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Uranium isotopes

 U-235, U-238 in FENDL are from ENDF/B-VII.1, extended to 

60 MeV from JENDL-HE

 Many improvements were made to the INDEN evaluations to 

improve the performance in criticality problems

 Unfortunately the new evaluations extend only up to 30 MeV.

 If the new evaluations are to be adopted, the exercise of 

extending them to 60 MeV would need to be repeated.
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Fe-56

 Currend FENDL evaluation is “fe56e80X29r48”, featuring 
RRR from INDEN, thermal capture from Firestone 
(unsupported by validation)

 Current INDEN version is “fe56e80X29r67”, featuring RRR 
from JEFF-3.3, angular distributions from measured data, 
fine-tuned capture background, thermal capture 
corrected (B81beta2 and JEFF-4T3 candidate)

 Excellent validation up to 20 MeV both at RPI and Rez

 Replacement would require several benchmark cases to be 
repeated

30.10.-

2.11.2023
FENDL Meeting



30.10.-

2.11.2023
FENDL Meeting



30.10.-

2.11.2023
FENDL Meeting

INDEN eval is a B81beta2 and JEFF-4T3 candidate

Total cross section follow high resolution Pandey data

Inelastic cross section was scaled down

Keeping the total cross section unchanged, negative 

elastic cross sections were eliminated

Key nELBE thick transmission experiment by Junghans, 

Beyer et al allowed identification of the long standing 

problem of the overestimation of the neutron leakage 

below 1 MeV        



Fe-57

 INDEN eval is a B81beta2 and JEFF-4T3 candidate

 Total cross sections follow high resolution Pandey data

 Inelastic cross section was scaled down

 Keeping the total cross section unchanged, negative 
elastic cross sections were eliminated

 Key nELBE thick transmission experiment by Junghans, 
Beyer et al allowed identification of the long standing 
problem of the overestimation of the neutron leakage 
below 1 MeV        
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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 
is 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).

 Very good agreement with n-
ELBE data was achieved.



Fe-57 evaluation does not describe Pandey 

(n,tot) data having fluctuations up to 7 barn
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Iron
 Measured in 2012. 

 Total quasi-differential, inelastic-to-elastic ratios, and elastic-only

 Results first presented in Dresden at WINS2014

13

 Additional iron data, poor JEFF performance below 1 MeV, INDEN (B81beta2 is good)
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Iron – Continued

 Additional iron data, poor JEFF performance below 1 MeV, INDEN (B81beta2 is good)
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Iron – Continued

15

 Isolate narrow time bin

approximating a

monoenergetic neutron beam

 Inelastic-to-elastic ratios
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Si-28,29,30

 Current FENDL evaluations are from ENDF/B-VII.1 
with extensions to 60 MeV from JENDL-4/HE

 Major re-evaluation of RRR for Si-28,29,30 
including direct capture component

 Evaluations extend to 150 MeV.

 Reaction (n,p) renormalized to IRDFF-II

 Some additional information on missing particle 
distributions was added for ENDF/B-VIII.1
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Mn-55

 Current evaluation from INDEN (2011)

 In the INDEN file major improvement to capture 

gamma production from EGAF was made

 Evaluation extends to 60 MeV, no impact on 

neutronics benchmarks
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Cr-50,52,53,54

 Current files are from INDEN (2020)

 Refinements to the RRR were made for all 

isotopes (version “v2.3.2”, 2021)

 Additional RRR refinement to Cr-52 (version 

2.3.4c, 2022), taking selected widths from 

BROND-3.1
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Cu-63,65

 Current FENDL evaluations are from ENDF/B-VII.1 with extensions to 60 MeV 
from JENDL-4/HE

 Cu-63 Version “ane6k09aRR”  is a new INDEN evaluation, RRR from 
IAEA/JSI/ORNL (updated capture), fast updated by IAEA/JSI

 Cu-65 Version “ane5k05” is a new INDEN evaluation with updated capture, 
fast region updated by IAEA/JSI.

 Reactions (n,p) and (n,a) are consistent with IRDFF-II

 The energy range extends to 150 MeV

 INDEN evaluation validated in Rez Cf-252(sf) neutron leakage experiment

 The new evaluations lead to significantly improved performance in criticality 
and leakage benchmarks.
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B-10,11

 Current B-10 evaluation is from LANL, 2017

 Current B-11 evaluation is from LANL, 1989

 INDEN recommendation for both isotopes is to use 

ENDF/B-VIII.0 with patches for consistency with 

IRDFF-II (= Standards)
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F-19

 Current file is a CNDC/ORNL evaluation from 2003.

 INDEN evaluation uses ENDF/B-VIII.0 as the basis to 
preserve the gamma emission and includes:

 Elwyn angular distributions

Morgan inelastic for the first two levels

 Huge impact on criticality benchmarks

 Validated by new RPI experiments

 Evaluation extends only up to 20 MeV
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Conclusions

 Several new evaluations are available

 Fe, Cr, Cu, F-19, Si show significant improvement in 
shielding and criticality

 Some of them might have a significant impact

 The need to redo benchmarks

 Some of them extend to 20 MeV only

 If adopted, (formal) extension to 60 MeV would be 
mandatory of older evaluation can remain above 20 
MeV (very scarce validation available)
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Summary

New evaluations to consider for FENDL-3.*

U-235 Improved performance for criticality, but limited to 30 MeV

U-238 Improved performance for criticality, but limited to 30 MeV

Fe-56 Several improvements (JEFF-3.3 RRR), requires re-running benchmarks

Fe-57 Versione80m --> e80o (reduced inelastic, non-negative elastic)

Si-28,29,30 RRR re-evaluation

Mn-55 Capture gamma from EGAF

Cr-50,52,53,54 Refined RRR, might require re-running benchmarks

Cu-63,65 Re-evaluated RRR, monitor xs IRDFF, might require re-running benchmarks

B-10,11 Consistency with Standards

F-19 Elwyn angular, distributions, Morgan inelastic (limited to 20 Mev)
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Additional general items to be discussed

 If ITER will be water-cooled, TSL should be included in FENDL (perhaps for 

other materials as well)

 How can we validate heating and radiation damage?

 Dpa depends on the processing options

 There is no consensus on the oxygen data yet; they impact many benchmarks

 Considering an extensive use of tungsten in ITER and other tokamaks, should 

we revisit the tungsten evaluations?
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