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Abstract 

A sensitivity study on a set of evaluated criticality benchmarks with two versions 
of the JEFF nuclear data library, namely JEFF-3.1.2 and JEFF-3.2T, and ENDF/B-VII.1 
was performed using MNCP(X) 2.6.0. As these benchmarks serve to estimate the 
upper safety limit for criticality risk analysis at SCKCEN the sensitivity of their 
results to nuclear data is an important parameter to asses. Several nuclides were 
identified as being responsible for an evident change in the effective multiplication 
factor keff: 235U, 239Pu, 240Pu, 54Fe, 56Fe, 57Fe and 208Pb. A high sensitivity was found to 
the fission cross-section of all the fissile material in the study. Additionally, a 
smaller sensitivity to inelastic and capture cross-section of 235U and 240Pu was also 
found. Sensitivity to the scattering law for non-fissile material was postulated. 
The biggest change in the keff due to non-fissile material was due to 208Pb evaluation 
(700 pcm), followed by 56Fe (360 pcm) for both versions of the JEFF library. Changes 
due to 235U (300 pcm) and Pu isotopes (±120 pcm for 239Pu and ±80 pcm for 240Pu) 
were found only with JEFF-3.1.2. 238U was found to have no effect on the keff. 
Significant improvements were identified between the two versions of the  
JEFF library. No further differences were found between the JEFF-3.2T and the 
ENDF/B-VII.1 calculations involving 235U or Pu. 

Introduction 

SCKCEN is performing criticality safety studies for its internal and external partners. 
To perform the technical assessments requested for the different studies, SCKCEN is using 
validated computational tools and nuclear data libraries such as MCNP(X) calculations 
and JEFF and ENDF data libraries. In this work, several criticality experiments benchmarks 
which were deemed representative of the work carried out at SCKCEN in terms of neutron 
spectra and material used were selected and the related calculations were run using 
various nuclear data libraries. The results were then analysed to assess the sensitivity of 
their results to nuclear data, which is an important parameter to establish as these 
benchmarks are used to estimate the upper safety limit for criticality risk analysis. 

Methodology used for the benchmark calculations 

Experiments were selected in OECD/NEA (2010) so as to cover a broad range of 
experimental configurations with highly-enriched uranium (HEU) and plutonium as 
fissile materials, both in oxide and metallic form. Reflectors included steel, water, lead 
and organics compounds. A comprehensive list of the selected experiments is given in 
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Appendix 1. A strong emphasis was put on the fast neutron spectrum. The input file for 
each selected experiment was taken from OECD/NEA (2010) and modified to make use of 
the nuclear data libraries used for this work, namely: JEFF-3.1.2 (Santamarina, et al., 2009), 
JEFF-3.2T (Stankovsky, n.d.) and ENDF/B-VII.1 (Chadwick, M.B., et al., 2011). Each calculation 
was run with 350 cycles of 10 000 particles, 50 of which were skipped before beginning 
tally accumulation. For the reaction rates tallies, 550 cycles of 300 000 particles were done, 
50 of which being skipped. 

The effective multiplication factor for each of the experiments was computed using 
MCNP(X) 2.6.0 (Pelowitz, et al., 2008) and each of the aforementioned nuclear data libraries. 
The keff was then compared to the benchmark value provided in OECD/NEA (2010). If the 
calculated values were too different from the benchmark value, typically more than 
500 pcm, the experiment was not used for the sensitivity analysis. If not, the calculation 
was run again after replacing the cross-section data of a given element from the ENDF file 
by the one from another library and leaving all the other cross-sections unchanged. This 
allowed us to know the total effect of the difference in the evaluation of the cross-section 
of this element between the libraries. This was done for the main elements present in the 
experimental set-up, mainly the fissile isotopes and the reflector/moderator material. 

Once the elements responsible for the difference in the calculated values were 
identified, the calculations were run again after replacing the cross-section data of a 
single isotope from the previously identified elements from the ENDF file by the one from 
another library. This allowed us to ascertain the precise effect due to the evaluation of a 
given isotope. For the evaluated nuclei triggering a change greater than 80 pcm, the 
calculations were run again while tallying reaction rates for fission, capture, elastic and 
inelastic scattering. Using the neutron flux, the different microscopic cross-sections were 
then computed and compared. Physical hypotheses on the reason why the calculated 
values were different were then made according to the differences observed between the 
cross-sections. Finally, these hypotheses were tried using the perturbation tool provided 
in MNCP-2.6.0. These comparisons were made between all of the three nuclear data 
libraries used. 

Results 

Uranium-235 

At thermal energies, there were no differences between the results from the various 
calculations. For fast neutrons, 235U was responsible for an increase of 350 pcm on average 
to the calculated value obtained using JEFF-3.1.2 compared to the value obtained using 
ENDF/B-VII.1, as is shown in Figure 1. This is not true for Experiments 4 and 5 because of 
the presence of additional material such as lead or iron which also have an effect on the 
keff. No significant differences were found between the results of ENDF and JEFF-3.2T, 
which is consistent with the re-evaluation of the 235U fission cross-section in JEFF-3.2T 
compared to the previous version. On average, the JEFF-3.2T value was 250 pcm higher 
than the JEFF-3.1.2 value. This is consistent with the fact that the 235U evaluation has been 
changed in the new JEFF-3.2T version. 

