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Abstract. The challenge for any nuclear data evaluation project is to periodically release a revised, fully
consistent and complete library, with all needed data and covariances, and ensure that it is robust and
reliable for a variety of applications. Within an evaluation effort, benchmarking activities play an important
role in validating proposed libraries. The Joint Evaluated Fission and Fusion (JEFF) Project aims to provide
such a nuclear data library, and thus, requires a coherent and efficient benchmarking process. The aim of
this paper 1s to present the activities carried out by the new JEFF Benchmarking and Validation Working
Group, and to describe the role of the NEA Data Bank in this context. The paper will also review the status
of preliminary benchmarking for the next JEI'T-3.3 candidate cross-section files.
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|. Recent discussions on U235-U238

0 Arjan PLOMPEN's presentation in WPEC/SG39 meeting (December 2016)

0 See Sandro PELONI's work in WPEC/SG39 (May 2017): “The idea is that the 238U capture cross-
section is a standard data set in the unresolved energy region between 20keV and 149keV”

0 current uncertainty of the order of only 2% => put the standard deviation to zero
0 cross correlations available in COMMARA-2.0
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0 See Luiz LEAL’s presentation: “Testing of the RR+UR of the JEFF-3.3T library” in JEFF-April 2017
0 See Bor KOS'’s presentation: “Analysis of recent U-235 and U-238 evaluations using the BigTen and
LMT-006 benchmarks” in JEFF/April 2017
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. Some ideas.... before results

O Nuclear Data Evaluation needs a closer collaboration between experimentalist,
evaluators and validation experts

o Tracking changes in evaluated files are needed .... NDTracker is coming soon!

O Processing & Verification + Benchmarking & Validation activities are required for this task
o0 Automatizing procedures ... NDEC works!
o Sharing experiences in processing ... New NJOY open versions! NEA Tutorials!
o Extended validation suites ... New WPEC-SG45 VaNDAL project
o Criticality (ICSBEP, IRPhEP,...) ... DICE
o Shielding, ....SINBAD ...New Tool
o)
O New tools in generation of future evaluated libraries
0 Sensitivities and covariances play an essential work ... NDaST tool
o0 Assessing trends on nuclear data...SENDIS tool

o How to build new files? It requires expertise on evaluation, processing and
familiarity with ND format.
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ll. Results of criticality benchmarking using ICSBEP

Table 1. Evaluation of general performance for extended validation suites.
Values are “reduced” Chi-squared, number of cases in brackets

NEA
ENDF/B-VII.1 | ENDF/B-VIIIb4 | JEFF-3.1.1 | JEFF-3.2 | JEFF-3.3.T2 | JEFF-3.3T2+ JEFF-3.3T3
PU 4.2 2.2 2.9 3.6 2.8 2.4 2.4
(29) (29) (29) (29) (29) (29) (29)
HEU 6.1 4.1 53 11.8 2.2 3.5 3.9
(42) (42) (42) (42) (42) (42) (42)
IEU 5.0 1.9 11.3 4.9 2.7 2.1 2.2
(12) (12) (12) (12) (12) (12) (12)
LEU 0.9 1.4 1.4 0.9 1.8 3.7 4.0
(13) (13) (13) (13) (13) (13) (13)
1.7 2.1 9.5 1.2 1.7 1.9 1.7
U233 (18) (18) (18) (18) (18) (18) (18)
MIX 0.7 1.0 1.2 0.9 0.9 1.0 0.8
(8) (8) (8) (8) (8) (8) (8)
SPEC 0.99249 0.99338 0.98719 0.98847 0.99142 0.99145 0.99118
(C/E) (1) (1) (1) (1) (1) (1) (1)
Total 3.7 2.22 6.5 5.6 2.02 2.9 3.1
(123) (123) (123) (123) (123) (123) (123)
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Il. Results of criticality benchmarking using ICSBEP
Figure 1. Cumulative Chi-2 build-up (SENDIS output)

Cumulative Chi2 build-up
Institution
NEA v
o reesese J 3T3 ENDFB-VIL.1
¥ —+— ENDFB-VIILb4

¥ proned T : JEFF-2.2

,mﬂrf georteeeess J3T2+ JEFF-3.0

. e preed T JEFF-3.1

25 LSTs Jd = b T

| oo™ Egb4

i \\‘ ;’ :_ +aes J3T2 JEFF-3.1.2

£ 2 ‘ JEFF-3.2
o f JEFF-3.3T1
£ e | ‘\ - JEFF-3,372
21, o ’ ® = JEFF-3.3T2+
5 HM|6'(1ﬂA ?_5?‘?‘) et 7 \ \ PST9-3 —o— JEFF-3.3T3
I HMF73 / w,m.:’;\"/ . "\ PMF21-2 JENDL-4.0

R A f \ \ N .
~a Ki..l 9 . PME8-1
0.5 S IMF1-4 LST7-3
it HSI1
0 e aaidl

Benchmark Cases (arbitrary progression)

