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1. Introduction 

The estimation of nuclear heating and material damage is one of the key nuclear analyses in nuclear 

reactor designs. Most nuclear reactor designers calculate the nuclear heating and material damage for 

their reactor designs by using the radiation transport code MCNP and ACE files. The ACE files are 

processed from a nuclear data library mostly with the NJOY code and include average heating 

numbers, which are KERMA (Kinetic Energy Release in MAterial) factors divided by total cross-

section data, and damage energy production data related to DPA cross-sections.  

KERMA factors can be calculated with two methods in NJOY. One is the “energy-balance method” 

and the other is the “kinematics method”. NJOY stores only the energy-balance KERMA factors to 

ACE files. It is known that KERMA factors of a lot of nuclei in the official ACE files are not always 

correct because of inconsistent energy-balance. In order to avoid this problem, not energy-balance 
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KERMA factors but kinematics KERMA factors are stored for nuclei of inconsistent energy-balance 

in the official ACE file of JENDL-4.0 and for all the nuclei in the official ACE file of FENDL-3.1b 

(the latest FENDL-3), by modifying the NJOY code. 

It is known that KERMA and DPA data are different among JENDL-4.0, ENDF/B-VII.1, JEFF-3.2 

and FENDL-3.1b even for nuclei with consistent energy-balance. Thus we compare KERMA factors 

or DPA cross-section data below 20 MeV in all the latest official ACE files calculated with NJOY 

from JENDL-4.0, ENDF/B-VII.1, JEFF-3.2 and FENDL-3.1b and try to specify reasons for 

differences of the KERMA or DPA data among the nuclear data libraries.  

2. Method 

For all the nuclei (497 nuclei) included in JENDL-4.0, ENDF/B-VII.1, JEFF-3.2 and FENDL-3.1b, we 

extracted the total cross-section data, average heating numbers and damage energy production data 

below 20 MeV from the latest official ACE files, converted the average heating numbers to KERMA 

(KERMA = average heating number x total cross-section) and the damage energy production data to 

DPA cross-section data and plotted the KERMA and DPA data for comparison: 

 JENDL-4.0 : AceLibJ40 by JAEA (NJOY99.336+JAEA patch); 

 ENDF/B-VII.1 : MCNP data by LANL (NJOY99.393); 

 JEFF-3.2 : ACE file by OECD/NEA (NJOY99.393+ NEA patch); 

 FENDL-3.1b : ACE file by IAEA (NJOY2012+IAEA patch). 

Note that not an energy-balance KERMA but a kinematics KERMA is stored for nuclei of inconsistent 

energy-balance in the official ACE file of JENDL-4.0 and for all the nuclei in the official ACE file of 

FENDL-3.1b. We also extracted other cross-section data below 20 MeV, i.e., helium production cross-

section data, from the ACE files and plotted them in order to investigate reasons for differences among 

KERMA or DPA data in the official ACE files. KERMA and DPA data were also calculated with the 

PHITS code (kinematics method) from reaction cross-section data in the ACE files in order to check if 

NJOY produces them adequately. 

3. Results and discussion 

The KERMA and DPA data of a lot of nuclei are different among JENDL-4.0, ENDF/B-VII.1, JEFF-

3.2 and FENDL-3.1b. Reasons of almost all the differences in the KERMA or DPA data are 

successfully categorized as the followings. Note that this study is in progress. 

1) Nuclear data 

 Inconsistent energy-balance  Wrong energy-balance KERMA  

 No secondary gamma data,  mf12-15 mt3 data, etc. 

 Cross-section difference of elastic scattering, helium production, fission, capture 

reactions, etc.  Wrong KERMA and DPA  

 Wrong Q value  Wrong KERMA and DPA  

 No secondary charged particle data  Wrong DPA 

2) NJOY bug or unsupported issues 

 1
H problem (fixed in NJOY2012.43)  Wrong KERMA and DPA  

 No secondary charged particle data  Wrong kinematics KERMA factors  

 No secondary gamma data  Wrong kinematics KERMA and DPA 

 mf12-15 mt3 data  Wrong kinematics KERMA and DPA 

 mf6 mt102 data (also wrong secondary gamma spectra)  Wrong KERMA and DPA 

3.1 Nuclear data issues 

A lot of nuclei in ENDF/B-VII.1 and JEFF-3.2 have no secondary gamma data. Then energy-balance 

KERMA factors in the ACE files are not correct as shown in Fig. 1 (JEFF-3.2 is not correct because of 

no secondary gamma data).  
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JENDL-4.0 has a lot of nuclei with mf12-15 mt3 data, where it is difficult to keep energy-balance. 

Thus energy-balance KERMA factors are not correct. Fig. 2 is an example of this problem (energy-

balance KERMA is not correct).  

