL9IS T | (ugw)eeend
PO-98TTC6EC | FO-HLST6E'S | FO-969L8L8°C | FO-HOSELE'C | FO-009T18E°C | FO-HIVILE'S | F0-98G6E8¢°C | $0-HE66Le S | (Ju)eeend
L0-0TOLSOT'T | LO-HOSOST'T | L0-096G8EE T | LO-A6GFEE T | L0-0000008'T | LO-AFETOZT | L00TL6ST'T | LO-ASL06T'T || (ug'w)rezdN
P0-08G88CE T | FO-HICZIE T | F0-00ST6CE T | FO-H0Z09€ T | F0-06L8LGET | $O-HOIRLCE'T | F0-0GLe8¢e T | F0-Heegee T || (F g:mmgz
CO-0LLRGLLT | GO-HATSSYLT | CO-0€98LF8T | CO-HITLESV | G0-0L080S8V | GO-HZISGST | G0-08F2Ee8 T | C0-HS86S8Y || (Lu)gezn
L0-9G98GER"9 | LO-HETR6LL'O | L0-0€9TT0T L | LO-H9E0TE L | L0-0C0€TET L | L0-HRE8TE L | L0-9860081°L | LO-HL60LTL | (uzw)gezn
CO-OTETBLY' T | SO-HLESLY T | COOFFBLEST | CO-HE66ECT | GO-06GHREST | CO-HERIES T | G0-068086C T | C0-HE9SEST || (Fu)geen
$0-9809¢F9F | FO-AIFGFOT | FO-069TFCSF | FO-HE60SCT | FO-O6TR9GCT | $O-HGI0CS T | F0-09L88CCH | F0-H902¢S Y || (Fu)cezn
P0-0TS869T°L | FO-HT96ST L | $0-09€2860°L | FO-HSTIZE0L | F0-0G6LIFO'L | $O-AP00£0°L | $0-02echv0L | ¥0-Hezeeo L || (Fuweezn

| eervn | €er-ANOW | 8dFL 8A-GANOIN |  6LIFL | 6TL-GINDIN | LLLFL | LTL-GINOWN || uonoesy

20



4 Conclusion

The processing of the four libraries JEFF-3.3, ENDF/B-VIII, TENDL-17 and TENDL-19 for
use with the Monte Carlo code TRIPOLI-4 gives the opportunity to test these libraries in similar
conditions of use. We were able to identify deficiencies, for example for Pu239 of ENDF/B-
VIII and TENDL libraries, which were not systematically observed by other Monte Carlo codes
coupled to their processing systems. The comparison of some benchmarks containing Plutonium
shows a very good agreement between MCNP and TRIPOLI-4 with the same nuclear data
libraries. Not surprisingly, the results obtained with the TENDL and ENDF /B-VIII libraries
are in a very good agreement, since actinide evaluations are quite similar between the two
libraries. Overall, the trends are consistent across the three libraries. In particular, a detailed
analysis of reaction rates will provide a better understanding of the differences.

Remarks on PMF benchmarks The TRIPOLI-4 and MCNP results with TENDL-19 and
ENDF/B-VIII give very similar results (reaction rates and neutron flux) with the same library.
The neutron flux calculated with the JEFF-3.3 library are very different from those obtained
with the other libraries even if the keff are quite close (especially for PMF1).

We observe some discrepancies between TENDL-19 and ENDF/B-VIII for a small number of
dosimeters in the case of PMF1, which is mainly sensitive to Pu239. For this benchmark, all
libraries give very similar keff values.

The Pu240 evaluation has a significant impact on the neutron flux for both JEZEBEL and
JEZEBEL-40. The high energy oscillations characteristic of TENDL17 disappear with TENDL19
and we observe fluxes close to the JEFF-3.3 and ENDF /B-VIII libraries.

For the PMF2 benchmark (JEZEBZL-40), the JEFF-3.3 and ENDF /B-VIII libraries give sim-
ilar results while the two TENDL libraries lead to different results, pointing to other Pu’s
isotopes.

HMF1-Godiva benchmark keff calculations are in very good agreement for all libraries. On
the other hand, once again, the neutron flux is significantly different for the JEFF33 library.
Some dosimeters give distinct results between the TENDL and ENDF libraries even if the
neutron fluxes seem to be very close.

HMF28-Flattop benchmark We can share the same remarks as on the previous bench-
mark. We can also note that for the TENDL and ENDF/B-VIII libraries, the TRIPOLI-4
neutron flux slightly overestimates the MCNP flux at the upper energy limit (150 keV) of the
U238’s URR and underestimates them at the lower energy limit (20keV).

IMF7-Bigten-2Z benchmark We remind the reader that for neutron flux and reaction rate
calculations, this is the two-zone homogenized configuration. This benchmark is particularly
sensitive to U238 probability tables, with an impact of around 350 pcm for calculations with
or without probability tables. We observe again a slope on the T4/MCNP flux ratio for the
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TENDL and ENDF/B-VIII libraries with an overestimation of T4 around 150 keV and an
underestimation around 20keV, i.e. on the energy range of the U238’s URR. It is impossible
to determine with this configuration which of the two results is possibly the more correct. The
keffs and reaction rates are in good agreement.

It would be interesting to go further in the analysis of the impacts of different approaches in
the production of probability tables on even more discriminant configurations.
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