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ABSTRACT 
Description of a new system WIMS/ABBN is presented. It includes updated libraries of the WIMS/D4 code. The 

report involves sources and method of their creation, analysis and comparison of results at different tests also. Second 
path of the work is the development of the burnup library at WIMS system. As the result it was made a new system of 
burnup which new capabilities are shown. 

INTRODUCTION 

We represent the Cross Section Set Laboratory 
ABBN of the Institute of Physics and Power Engineering 
in Obninsk. 

The laboratory works more than 30 years in the fields 
of the evaluation neutron data, development and support 
of the ABBN group constant system [1] and codes of its 
processing and using. It also engages in the validation of 
the ABBN set on the base of integral experiments and 
different international benchmarks. 

Despite the ABBN set cover the whole energy region 
of neutron energies, till late 80-th its main applications 
were the calculations of fast reactors and radiation 
shielding.  

Requirements in the calculation of thermal reactors 
especially VVER appeared with the problem to utilize ex-
weapon Pu. In order to solve this task quickly it was 
decided to take the WIMS-D4 code, which was already 
well-known in Russia at that time.  

It’s necessary to note that the WIMS-D4 code with 
the library available at that time was tested and adapted 
well for calculations of water moderated Uranium oxide 
lattices of thermal reactors. However researches showed 
that the library data were partly empirical: they were fitted 
for satisfactory description of uranium-water systems. 
Using WIMS-D4 for design calculations of reactors with 
MOX-fuel needed special substantiation. In connection 
with this the work was began to create the undated 
constant library of the WIMS-D4 code for calculations 
with new types of fuel. 

The main task was to extend the capabilities of 
WIMS not only saving the predictions of characteristics of 
PWR(VVER), but improving them if possible. The next 
task was to improve the burn-up library of the code and 
generally speaking to improve the method of calculations 
of characteristics of the spend fuel on the base of 

calculations WIMS. Since WIMS is the fast code for 
designers it was necessary to provide enough easy and 
automatic compilation, analysis and representation of 
calculated data. 

At last it’s required to connect the update WIMS to 
codes for reactor calculations in general. Main directions 
of the work on WIMS system are shown in Fig. 1. 

SOURCES OF DATA 

All neutron data were calculated on the base of 
evaluated data files FOND-2.2. 

The FOND library was compiled by the selection of the 
evaluated neutron data files which seems the more reliable. 
They were taken from the famous library BROND-2, 
ENDF/B-6, JENDL-3.2, JEF-2 and some another. During 
selection it was found errors at some files (Fig.2). These 
files were corrected and sometimes some additions were 
incorporated. The FOND-2.2 version differs from the 
original library FOND-2 through the review of actinide and 
fission product data according with the last experimental 
data and is based on the JENDL-3.2 library in general. 
ABBN constant set was made on the base of this library and 
had a practical approval for reactors of all types and was 
used at different international tests. It is recommended for 
practical applications by Russian State Standard Service of 
Reference Data. It’s necessary to note that the BROND 
library includes only Russian evaluated data files unlike 
FOND and its completeness isn’t enough. So the update of 
WIMS-4D library was based on the FOND-2.2 library. 

DATA PROCESSING 

Group constant of WIMS/ABBN was calculated from 
FOND-2.2 library using NJOY code. We estimated the 
different approaches for calculations of group constants at 
NJOY. 
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FIGURE 1. Main directions of the work 
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FIGURE 2. Sources of FOND2.2 and ABBN libraries 



 

 

Neutron data for main actinides were made under 
following approximations: 

1. ABBN weighting spectrum was used in the 
nonresonance region:  

E<2.5 MeV – fission spectrum, 
0.215<E<2.5MeV – Fermy spectrum, 
E<0.215 – Maxwell spectrum with T=300K 

All data were calculated using this spectrum. 
2. In the resonance region the opportunity of NJOY 

to calculate the detailed spectrum in mixture of an 
absorber and moderator was used. Calculations were 
performed for several relations of absorber nuclei and H 
in the mixture. 

RESULTS OF TRX, BAPL 
CALCULATIONS 

In Table 1, 2 you can see the comparison of results 
based on different libraries. It necessary to note our 
calculations were performed not only for the 
ABBN/WIMS library but also for ENDF/B-6 and JEF-2. 

