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Criticality benchmarks
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TABLE XII. Criticality benchmarks used to validate iron eval-
uations. Note that the tree-letter abbreviation is being used
to denote a benchmark in plots, e.g. hmf-013 for HEU-MET-
FAST-013.

ICSBEP name Common name
1 HEU-MET-FAST-013 VNIITF-CTF-SS-13
2 HEU-MET-FAST-021 VNIITF-CTF-SS-21
3 HEU-MET-FAST-024 VNIITF-CTF-SS-24
4 HEU-MET-FAST-087 VNIITF-CTF-Fe
5 HEU-MET-FAST-088 hmf088-1
6 HEU-MET-FAST-088 hmf088-2
7 HEU-MET-INTER-001 ZPR-9/34
8 HEU-MET-THERM-013 hmt013-2
9 HEU-MET-THERM-015 hmt015

10 IEU-MET-FAST-005 VNIITF-CTF-SS-5
11 IEU-MET-FAST-006 VNIITF-CTF-SS-6
12 LEU-COMP-THERM-042 lct042-1
13 LEU-COMP-THERM-042 lct042-2
14 LEU-COMP-THERM-043 IPEN/MB-01
15 LEU-MET-THERM-015 lmt015
16 MIX-COMP-FAST-001 ZPR-6/7
17 MIX-COMP-FAST-005 ZPR-9/31
18 MIX-COMP-FAST-006 ZPPR-2
19 PU-MET-FAST-015 BR-1-3
20 PU-MET-FAST-025 pmf025
21 PU-MET-FAST-026 pmf026
22 PU-MET-FAST-028 pmf028
23 PU-MET-FAST-032 pmf032
24 PU-MET-INTER-002 ZPR-6/10

pmf028, pmf032). The metallic-plutonium fast bench-
mark pmi002 (the last on the plot) is a notorious outlier
which is overcalculated by all libraries. In this case, how-
ever, the new evaluation does better then the other three.
For the remaining benchmarks JEFF-3.2 and JENDL-4.0
are remarkably close to ENDF/B-VII.1. It is interesting
that the two thermal benchmarks (hmt013-2, hmt015)
are strongly over-predicted (about 1000 and 800 pcm re-
spectively) by all of the tested libraries. Even more in-
triguing is the fact that all four libraries agree on these
two cases. On the other hand, the remaining four thermal
benchmarks (lct042-1, lct042-1, lct043-2, lmt015) calcu-
late within experimental uncertainty with the three li-
braries while ENDF/B-VIII.0 calculates a bit lower so
that the first two points fall outside the uncertainty range.
The hmi01, a relatively complex zero power reactor, that
is calculated with a very simplified model, is a special
case. This experiment, designed specifically to test iron
evaluation, would be overcalculated by about 1500 pcm
if the ad hoc capture background were not introduced in
the range of 10-100 keV in the new 56Fe evaluation.

Fig. 33 allows looking at the validation results from
a di↵erent perspective. The di↵erence between the red
line and the teal line represents the net e↵ect of the new
iron evaluations since e↵ects coming from other changes
in the library were eliminated. Analyzing this di↵erences
one observes that the first seven points (all hmf’s and
hmi01) changed in the right direction. Similarly, all pmf’s
at the end of the plot calculated higher, improving agree-
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FIG. 32. (Color online) Results of the validation of ENDF/B-
VIII.0 in criticality benchmarks sensitive to iron. Results for
ENDF/B-VII.1 and JENDL-4.0 are included for comparison.
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FIG. 33. (Color online) Validation of ENDF/B-VIII.0 in crit-
icality benchmarks. This plot allows for separating e↵ects on
the reactivities coming from the replacement of the ENDF/B-
VII.1 iron evaluation from the e↵ect introduced by the remain-
ing changes in the ENDF/B-VIII.0 library. The di↵erence be-
tween the red line and the teal line represents the e↵ect of the
new iron evaluations. The di↵erence between the green line
and the teal line represents the e↵ect of the remaining changes
in the ENDF/B-VIII.0 library.

ment with experimental data (except pmf028 which, how-
ever, still remains within the error band). The improve-
ment in the criticality for pmi002 (the last point) is also
due the new iron evaluation, although this is still not
enough to achieve agreement with the data. The reac-
tivity for mcf006-s went down improving the prediction.
For most of the remaining benchmarks the new iron eval-
uations have no e↵ect, with notable exception of mcf001
and mcf005-s which went considerably down resulting in
under-prediction of the criticality. These two are the only
iron sensitive benchmarks that were worsened by the new
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Selection guided by 
sensitivities in DICE 
(Trkov, Zerovnik) 
Energy 

16 fast 
6 thermal 
2 intermediate energy 

Material 
15 uranium 
6 plutonium 
3 mix



Critical assemblies
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Critical assemblies (cont.)
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Critical assemblies (cont.)

Compared to ENDF/B-VII.1 irons, the new iron 
evaluations coupled to the ENDF/B- VIII.0 
library: 

improve performance of 13 benchmarks  
maintain the performance for 8.  
worsen the agreement for 3 benchmarks 
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γ transmission 252Cf 
by S. Simakov
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γ-leakage between 1-4 MeV 
and over-calculates below  
1 MeV still better than VII.1 
major players: inelastic, 
capture, 252Cf source  

VIII.0 performs better than VII.1



n transmission T(d,n) 
by S. Simakov
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n transmission 252Cf 
by S. Simakov

60 cm iron sphere with 2 cm 
hole in the middle 
252Cf neutron source 
VIII.0 under-calculates 
leakage between 1-10 MeV  
 

VIII.0 performs worse than VII.1 
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n transmission 252Cf 
by S. Simakov

60 cm iron sphere with 2 cm 
hole in the middle 
252Cf neutron source 
VIII.0 under-calculates 
leakage between 1-10 MeV  
major player: elastic  
Beyond VIII.0 - CC elastic 
angular distributions above 
RR (change between 846 
keV and 4 MeV) - step in the 
right direction



Beyond VIII.0 - new 
measurements of 
elastic at GELINA & 
nELBE indicate that 
VIII.0 is too low =>  
inelastic is too high.
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(a) Comparison with the GELINA dataset.
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(b) Comparison with the nELBE dataset.

Figure 5.8: Cross section of neutron elastic scattering on natFe as a
function of the incident neutron energy: comparison with the CIELO
evaluation averaged according to the experimental energy resolu-
tion (“ENDF/B-VIII.b4 (avg)”). The deviation of the experimental data
from the evaluated cross section is given as the difference between
measurement and evaluation (me�s � e���) divided by the experi-
mental uncertainty (�).
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Overall, VIII.0 improves criticality results 
Gamma leakage from iron spheres gets better 
Neutron leakage from iron spheres  

results for the d-T source are improved 
results for the 252Cf source get worse  

Possible improvements 
elastic angular distributions 
elastic to inelastic ratio  
 

omnia mutantur, nihil interit 
(everything evolves, nothing is lost) 

omnia dicta fortiora si dicta Latina 
(everything is stronger if said in Latin)

Conclusions
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