© 2016 Organisation for Economic Co-operation and Development



&) OECD

BETTER POLICIES FOR BETTER LIVES

Nuclear Energy Agency LY NEA

NUCLEAR ENERGY AGENCY

Il. Main changes in JEFF-3.3 beta for criticality

Table 2. Main changes in JEFF3.3 beta files for criticality

- |iEFr3an JEFF-3.3T2P JEFF-3.3T3

Pu239
U235
U238
016
TSLs

Cu
Zr
Fe54/56

W
Be

C

Ni

Al
Th232

JEFF-3.3T2
JEFF-3.3T2
JEFF-3.3T2
ENDF/B-VII.1
JEFF-3.1

ENDF/B-VII.1+RR/JRC
TENDL-2015
JEFF-3.2

JEFF-3.2
JEFF-3.2

JEFF-3.2
JEFF-3.2
JEFF-3.2
JEFF-3.2

JEFF-3.3T2
JEFF-3.3T2
JEFF-3.3T2+RR/JRC
016-Luiz

H20 Bariloche
D20Bariloche

ENDF/B-VII.1+RR/JRC
JEFF-3.3T2=TENDL-2015
JEFF-3.2

JEFF-3.2
JEFF-3.2

JEFF-3.2
JEFF-3.2
JEFF-3.2
JEFF-3.2

JEFF-3.3T2
JEFF-3.3T2
JEFF-3.3T2+RR-JRC
016-Luiz

H20 Bariloche H20 — ENDF/B-VIIIb4
D20Bariloche D20 — ENDF/B-VIiIb4

KIT-revised + RR/Sobes&Luiz
KIT
ENDF/B-VIlib4

JEFF-3.2
JEFF-3.2

JEFF-3.2
JEFF-3.2
JEFF-3.2
JEFF-3.2
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1.1 PU-FAST

ENDF/B-VIII.b4 JEFF-3.3.T2 JEFF-3.3T2+ JEFF-3.3T3 | O Case with highest
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1.2 PU- INTER & THERM

ENDF/B-VIIl.b4 JEFF-3.3.T2 JEFF-3.3T2+ JEFF-3.3T3 ' O Ccase with highest
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1.3 HEU - FAST
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1.4 HEU- INTER & THERM
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0 Case with highest
contribution in Chi-2
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1.7 MIX
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1.8 LEU
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Ill. S/U analysis

1.1 LST cases

See Annex |

I11.2 HMI6-1/4 and HMF73-1

See Annex I

© 2016 Organisation for Economic Co-operation and Development
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1.1 LST cases: T2 versus T3
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1.1 LST cases: T2 versus T3
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111.2 HMI16-1/4 and HMF-73 cases
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111.2 HMI16-1/4 and HMF-73 cases

Nuclear Energy Agency

LY NEA

NUCLEAR ENERGY AGENCY
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111.2 HMI16-1/4 and HMF-73 cases
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111.2 HMI16-1/4 and HMF-73 cases
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111.2 HMI16-1/4 and HMF-73 cases

>¢JEFF-3.3T3 --JEFF-3.3T3 + Cu(ENDF/B-VIIIb4)

JEFF-3.3T3 & MF3 ENDF/B-VIIIb4 (NDaST)
-0-JEFF-3.3T3 & MF4/MT2 ENDF/B-VIIIb4 (up to 300keV)

1.02000 - i 3 |
1.01500 - O MF4 files based on different resonance parameters up to 100
' : +717 pcm keV (ENDF/B-VIIIb4) and up to 300 keV (JEFF-3.3T3)
1.01000 -
" X
O 1.00500 -
1.00000 -: F# \
0.99500 - ,i\ —
0.99000 -
0.98500 ©
0.98000 -
/\ ,’\ 6:2/ 6:5 6,&(
o) O Q' Q Q
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BETTER POLICIES FOR BETTER LIVES

Incident neutron data / CIELO / Cu65 / / Weighting
: SCALE 238-group, Constant spectrum

11.2 HMI16-1/4 and HMF-73 | Famess
" — CuB5 MT4 CIELO/JEFF33T3
[|— CuB5 MT102 CIELO/JEFF33T3
17
O JEFF-3.3T3 versus ENDF/B-VIIIb4
s
]
5
b=
&
=
[-%
3
3
9E-5 1E-4 0,001 0,01 0,05 01 05 1 5 10
Incident energy (MeV)
Incident neutron data / JEFF-3.3T3 / Cu63 / MT=102 : (z,y) / Incident neutron data / / Cu63 / / Weighting
— Cu63 MT102 ratic PENDF CIELO/JEFF33T3 and WEIGHTING 5 : SCALE 238-group, Constant spectrum
507 — Cu63 MT102 ratio GENDF CIELOIEFF33T3 [
| | — CuB3 MT2 CIELOWEFF33T3
— Cu63 MT102 ratio PENDF CIELO/JEFF33T3 | CuB3 MT4 CIELO/JEFF33T3
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Change in angular distributions

Q JEFF-3.3T3 versus ENDF/B-VIIIb4: MT251 mu-bar
O MF4/MT2 produced by T. Kawano based on different resonance parameters:

o JEFF-3.3T3 resonance parameters up to 100 keV

+ smoothly transition from the MF4 based on the resonance parameters to the MF4 based
on Kawano's model calculations above 300 keV

o ENDF/B-VIIIb4 up to 300 keV

Incident neutron data / // T=293.6°K / Incident neutron data / / /| T=293.6°K / sigmaO=infinite
sigmaO=infinite MT=251 : mu-bar (lab) 1 . . .

