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The possibilities of making the qualification of the materials and equipment of nuclear power stations on modern 

electrons accelerators of high power are researched. The problems of using this powerful sources of radiation for 
modern methods of nondestructive control of functional characteristics of the equipment and materials are discussed. 
The purpose of researches is the determination of the possibility of such works from the point of view of radiation 
safety of the personnel and the environment. First of all, this problem is connected with the increase of the intensity of 
secondary irradiation in such processes. The character of secondary irradiation is researched, as well as the dynamics of 
its energetic spectrum in rooms of powerful industrial accelerator (with beam power of more than 20 kW and average 
energy of electrons of 1.6 MeV) in regimes of irradiation of the equipment with contents of heavy elements. The 
original way of solving this problem is suggested. Experimentally proved, that during the usage of the set of 
compensatory measures, it is also possible to make tests of NPPs' materials and equipment on industrial accelerators of 
high power.  

 
1. Introduction 

 
Equipment qualification (EQ) is the confirmation and maintenance of performance and technical characteristics of 

the equipment to ensure its functionality in "hard" environmental conditions and seismic actions. 
EQ is recommended by the IAEA [1] and should be one of the most important directions of the activity to ensure the 

necessary level of safety of NPPs' power units. 
The purpose of the qualification is to establish (define) a period of time during which the equipment will definitely 

perform its functions taking into account aging effects. 
The recommendations concerning the EQ process are outlined in IAEA standards [2]. The upgraded general 

structural scheme of the equipment qualification estimation process (Fig. 1) was suggested.  In this scheme the EQ 
process includes three basic stages: 

- the preparation of basic data; 
- qualification estimation; 
- the development of qualification enhancing methods. 

 
2. The Preparation of Basic data 

 
In general, the qualification is fulfilled for all of the equipment. However, this leads to the substantial expenses of 

material and labor resources. For example, the IAEA recommends firstly to fulfill the qualification for the equipment of 
systems, which are important for safety. [2]. 

In accordance with these recommendations, based on the general list of the equipment of NPP's power unit, the 
detailed list of the equipment, which should be qualified, is developed. This list is the basic document of the 
qualification, and must contain all the necessary and sufficient information for the definition  of the qualification status 
of each equipment unit. 

In the process of the detailed list development, the input data is collected and documented, that can be divided into 
two groups [3, 4]: 

1) qualification characteristics – project parameters of the equipment (name, label, type, class of safety, group, 
seismic category, etc.) 

2) qualification requirements to the equipment on the basis of calculated characteristics of environmental influences 
in conditions of the original event of an accident (OEA) from the analysis of project accidents (original events, where 
the functioning of this equipment is needed; necessary time of functioning; the parameters of "hard" environmental 
conditions; the parameters of seismic influences). 

With the purpose the advancement of EQ works, certain measures concerning qualification optimization process – 
grouping and categorization – are recommended in international documents. 
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Fig. 1. General structural scheme of the equipment qualification fulfillment. 
 

3. Establishing the Status of EQ 
 

At the end of the stage of basic data preparation, we have the list of the equipment which contains the following data [4]: 
• project (passport) parameters for each group of equipment (qualification characteristics); 
• operating conditions, including environmental conditions, in which functioning of the equipment is required 

(qualification requirements). 



 

506 

In general, the point of qualification estimation is in comparing qualification requirements and qualification 
characteristics. 

If all passport characteristics meet or exceed qualification requirements, the equipment qualification is determined 
(QD); otherwise it is not determined (QND). 

Matching qualification characteristics and qualification requirements allows to determine in what extent 
requirements to the equipment of systems, important for safety, were considered during its projection and production 
(basic qualification status). 

However, even if initially (according to passport data) the equipment is qualified, the deviation from technical 
requirements may occur during its installation. We should also take into account that the requirements concerning 
equipment operation may not be followed in the operation process. Besides, any equipment falls under aging in the 
operation process. These factors may lead to the changes of qualification characteristics of the equipment and, 
consequently, the state of the qualification. 

The impact of these changes is taken into account in the estimation of the current state of the EQ. 
Thus, the current state of the equipment qualification is determined, if: 
1. during visual inspections the compliance with project requirements in the production and installation is 

confirmed; 
2. all the necessary documentation which confirms the correctness of technical maintenance and repair, verification, 

testings, etc. is present on the nuclear power plant; 
3. there are no significant aging mechanisms. 
The equipment, which current state of qualification is impossible to estimate (for the reason of deviations during 

inspections, the lack of necessary operational documentation or inability of the estimation of the influence degree of 
significant aging mechanisms) is added to the list of the equipment with unspecified qualification. Methods of 
qualification enhancing are appointed for this equipment. 

 
4. Measures on Qualification Enhancing 

 
To enhance the EQ, different methods, depending on the group and category of the equipment and environmental 

conditions, may be used. They may include: 
1. Qualification testings method – obtaining real equipment qualification characteristics during accelerated thermal, 

radiation and operational aging. 
2. Method of analysis – determining qualification characteristics, by using appropriate analytical models. 
3. The experience of operation – determining the qualification, by using the experience of the operation of 

comparable equipment of other nuclear power plants. 
4. Adapting the results – analytically reasonable dissemination of the qualification results of similar equipment 

installed on other nuclear power plants, taking into account the experience of operation. 
The equipment, qualification characteristics of which satisfy qualification requirements after measures on the 

qualification enhancement, are added to the list of the equipment with determined qualification. For such equipment 
measures on qualification preservation are developed and added to the database. 

