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ABSTRACT 
 
 

The new version of software package for neutron calculation of VVER cores 
KASKAD 2007 consists of some calculating and service modules, which are integrated in the 
common framework. The package is based on the old version, which was expanded with 
some new functions and the new calculating modules, such as: 

 

– the BIPR-2007 code is the new one which performs calculation of power 
distribution in three-dimensional geometry for 2-group neutron diffusion 
calculation. This code is based on the BIPR-8KN model, provides all possibilities 
of BIPR-7A code and uses the same input data; 

– the PERMAK-2007 code is pin-by-pin few-group multilayer and 3-D code for 
neutron diffusion calculation. 

– graphical user interface for input data preparation of the TVS-M code. 
 

The report also includes some calculation results obtained with modified version of the 
KASKAD 2007 package. 

 
 
 

1. INTRODUCTION 
 

The software package KASKAD [1], developed in RRC “Kurchatov Institute” and 
intended for calculating the neutronic parameters of VVER reactor cores, is widely used in 
Russia and abroad. The package consists of basic components such as BIPR-7A (3-D 
assembly-wise core calculation) and PERMAK-A (few-group pin-by-pin calculation) 
operating together within a graphical shell. Constant libraries needed for calculations to be 
performed by both codes are prepared by TVS-M [2] spectral program, while the boundary 
conditions for radial and axial reflectors are developed by PERMAK-A and PERMAK-3D [3], 
respectively. 

 
The basic areas of further development of the KASKAD package are: 

– improving the computation accuracy and reducing the required design 
conservatism level as a result; 

– extending the possibilities provided by the package and its application areas; 

 



– enhancing the level of computational automation; improving the user interface.  
 
After upgrading, the package now includes some new functions, and is accompanied 

by new codes and software packages, which are not included into it directly but allow 
expanding the possibilities provided by the package and the number of tasks it solves, such as, 
in particular: 

– TVS-RAD code and a respective function within the package, both intended for 
calculation of spent fuel radiation parameters [4]; 

– PERMAK-3D/SC1 software package [5] intended for joint detailed neutronic and 
thermohydraulic calculation of VVER core fraction; 

– RADAR code intended for three-dimensional pin-by-pin multi-group calculation 
of VVER core burnup.  

 
Finally, some changes were introduced in the basic software of the KASKAD package. 

They resulted in its new version – KASKAD 2007 – and this paper gives a brief overview of 
the possibilities it provides.  

 
 
 

2. BIPR 2007 – COARSE-MESH CORE CALCULATION CODE  
 
 
Compared with the previous version of software package, the most significant changes 

were introduced in the coarse-mesh 3-D core calculation, which within the KASKAD 2007 
package is performed by BIPR 2007 code. This code comprises two computational modules: 
BIPR-7A and BIPR-8A. The latter is based on the well-known BIPR-8KN code [6], which uses 
more precise algorithm for solving the neutron balance equation, and currently is widely used 
in reactivity accident analysis as a part of the BIPR-8/ATHLET package.  

 
Integrating a BIPR-8A in the software package would require it to be absolutely 

compatible with the old module, in terms of both the input data and the calculation 
nomenclature. Besides, since BIPR-8A, along with using the boundary conditions, can spread 
the area of calculation on the reflector, the mechanism to produce the corresponding cross-
sections was developed using PERMAK 2007 code. 

 
BIPR 2007 verification was based on comparing the results of calculations with 

experimental data measured at operating units of Balakovo, Kalinin and Rostov NPPs (for 
VVER-1000) and Kola, Rovno, Bohunice, Mohovce and Dukovany NPPs (for VVER-440). 
Evaluation of BIPR 2007 code error – shown in Table 1 – was based on the analysis of results 
of the above comparison. Values presented in Table 1 result from statistical processing of the 
comparison data and correspond to the confidence level of 95% (2σ). 

 
The data given in this table show that BIPR 2007 assures practically the same (even 

slightly higher) computation accuracy as BIPR-7A. However, it should be noted that no 
correction factors were applied to the neutronic constants library (including reflector 
constants) during verification calculations.  

 
 
 

 



3. PERMAK 2007 – FINE-MESH CORE CALCULATION CODE  
 
 
Currently a new design of fuel assemblies is being introduced into fuel cycles of 

operating VVER reactors; these assemblies have higher fuel columns and/or larger pitches 
between fuel pins (this pitch becomes notably larger – up to 1.26 cm – in case of third-
generation VVER-440 fuel assemblies). Conversion from fuel loads consisting of regular fuel 
assemblies to fuel loads consisting of assemblies with higher fuel columns and/or larger pitch 
between fuel pins requires implementation of “transition” loads containing two types of fuel 
assemblies in the same time. 