. S— 095
— CuB5-JEFF33T3-KIT.GENDF Cug5

.- CuB5_CIELO.GENDF Cu85 . 09
500mbt |— CuB3-JEFF33T3-KIT.GENDF Cu63 = 0,851
-+ CuB3-CIELO GENDF Cu3 ] |

0,75+
07+

0,65+
06+

0,55+
054

0.45
0.4

0.35
03

100mb+

Computed function

50mbt

Grouped cross section

—— CuE3-CIELO.GEMNDF Cu63 <Cub3-JEFF33T3-KIT GENDF>/<Cu63-CIELO.GEMDF>
025+ — CuB5_CIELO.GENDF Cugs <Cug5-JEFF33T3-KIT. GENDF>/<CubS_CIELO.GEMDF>

10 mb + + + 0.2 ; 4 : ' s 4
10V 100 eV TheV 10keV 100 keV 1 MeV 10 MeV 10peV 100peV 1meV 10meV 1eV 106V 100eV 1keV 10keV 100keV 1MeV 10 MeV

Incident energy Incident energy
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V. Re-evaluation of T3 criticality benchmarking

Table 3. Evaluation of general performance for extended validation suites.
Values are “reduced” Chi-squared, number of cases in brackets

NEA v z ; i ‘ |

ENDF/B- | JEFF- | JEFF- JEFF-3.3T3 JEFF-3.3T3 | JEFF-3.3T3 | JEFF-3.3T3 | JEFF-3.3T3
Villb4 | 3.372 | 3.3T2+ +TSL/JEFF3.1 | +TSL/JEFF3.1 | +TSL/JEFF3.1 | +TSL-JEFF3.1
+016&Cu&Fe T2 | +016&CuT2 | +016 T2

oU 2.2 28 | 24 2.8 2.0 2.0 2.7 2.4
(29) (29) (29) (29) (29) (29) (29) (29)

HEw | AL 22 | 35 2.2 21 3.4 3.7 39
(42) (42) (42) (42) (42) (42) (42) (42)

EU 1.9 27 | 21 25 28 2.7 3.0 22
(12) (12) (12) (12) (12) (12) (12) (12)

LEU 1.4 18 | 3.7 2.1 1.8 2.0 28 4.0
(13) (13) (13) (13) (13) (13) (13) (13)

uz3z| 21 17 | 1.9 1.4 1.4 1.7 16 1.7
(18) (18) (18) (18) (18) (18) (18) (18)

v | L0 09 | 1.0 1.0 1.0 1.0 1.2 08

(8) (8) (8) (8) (8) (8) (8) (8)

Total | 222 | 202 | 29 2.03 1.95 2.5 2.9 3.1
otal | 153 | (123) | (123) (123) (123) (123) (123) (123)
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V. Re-evaluation of T3 criticality benchmarking

Table 4. Evaluation of general performance for extended validation suites.
Values are “reduced” Chi-squared, number of cases in brackets

— ,( M \
ENDF/B | JEFF- JEFF- JEFF-3.3T3 JEFF-3.3T3 JEFF-3.3T3 | JEFF-3.3.T3 JEFF-3.3T3
- 3.3T72 | 3.3T2+ +TSL/JEFF3.1 +TSL/JEFF3.1 +LuizU5* +TSL/JEFF3.1+Cu T2
Vilib4d +016&Cu&Fe | +016&Cu T2 +LuizO16&U5*
T2
PU 2.2 2.8 2.4 2.8 2.9 2.4 2.4 2.6
(29) (29) (29) (29) (29) (29) (29) (29)
HEU 4.1 2.2 3.5 2.2 2.1 3.9 3.6 2.3
(42) (42) (42) (42) (42) (42) (42) (42)
IEU 1.9 2.7 2.1 2.5 2.8 2.2 2.5 2.5
(12) (12) (12) (12) (12) (12) (12) (12)
LEU 14 1.8 3.7 2.1 1.8 4.0 3.1 2.0
(13) (13) (13) (13) (13) (13) (13) (13)
U233 2.1 1.7 1.9 1.4 1.4 1.7 1.9 1.4
(18) (18) (18) (18) (18) (18) (18) (18)
MIX 1.0 0.9 1.0 1.0 1.0 0.8 0.8 1.3
(8) (8) (8) (8) (8) (8) (8) (8)
Total 2.22 2.02 2.9 2.03 1.95 3.1 2.8 2.05
(123) (123) (123) (123) (123) (123) (123) (123)

* (April 2017) Luiz Leal, U235 thermal cross section accord

ing to the latest IAEA-2016 thermal values
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Conclusion

O Testing JEFF-3.3T2, T2+ and T3
o Comparison with ENDF/B-VIIIb4

0 Assessing the main contributors of Chi-squared
HMI6-1/4, HMF73

IMF1-4

LSTs

PMF8-1, PMF21-2, PST9-3

UMF4-2

O O O O

O Assessing the main changes in T3
o TSL-HinH20
o 016
o Cu63 and Cu65
o Fe
U Re-evaluation of T3: JEFF-3.3T3 can be improved for criticality benchmarking
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1.1 LST cases: T2 versus T3