Results of comparison are following : 
1. Calculations of keff based on FOND-2.2 and 

experimental are in good agreement. Value keff from 
JEF-2 is higher. Dr. A.Trkov[2] data and our results 
are in good agreement too, which were calculated at 
the same conditions : identical evaluated data files, 
processing code NJOY-91.38, the same calculational 
parameters for WIMS/D4. 

2. Discrepancies of calculational values of δ25 and δ28 
are too small and don’t explain the discrepancies of 
keff. 

3. However discrepancies of calculational values of ρ28 
is rather large – 3% on the average and explain the 
situation with keff. 

4. Till now we can’t understand the nature of 
discrepancies at resonance capture between our 
calculations and calculations of Dr. A.Trkov and 
other participants. We suppose that it maybe connect 
with different approach to calculation of Dankoff 
correction factor. But we haven’t found the exact 
reason. 

5. At the table you can see results obtained by the 
MCU/RFFI code. Constant library is based on the 
evaluation of Dr. Lyly Abagian[3] at resonance and 
thermal regions LIPAR. Analysis of results showed 
that if we use FOND-2.2 data at Monte-Carlo 
calculations directly then there aren’t any significant 
discrepancies of keff. and δ28 for TRX and BAPL. It 
says that the reason of discrepancies is deeper. 

6. Dr. MacFarlain’s keff data [4] is close to our 
calculation data (ENDF/B-6). We suppose that this 
result is the compensation of different errors – errors 
of resonance capture of our calculation and errors of 
calculations of transport sections at NJOY-91.91, 
using by Dr. MacFarlain. 
WUMS/ABBN was used for different calculations – 

homogeneous assemblies with water, benchmark of 
VVER-1000 models at IPPE, OECD/NEA Plutonium 
Recycling Benchmark, at which we took place . The 
results of last benchmark are available elsewhere, so the 
calculational data for all these assemblies aren’t present 
here. 

BURNUP LIBRARY 

The second significant part of the work was 
improvement of burnup library at WIMS system. We 
analyzed all fission product yields and other 
characteristics and compared with ABBN data. 

Burnup chains were checked and rather extended. 
Now at burnup library there are 33 fission products and 
special isotope NIN902. The burnup library includes 
actinides from Th-232 to Cm-245. Isotopes of Hf, Er, Dy 
and Gd were added to the library and accordingly to 
burnup chains. Fig.3 presents scheme of burnup at 
WIMS/ABBN library. In Fig.4. we presented chains of 
fission products, however not all list of them.  

There are some limitations of burn up process at 
WIMS: 

• absence of (n,2n) reaction; 
• absence of isomeric branching; 
• spectrum depended transitions at burnup. 

Assembly  
Vm/Vf= 
H(cm.)= 
K-eff WIMS-ABBN 
 Experiment 
D25 WIMS-ABBN 
 Experiment 
D28 WIMS-ABBN 
 Experiment 
R28 WIMS-ABBN 
 Experiment 
CR WIMS-ABBN 
 Experiment 
TABLE 1. Results of TRX BAPL calculations 

TRX-1 TRX-2 BAPL-1 BAPL-2 BAPL-3 
2.35 4.02 1.43 1.78 2.4 
1.806 2.174 1.5578 1.6523 1.8057 
0.994653 0.995509 0.999152 0.998893 0.999023 
1.0 1.0 1.0 1.0 1.0 
0.09874 0.0606 0.0830 0.0678 0.0521 
0.0987 0.0614 0.084 0.068 0.052 
0.09551 0.06806 0.07402 0.06372 0.0523 
0.0946 0.0693 0.078 0.070 0.057 
1.3550 0.8473 1.4085 1.1709 0.9189 
1.320 0.837 1.39 1.12 0.906 
0.7992 0.64444 0.81157 0.7394 0.66081 
0.797 0.647 - - - - - - 



 

 

These limitations give large errors for accumulation 
of Np-237 and Am-242m, which don’t accumulate at the 
usual WIMS system. It was impossible to get over them 
without correction of code. We found the simple way how 
to provide these significant capacities by minimum 
corrections of WIMS – nearly 50 records. Of course it 
needed to enter the new data to the library, but it’s very 
important that the structure of the library WIMS/D4 
library didn’t change. The new library works with usual 
WIMS/D4 and new WIMS/ABBN works with old library 
and they are compatible.  