For the equipment, which qualification is not determined after the qualification enhancement, compensatory 
measures are developed and implemented. According to [1] and [2], such activities may include: 

- the development and implementation of compensatory measures (for example, installation of protective shields, 
additional reinforcements, etc.); 

- additional calculations and tests; 
- modification (replacement of separate components, parts); 
- replacement of the equipment with the new, modernized one. 
The results of the implementation of compensatory measures are also added to the database on the equipment 

qualification. 
 

5. Modernization of Methods and Technical Qualification Means. 
Development of Exploratory Radiation Stands of the Electrical Equipment Qualification 

 
Long-term researches, fulfilled in the sector of radiation technologies NSD INR NAS of Ukraine, showed that the 

only possibility to realize complex qualification processes is the usage of electrophysical technique. It was 
demonstrated that on its basis it is possible to create specialized exploratory stands which combine all the necessary 
parameters of measurements of the components of qualification processes and allow to obtain the most correct 
information about resource capacities of the equipment. General structural scheme of such specialized radiation stand 
with advanced possibilities was developed taking into account the results of previous methodological researches. 

The researches of modern technical possibilities of nuclear branch in Ukraine showed that the most available way of 
creating a technical complex which is necessary for functional radiation testings (stand) is the usage of two 
electrophysic sources of electrons, combined with the common program and hardware provision of the research of 
parameters of the experimental equipment. In the Fig. 2 the structure of such stand, which is developed, taking into 
account the conclusions of previous theoretical researches is presented.  
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Fig. 2. Scheme of the stand for functional radiation testings. 
 

The stand of such structure allows to fulfill complex and target researches of functional suitability of the electrical 
equipment, polymeric constructions and materials of nuclear installations as a whole or its components. This ability, in 
terms of the equipment qualification, may seem to be excessive, because during the qualification you should only find 
out, whether the equipment is suitable or not. But taking into account the necessity of the fulfillment of the complex 
program on enhancing the operational reliability of nuclear energetic and the extension of after-project operation terms, 
such complications of the stand structure are quite reasonable, because they allow to obtain much new valuable 
information. 

In early stages the stand will be used for complex tests of various cable products and electrical equipment. It consists 
of the basic set of control and measurement devices, data processing systems, experimental modules for combining the 
possibilities of continuing material science researches (various insulation materials and coverings) and new 
technologies of functional testings. The stand is provided with the system of formation of all operational (up to the 
extreme ones) and external unfavorable factors including radiation. 

The project of the stand takes into account new qualification methods. Unlike the typical method of consecutive 
testings with various operating factors (according to STD) [4 - 9]), new methods are developed for stands. They provide 
complex testing of electro-technical products under the influence of simultaneously the whole set of operational and 
external factors. With this purpose, various sources of current supply, chains of maximum voltage supply to the 
elements of the equipment, various technological devices for the formation of toxic chemical and temperature factors in 
the chamber, high- and low-energy source of ionizing radiation are provided in the equipment of the stand. By means of 
these technical facilities, it is provided not only to get answers concerning functional suitability of the equipment for the 
operation on the nuclear installation, but also to research the dependences of functions of the equipment on the 
influence of any operational or unfavorable factors. With this purpose, the power of information system should be high 
enough taking into account the necessity of the formation of a special base of new data about the processes which take 
place in the equipment, from the results of testings and researches. 

The basis of this stand is the existing radiation technique in INR NAS of Ukraine – the experimental scientific and 
technologies installation with 4 MeV electron accelerator, which has been already adapted for the qualification tasks by 
means of appropriate technical modernization. The existing structure of this installation meets all the requirements of 
industrial radiation installations of wide usage. 

An important part of the developed structure of the stand is the supplement of 4 MeV electron source with the 
additional electrophysical source of electrons of "Compton" energy (0.4 MeV) which are also of electro-physical type. 
This provides appropriate intensities of such source (current of the beam) and the possibility of very smooth regulation 
of electrons' energy. Previous estimates of energetic characteristics of the researched radiation-induced chemical 
processes in cables' insulation revealed the necessity to provide a stationary electron beam with the power of at least 20 
kW, what is quite available for electrons' accelerators of direct action (Aurora, Electron etc.). They are rather cheap and 
have good industrial indexes (efficiency), what will improve production possibilities of new exploratory stands. 
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Conclusions 
 
The provision of nuclear power plants' safety should be the priority in the construction, building and operation of 

power units. The process of the estimation of the equipment qualification level, recommended by the IAEA, is one of 
the most reliable methods of the verification of the equipment performance capacity. 

In the process of the collection and analysis of technical documentation, while determining the initial state of the 
qualification, it is estimated, in what extent qualification requirements were considered during the projection of the 
equipment. 

While estimating the current level of the qualification, all errors, made during the installation of the equipment, are 
identified and eliminated. Besides, the analysis of the the correctness of the operation of the equipment is fulfilled, what 
allows to identify and consider further possible non-project modes of work. In addition, the degree of degradation of the 
equipment because of aging under the influence of various operating factors is identified and taken into account. 

During the estimation of the state of the qualification the recommendations concerning the preservation of the 
qualification for the equipment with determined qualification and compensatory measures for non-qualified equipment 
are developed. 

As a result of the estimation of the current qualification level for NPPs' equipment the qualifying period is 
determined – the guarantee of nuclear power plants' safety during this period of time. The qualifying period also allows 
to repair and replace the equipment (or its parts) according to real indexes of the depreciation, what significantly 
improves economic indexes of the power unit. 
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