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1. Introduction 

The accuracy of radiation damage calculations for the most important LWR component, the reactor 

pressure vessel (RPV), directly linked with the RPV End-of-Life (EoL) prediction which is in its turn 

connected with fundamental nuclear safety aspects and relevant economic impacts. In this connection, 

for nearly ten years the ENEA-Bologna Nuclear Data Group conducts the nuclear data processing and 

validation activities addressed to update the specialized broad-group coupled neutron/photon working 

cross section libraries for shielding and radiation damage calculations through NJOY [1, 2] and 

Bologna revised version of SCAMPI [3, 4] data processing systems. 

A number of working group-wise data libraries has been prepared and transferred to the ENEA Data 

Bank for dissemination [5-11]. 

Several years ago the NRC ”Kurchatov Institute” has reset the GRUCON project, originally designed 

to provide group constants for fast nuclear reactor calculations [12], with aim to expand its application 

area and to use in the WWER safety tasks, in particular, in the RPV radiation damage analyses. By 

means of updated GRUCON and NJOY-99 processing codes, and calculation procedure, developed in 

the NDG of ENEA Bologna, a sample of kerma&damage energy point-wise data sub-libraries from 

different evaluated data libraries has been generated. On the base of this sample, the quantitative 

assessment of kerma/dpa data precision in the RPV calculations is obtained.  

2. Heating-damage cross sections sub-library  

For the WWER component radiation damage analyses, the specialized kerma&damage energy point-

wise cross sections for C, V, Cr, Mn, Fe, Ni, Zr and W from the ROSFOND evaluated data library 

have been generated through the GRUCON package (for cross sections linearization, reconstruction 

from resonance parameters and Doppler broadening) combined with the HEATR module of NJOY-99 

[2] (for kerma factors and damage energy calculations). Interface between the GRUCON and NJOY 

modules was implemented through the binary PENDF file. The data types, included to the heating-

damage sub-library, are given in the Table1:  

Table 1.  Heating/damage data types  

MT1 Total cross section(barn)      

MT301 Kerma total  (eV-barn)      

MT302 Kerma elastic            

MT303 Kerma non-elastic (all but MT2)   

MT304 Kerma inelastic (MT51-91 

MT318 Kerma fission (MT18 or MT19-20-21-38 

MT401 Kerma absorption (MT102-120) 

MT402 Kerma capture (MT102)     

MT442 Total photon energy (eV-barn)           

MT443 Total kinematic kerma (high limit) 

MT444 Damage energy total (eV-barn)   

MT445 Damage energy elastic (MT2)  

MT446 Damage energy inelastic (MT51-91 

MT447 Damage energy absorption (MT102 - 120) 
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The ROSFOND heating-damage sub-library is represented in the ENDF format that allows subsequent 

post-processing these data through GRUCON: group-averaging with self-shielding for different group 

structures and weighting functions, preparation of heating-damage numbers for compositions.   

3. Precision assessment procedure 

To assess the uncertainty of response function calculations from the ROSFOND heating-damage cross 

sections sub-library, the ENEA Bologna Nuclear Data Group experience of generation the VITAMIN-

B6/BUGLE-96 type working libraries has been taken into account. Procedures of  specialized libraries 

generation is described in details in the ORNL original report [13]. The carbon steel composition 

(Table 2) and neutron spectrum at the point ¼ T PV (Fig. 1), involved in the procedure, were used in 

assessment. 

Table 2. Carbon Steel composition [13]. 

Isotope 

Nuclear Density 

[nuclei/barn] [%] 

C-12 9.8100E-04 1.160 

Cr-50 5.5180E-06 0.007 

Cr-52 1.0640E-04 0.126 

Cr-53 1.2070E-05 0.014 

Cr-54 3.0040E-06 0.004 

Mn-55 1.1200E-03 1.324 

Fe-54 4.7500E-03 5.617 

Fe-56 7.5180E-02 88.899 

Fe-57 1.7200E-03 2.034 

Fe-58 2.4570E-04 0.291 

Ni-58 3.0310E-04 0.358 

Ni-60 1.1590E-04 0.137 

Ni-61 5.0170E-06 0.006 

Ni-62 1.5940E-05 0.019 

Ni-64 4.0400E-06 0.005 
 

 

Fig.1. Weighting functions used in the BUGLE-96 library 

generation procedure [9]. 

