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ABSTRACT 

Nuclear Power Plants are so far the most demanding electric power plants concerning 
the extent and complexity of knowledge that is needed for design, construction, installation, 
safe operation and proper maintenance.  

For safe operation of the NPP it is important to have reliable inspection procedures and 
methods to detect the relevant defects in the components. It is also important to have effective 
techniques and efficient methodology that enable precise estimation of the material 
degradation and reliable prediction of the remaining period of the safe service of structures 
and components. During the operation of NPP its materials, structures and components are 
exposed to various impacts that have for the result changes in the material. Changes usually 
manifest as deviation from the origin (generally considered as defects) and can be observed at 
level of microstructure and/or at structural level. Defects are consequence of ageing and 
ageing is a consequence of mechanical, thermal, chemical, radiation induced and other 
processes. 

Complexity of the NPP and continuous operation at high level of safety demands 
extensive cooperation of researchers and engineers with different scientific and educational 
background. In the paper is discussed the importance of sufficient support to the NPP related 
research projects and the need for cooperation between institutes. As an example is presented 
the cooperative project that bands the research groups with different scientific background 
into complementary team working on multidisciplinary project focused on assessment of 
ageing and safety of nuclear objects.  
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1 INTRODUCTION 

Nuclear Power Plants (NPP) are so far the most demanding electric power plants 
concerning the extent and complexity of knowledge that is needed for design, construction, 
installation, safe operation and proper maintenance. The possession of nuclear technology or 
installation of NPP is not only an economical or scientific issue. Very often the political 
interests have a significant if not the predominant impact on decision for (or against) the 
installation of NPP. Does not matter what interests prevail in the decision process, once the 
NPP starts to operate it is a common interest of the directly involved partners and the society 
that NPP operates safely.  

In addition to very strict demands for safe operation NPP are subjected also to the 
economical demands i.e. to operate efficiently, meaning long term stable production of 
electricity at the level as close as possible to the edge of the plant availability. The economical 
efficiency demands as constant as possible operation, without any shutdowns between regular 
outages, and it demands the extension of the time period between the regular outages, while 
the duration of the outages has to be minimized. In other words, only safe operation is also an 
economical one. To fulfil such a demanding business conditions the management of NPP and 
the personnel have to be well trained and very experienced.  

In general the operation of NPP is based on regulations and procedures to minimize the 
impact of human factor (in its negative connotation). With other words operation is based on 
approved knowledge and experiences. This might lead to an inadequate perception that in so 
strictly defined operating conditions there is not very much place for creativity, curiosity, 
study, research and other comparable involvement of human factor (in its positive 
connotation).  

The paper is greatly dedicated to the promotion of need for the research activities that 
are only indirectly attached to the regular operation of NPP. Nevertheless, they may result in 
considerable benefits for maintenance, refreshment and extension of knowledge of supporting 
personnel that is occasionally involved in regular or irregular activities of NPP, and this 
supporting personnel is definitely important for long term safe operation of NPP.  

2 PERSPECTIVE OF THE INSTITUTES CONCERNING THE NPP ISSUES  

According to IAEA at the end of 2006 there were 31 countries operating 436 nuclear 
reactors for electricity, and 31 reactors were under construction. Concerning the number of 
operating reactors it is a very diverse society of countries. US have the leading position with 
103 reactors, France at the second position has 59 reactors, and at the third position is Japan 
with 55 reactors. The member list is completed by five countries - including Slovenia - with 
only one operating reactor. [1]. In general, all countries from the list are dealing with the same 
safety principles. However, due to significant difference in the scale of the NPP related 
economy it is understandable that working and business conditions vary from country to 
country, especially when supporting organizations like academic or research institutes are 
considered. 

In Slovenia there is one NPP (Krško), one nuclear regulatory body (SNSA) and few 
technical support organizations that are more or less occasionally involved as the supporting 
research or technical partners during the regular activities of Krško NPP. Krško NPP operates 
exceptionally well, with high efficiency, and in 2006 its performance indicator achieved value 
99,93 of maximal 100 [2]. No doubt, the personnel of NPP are highly skilled, experienced and 
competent. And Krško NPP takes care to keep its personnel fit. From the safety and economy 
viewpoints it seems that Krško NPP could operate without external inspection and with very 
limited involvement of supporting research institutes. It also seems that, from the strict 
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business efficiency point of view the involvement of research institutes could be additionally 
reduced without significant danger for safe operation.  