=

- =1 =R =]
File
Fiiter
it Benchmark Sensitivity AKeffiKeff Keff CJE original Keff CJE perturbed
5 7] ICBEVALS NUMBER_CASES LST002-001 |KENO ENDF/B-VIL.0 / 238-Group 1.50490941e-3 5. 1 9.97884377e-1
5 [7) Hucides / Reactions LST002-002 IKENO ENDF/B-VIL0 / 235-Group |2.13545982-3 9.9402833e-1 9.96159677e-1
& @mm LST002-003 [KENG ENDF/B-VIL0 / 238-Group 1.6446887e-3 9.98284118e-1 9.9992486%-1
LST007-001 IKENO ENDF/B-VIL0 / 235-Group |2.738586%¢-3 100006584 100281815
- [¥] ELASTIC
& @ ots LST007-002 [KENG ENDF/B-VIL0 / 238-Group [2.6287185%3 1.00120858 1.00384481
LST007-003 IKENO ENDF/B-VIL0 / 235-Group |2.54183504e-3 9.984080428-1 10008547
- [¥] ELASTIC
LST007-004 [KENG ENDF/B-VIL0 / 238-Group [2.48218881=-3 1.00042337 1.00230854
N_ALPHA
& Fuzs LST007-005 |KENO ENDF/B-VILO / 238-Group |2.218608092-3 9.9995707e-1 100217346
ELASTIC
- [7] FISSION

- B exbations S/U with NDast

-~ [¥] APOLLO-MORET JEF-2.2 [ 172-Group
.- [7] KENO ABBN-93 | 299-Group
- [¥] KENO ENDF/B-1V | 27-Group

R U238, O16 and TSL

- [¥] MCNP JEFF-3.1.2 Continuous
.- [¥] MCNP JENDL-3.2 Continuous
“- [¥] MONK JEF-2.2 Continuous
[ [7] Sensitivities calculations

AKeff/Keff

Plot options

Display: © AKeffKeff
Group by g&?m_m - LST002- LST002- LST002- LSTOQ7- LSTO07- LST007- LSTOO7- LSTOO7-

o A 001 002 003 001 002 003 004 005
5 e[ ] . = [ e

]

© 2016 Organisation for Economic Co-operati



NUCLEAR ENERGY AGENCY

@) OECD Nuclear Energy Agency Ly NEA

1.1 LST cases: T2 versus T3

& = e ]
File
Fiiter
e Benchmark Sensitivity AKeffiKeff Keff C/E original Keff C/E perturbed
- [7) ICBEVALSNUMBER_CASES LST002-001 |KENO ENDF/B-VIL.0 / 238-Group |-3.83791485e-4 5. 1 9.97884377e-1
- ] Mucides /Reactions LST002-002 IKENO ENDF/B-VIL0 / 235-Group 4. 103648744 9.9402833e-1 9.96159677e-1
5 FH1 LST002-003 [KENG ENDF/B-VIL0 / 238-Group 40518167724 9.98284118e-1 9.9992486%-1
- [F| ELASTIC LST007-001 IKENO ENDF/B-VIL0 / 235-Group -2.89402417-4 100006584 100281815
& Hos LST007-002 [KENG ENDF/B-VIL0 / 238-Group |-2.82865591e-4 1.00120858 1.00384481
- [ ELASTIC LST007-003 IKENO ENDF/B-VIL0 / 235-Group -2.64219965-4 9.984080428-1 10008547
N ALPHA LST007-004 [KENG ENDF/B-VIL0 / 238-Group [-2.54835315e-4 1.00042337 1.00230854
& [ U238 LST007-005 |KENO ENDF/B-VILO / 238-Group -2.44772712e-4 9.9995707e-1 100217346
ELASTIC
- [7] FISSION

- B exbations S/U with NDast

-~ [¥] APOLLO-MORET JEF-2.2 [ 172-Group
.- [7] KENO ABBN-93 | 299-Group
- [¥] KENO ENDF/B-1V | 27-Group

= Only U238

- [¥] MCNP JEFF-3.1.2 Continuous
.- [¥] MCNP JENDL-3.2 Continuous
“- [¥] MONK JEF-2.2 Continuous
- [7] Sensitivities calculations

AKeff/Keff

Plot options

Display: © AKeffKeff
empuwgccuﬁm D - LST002- LST002- LST002- LSTOQ7- LSTO07- LST007- LSTOO7- LSTOO7-
Goe -4 001 002 003 001 002 003 004 005

Cfoe o« o], Fover | w0 fpoms

[T —— T —

O AKeffikeff © CIE uncertainty
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1.1 LST cases: T2 versus T3

