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ABSTRACT 

The work presents the developed integrated software systems representing a tool 
designed to accelerate the scientific and engineering research in the field of innovative nuclear 
energy systems, as it pertains to material activation, transmutation and radiation damage. 
Such systems can be used in the educational process, in the relevant courses. Developed 
software can also be useful to specialists working in related subject areas and are unable to 
delve into the details associated with the certain software tools usage features.  

1 INTRODUCTION 

Currently, active researches are conducted globally on improving and creating new 
software tools which enable to perform calculation assessments and make informed decisions 
on the choice of perspective development directions for high-tech facilities and technologies. 
The process of improving techniques, refinement of models, creation of program complexes 
and modeling systems is under way. One of the important computational tools development 
directions is expert and integrated software systems engineering in various areas related to 
improving of existing high-tech facilities and creating new ones. This is especially true for 
nuclear technologies [1]. 

The use of such systems is most appropriate for the design and development of 
innovative nuclear energy systems, where one has to deal with large volumes of information 
and a variety of models and software in each of the associated fields. Such systems are 
designed to speed up the research and design studies, to obtain full predictability of the 
objects and phenomena studied, to explore the interrelated processes. The latter would be 
difficult without such systems. 

This kind of software should be developed with regard to state-of-the-art trends in 
information technology, which have been subject to significant changes in recent years. These 
were mainly due to the work started in local and global networks as well as a wide range of 
new informational tools and technologies providing software flexibility, extensibility and 
portability [2]. 

2 BASIC PRINCIPLES 

The following are the basic principles of creating a complex of integrated software 
systems for research of activation, transmutation and radiation damage processes. 
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Integrated. In contrast to the widely spread program systems in which different 
working stages are carried out in different applications with different interfaces and internal 
interaction logic, the integrated software systems are designed as an integrated environment 
that combines all the user software tools in a single application with one interface and 
common operational logic. 

Object-oriented. Different user objects are formed in the integrated software systems. 
Their operation and interaction are supported at the object level. The methods of these objects 
are user-available through the standard control elements. 

Visual simulation oriented. All system working stages (i.e. object preparation and 
editing, calculation, data display, automatic analysis and results processing, etc.) are reflected 
visually on graphical panels. This allows a high level of information content, ease of adoption 
and use, quickness of results perception. The visualization tools for corresponding physical 
processes based on the calculated data are also provided.  

Highly automated. All operations are carried out automatically. The user only has to be 
aware of the physical problem statement during the conducting studies. At the same time the 
unified rules of data input, calculation control and results processing are implemented. To 
improve the performance, the calculation means and methods were broadened. It has resulted 
in need for developing new ways of mass calculations conducting. This was done through the 
automation of the tasks formulation and result processing procedures, parallel calculation and 
working in client-server structure. All above-mentioned allows substantial increase the user’s 
productivity in computational modeling.  

Informational self-sufficiency. User’s capabilities include various databases and 
libraries of nuclear data, which are needed not only for calculations but for comparison and 
adjustment to the newly obtained data as well. The computational methods of software 
systems and their components were verified and validated on recent experimental and 
computational basis, which ensures high accuracy of calculations in their classes of problems.  
Computational modules of software developed offer high reliability of calculations. 

Openness and extensible. Integrated software systems provide the user with abundant 
opportunities to edit and expand the constant pool. The methods and tools are being 
developed and implemented to add new program systems of corresponding physical processes 
modeling into the integrated software systems without recompiling the source code. Also the 
dynamic compilation technique is widely used to enable adding the user’s specialized 
functions. 

MS Office applications- and web-integration. Designed is also the possibility of data 
exchange with MS Excel and MS Word, which is the primary means of integrated software 
systems export/import. To this end, appropriate user tools based on COM technology were 
developed and implemented. Web-integration is provided with access to the specific data 
located on web sites, as well as remote access to software. 

Multifunctionality. Integrated software systems can be used as a tool for research and 
educational process support in corresponding fields. The educational process usability is 
ensured by a set of developed tools aimed at its implementation as an addition to a course of 
lectures, seminars and laboratory practices.  

Accordance with recent requirements. The integrated software systems are designed 
and developed with taking into consideration the high user quality. In addition to authoring, 
the advanced licensed software tools are used in integrated software systems development, 
including the following programming languages and technologies: Fortran, C++, C#, PHP, 
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HTML, XML, SQL, COM/DCOM, ActiveX Data Objects, OpenGL. This helps keep the up 
to date front-end level of software and comply with the advanced software development. 