In the recent years the activities of most of the technical support organizations are 
reduced to the participation in regular outages. Mostly the participation is reduced to 
witnessing during the maintenance activities and rather routine paper work. Switch to the 18-
month fuel cycle and shortening of the duration of the regular outages has positive impact on 
business performance of Krško NPP, however it consequently means also additional reduction 
of income of the supporting research institutes. Unfavourable conditions bring the institutes to 
the position to consider their perspective and to decide whether to continue there NPP related 
activities or to leave this technically highly demanded business that on one side demands high 
investment in personnel, and is on another side bringing low and uncertain financial income 
during the period for more than one decade. Probably, the supporting institutes will tolerate 
the low income situation till the NPP related activities can be realized by the existing 
personnel that gained its experiences in the past and does not need additional trainings. 
However, the perception of the institutes can drastically be changed as soon as expires the 
time of the experienced personnel. Presently, even a simple calculation shows that the 
potential income can not approve the investment in establishment of new competent 
personnel. In the situation as it is now the institutes can not but follow the economical logic. 

But, is the decision about the future activities related with NPP just the matter of the 
institutes, and is it just a simple economical issue? Definitely not! It is an issue that exceeds 
the individual interests of the institutes or NPP or SNSA, respectively. Actually, it is the 
strategic issue and therefore political decision whether Slovenia also in the future remains 
country with operating reactor under complete and competent national control or in the future 
Slovenia reduces its position to country with the operating reactor(s) completely dependent on 
service of foreign institutes and knowledge.  

3 TARGET RESEARCH PROJECTS ON NUCLEAR SAFETY 

The problem of insufficient financing of the NPP related activities of the Slovenian 
institutes has been initiated about 20 years ago when an important part of the society accepted 
the vision of clean energy without nuclear. It took considerable time till the perception in the 
society has been changed and the nuclear energy became acceptable option again. But, during 
so long period of negative perception and uncertain future many experts changed the field of 
their interest and the potential newcomers choose another option.  

Lack of the researchers and experts in the field of NPP is evident [3]. In the recent years 
the SNSA started to promote and financially support the target research projects thematically 
oriented in nuclear safety. So far, the financial support is quite limited. However, it gives 
hope for improvement of financing of research in the future.  

It is worth mentioning the approach of SNSA to support the cooperation of research 
groups what makes the financial grant much more effective. Cooperation of research groups 
from different and complementary fields could bring into research society the principles and 
practice of the learning organizations. Maybe this approach will improve the cooperation 
between the research groups and will initialize the partnership relation between the parties 
directly or indirectly involved in the nuclear energy related topics, including SNSA and Krško 
NPP.  

4 TARGET RESEARCH PROJECT 

The intention of this paper is also to introduce the running target research project: 
"Methods and Techniques for Assessment of Ageing and Safety of Nuclear Objects". The 
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project is cooperative work of four research groups from different research fields and 
affiliated to the institutes stated at the title page.  

The project is focused on ageing processes that have impact on the life cycle and safety 
of vital components and structure elements in NPP. Ageing phenomena started to be more 
important issue when the extension of the life time of the NPP became an acceptable option. 
In general, ageing is a complex combination of processes that should be studied 
multidisciplinary. The research project is structured in to the following topics: 
- determination of ageing processes and degradation of the material; 
- defects detection methods, there characteristics and limitations; 
- state-of-the-art in development and applicability of the multi-scale models; 
- methods on prediction of defects' development and remaining life time of the components; 
- influence of uncertainty on lifecycle assessment;  
- determination and classification of the NPP key components; 
- selection of NDT for application in NPP.  

 
4.1 Determination of Ageing Processes and Degradation of the Material 

Aging processes in material depend on material characteristics and on the 
environmental conditions that material is exposed. The following ageing processes are 
considered:  
- changes in the structure of the material due to long term exposition to higher temperatures;  
- changes in material due to chemical and corrosion impact of the environment;  
- changes in material due to exposition to cyclic mechanical and thermal loading;  
- crack initialization and progress of cracks due to stress corrosion as combination of 

corrosion process and mechanical loading;  
- plastification of material due to stress concentration and overloading; 
- changes of material due to local defects; 
- changes of the material due to exposition to irradiation. 

 
4.2 Defects Detection Methods, the Characteristics and Limitations 

Methods like microstructure analysis on material samples or non-destructive methods 
based on replicas are applicable for detection of defects and changes in the structure of the 
material at the sub-macroscopic scale. Defects at macroscopic level can be detected by non-
destructive testing methods like: visual, ultrasonic, radiography, liquid penetrant, magnetic 
particle, eddy current, thermo scanning and acoustic emission. Each of the mentioned 
methods has individual characteristics and applicability concerning the size, form and position 
of the defect that can be detected.  