New process of bunup includes: 
• (n,2n) reaction of U235, U235 and Pu239; 
• branching in the Am241(n,γ) reaction with 

formation Am-242m; 
• list of transitions maybe extended now; 
• there are no limitations on the numbers of 

transitions and types of reactions.  
At library level we can consider and include any 

reactions and isotopic rations.  

RESULTS OF THE OECD 
CALCULATIONS 

Bellow we show new capacities using the results of 
the OECD/NEA benchmarks “Plutonium Recycling in 
Advance PWR”. Our laboratory took part at series of 
these benchmarks. 

It’s necessary to note that at those cases when there 
was no experimental information the comparison was 
made with average value of all participants. 

In Fig. 5,6 We show the results of calculations of NP-
237 and Am-242m concentrations from this test . The data 
are presented as the dependence upon the burnup at PWR. 

During the burnup the concentration of 237Np is 
changed greatly with or without (n,2n) on 238U. Data of 
WIMS/ABBN agree well with other participants.  

For 242mAm the first curve at the Fig. 6 is correspond 
to the constant10 % branching to metastable state from 
241Am (n,γ) reaction. The second curve is presented result 
when energy dependent branching is used. We consider 

TABLE 2. Results of TRX BAPL calculations 

  The library TRX-1 TRX-2 BAPL-1 BAPL-2 BAPL-3 
 NEA NEA0329/003 0.2 -0.4 0.3 0.0 -0.3 
 Jerdev - IPPE WIMS/ABBN -0.5 -0.5 -0.1 -0.1 -0.1 
  JEF-2 -1.0 -0.8 -0.4 -0.4 -0.4 
keff  ENDF/B-6 -1.3 -0.8 -0.9 -0.7 -0.5 
 Mac Farlain ENDF/B-6 -1.3 -1.1 -0.5 -0.4 -0.3 
 Trkov ENDF/B-6 -0.5 -0.6 0.0 -0.1 -0.1 
  JEF-2 -0.3 -0.4 0.3 0.2 0.1 
 MCU-RFFI/A LIPAR -0.6 -0.6 0.2 -0.1 -0.2 
 NEA NEA0329/003 -4.3 -4.8 -3.2 0.3 -2.3 
 Jerdev WIMS/ABBN 2.6 1.2 1.3 4.6 1.4 
  JEF-2 3.5 2.2 2.2 5.4 2.3 
r8  ENDF/B-6 5.8 4.1 4.6 7.9 4.7 
  Mac Farlain ENDF/B-6 3.3 1.0 0.3 3.2 0.0 
 Trkov ENDF/B-6 1.9 1.2 0.1 3.7 0.9 
  JEF-2 1.4 0.8 -0.4 3.1 0.4 
 MCU-RFFI/A LIPAR 0.8 0.4 1.4 4.5 2.4 
 NEA NEA0329/003 0.4 -0.5 0.1 1.1 1.8 
 Jerdev WIMS/ABBN 0.0 -1.3 -1.1 -0.4 0.2 
  JEF-2 -0.1 -1.4 -1.2 -0.4 0.2 
d5  ENDF/B-6 0.3 -1.2 -0.6 0.1 0.7 
 Mac Farlain ENDF/B-6 -0.1 -1.5 -1.4 -0.7 -0.2 
 Trkov  ENDF/B-6 -0.2 -1.4 -1.4 -0.6 0.0 
  JEF-2 -0.2 -1.3 -1.4 -0.5 0.1 
 MCU-RFFI/A LIPAR -2.7 0.1 -3.6 -2.9 -1.9 
 NEA NEA0329/003 4.9 3.1 -0.5 -4.2 -3.0 
 Jerdev WIMS/ABBN 1.0 -1.8 -5.1 -9.0 -8.2 
  JEF-2 0.6 -2.3 -5.5 -9.4 -8.8 
d8  ENDF/B-6 3.3 -0.6 -1.2 -5.8 -5.6 
 Mac Farlain ENDF/B-6 2.1 -1.4 -4.6 -8.8 -8.4 
 Trkov  ENDF/B-6 2.5 -0.6 -4.3 -8.3 -7.6 
  JEF-2 1.3 -1.3 -5.1 -8.8 -8.0 
 MCU-RFFI/A LIPAR 1.5 1.0 0.0 -4.3 -3.5 



 

that the second data are more accurate, because isomer 
ration 10% is characteristically only for thermal reactors. 