Ly NeA

NUCLEAR ENERGY AGENCY

r = =R =]
File
Fiiter
it Benchmark Sensitivity AKeffiKeff Keff CJE original Keff CJE perturbed
5 7] ICBEVALS NUMBER_CASES LST002-001 |KENO ENDF/B-VIL.0 / 238-Group 1.11371776e-3 5. 1 9.97884377e-1
o s [ Resctions LST002-002 IKENO ENDF/B-VIL0 / 235-Group 12204871663 9.9402833e-1 9.96159677e-1
B FH LST002-003 [KENG ENDF/B-VIL0 / 238-Group 1.19131845-3 9.98284118e-1 9.9992486%-1
LST007-001 IKENO ENDF/B-VIL0 / 235-Group 1646891383 100006584 100281815
- [] ELASTIC
& @ ot LST007-002 [KENG ENDF/B-VIL0 / 238-Group 1.56424223 1.00120858 1.00384481
. [F] ELASTIC LST007-003 IKENO ENDF/B-VIL0 / 235-Group 1489014883 9.984080428-1 10008547
LST007-004 [KENG ENDF/B-VIL0 / 238-Group 1.4160597%-3 1.00042337 1.00230854
N_ALPHA
& Fuzs LST007-005 |KENO ENDF/B-VILO / 238-Group 1.36637307&-3 9.9995707e-1 100217346
ELASTIC
-~ [] FISSION
N_GAMMA

- [7] Benchmarks calculations

- [V] APOLLO-MORET JEF-2.2 [ 172-Group
.- [7] KENO ABBN-93 | 299-Group
- [¥] KENO ENDF/B-1V | 27-Group
.- [¥] KENO ENDF[B-V | 238-Group
- [/] KENO Hansen-Roach / 16-Group
.- [¥] MCNP ENDF/B-V Continuous
- [¥] MCNP ENDF/B-VLE Continuous
- [¥] MCNP JEFF-3.1.2 Continuous
.- [¥] MCNP JENDL-3.2 Continuous
“- [¥] MONK JEF-2.2 Continuous
[ [7] Sensitivities calculations

Plot options.
Display: @ BKeffKeff
©ck
Group by: BENCHMARK_ID -
Group -

Cfoe o« o], Fover | w0 fpoms
— T — ]

AKeff/Keff

S/U with NDast

Only O16

LST002-
001

LSTO02-
002

LSTO02-

003

LSTOO7-

LSTOO7-

001 002

O AKeffikeff © CIE uncertainty
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1.1 LST cases: T2 versus T3

OOsendis Home  About lml App  Topics ~
Institution Library 1 Library 2 Library 3
NEA - ENDFB-VIILb4 A JEFF-3.3T2 - JEFF-3.3T3 A
Case Family EALF min (eV) EALF max (V)
I LEU-SOL-THERM I - o 10000000
Total Sensitivity Treshold lsotope Reaction
0.01 016 - elastic -

Sensitivity trends Sens. Ol6-elastic | B EALF trends ]
© ENDFB-VIILb4 e JEFF-3.3T2 e JEFF-3.373 o ENDFB-VIILb4 e JEFF-3.3T2 e IJEFF-3.3T3
o - o
L
o o
A £
a -z & -z
> - >
E: - 2 ;
5 5 !
Ll Ll
a fa}
-2 -4
& &
0.04 0.05 0.06 0.07 0.039 0.040 0.041 0.042 0.043
KSENSTOT - EALF (V) -
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1.1 LST cases: T2 versus T3

OOsendis Home  About Ll App  Topics =
Institution Library 1 Library 2 Library 3
MEA v ENDFB-VIIl.b4 - JEFF-3.3T2 JEFF-3.3T3 -
Case Family EALF min (V) EALF max (eV)
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Total Sensitivity Treshold Isotope Reaction
0.01 | u23s - | fissien
— ’
Sensitivity trends SenS . U235-fISSIOI’l Energy trends EAL F trendS
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& > g 2
g L 1____-——"' g
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[
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NUCLEAR ENERGY AGENCY
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1.1 LST cases: T2 versus T3

OOsendis Home  About

Institution Library 1
All hd JEFF-3.3T2
Case Family

I All I

Total Sensitivity Treshold

0.01

Library 2

JEFF-3.3T2+
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v]
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1.1 LST cases: T2 versus T3

Ly NeA

NUCLEAR ENERGY AGENCY

2 =1 ==
File
Filter
it Benchmark Sensitivity AKeffKeff Keff C/E original Keff C/E perturbed
B IE ICBEVALS.NUMBER CASES LST002-001 |K'EGD ENDF/B-VIL.D / 238-Group |7.74983142e-4 [a. 1 9.97884377e-1
8- i ,/'R.E . - LST002-002 IKENQ EN)F,BJJILU I 238-Group 1.32533761e-3 [9.9402933e-1 9.96159677e-1
B @ HL LSTD02-003 IKENO ENDF/B-VIL.O / 238-Group 18.58551923e-4 [9.98284118e-1 9.99924865e-1
i ELASTIC LSTO07-001 IKENQ EN)F,BJJILU I 238-Group 1.39109749e-3 1.00006384 1.00281815
B o16 LSTDO07-002 IKENO ENDF/B-VIL.O / 238-Group 1.34734253e-3 1.00120858 1.00384481
n ELASTIC LSTO07-003 IKENQ EN)F,BJJILU I 238-Group 1.31703971e-3 [9.98409042s-1 10009547
N_ALPHA LSTOO07-004 IKENO ENDF/B-VIL.O / 238-Group 1.32096434e-3 1.00042337 1.00290854
=N Um’ LSTO07-005 |KEN€J EN)F,BJJILU I 238-Group 1.09700174e-3 [9.9995707e-1 1.002179496
ELASTIC
. [T FISSION -
Dl cans S/U with NDast

