Overview of selected INDEN evaluations
56’57Fe, 63’65Cu, and 19F

R. Capote (IAEA) on behalf of the INDEN collaboration
https://www-nds.iaea.org/INDEN
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Outlook

dFe isotopes (°*>%>'Fe)
[ Cu isotopes (%%Cu)
dFluorine (°F)

“It doesn't matter how beautiful your theory is,
it doesn't matter how smart you are.
If it doesn't agree with experiment, it's wrong.”

 Richard Philips Feynman,
Nobel Prize in Physics 1965
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INDEN Fe evaluation

Fe-56 from 850keV up to 4 MeV based on exp. data alone
20-30% leakage underestimation found
(ENDF/B-VIILO updated n 2018-2019, melastic reduced
-> INDEN, leakage problem solved)
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S6Fe evaluation

M. Herman et al, Nucl. Data Sheets 148 (2018) 214-253
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New measurements >°Fe(n,el)
E. Pirovano et al,
Phys.Rev.C99 (2019) 024601
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Tab.1 Assembly FE DIA100, R53; 200gpd, integral values, (.ﬂ? ~’
- Eanskj,-‘, ND 2013, New York [1])

_——

Improvements of natFe total cross section minima

important regions

En.range[MeV] main peak [keV] Library used for MCNP Calculation
No. from to in measurement ENDF/B-VIL1 BROND-3 JENDL4.0 JEFF-3.2T2 TENDL-2012 CENDL-3.1
0 0.013 1.290 total range 1.031 1.036 1.049 1.053 1.031 1.040
1 0.013 0.030 24.4 0.918 0.836 1.029 0.989 1.221 0.691
2 0.030 0.075 0.909 0.835 0.903 0.967 0.858 1.146
3 0.075 0.090 82 1.008 0.912 0.999 1.017 1.119
4 0.090 0.150 137 0.845 0.828 0.920 1.004 0.970 0.732
5 0.150 0.200 167+183 0.907 0.898 0.974 1.015 1.012 0.909
5 0.200 0.250 1.012 1.051 1.024 1.018 0.872
7 0.250 0.289 272 1.075 1.097 1.011 1015 0.948
8 0.289 0.333 309
9 0.333 0.410 350
10 0.410 0520
11 0.520 0.780 610+620+703
12 0.780 1.060 0.946 1.017 0.863 1.050 0.730 0.681
13 1.060 1.280 0.910 0.710 0.834 0.866 0.826 0.777
B \ic-1.15
0.87=M/C,1.03

Leakage neutron measurements in thick iron spheres
(M. Schulc ARI 130, 224, Fig. 4, and JEFFDOC-1918)

shortcomings found in several cross section minima between 50 and 700 ke‘v

wall)
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New transmission measurement at nELBE

A dedicated transmission
measurement on very thick
target by Arnd Junghans and

Roland Beyer at the nELBE
facility was performed.

The assumption about the cross-
section minima in Fe-56 1s not
supported (black line).

An alternative solution was
sought: a deficiency in the Fe-57
cross sections was identified as
the major cause of the problem
(dashed-red line). See the next
shde.

Very good agreement with n-
ELBE data was achieved.

INDEN-SM CM, 18-21 December 2023,
IAEA HQ, Vienna, Austria (hybrid)

Transmission Yield (Relative)
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Fe-57 evaluation does not describe Pandey
(n,tot) data having fluctuations up to 7 barn

ENDF Request 1345, 2022-Jul-22,21:33:15

EXFOR Request: 5088/1, 2022-Jul-22 21:32:49
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INDEN natFe comparison: (n,y) 600-2000 keV
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FIG. 12. (Color online) Comparison of calculated yields of ~
from a semi-integral (thick target) experiment at RPI on *°Fe.