It was also made calculations for a number other 
burnup benchmarks with new burnup library. 
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FIGURE 3. WIMS/ABBN Library burnup scheme 
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FIGURE 4. Chains of fission products 
 



 

 

CURRENT STATUS OF ABBN/WIMS 
LIBRARY 

Characteristics of WIMS/ABBN library: 
• Data of all nuclides were changed. 
• New burnup chains were added including 

burning absorbers. 
• New neutron reactions such as (n,2n) and 

241Am(n,γ), 242mAm reaction are included. 

• Scattering matrix of the first moment were 
changed and added for light nuclei. 

• Revision of yields of fission products was made. 
• Self-shielding of the first resonance 242Pu is 

taken into account. 
• Capacity to change fission spectrum at 

calculations is provided 
The library consists of 126 isotopes: 33 fission 

products, 20 actinides, 12 of them have resonance tables. 

 

FIGURE 5. Dependence of nuclear density 237Np upon the burnup 

 

FIGURE 6. Dependence of nuclear density 242mAm upon the burnup 



 

 

Interface with external codes 

For connection WIMS/ABBN to existed codes of 
isotopic kinetics and for standard approach of the 
information exchange of between external files it was 
created the capability to write results of WIMS calculation 
to external files. 

Burnup calculation by external codes. 

Such capacity was entered to provide necessary data 
for codes which calculate the accumulation of fission 
products and actinides at spent fuel for an ecological tasks 
when it’s very important to know the exact isotopic 
composition for long list of isotopes and different 
radiation characteristics of spent fuel. 

Created standard file for connection with different 
codes like famous ORIGEN includes following 
information : multigroup spectrum, one group cross-
sections for isotopes, total normalized neutron flux, 
burnup, time and another information. Such approach you 
see in Fig.7. 

WIMS calculates neutron spectrum, one group cross-
sections and the flux normalized on power . The 
AVERAGE code prepares one-group cross-sections using 
neutron spectrum from WIMS and library ABBN69 for 
those isotopes which are absent in WIMS but are 
necessary for ORIGEN, for example. External code 
calculates isotopes kinetics on the base of data obtained 
from WIMS. 

Transport Codes 

A special code was developed to transfer the WIMS-
generated cross sections to the ANISN format. Then these 

cross sections can be used in all transport codes that are 
able to process the ANISN format. Using this routine also 
it is possible to reconstruct WIMS's P0 transport-
corrected cross sections to P1 cross sections. This feature 
is especially valuable for the cross sections checking in a 
3-D calculations using Monte Carlo codes because the 
Monte Carlo codes cannot utilize directly the transport-
corrected cross sections due to a problems with negative 
self-scattering. Using the Monte Carlo method it is not 
necessary to rely on accuracy of determination of 
experimental buckling or on correct homogenization of 
the cell cross sections. 

Processing codes 

In order to make easy work of different laboratories 
deal with serial calculations with WIMS it was wrote a 
number of processing codes. Output file of WIMS isn’t 
convenient for automatic processing, so all information is 
written to file 69-FLUX.  

– It includes isotopes concentrations, group cross-
sections of isotopes at different zones, reaction rates, k0, 
kinf, keff, B

2 ,neutron spectrum, volumes of zones, power 
normalized flux, burnup data. 

– These data have the exact format and can be 
obtained by codes, which compilate data: 

– NORMAL.EXE – output k0, kinf, keff, B2 by 
burnup steps; 

– REACTION.EXE – balance output; 
– DENSITY.EXE – output concentrations by 

burnup steps; 
– FLUXGRF.EXE – processing code of spectrum 

from transport calculation; 
– FUNCT.EXE – calculation of spectrum index. 
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FIGURE 7. Scheme of burnup calculation 



 

 

FUTURE 

At present the library WIMS/ABBN is defined and 
fixed. It’s satisfy by all requirements of our WIMS users. 
The directions of future work are concluded to continue 
the testing of library its further verification and validation. 
It’s very long work, which we are going to do. 
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