3 BRIEF DESCRIPTION OF THE INTEGRATED SOFTWARE SYSTEMS 

3.1 Integrated Software System For Material Activation Studies 

In the last decade there has been a certain increase of interest in nuclear reactions at 
high energies. This is due both to scientific problems, and numerous applications. These 
include the creation of high-energy neutron sources, the production of medical radioisotopes, 
radiation protection of spacecrafts and accelerators [3]. 

To address these challenges a large amount of nuclear data is required for a wide range 
of nuclides and energies that could reach up to several tens of GeV. It is impossible to get all 
the data experimentally. Thus, it is necessary to develop analytical methods, their accuracy 
being checked by measurements made in certain conditions. This includes the development of 
models and theories, assessment technologies, their implementation in computer programs 
and, ultimately, the formulation of recommended evaluated nuclear data. In addition to 
obtaining the data itself, there are problems of processing, evaluation, validation, verification 
and visualization of the data. 

The given integrated software system consists of proton and neutron activation data 
banks, calculation codes, interactive environment of software system components, modules of 
multivariate statistical data analysis and decision support system for the optimal models 
selection, as well as remote control units for calculations and data access. Currently, the 
software system includes: 

- An interactive interface that combines high-energy nuclear data libraries (HEPAD, 
IEAF, etc.), calculation codes for high-energy nuclear reactions (DISCA, ISABEL/EVA, 
CASCAD, CASCADeX, connectivity of the models included in MCNPX is also possible), 
and a set of high-energy experimental data generated on an EXFOR database basis [4]. 

- The system of the nuclear data automated preparation, verification and validation on 
the basis of the codes included in the software system, and the software modules of 
multivariate statistical data analysis and decision support system for the optimal models 
selection, implementing the state-of-the-art methods of multicriteria decision making theory. 

- Remote control system for calculations, developed in the client-server architecture and 
the access to nuclear data on the Internet. 

- The calculation information input and output system. The results can be imported into 
widely used engineering software, such as Excel, Mathcad, Statistics, Origen for their 
subsequent processing and visual representation. 

The essential difference of the developed integrated software system from the existing 
information systems is that the activation nuclear databases are combined with corresponding 
calculation codes in the framework of the system. This allows automating the calculations 
necessary for various applications, and creating a decision support system for the optimal 
model parameters selection on a basis of quantitative comparison to experiment. 

 
3.2 Integrated Software System For Material Damage Studies 

Currently, a special attention is paid to the studies of primary radiation defects in 
structural materials irradiated by high-energy particles. Such studies are timely due to the 
need to develop radiation-resistant structural materials for advanced nuclear reactors, such as 
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hybrid reactors, accelerator-driven systems, high-current accelerators, as well as in space-
based technology [5]. 

Traditionally, the NRT model (M.J. Norgett, M.T. Robinson, and I.M. Torrens) is 
widely used for calculations of the structural materials displacement cross-sections. The 
relative model simplicity has made it popular and widely used to evaluate the number of 
defects produced during irradiation [6]. This model is implemented in several reactor systems 
calculation programs, such as NJOY, MCNPX, SPECTER. At the same time the experiments 
held and more precise calculations showed some discrepancies with the data obtained in the 
NRT approach [7]. Thus, there is a need to use more sophisticated models having predictions 
closer to the experiment, for the displacement cross sections preparation. 

One of the more accurate approaches to calculating the number of defects formed is a 
binary collisions approximation, used in conjunction with the molecular dynamics methods 
[8]. Moreover, with the increase of energy the nonelastic interactions start to have an effect, 
whose contribution grows with the incident particle energy increase. However, model refining 
certainly leads to an increase in the number of free model parameters and model assumptions, 
each of which affects the final result. 

To increase the fundamental and applied research efficiency in the field of structural 
materials radiation damage by high- and medium-energy particles, an integrated software 
system was developed. The primary objective of the system is to provide the possibility of 
obtaining more accurate and complete models in this domain on the basis of quantitative 
comparison with experiment, reducing the complexity of scientific research in this field. The 
use of such systems seems appropriate in connection with a variety of approaches and models 
and the need to deal with large volumes of information while having a relatively small 
amount of experimental data. 