  

Fig. 1.  KERMA factor of 
23

Na. Fig. 2.  KERMA factor of 
110

Cd. 

 

In some nuclei cross-section data of the elastic scattering, capture, helium production, fission 

reactions, etc. are different among the nuclear data libraries. Then KERMA and DPA data are also 

different. The typical example is shown in Fig. 3, where the difference of the DPA data comes from 

the difference of the helium production cross-section data shown in Fig. 4. 

  

Fig. 3.  DPA cross-section of 
32

S. Fig. 4.  Helium production cross-section of 
32

S. 

 

  

Fig. 5.  KERMA factor of 
152

Gd. Fig. 6.   DPA cross-section of 
6
Li. 
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A Q value of the (n,α) reaction is wrong (Q value = 0.0 MeV) in several nuclei of ENDF/B-VII.1 and 

JEFF-3.2. This causes incorrect KERMA and DPA data as shown in Fig. 5 (ENDF/B-VII.1 and JEFF-

3.2 in Fig. 5 are not correct.).  

Non-existent secondary charged particle data cause smaller DPA data as shown in Fig. 6 (JENDL-4.0 

in Fig. 6 is not correct.). This does not affect KERMA factors. 

3.2 NJOY issues 

NJOY had a bug in processing the mf6 mt102 data of 
1
H in ENDF/B-VII.1 up to NJOY2012.43 as 

shown in Fig. 7 (ENDF/B-VII.1 and JEFF-3.2 in Fig. 7 are not correct.). JAEA corrected this bug for 

the ACE file of JENDL-4.0 unofficially. The ACE file of FENDL-3.1b has no problem because it was 

processed with NJOY2012.50. It is recommended that the ACE files of 
1
H in ENDF/B-VII.1 and 

JEFF-3.2 should be revised with NJOY2012.50.  

The KERMA factors of a lot of nuclei with inconsistent energy-balance in the JENDL-4.0 ACE file 

are already replaced with the kinematics KERMA factors, but it is found out that this is not always 

correct for nuclei without secondary charged particle data. Figure 8 shows an example of this issue 

(kinematic KERMA in Fig. 8 is not correct.). It seems that this is also a defect of NJOY. 

Kinematic KERMA and DPA data are not correct in the case of nuclei without secondary gamma data 

(JENDL-4.0 in Fig. 9 is not correct.).  Probably this is also due to a NJOY defect. 

JENDL-4.0 adopted mt12-15 mt3 data including the capture reaction for a lot of nuclei, where the 

kinematics KERMA and DPA data have the same problem as that in nuclei without secondary gamma 

data (JENDL-4.0 and FENDL-3.1b in Fig. 10 are not correct. The difference between ENDF/B-VII.1 

and JEFF-3.2 comes from the difference of the capture reaction cross-section data). It seems that 

NJOY cannot treat mt12-15 mt3 data adequately. 

KERMA and DPA data of nuclei with gamma data of the capture reaction in mf6 are different from 

those of nuclei with gamma data of the capture reaction in mf12-15 (only JENDL-4.0 in Fig. 11 is 

correct.). NJOY outputs the following message only in the former case. It seems that NJOY cannot 

also treat mf6 mt102 data adequately: 

               “mf6, mt102 does not give recoil  za=xxxx  

                                   photon momentum recoil used.”  

Additionally I compare the KERMA and DPA data of 
56

Fe including TENDL-2015 in Fig. 12. The 

secondary gamma data of the capture reaction in 
56

Fe of JEFF-3.2 and TENDL-2015 are in mf6 

mt102. Thus these KERMA and DPA data are not correct, but why are they different? It was found out 

that the secondary gamma data are very different, which causes the differences between the KERMA 

or DPA data of 
56

Fe in JEFF-3.2 and TENDL-2015. This difference is one of nuclear data issues, not 

NJOY issues. 

 
 

Fig. 7.  KERMA factor of 
1
H. Fig. 8.  KERMA factor of 

56
Fe in JENDL-4.0. 
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Fig. 9.  DPA cross-section of 
37

Cl. Fig. 10.  KERMA factor of 
92

Mo. 

 

  

Fig. 11.  KERMA factor of 
55

Mn. Fig. 12.  KERMA factor of 
56

Fe. 

 

4. Summary 

KERMA factors and DPA cross-section data below 20 MeV in the official ACE files of JENDL-4.0, 

ENDF/B-VII.1, JEFF-3.2 and FENDL-3.1b were compared in detail. As a result, it was found out that 

the KERMA and DPA data of a lot of nuclei were different among the nuclear data libraries. Reasons 

of most of the differences were successfully categorized to the nuclear data and NJOY issues. The 

KERMA factors and DPA cross-section data in the ACE files with the problems should be revised. 

  


