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Competence 
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1 Introduction 

For pressurised components there is a long tradition in all industrialised countries to specify 
requirements for the design, manufacturing and operation of pressurised equipment. Over the 
last 5 decades more and more of good industrial practice have been codified in detailed codes 
and standards which in itself represent a valuable resource regarding the characterisation of the 
state of the art. 

Many components being operated today have been manufactured to codes and standards, which 
were less prescriptive at the time of manufacturing. It is a considerable challenge to manage the 
knowledge transfer necessary for updated safety analysis or root cause analysis in case of defect 
assessment. There are a number of helpful tools, which have been generated to support the 
knowledge transfer. Some of these tools and other aspects like professional training and neces-
sary skills to cope with the gaining of knowledge are presented. In detail, the following topics 
are discussed: data supply, training and retraining, experts networks, and verification chains. 

Key Words: Integrity, operation, NPP, component, skills, tools, maintain, competence 

2 Data base 

This element covers database systems which allow for a quick survey of the essential design 
parameters of components of pressure-retaining systems, on the basis of quality-assured input 
data, and of the operating experience with these components. These data sets can be used to 
perform trend analyses regarding the reliability in general as well as regarding the reliability of 
individual component groups and allow for a detailed assessment of the ageing behaviour of the 
components.  

 
GRS has developed such database systems by contract of the BMU and uses them within the 
framework of its advisory activities for the BMU concerning reactor safety issues. Not all of the 
desired objectives can be reached with the current state, but as selected results show, important 
subgoals have been reached. Moreover, the database can be updated with comparably small 
efforts.  

The general approach of GRS concerning passive mechanical components is presented in Fig. 1. 
Relevant input data are obtained from the systematical screening of basic knowledge, interna-
tional and German operating experience as well as the results of inspection and monitoring, root 
cause analyses and research and development. The evaluation is performed in a dual way, i.e. 
“component-/system-oriented” and “damage-mode-oriented”.  

Fig. 2 shows in a summarising format an overall generation-specific evaluation of reportable 
events affecting passive mechanical components taking German NPPs with light water reactors 



as examples. The aim of these analyses is in particular to check in how far there are any differ-
ences between the different design generations of German NPPs with regard to their ageing 
behaviour. The overall number of events per plant operation years is low, in particular for the 
plants of 3rd and 4th PWR design generation and BWR construction line 72. Up to now, no sig-
nificant increase in the number of events with service time is recognisable. However, the appli-
cability or extrapolation of the current knowledge of long-term operation to other plants is lim-
ited and requires further plant- and system- / component-specific investigations.  

Detailed evaluations are performed for different families of components. The data are compiled 
according to a system- and component-oriented evaluation in such a way that also a statistical 
evaluation can be made (Fig. 3). In addition, a damage-oriented evaluation is performed. The 
data are processed in a so-called time bar for all significant damage mechanisms (Fig. 4). This 
illustration allows for a quick survey of all the events related to a specific damage mechanism 
nationally and internationally with their time histories. From this survey, information can be 
obtained quickly with regard to the corrective measures and to which extent additional efforts 
seem to be required due to the recurrence of events.  

On the basis of such surveys, data of event reports and the related documentation of the assess-
ments of the events can be combined.  
 
Regarding the handling of technical information systems including the databases, beginners are 
equal to experienced older colleagues after a short time. However, broad experience is required 
to use the results achievable from such information in the right factual context and, in particular, 
to establish the connection to the boundary conditions as they were given during conception, 
design and manufacturing. Regarding the components of the “pressure boundary”, these are in 
general periods of time which are long ago, since major backfittings were not required apart 
from a few exceptions. With regard to other component groups which are replaced more fre-
quently, this connection can be established easier.  
 
However, the advantages of a comprehensive and quick data supply given by the use of the 
information systems must not hide the fact that the necessary transfer of knowledge for an ap-
propriate use of the information in the right safety-related context remains to be a difficult task. 
Expert systems which would support this, have only been developed for selected items by now. 
In this respect, interactive learning procedures are advantageous in which, based on the informa-
tion achievable from the databases, the necessary linking to other information sources is an in-
tegral part. 

3 Training and retraining 

Due to the current boundary conditions, there will be less possibilities to recruit qualified per-
sonnel with previous knowledge from specialised vocational education in future. For the special 
field “safety of components”, graduates from the fields mechanical engineering and materials 
science as well as from physics and chemistry have been employed also in the past.   