M. Herman et al, Nuclear Data Sheets 148 (2018) 214-253
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INDEN natFe comparison: (n,y) near 28 keV
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INDEN Fe evaluation: crit. benchmarks

ICSBEP Benchmarks Sensitive to lromn

ICSBEP Benchmarks Sensitive to Iron
Cumulative Chi**2 per degree of freedom

Integral Parameter Intercomparison
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INDEN Fe/Cr evaluation: SS reflectors

Stainless Steel reflected benchmarks S o .
Dependence on reflector thickness Table 2. Short list of ICSBEP criticality fast benchmarks with

— Fit ENDF/B-VII.1 L L - different thicknesses of stainless steel reflectors.
600 3
- F:lt- ENDF/B-VIII.O ; ICSBEP Label Short name ~ Common name Reflector
s00| — — - Fit INDEN E thickness
O Benchmark reference E [em]
¢ ENDF/B-VII.1 E
400 4 HEU-METFAST.084  hmf084-019  Comet-Fe 127
¥ ENDF/B-VIII.O E PU-MET-FAST-025 pmf025 pmf025 1.55
= 300 O INDEN © 3 HEU-MET-FAST-084  hmf084-007  Comet-Fe 2.54
8_ E ; HEU-MET-FAST-013  hmf013 VNIITF-CTF-SS-13 3.65
-~ E _— E PU-MET-FAST-032 pmf032 pmf032 449
a ; - "': - ; HEU-MET-FAST-021 ~ hmf021 VNIITF-CTF-§S-21 9.70
ﬁiJ E Y _ — -~ - - - -7 3 PU-MET-FAST-026 pmf026 pmf026 1.9
N E == T 0T _g PU-MET-FAST-028 pmf028 pmf028 19.7
© E B 3 PU-MET-FAST-015 pmf015s BR-1-3 28.1
- : . - 2
& 13
E & E
-300E s i
-400 E_ E
= L L 1.1 1.1 I L b 1L 1 i 1 1.1 I L1 1 1 1 1 1.1 I L 1 1 1 1 1 1.1 I L 1 1 1 1 1 1.1 I L1 1 1 i F
5 10 15 20 25
REFLTHC (cm)
A. Trkov et al, EPJ Web of Conferences 284, 12002 (2023)
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heu-met-fast-043 (steel reflector)

heu-met-fast-043: Steel reflector top and bottom

1.01
Benchmark uncertainty
—— ENDF/B-VIII.O
JEF-2.2
JEFF-3.3
1.005 | JEFF-4t1 1
—a— JEFF-4t2 (INDEN Fe eval)
Q 1+ W l‘; ]
O (&)
0.995 + .
1 cm steel 2 cm steel 4 cm steel 10 cm steel 20 cm steel
0.99

Courtesy of S. Vandermarck, @ JEFF meeting 24-27 April 2023
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The Pool Critical Assembly (PCA) Pressure Vessel Simulator experiment was
performed in the early 1980s as part of the NRC’s LWR Pressure Vessel

Surveillance Dosimetry Improvement Program (LWR-PV-SDIP)

Benchmark was recently re-analyzed with exact geometry by Dr. Kulesza

(LANL/X-5), and MCNP inputs were published and available for use:
— NUCLEAR TECHNOLOGY - VOLUME 197 - 284-295 - MARCH 2017
— Paper: https://doi.org/10.1080/00295450.2016.1273711

— MCNP Inputs: https://dol.org/10.2172/1601379

Pool Critical Assembly Benchmarking

 C/E Results (E‘NDF/B-VIII.1b1):
— MC uncertainty ~= 1%

al27a
0.97
1.02
1.05
1.03
1.03
1.04

avg 1.02
std dev 2.8%

Presented by Greg Fischer, Westinghouse @ miniCSWEG April 2023

ni48p
0.96
0.98
1.01
0.96
0.96
1.02

0.98
2.9%

rh103n
1.04
1.08
1.07
1.00
0.95
0.93
0.96
1.01
6.4%

mllsn

1.00
1.01
1.06
1.01
1.00
1.03
0.99
1.01

2.1%

Depends on U-235, water & SS

u238f

0.98
0.98
0.98
0.99
0.98
0.1%

np237f

1.03
1.05
1.03
1.13
1.06
1.0%

avg
0.99
1.02
1.05
1.00
0.99
1.00
1.02
1.01

std dev
3.9%
4.3%
2.5%
2.7%
4.0%
4.1%
7.6%

4.2%
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INDEN updated “structural” evaluations:
see nds.1aca.org/INDEN/ - Validation

v" Fe isotopes (IAEA/JSI), fe57e80m, fe56e80X29r41, fe54e800
v' Crisotopes, BNL/ORNL/IAEA/JSI/CEA, v2.3.2

ThiS enel'gy I'egion ALARM-CF-STAINLESS-STEEL-321-SHIELD-001
0% A "\\ sensitive to NiS8(n,p) e : 2 S : -
/i 't
i
10%
o
i 0%
g b
-10% :
P L .
= . Figure 4. Photo of Stainless steel Block with Shielding Cone and Stilbene Detector.
-20% —enpF/e-vi.o - B-VIILO iron:
JEFF-3.3 ——JENDL-4 _20% leakage
20% —15 unc. — |JENDL-5 SS t 1 k
g ) ) . . . ncutron 1€akage

sy (e (Rez, CZ, 11/2021)

Fig. 12. C/E-1 for different stainless steel neutron transport libraries. One
sigma uncertainty is displayed as a bold black curve.