The kerma factors and damage energies, prepared from the ENDF/B-VII.1, JEFF-3.2, JENDL-4.0, 

CENDL-3.1 and TENDL-2015 data files, supplemented by CIELO evaluation of Fe-56, are shown in 

Fig. 2.  The essential differences among the heating and damage detailed data can be seen in Figure. 

The question is how they affect the integral values used in reactor applications, in particular, the RPV 

dpa calculation results.   

The differences in the total kerma and dpa values for carbon steel (CS) components, weighted with the 

¼T PV  neutron spectrum, are shown in Figs. 3 and 4.  

Here: 

 < 𝑥 >  =   
1

𝑁𝑙𝑖𝑏
 ∑ xi

𝑁𝑙𝑖𝑏
𝑖=1                        – kerma and dpa values, averaged over libraries sample, 

𝑠  =   √
1

𝑁𝑙𝑖𝑏−1
 ∑ (xi−< x >)2𝑁𝑙𝑖𝑏

𝑖=1
     – standard deviations, obtained on the libraries sample, 
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𝐸𝑝𝑠  =   3 ∑
sn

<xn>

𝑁𝑐𝑜𝑚𝑝

𝑛=1
                     – dispersions, summarized over material components. 

 

  

  

  

Fig. 2.  Kerma factors and damage energies calculated from ROSFOND-2010, ENDF/B-VII.1,  

JEFF-3.2, JENDL-4.0, CENDL-3.1, TENDL-2015 and CIELO (Fe-56) evaluated data. 
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Fig. 2. (cont.)  Kerma factors and damage energies calculated from ROSFOND-2010, ENDF/B-VII.1,  

JEFF-3.2, JENDL-4.0, CENDL-3.1, TENDL-2015 and CIELO (Fe-56) evaluated data. 

 

 

Fig. 3. Total kerma and dpa ratios to average values for carbon steel components. 

 



66 

 

 

Fig. 4.  Sample standard deviations and dispersion for carbon steel components. 

 

Conclusion 

Presently achieved precision of the WWER RPV heating and damage calculations on the base of 

ROSFOND evaluated data can be assessed as: 

     - dispersion (Eps) for Cross Section  Kerma ~ 6.9%, 

     - dispersion (Eps) for Cross Section  Dpa     ~ 3.4%. 

To decrease the data ambiguity and processing uncertainty, it should be desirable:  

- to separate the heating-damage cross-sections to a specialized sub-library with point-wise  

representation, 

- to implement to the GRUCON processing code an independent algorithm of  kerma/dpa 

calculations. 
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1. Introduction 

The DPA (Displacement Per Atom) of a reactor pressure vessel (RPV) has been issued for the 

extension of nuclear reactor operation. KAERI tried to assess dpa of structural material in KALIMER 

(Korea Advanced LIquid MEtal Reactor) under development. The dpa assessments of SS316, which is 

considered as a structural material of the KALIMER, were carried out with MCNP and SPECTER 

codes [1,2]. MCNP code has many advantages such as elimination of geometric approximation and 

avoiding of self-shielding effects of nuclear cross sections for nuclear applications. However, the 

results tallying with meaningful fractional standard deviation in small energy groups are very difficult 

for the large system analysis. The SPECTER code has been used for neutron damage calculations in 

irradiated materials. 

2. DPA assessments for a fast reactor 

To confirm and/or compare the dpa results of MCNP and SPECTER, preliminary calculations were 

performed for the simple spherical models. The differences between the dpa results of MCNP and 

SPECTER are not large considering the different damage cross section data and weighting function 

used in the energy group collapsing process of SPECTER code. Figure 1 shows the radial and axial 

cross-sectional view of a fast reactor (KALIMER) under development in Korea. The dpa assessments 

of the core support barrel and upper grid plate of KALIMER were carried out. The core support barrel 

and grid plates of SS316 will be irradiated by the highest neutron fluxes [3]. 
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