- [7] Benchmarks calculations

- [V] APOLLO-MORET JEF-2.2 [ 172-Group
.- [7] KENO ABBN-93 | 299-Group
- [¥] KENO ENDF/B-1V | 27-Group
.- [¥] KENO ENDF[B-V | 238-Group
- [/] KENO Hansen-Roach / 16-Group
.- [¥] MCNP ENDF/B-V Continuous
- [¥] MCNP ENDF/B-VLE Continuous
- [¥] MCNP JEFF-3.1.2 Continuous
.- [¥] MCNP JENDL-3.2 Continuous
“- [¥] MONK JEF-2.2 Continuous
[ [7] Sensitivities calculations

Plot options.
Display: @ BKeffKeff
©ck
Group by: BENCHMARK_ID -
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Cfoe o« o], Fover | w0 fpoms
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I11.1 LST cases: T2 versus T3

d TSLsHinH20

Cross-section (b)

Incident neutron data// H1/ MT=222 : H
in H20 inelastic scattering / Cross section

1000
— JEFF33T3-H20-293.PENDF
— JEFF33T2-H20-293.PENDF
500 - - ENDFB8b4-H20-293. PENDF
100
50
10 ; . S~ ; ; ;
1E-5 1E-4 0.001 0.01 0.1 05 1 5 10

Incident energy (eV)

Computed function

Incident neutron data / JEFF33T2-H20-293.PENDF
/I H1 1/ MT=222 : H in H20 inelastic scattering /

<JEFF33T2-H20-293.PENDF>/<JEFF33T3-H20-293.PENDF>

1E-4 0.001 0.01 0.1 05 1 5 10
Incident energy (eV)
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BETTER POLICIES FOR BETTER LIVES NUCLEAR ENERGY AGENCY

1.1 LEU cases: ENDF/B-VIIIb4 versus JEFF-3.3T3

[ SKIP-ENDFB8b4 [ SKIP-JEFF-3.3T3 O JEFF/3.3T3 shows the same trends

1.002
1.001
1.000
0.999
0.998
0.997
0.996
0.995
0.994
0.993
0.992
0.991
0.990
0.989
0.988
0.987

Keff C/E
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Annex Il. S/U analysis: HMI6-1/4 and HMF73-1
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BETTER POLICIES FOR BETTER LIVES

111.2 HMI16-1/4 and HMF-73 cases

>€¢JEFF-3.3T3
~-JEFF-3.3T2
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1.01500 |
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111.2 HMI16-1/4 and HMF-73 cases

Nuclear Energy Agency

LY NEA

NUCLEAR ENERGY AGENCY

OOsendis  +ome

Institution Library 1
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I HEU-MET-INTER I

Total Sensitivity Treshold
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o
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Sens. Cu63-elastic
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e
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BETTER POLICIES FOR BETTER

111.2 HMI16-1/4 and HMF-73 cases

>¢JEFF-3.3T3 -=-JEFF-3.3T3 + Cu(ENDF/B-VIlib4)
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111.2 HMI16-1/4 and HMF-73 cases

>¢JEFF-3.3T3 --JEFF-3.3T3 + Cu(ENDF/B-VIIIb4)
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BETTER POLICIES FOR BETTER

111.2 HMI16-1/4 and HMF-73 cases

QO Akeff CIELO/JEFF-3.3T3 with NDaST

—-mmm

-165
MT4
Cuea 701 235 265 308 413
MT102 -258 -86 -86 -90 -113
All 279 78 98 133 206
MT2 37 228 244 225 234
MT4
Cus 342 113 126 146 201
MT102 58 66 61 57 54
All 438 406 432 428 489

Cu63+Cub5 Al 717 484 529 561 695
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BETTER POLICIES FOR BETTER LIVES

Incident neutron data / CIELO / Cu65 / / Weighting
: SCALE 238-group, Constant spectrum
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BETTER POLICIES FOR BETTER LIVES NUCLEAR ENERGY AGENCY

Sensitivity analysis with NDaST

Q Akeff JEFF-3.3T2/JEFF-3.3T3 with NDaST

| [HVF73-1 | HMIG-1 | HMI6-2 | HMI6-3 | HMIG-4_
MT2 126 232 210 166 146

MT4 106 38 42 48 64 $ommmm
Cu63

MT102 352 570  -534  -501  -463 <Cemmmm

All 121 -300 282 288 -253

MT2 86 350 362 322 266

MT4
CUES 187 60 66 78 107

MT102 -66 -4 -13 24 -48

All 207 407 416 376 325

Cu63+Cub5 All 87 107 134 89 72
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Change in angular distributions

Q JEFF-3.3T3 versus ENDF/B-VIIIb4: MT251 mu-bar
O MF4/MT2 produced by T. Kawano based on different resonance parameters:

o JEFF-3.3T3 resonance parameters up to 100 keV

+ smoothly transition from the MF4 based on the resonance parameters to the MF4 based
on Kawano's model calculations above 300 keV

o ENDF/B-VIIIb4 up to 300 keV

Incident neutron data / // T=293.6°K / Incident neutron data / / /| T=293.6°K / sigmaO=infinite
sigmaO=infinite MT=251 : mu-bar (lab) 1 . . .