As it is customary in many industries, special technical knowledge has to be imparted by train-
ing on-the-job, training courses and seminars. Here, a better structured offer is required. Corre-
sponding initiatives have been taken.  At the European level, a course is offered by a consortium 
(GRS, MPA-Stuttgart, NRI, VTT with CEC-Partnership), which covers all aspects of safety 
related to pressure-retaining components during operation of nuclear power plants with regard 
to general issues. This is supplemented by national seminars, which increase the understanding 
for the nuclear rules and regulations and also cover specific issues. The programmes are struc-
tured according to the requirements for build-up of knowledge (EUROCOURSE) and deepening 
of knowledge (code & standards seminar). Additional offers for training adapted to the needs of 
groups or single persons on specific topics are planned.  
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The seminar performed on KTA rules found general approval. Both the younger participants 
and the more experienced colleagues judged the explanations given on the background of the 
rules and the interconnections pointed out to be meeting the demands in respect of content.   

4 Experts networks 

For some special topics there is no sufficient volume of orders resulting from the scope of tasks 
in the medium and long run which could fully occupy experts from a single national organisa-
tion. This may have the consequence that the assessment of special issues cannot be performed 
to an adequate degree due to a state of knowledge not complying with the state of the art or due 
to limited expertise. Especially in the field of assessments by authorised experts, it may be re-
quired to establish European or world-wide networks of experts to ensure pooling for a contin-
ued availability of the state of the art in science and technology. One of the topics for which this 
seems to be reasonable is the assessment of materials changes induced by neutron irradiation or 
other radiation impact on materials. The current networks (e.g. AMES as European network) or 
international working groups, such as the International Group for Radiation Damage Mecha-
nisms in Pressure Vessel Steels (IGRDM) fulfil the function of information exchange and up-
date of the state of the art, but they are not suitable, due to their working methods and composi-
tion, for concrete mutual assistance in scientific-technical advisory activities. For this purpose, 
additional forms of organisation have to be found by means of which the availability and re-
trievability of knowledge for technical-scientific advisory activities under consideration of ad-
ministrative boundary conditions can be ensured for the performance of tasks.  
 

5 Verification chain 

For significant load conditions, analyses on the integrity of components of the “pressure bound-
ary” require the application of complex computer codes. The most common computer codes at 
the market, the so-called general purpose codes, which are basically applied for structure-
mechanical and fracture-mechanical analyses, are based on the finite element method. They will 
be further developed also in future by taking into account the requirements of other technical 
branches so that from experience updated higher-capacity versions can be offered every two to 
three years.  

The experience with the application of these “general purpose codes” showed that there must be 
a sufficient level of experience to obtain reliable calculation results for transient load conditions, 
especially when including non-linear material behaviour.  

The key data of the experimental investigations performed on the verification of the model as-
sumptions in these computer codes must also be available in future to allow for consistency 
checks regarding the calculation results and the experimental data when applying updated code 
versions. For this purpose, database systems are again applicable which, on the one hand, store 
all essential data of the experiments in a format which is standardised to the largest possible 
extent and also store the respective so-called reference analyses with all necessary data. Refer-
ence analysis is the term for the analysis which represented  the experimental results best at the 
time of the analytical reproduction of the experiment, both with regard to the modelling of the 
components, the modelling of the material properties and the whole calculation chain.  

For the issue “thermal shock load of components”, such a database is currently being developed. 
In the first pilot phase this is a common effort of GRS and ORNL sponsored by the national 
reactor safety research budget. For the issue “maximum load capacity of piping” there are sev-
eral concepts of databases which are different with regard to their capacity. Possible optimisa-
tions by combining the databases still have to be discussed.  
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In addition to the provision of information, such databases can also be used as training module, 
e.g. by making all data available for modelling and performance of the calculation. Further, a 
consistency check can be made between new and old calculation results in comparison to the 
experiment. In a further step, such a database may also be referred to for qualification proce-
dures both of the computer codes and of the users.  

6 Concluding remarks 

The skills and tools outlined to manage aging aspects in the field of component safety are con-
crete steps and considerations to ensure substantiated scientific-technical assessments on nuclear 
safety also in the future. An increase in knowledge will further be achieved mainly by the con-
tinuous documentation and evaluation of operating experience and by the deepening of me-
thodical approaches within the framework of research activities. Since the number of plants 
operated in some european countries will decrease and the research programmes are limited, it 
is necessary to incorporate more work at a European and international level to an even higher 
degree than before. The current technical possibilities for the provision of information and of 
communication provide an opportunity and also the motivation to actively pursue the mainte-
nance of competence.   
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