M. Schulc et al, Ann. Nucl. En. 179 (2022) 109433
https://nds.iaea.org/INDEN/data/ALARM-CF-steel SHIELD-001-final.pdf
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INDEN updated Fe evaluations:
see nds.1aca.org/INDEN/ - Validation

v' Fe isotopes (IAEA/JSI), fe54e800, fe56e80X29r41, fe54e800
v" Crisotopes, BNL/ORNL/IAEA/JSI/CEA, v2.3.2

. . ENDE/B- . ENDF/B- CENDL- .
Reaction Position VIILO JEFF-3.3 INDEN VILL TUne.
Jcom 4. 2% -3.5% 4 2% 34% -11.0% 3.1%
. 10 cm 1.9%; -4 7% -5.8% 24% -13.5% 3.2%
BT Au(n,g)**An X B
15 cm 0.0% -8.0% -3.5% 1.5% -14.3% 3.2%
!_——ﬂﬁm-'ﬂﬂ?--lﬁfﬁ—_?ﬁuo 1{1'3'{: -13;3% 33:;-
- 10 cm -9.4% 0.8% -2.8% 4 1.7% 3.8%
*Ni(n,p)yiCo 15em  -10.0% 5.3% 0.1% -0 2%) a.5% 4 1%
'y Wem  -13.7% 5.1% 0.4% M 4 4% 4 2%
i e b i - E 38% -5.9% 3.8%
10 cm 2.5% -5.8% 52% 3.1% -10.2% 3.5%
81T 3(n,g)52Ta )
15em -0.3% -4 8% -8.6% -0.6% -11.1% 3.5%
20 cm 1.4% -2.0% 4.1% 4. 7% S54% 4054
37 Anin,2n) " An Scm 0.7% 2.5% 2.4% 2.1% 1.9% F4%
*Nhin,2n)*=Nb 10 cm -9.1% -8.1% 5.8% -5.9% -5.5% 4.1%

ALARM-CF-STAINLESS-STEEL-321-SHIELD-001

Figure 4. Photo of Stainless steel Block with Shielding Cone an

d Stilbene Detector.

Stainless steel, neutron leakage (Rez, CZ, 2021/2022)
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RPI quasi-diff. test on Natural Iron

Additional iron data, poor JEFF performance below 1 MeV,
INDEN (B8&1beta2) 1s good

Iron

Energy [MeV]
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RPI quasi-diff. test on Natural Iron

Additional iron data, poor JEFF performance below 1 MeV,
INDEN (B8&1beta2) 1s good
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jetdoc-2269: T.

PPl Objective: stainless steel nuclear data
Provide new constraints in the Me\-range
and above far stainlese steel g Iea data Callasaralion
» Fiasion: heavy W) between CEA & EPF
Ft\ur 14 Mt r
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PETALE: Fe reflector (preliminary)
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Conclusions - Fe

v' INDEN files show very good performance in PETALE, leakage & criticality
v Fe-54 inelastic may be improved.
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INDEN Cu evaluation

Fast evaluation patched, a new evaluation highly desirable
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232Cf(sf) neutron leakage of a Cu cube
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Cu: Differential total cross-section data
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RPI quasi-differential experiment (2021)
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RPI quasi-differential experiment (2021)
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RPI quasi-differential experiment (2021)
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Differential XS total cross section data
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Cu: Differential elastic cross-section data
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63Cu(n,el) mubar
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Differential XS angular distributions
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Differential XS angular distributions
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Differential XS angular distributions
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Differential XS angular distributions
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Differential XS angular distributions
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Differential XS angular distributions
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Differential XS angular distributions
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de/d0 (bh/sr)