 
PERMAK 2007 code was developed and integrated in the software package in order to 

allow pin-by-pin calculations of such VVER cores without any deterioration of accuracy. This 
code is based on modified PERMAK-A and PERMAK-3D versions, which allow calculations 
using irregular mesh in gaps between fuel assemblies, as well as different pitch between fuel 
elements in adjacent assemblies. 

 
Integration of PERMAK-3D in the PERMAK 2007 code in form of an independent 

module makes it possible to perform 3-D calculations of seven-assembly core fragments with 
axial reflectors for any moment of fuel operating lifetime. Inputs for such calculations are 
prepared in a mode of multi-layer fuel load burnup, when in the given moments of fuel 
operation PERMAK-A records some core status parameters (such as layer-by-layer and pin-
by-pin burnup, coolant temperature and density, boric acid concentration) in a file intended 
for subsequent use by PERMAK-3D.  

 
Besides, the modified version of PERMAK-3D allows performing multi-group 

calculations of specific core conditions with setting up multi-group (up to 22-group) constants 
in the code’s input data flow. 

 
Verification of PERMAK 2007 as concerns the calculation of fuel loads containing fuel 

assemblies with different pitches between fuel elements was performed by comparing its 
results with the results of calculations using the reference code MCU-REA.  

 
Figure 1 shows an asymptotic VVER-440 core fragment consisting of 10 fuel 

assemblies. This core fragment is dissymmetrical relative to the lines connecting the centers 
of peripheral fuel assemblies. The fragment consists of two kinds of assemblies: a shrouded 
profiled assembly containing 6 gadolinium fuel pins with a pitch of h=1.23 cm between them 
(K1 type, Figure 2), surrounded by non-shrouded profiled assemblies (containing 6 
gadolinium pins and angles each) with a pitch of h=1.26 cm (K2 type, Figure 3). 

 
The following core conditions were analyzed: Tf=790оK, Tm=558оK,  γm= 0.752 g/cm3, 

СВ=0.4 g/kg, ρ(Xe,Sm)≠0.0. 
 
Figure 4 shows the results of relative power distribution of fuel pins in fuel assemblies 

1 and 2 (Figure 1) calculated with PERMAK 2007 code using 12 energy groups, as well as 
deviations from the respective MCU-REA results (δ = (PERMAK – MCU)/MCU, % ). 

 
Figure 5 shows similar results calculated with PERMAK 2007 for four energy groups.   
 

 



Verification of PERMAK 2007 as concerns three-dimensional pin-by-pin calculations 
(which are necessary for detailed calculation of cores with varied heights of fuel columns) 
was carried out by comparing their results with the results of experiments performed on 
critical assemblies, as well as with the data measured at operating NPP units. 

 
Figures 6-13 show results of some calculations of power distribution by height 

performed for the first two loads of Volgodonsk NPP with PERMAK 2007 code in 
comparison with the results of calculations using BIPR-7A code. 

 
 
 

4. DEVELOPMENT OF THE PACKAGE’S GRAPHIC INTERFACE AND MASTER 
PROGRAM 

 
 
Both the updated manage program of KASKAD 2007 package and its graphic interface 

though based on the standard version, have another system of access and data exchange 
interfaces between codes, which is based on a relational database. The program was 
developed using the new Borland development tool version preserving its basic user interface 
logics. Thus, this program can operate with new Windows versions and on the latest 
processors. The new version of manage program controls all the new software modules of the 
KASKAD 2007 package.  

 
Together with neutronic computational modules and service software, the manage 

program provides the complete cycle of neutronic calculations, in accordance with the 
regulatory requirements applicable to all existing VVER reactor types. 

 
The program has the functions of automatic preparation of files for uranium and U-Gd 

pins’ performance analysis; detailed thermal physics calculations of the core; calculation of 
neutron fluence on the reactor vessel; calculation of admissible values of volume power 
distribution.  

 
As noted above, in the standard KASKAD package version the constant-preparing code 

was not included in the package itself and had no graphic interface. Input data of TVS-M code 
consisted of a simple set of files having no connection with each other, 

 
The manage program of KASKAD 2007 package makes it possible to prepare the input 

data of TVS-M 2007 (needed for calculating the libraries of constants for BIPR 2007 and 
PERMAK 2007) using the graphic user interface module (see Figure 14, for example). As 
noted above, BIPR 2007 can use two different computation algorithms – consequently, each 
type of fuel assemblies could require two respective sets of approximation factors for 
constants. So it was necessary to perform coordinated simultaneous calculations of these 
factor sets using TVS-M 2007 code – which were realized in the new module.  