This integrated software system allows to automate the process of data preparation and 
to coordinate their formats for different codes and programs, to carry out multiple 
calculations, to choose optimal model parameters, to process the calculations results, to 
evaluate them statistically and to visualize the radiation damage process.  

The basic units of the given integrated software system are: 
- Nuclear-nuclear nonelastic and elastic interactions calculation unit based on verified 

codes (DISCA, ISABEL/EVA, CASCAD, CASCADeX, ECIS96, SCAT2000, connectivity of 
the models included in MCNPX is also possible); 

- The ion transport in the medium calculation unit based on verified codes (IOTA, 
SLN_LS4A and SRIM); 

- The service functions unit controls the integration and interaction of the computation 
modules, e.g. the data automated generation and conversion, formats correlation, ENDF data 
files creation, visualization tools for input and output data, as well as for the primary radiation 
damage processes. 

The software system is an integrated environment which can be used for mass 
calculations for the number of radiation damages, displacement cross-sections under elastic 
and nonelastic interactions for different types of the incident particles with substance. 

 
3.3 Integrated Software System For Material Damage Studies 

This integrated software system is designed to study the transmutation and activation 
process in the materials under irradiation in accelerators, thermal, fast and fusion reactors 
(Fig. 4). One of the software possible applications is the isotopic composition and activity 
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calculation of long-life radioactive nuclear waste, transmutated into stable nuclides under the 
irradiation of intermediate- and high energy particles [9]. 

The integrated software system calculates the nuclides concentration during not only the 
irradiation process but also during the irradiated material cooling. The program input data are 
the primary particles spectrum, the cross-sections of nuclear reactions proceeding in relevant 
energy range; and the data on the radioactive decay of the nuclei under study. 

The concentration of the source nuclides and the ones formed during the irradiation is 
determined by the differential equation system: 
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where Ni(t) is the ith nuclide concentration at time instant t; λr
ik and 𝜆d
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rate of nuclear reaction and of radioactive decay, which resulted in the kth nuclide 
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where φ(j)(E) is a primary j-type particles spectrum; σ(j)
(ik) is the cross-section of ith 

nuclide forming during the irradiation of kth nuclide with j-type particles; σ(j)
abs,i is a section 

equal to the difference of the total reaction cross-section and the cross-section of nonelastic 
scattering of the relevant type particles on ith nuclide nuclei. 

The integrated software system calculations include: preparation of data necessary for 
the nuclide concentrations calculation; the calculation of the isotopic composition of materials 
under irradiation; the calculation of isotope concentrations and activities during cooling; the 
decay chains visualization [10]. 

The nuclear reactions cross-sections necessary for λr
ik determining can either be read 

from files or calculated using approximation formulas or special computation codes. 

The fundamental difference between this integrated software system and the widespread 
nuclide charts, reference books and computer systems is a combination of evaluated nuclear 
databases and calculation programs with a program system which allows to: 

- automatically construct and display the chart of nuclide transformations in nuclear 
reactions and decay of radionuclides; 

- calculate the number of nuclei, activity and radiation energy release for both the chain 
as a whole, and for some of its constituent nuclides;  

- calculate the number of nuclei for the target nuclide in the target irradiation and 
cooling modes;  

- calculate the specific radioactivity of the target and the energy release of the decaying 
radionuclides as a function of time in the irradiation and cooling modes;  
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- calculate the flow of neutrons, which characterizes the number of neutrons absorbed in 
the target during the formation of some target radionuclide; 

- determine different radiation spectra both for a single radionuclide and for all 
radionuclides in the target as a whole at a given time;  

- choose the optimal target irradiation and cooling mode depending on the reactor 
neutron spectrum and the parameters of the target. 

The calculations can be performed both for the case of “free” chain decay for a number 
of nuclei of the chain parent radionuclide given at the initial time, and for the case when the 
number of nuclei in the parent radionuclide is replenished externally at a given rate (“target 
activation”). 

4 CONCLUSIONS 

The developed integrated software systems represent a tool designed to accelerate the 
scientific and engineering research in the field of innovative nuclear energy systems, as it 
pertains to material activation, transmutation and radiation damage. Such systems can be used 
in the educational process, in the relevant courses. Developed software can also be useful to 
specialists working in related subject areas and are unable to delve into the details associated 
with the certain software tools usage features. 

The work was performed as part of the Federal Target Program "Scientific and 
scientific-pedagogical personnel of innovative Russia in 2009-2013". 
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