A part of the project is dedicated to the applicability of the non-destructive methods, 
there limitations and selection of the optimal method.  

 
4.3 State-of-the-Art in Development and Applicability of the Multi-Scale Models 

Material's inhomogeneity can significantly affect the initialization and development of 
defects at the early stages. At the microscopic level the development of defects and cracks due 
to mechanical and thermal loading, or due to stress corrosion can be simulated with numerical 
models that enable consideration of the geometrical and material inhomogeneity at the level 
of crystal grains [4-5]. In the recent years there is a significant progress in development and 
application of multiscale models that have an important contribution to the understanding and 
modelling of the initialization and early stage of the development of defects in the metals that 
are characteristic for safety components and constructions in NPP.  
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The overview of the most established multiscale models concerning their applicability 
for the estimation of the material degradation is in the scope of the project. 

 
4.4 Methods on Prediction of Defects' Development and Remaining Life Time of the 

Components 

In the literature there are various methods on prediction of development of defect and 
life time assessment. The methods are based on different theoretical approach and there 
applicability is mostly limited to one type of aging process and resulted defects. The 
following approaches are in the scope of the project: 
- lifecycle assessment based on correlation between time to rupture, temperature and stress 

in the case of creep due to long term exposition to higher temperatures; 
- fracture mechanics approach in the case of cracks due to cyclic loading or due to local 

defects or in the case of the plastification of the material due to stress concentration and 
overloading; 

- multi-scale model for evaluation of the development of cracks and defects at microscopic 
level (at the level of crystal grains); 

- assessment of the material degradation due to corrosion and stress corrosion.  
 

4.5 Influence of Uncertainty on Lifecycle Assessment 

The applicability of the life cycle assessment method depends also on knowing its 
precision and uncertainty. Uncertainty is in correlation with the material's inhomogeneity, 
suitability of the applied theoretical model on ageing, limitations of non-destructive methods 
applied for detection of defects, scattering of the results of mechanical tests and suitability of 
the numerical model for calculation of the remaining life time of the component.  

Definition of uncertainty of the lifecycle assessment method is equally important as it is 
the prediction itself. Mostly, ageing processes follow the exponential law what enables easier 
distinguish between safe and dangerous region.  

 
4.6 Determination and Classification of the NPP Key Components 

The decision on prolongation of the life time of NPP is directly correlated with ageing 
and consideration of aging processes through the entire lifecycle of NPP. All components are 
not of the same importance for safe operation of NPP. Therefore, classification of the NPP 
components is needed to define those components that are crucial for safe, reliable and 
economical operation of NPP.  

 
4.7 Selection of NDT for Application in NPP 

In the scope of the project is also preparation of guidelines on selection and application 
of NDT methods for the inspection of key components. Proper selection of NDT method is 
important for reliable estimation of the state of the inspected component, and it is important 
for further assessment of the residual life time of the component, as well. Reliable estimation 
and correct assessment are crucial for adequate decision on further activities concerning the 
inspected component. 

5 CONCLUSION 

High consumption of electricity and need for the national independence on foreign 
energy resources resulted in important change in perception in the society concerning the 
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electric energy from NPP. Society recognized that NPP are reliable and concerning the safety 
issues also acceptable source of electricity. More or less the society is aware that actually 
there is no clean energy. Such level of awareness is important for the constructive discussion 
on acceptance of available sources of energy.  

Long period of uncertainty concerning the future perspective of nuclear energy resulted 
in significant lack of experts, scientists and researcher in this field. Reduction of human 
resources is evident also in the most developed countries. However, the consequences of the 
reduction might be more serious in small countries that are dealing with small numbers, like it 
is in Slovenia. 

NPP are extremely demanding concerning the complexity of knowledge that is needed 
for safe operation and proper maintenance. Knowledge in its complex meaning can not be 
obtained just through intensive training or through focused theoretical study [6]. Actually, 
knowledge implies also experiences, and this aspect of knowledge can not be obtained in 
short time. Thus, considerable time is needed to establish new competent experts, scientists 
and researchers in the NPP related fields.  

Complexity of the NPP safety related issues demands cooperation of researchers and 
engineers with different scientific and educational background. Cooperation of research 
groups from different and complementary fields could bring into research society the 
principles and practice of the learning organizations. Maybe this approach will improve the 
cooperation between the research groups and will initialize the partnership relation between 
the parties directly or indirectly involved in the nuclear energy related topics, including SNSA 
and Krško NPP. 
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