  
The object data storage and processing model was chosen for storing the input data for 

TVS-M 2007 code in compliance with the calculated object’s physical properties. All input 
data is stored in the relational database.  

 
The graphic interface processes and edits data also according to the object model – that 

means that the initial fuel assembly is divided by components, such as material, structures 

 



(tubes, pellets) and cells (fuel elements, absorbers, burnable absorbers, tubes for in-core 
detectors). Such an approach to information processing and storage enhances the degree of 
stored input data systematization. 

 
The developed software module with graphic interface, jointly with TVS-M 2007, 

makes it possible to prepare constants with preset optimal computation parameters, and 
guarantees that the constants will be prepared using a single coordinated approximation, thus 
reducing the probability of human calculation error occurrence.   

 
 
 

5. CONCLUSION 
 
 
The paper gives a brief overview of the basic features of the updated software package 

KASKAD 2007 intended for performing neutronic calculations of VVER reactor cores. Being 
a development of its previous version and preserving all its former functions, this package 
now allows calculations of cores consisting of new-design fuel assemblies using new, more 
precise computation modules (such as BIPR 2007 and PERMAK 2007), as well as provides 
some new user service functions.  

 
 
 

LIST OF NOMENCLATURE 
 
 

AER – Atomic Energy Research 
SNF – Spent Nuclear Fuel 
FA – Fuel Assembly 
RRC KI – Russian Research Center “Kurchatov Institute” 
VVER – Russian Type of Pressurized Water Reactor 
CPS – Control & Protection System 
Tf – Fuel temperature 
Tm – Moderator temperature 
CB – Boron concentration in moderator 
γm – Moderator density 
ρ(135Xe) – 135Xe concentration in the fuel 
ρ(149Sm) – 149Sm concentration in the fuel 
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APPENDIX. TABLES AND FIGURES 
 
 
 

Table 1. Estimated BIPR 2007 calculation error 

Parameter Error 
Critical concentration of boric acid at the beginning of fuel load 
operation  ±0.3 г/кг 

Fuel load operating lifetime  ±3% 

Total efficiency of CPS rods ±10% 

Efficiency of the control cluster of CPS rods  ±10% 
Total temperature reactivity factor (with account of water density and 
fuel temperature variations) at the beginning of fuel load operation 

±3⋅10-5 
1/0С 

Fuel assembly power ±4% 

Power of peripheral fuel assemblies ±9% 

Power of layer within one assembly, VVER-1000  ±10% 

Power of layer within one assembly, VVER-440 ±15% 
 
 

Figure 1. Fragment of VVER-440 core 
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Figure 2. Shrouded control assembly of the 3d generation 
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Figure 3. Fuel assembly of the 3d generation 
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Figure 4. Pin-by-pin power distribution calculated with PERMAK 2007 code (12 
groups) and deviations from MCU-REA results  

 
 

Figure 5. Pin-by-pin power distribution calculated with PERMAK 2007 code (4 
groups) and deviations from MCU-REA results 

 
 

 



Figure 6. Axial power distribution in FA № 2 (Volgodonsk NPP, Unit 1, 1st fuel 
loading, T = 80 FPD) 
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Figure 7. Axial power distribution in FA № 7 (Volgodonsk NPP, Unit 1, 1st fuel 
loading, T = 80 FPD) 
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Figure 8. Axial power distribution in FA № 2 (Volgodonsk NPP, Unit 1, 1st fuel 
loading, T = 290 FPD) 
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Figure 9. Axial power distribution in FA № 7 (Volgodonsk NPP, Unit 1, 1st fuel 
loading, T = 290 FPD) 
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Figure 10. Axial power distribution in FA № 2 (Volgodonsk NPP, Unit 1, 2nd fuel 
loading, T = 16 FPD) 
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Figure 11. Axial power distribution in FA № 7 (Volgodonsk NPP, Unit 1, 2nd fuel 
loading, T = 16 FPD) 
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Figure 12. Axial power distribution in FA № 2 (Volgodonsk NPP, Unit 1, 2nd fuel 
loading, T = 260 FPD) 
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Figure 13. Axial power distribution in FA № 7 (Volgodonsk NPP, Unit 1, 2nd fuel 
loading, T = 260 FPD) 
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Figure 14. Example of using the TVS-M code visual interface within the KASKAD 2007 code 
package 
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