. S— 095
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BETTER POLICIES FOR BETTER LIVES NUCLEAR ENERGY AGENCY

M :4/MT2 d iStI’i b Utl ons Q Processing MF4/MT2 LRF7 option

JEFF-3.3T3 Mat:29-Cu-63

JEFF-3.3T2 Mat:29-Cu-63

ENDF/B-Vllib4 Mat:28-Cu-63 JEFF-3.3T3 Mat:29-Cu-63
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BETTER POLICIES FOR BETTER

111.2 HMI16-1/4 and HMF-73 cases
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BETTER POLICIES FOR BETTER

111.2 HMI16-1/4 and HMF-73 cases
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@) OECD Nuclear Energy Agency ALY NEA

Annex Ill. NEA Validation Suite (=R.Mosteller)
NEA Validation Suite

OOsendis Home  About lut App  Topics =
Results from this institution are only available for the following libraries:
ENDFB-VIL1 ; ENDFB-VII.b4 ; JEFF-2.2 ; JEFF-3.0; JEFF-3.1; JEFF-3.1.1; JEFF-3.1.2 ; JEFF-3.2 ; JEFF-3.3T1; JEFF-3.3T2 ; JEFF-3.3T2+; JEFF-3.3T3; JENDL-4.0;
Show entries Search:
123 different cases in NEA suite FULLID MODEL EXPVAL EXPERR CALCVAL CALCERR COVERE
Distribution per case family
HEU-COMP-INTER-003-007 1 0.005 1.00272 0.00037 1.00272
U233-SOL-THERM
U233-SOLINTER HEU-COMP-THERM-015-006 1.0015 0.0028 1.00026 0.00041 0.998761857214179
U233-MET-FAST
U233-COMP-THERM
SPEC MET FAST HEU-MET-FAST-001-001 Shell Model 1 0.001 1.00023 0.00028 1.00023
PU-SOL-THERM
PU-MET-FAST HEU-MET-FAST-003-001 1 0.005 0.99578 0.00029 0.99578
PU-COMPINTER
MIX-MET-FAST HEU-MET-FAST-003-002 1 0.005 0.99476 0.0003 0.99476
MIX-COMP-THERM
LEU-SOL-THERM
LEU-COMP-THERM HEU-MET-FAST-003-003 1 0.005 1.00016 0.00028 1.00016
IEU-MET-FAST
IEU-COMP-THERM HEU-MET-FAST-003-004 1 0.003 0.99862 0.00028 0.99862
HEU-SOL-THERM
HEU-SOLINTER
L MR INTED m HEU-MET-FAST-003-005 1 0.003 1.00325 0.0003 1.00325
HEU-COMP-THERM HEU-MET-FAST-003-006 1 0.003 1.00267 0.00027 1.00267
HEU-COMPINTER
HEU-MET-FAST-003-007 1 0.003 1.00365 0.00029 1.00365
Showing 1 to 10 of 123 entries Previous E 2 3 4 5 13 Next
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BETTER POLICIES FOR BETTER LIVES

Annex lll. NEA Validation Suite (=R.Mosteller)
U233 Benchmarks

Moderator ICSBEP
e Shape | Jndior Reflector | Benchmark name
Unreflected | u233-met-fast-001
u233-met-fast-002-CASE_1
HEU
u233-met-fast-002-CASE_2
u233-met-fast-003-CASE_1
Normal Uranium | u233-met-fast-003-CASE 2
Fast Metal | Spheres
u233-met-fast-006
u233-met-fast-004-CASE_1
Tungsten
u233-met-fast-004-CASE 2
U-233-met-fast-005-CASE_1
Beryllium
U-233-met-fast-005-CASE_2
Intermediate | Solution |Sphere | Beryllium u233-sol-inter-001-case’
UO24ZrO2 |Lattice | Water u233-comp-therm-001-case3
u233-sol-therm-001-case1
u233-sol-therm-001-case?
Thermal u233-sol-therm-001-case3
Solution | Sphere | Unrefiected
u233-sol-therm-001-case4
u233-sol-therm-001-cases
u233-s0l-therm-008
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Annex lll. NEA Validation Suite (=R.Mosteller)

Moderator ICSBEP Moderat ICSBEP
Spectrum |Form Shape oderator
and/or Reflector |Benchmark name Spectrum Form Shape | d/or Reflector |Benchmark name
heu-met-fast-001 i
UH3 Cylinder Natural U heu-comp-inter-003-case7
Unreflected heu-met-fast-008
heu-met-fast-018-case2 heu-met-inter-006-case1

heu-met-fast-003-case1

Intermediate heu-met-inter-006-case2

heu-met-fast-003-case2 Metal Cylinder
heu-met-fast-003-case3

Graphite,
copper

heu-met-inter-006-case3

R —| e \-met-fast-003-Cased heu-met-inter-D06-case4
heu-met-fast-003-cased
heu-met-fast-003-caseb
heu—met—fast—ﬂﬂﬁ—case? so""tinn SPhETE heu_50|_them_013_case1

heu-met-fast-028

Thermal UO2+ZrOz2 | Lattice Water, ThO2  |u233-comp-therm-001-case6

heu-sol-therm-013-case2

3':5::? heu-met-fast-014
P r—- Unreflected  |heu-sol-therm-013-case3
Spheres | ryngsten  |heu-met-fast-003-cased heu-sol-therm-013-cased
Fast Metal carbide heu-met-fast-003-case10 T
heu-met-fast-003-casel1
Nickel heu-met-fast-003-case12

heu-met-fast-013

Steel heu-met-fast-021-case2 H E U B e n C h m ar kS

Duralumin heu-met-fast-022-case2
Aluminium heu-met-fast-012

Graphite heu-met-fast-019-case2

Beryllium heu-met-fast-009-casel
Beryllium Oxide |heu-met-fast-009-case2
heu-met-fast-011
heu-met-fast-020-case2