Using the tallied cross-sections, it was possible to discern that there was a high 
dependency to the fission cross-section of 235U and to its inelastic scattering cross-section, 
both in the fission neutron energy range. Between 1 and 11 MeV, a 2% increase of the 
JEFF-3.1.2 fission cross-section led to a change of +674 pcm in the keff, while a decrease of 
5% in the inelastic scattering cross-section led to a decrease of 330 pcm in the keff. 

Plutonium-239 & -241 

Only experiments with plutonium and fast neutrons were used. 239Pu and 240Pu were 
found to trigger changes in the calculated values. 239Pu led to an increase of 120 pcm on 
average for the ENDF value with regard to the JEFF-3.1.2 value. 240Pu was similarly  
 



GENERAL INTEREST – PART 3 

NEMEA-7/CIELO WORKSHOP PROCEEDINGS, © OECD 2014 299 

Figure 1: Difference in keff between ENDF with 235U vs. from JEFF-3.1.2 and ENDF only 

 

responsible for a decrease of 80 pcm on average. However, for JEFF-3.2T, no clear pattern 
could have been found between the results obtained with this library and the two others. 
This is consistent with the fact that the data for plutonium have been re-evaluated in the 
new version of the JEFF library. The specific reaction cross-section responsible for the 
change seems to be the fission cross-section for 239Pu, a change of 1% in this cross-section 
at fission neutron energies being responsible for a change of 116 pcm in the keff. For 240Pu, 
the fission cross-section between 100 keV and 1 MeV is one and a half smaller in 
JEFF-3.1.2 than in ENDF, leading to an approximate change of -174 pcm in the effective 
multiplication factor. Additionally, capture cross-section evaluations seem to have a 
smaller effect for these two nuclei but this cannot be confirmed as the MCNP perturbation 
tool is not reliable for changes of more than 20-30% in the cross-section. 

Figure 2: Keff for different nuclear data libraries  
and plutonium experiments with fast spectrum 
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Fe-54, -56, -57 

Only experiments with iron and fast neutron spectrum were used. The three most 
common isotopes from iron, namely 54Fe, 56Fe and 57Fe were found to cause differences 
between the calculated values. Overall, the sum of these differences tends not to be 
significant. 54Fe caused a decrease of 80 pcm of either the JEFF-3.1.2 or JEFF-3.2T value 
compared to ENDF/B-VII.1. 56Fe similarly caused an increase of 360 pcm and 57Fe a 
decrease of 180 pcm on average, as shown in Figure 3. The similarity in results between 
the two versions of the JEFF library is consistent with the fact that the iron data have not 
been re-evaluated in JEFF-3.2T. 

Using the tallied cross-section and MCNP perturbation tool, no explanation could have 
been found for the reason of the change. However, for iron, only the capture and scattering 
interactions matters, and the MCNP tool only modifies the scattering cross-section but 
not the scattering law. Hence, the most probable hypothesis is that there is a strong 
sensitivity to the scattering law, either inelastic or elastic. However, it is not possible to 
clearly determine which one is responsible for the change. 

Figure 3: Keff to sensitivity to iron isotopes 

 

Lead-208 

Only experiments with lead and fast neutron spectrum were used. Only the 208Pb 
isotope of lead was found to cause important differences between the calculated values, 
as is shown in Table 1. Yet, it accounted for changes up to 1 000 pcm between the  
 

Table 1: Comparative effect of each lead isotope on the keff 

All changes in pcm HMF-27 PMF-35 HMF-64.1 HMF-64.2 HMF-64.3 

Difference JEFF-ENDF 158 600 0 584 659 0 557 

Change due to 204Pb 000 000 0 000 000 00 13 

Change due to 206Pb 027 033 0 057 079 00 64 

Change due to 207Pb 070 039 0 064 067 0 032 

Change due to 208Pb 417 713 0 998 996 0 980 

Overall change due to Pb 418 723 1 001 978 1 017 
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ENDF/B-VII.1 calculations and the JEFF-3.1.2 calculations with an average of 700 pcm, as is 
shown in Figure 4. This difference is slightly smaller for JEFF-3.2T, with an average of 
520 pcm. Although the various nuclear data library cross-section evaluations presented 
some differences, no explanation could have been found using the perturbation tool from 
MNCP(X), as was the case for iron. The same explanation than before is then postulated. 
This is consistent with results obtained by Iwamoto (2013), which showed a high 
sensitivity to the scattering angle cosine mean value of 208Pb for the VENUS-F core. 

Figure 4: Keff for different nuclear data libraries  
and lead experiments with fast spectrum 

 

Summary and conclusion 

A sensitivity analysis was carried out on several criticality safety benchmark 
experiments using MCNP(X)-2.6.0 and three nuclear data libraries: ENDF/B-VII.1, JEFF-3.1.2 
and JEFF3.2T. Several sensitivities were found, mostly to the fission cross-sections for 
fissile material, namely 235U, 239Pu and 240Pu. Additional effects were seen due to capture 
cross-sections of these nuclides. For non-fissile nuclides, important differences between 
the various calculations were found to be caused by the different data of lead and iron, 
with lead being responsible for the biggest change between two calculations, around 
700 pcm between the ENDF results and the JEFF-3.1.2 result on the average. No explanation 
could have been found for this difference, but it is postulated that there is an important 
sensitivity to the mean value of the scattering angle cosine of neutrons on lead and iron. 
Additional research on this topic may be interesting to see if this hypothesis can be 
confirmed. 
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