Differential XS angular distributions
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Differential XS angular distributions
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Differential XS angular distributions
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leferentlal XS angular distributions
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Differential XS angular distributions
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Differential XS angular distributions
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Differential XS angular distributions
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Differential XS angular distributions
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Differential XS angular distributions
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Capture on Cu-63: New exp. data
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Alpha emission from Cu-63: IRDFF-II
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B8 disagrees with (n,a) — probably a model calc.
INDEN adopted the IRDFF-II evaluation (GLSQ fit)
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INDEN updated “structural” evaluations:
see nds.1aca.org/INDEN/ - Validation

v' Cuisotopes, ORNL/IAEA/JSI (in progress)
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RPI quasi-differential experiment (2021)
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RPI quasi-differential experiment (2021)
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INDEN Cu evaluation: crit. benchmarks
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INDEN Cu evaluation: Zeus benchmarks
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Conclusions - Cu

v INDEN file that combines ENDF/B-VIIL.0 evaluation below 4 MeV and JENDL-4
evaluation above performs well both in shielding and criticality experiments.

v’ matCy(nel) angular distributions reviewed vs existing experimentaldata from 600 keV
up to 1S MeV:

=  ENDF/B-V evaluationfitted to data and shows an excellent agreement below4 MeV

= JENDL-4shows good agreementabove4 MeV, but overestimates the data below4 MeV (this probably
explains the overestimation ofleakage in the Rez benchmark)

* Popovdatashould be used below300 keV
Actions:

> Replace angular distributions in the INDEN file by ENDF/B-V (equal to Cu-63,65)
below 4 MeV

»> Improve totalbelow 4 MeV, spectra and DDXS above S MeV (adopt from JENDL)
» Checkimpact on RPI quasi-differential benchmark

Expectations:

» New evaluation in the fast neutron region desirable.

» Important to preserve/improve the achieved criticality performance of ENDF/B-
VIIIL.0 (JENDL-4)

» Important to achieve good fusion performance
» JENDL has a good balance,can we improve it?
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9F: Teflon moderated Curie benchmarks

Teflon-moderated benchmarks
Integral Parameter Intercomparison

T ST —B8.180

sameor e | [INDEN27m — B8.130.2 ]

/| 2¢ameo: | (changed F-19 and Fe-56) -

‘E. : ® 8 CURIE-05 X . © - 05

I S TCu updated, F-19 = B8

g 15/ Curie benchmarks highly
: SR S SR sensitive to Cu and F-19 !!

LA~ R ST AP -

5
BeachneriCurie benchmarks

Integral data hints at F-19 data problems
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DF: EXFOR retrieval and data selection
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Morgan 76 data adopted << Broder data
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Issues in °F(n,el) AD below 1 MeV
at forward angles
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INDEN F-19 evaluation (f1 9e80_7zt9)
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INDEN F-19 evaluation (f19e80_zt9)
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Check updated INDEN F-19 evaluation
f19e80_ zt9 vs 19350 _2zg
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INDEN F-19 evaluation (f19e80_zt9)
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PF: FLINA 2015 Rez experiment (HFD)
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RPI quasi-diff. test on Teflon

PRELIMINARY - Teflon High Energy Scattering at 30.5m
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RPI quasi-diff. test on Teflon

PRELIMINARY - Teflon High Energy Scattering at 30.5m
Incident Neutron Energy [MeV]
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19F: Teflon moderated Curie benchmarks

Teflon-moderated benchmarks
lntegral Parameter Intercomparison
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Curie is in the latest ICBESP
See also LCT033 (UF4 with paraffin) performance shown by S. Vandermarck
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19F: Teflon moderated Curie benchmarks

Teflon-moderated benchmarks

lntegral Parameter Intm'oonparison
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leu-comp-therm-033: UF, with paraffin
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Conclusions — F-19

v A new full evaluation using Morgan/Dickens data and Elwyn DA data needed
v" Patched ENDF/B-VIIL.0 (INDEN) dramatically improved the performance
v" RPI quasi-differential data show deficiencies of some resonances
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Summary and Conclusions

INDEN collaboration is addressing data issues with the following strategy:

v
v

v

Identify data problems through integral validation and feedback
Identify underlying data issues in differential data evaluation (sensit)

Assess available experimental differential data to find alternative solutions
to improve integral benchmarks

Update selected experimental data to the latest standards/references
A GLSQ fit of available comprehensive datasets is the preferred solution
If model is available, use model including correlations as prior

“It doesn't matter how beautiful your theory is,
it doesn't matter how smart you are.
If it doesn't agree with experiment, it's wrong.”

Richard Philips Feynman, Nobel Prize in Physics 1965
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