Polyethylene

Water heu-met-fast-004-case1
Cylinder Unreflected  |heu-met-fast-015

l Lattice Paraffin heu-met-fast-026-cased
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BETTER POLICIES FOR BETTER LIVES NUCLEAR ENERGY AGENCY

Annex lll. NEA Validation Suite (=R.Mosteller)
IEU Benchmarks

Moderator
ICSBEP
Spectrum Form Shape |andior
Reflector Benchmark name
Unrefiected ieu-met-fast-003-case2
Steel ieu-met-fast-005-case2
Spheres
Duralumin ieu-met-fast-006-case2
Graphite ieu-met-fast-004-case2
Unrefiected ieu-met-fast-001-case1
Fast Metal
ieu-met-fast-001-case2
ieu-met-fast-001-case3
Cylinder
ieu-met-fast-001-cased
Normal U ieu-met-fast-002
Lol ieu-met-fast-007-case1
Intermediate | Flate Lattice | Normal U, steel | o o oo 7
i e ieu-comp-therm-002-CASE_3
leu-sol-therm-007-CASE 14
leu-sol-therm-007-CASE30
Thermal
Solution | Cylinder | Unreflected leu-sol-therm-007-CASE32
leu-sol-therm-007-CASE36
leu-sol-therm-007-CASE49
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BETTER POLICIES FOR BETTER LIVES NUCLEAR ENERGY AGENCY

Annex lll. NEA Validation Suite (=R.Mosteller)
LEU Benchmarks

Moderator
Spectrum Form Shape andior Eesn?:ﬁ:a rk name
Reflector
leu-comp-ther-008-CASE 1
leu-comp-therm-008-CASE_2
_ U02 rods, leu-comp-therm-008-CASE_5
uo2 Lattice Water
leu-comp-therm-008-CASE_7
Thermal
leu-comp-therm-008-CASE_8
leu-comp-therm-008-CASE_11
Water leu-sol-therm-002-case
Solution | Sphere
Unreflected leu-sol-therm-002-case?
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Annex lll. NEA Validation Suite (=R.Mosteller)

Unreflected

pu-met-fast-003-case103

Moderator ICSBEP Moderator ICSBEP
Sl it S and/or Reflector |Benchmark name Sl — e and/or Reflector Benchmark name
pu-met-fast-001-CASE_1 Intermediate |Mixture |Homog H;rdar:'f'i::’ pu-comp-inter-001
Unreflected pu-met-fast-002-CASE_1 mix-comp-therm-002-case-pni30
pu-met-fast-022 mix-comp-therm-002-case-pni31
HEU mix-met-fast-001-CASE_T mix-comp-therm-002-case-pnl32
. MOX Lattice |Water
mix-met-fast-003 mix-comp-therm-002-case-pnl33
Normal Uranium pu-met-fast-006 mix-comp-therm-002-case-pni34
pu-metfast (0 CASE 1 mix-comp-therm-002-case-pni35
Depleted Uranium | pu-met-fast-020 pU-S0l-therm-009-case3a
Thorium pu-met-fast-008-case2 Thermal
Spheres pu-sol-therm-011-CASE_5.16
Tungsten u-met-fast-005-CASE_1
g P = pu-sol-therm-011-CASE_1.18
Fast Metal pu-met-fast-025 Sphere (Unreflected
Steel _ pu-sol-therm-011-CASE_6.18
pu-met-fast-026 Solutien
pu-sol-therm-021-case_1.t9a
Aluminium pu-met-fast-009-CASE_1
pu-sol-therm-021-CASE_3.T9A
Graphite pu-met-fast-023
pu-sol-therm-018-case_9
pu-met-fast-018-CASE_1 Cylinder |Water
Beryllium pu-sol-therm-034-case_01
pu-met-fast-019
Polyethylene pu-met-fast-024
Water | |pumetiasto1iCASE | PU Benchmarks
Cylinder|  popvilium  |pu-met-fast-021-caset
Beryllium Oxide |pu-met-fast-021-case2
Lattice
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Annex Ill. NEA Validation Suite (=R.Mosteller)

Additional Benchmarks

Case

PU-SOL-THERM-009

PU Thermal (48-inch sphere of plutonium nitrate solution)

HEU-MET-FAST-73

HEU Fast (Unmoderated ZEUS benchmark)

HEU-SOL-THERM-004_case1

HEU| Thermal (Heavy water solutions, reflected spheres)

SPEC-MET-FAST-08

SPEC| Thermal (Neptunium sphere reflected by HEU)
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