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Ageing management – a new key word for inaction? 
 
Josef Jansky  
 
BTB-Jansky GmbH, Leonberg, Germany 
 
ABSTRACT 
 

The control loop required for organisation of ageing management was installed and discussed with regard to the 
requirements to be met for the nuclear power plants.  

The ageing management database was created. The completeness of the required data was ascertained. This data, 
however, must be transferred to an IT based information system to facilitate the necessary comparisons: 

Actual – Specified (state of equipment) = Ageing 
The system engineers' jobs will be significantly upgraded as a result of regularly recurring tasks in connection with 

the elaboration of individual ageing indicators, and their role could be seen as critical to the operating process of the 
entire plant.  

It was revealed that the database of specifications that exists for the plants is not sufficiently detailed. It needs to be 
developed for almost all operating equipment and organisational procedures. This can be seen as an opportunity for 
system engineers to profit from comprehensive further training within the framework of synergy projects.  

The plant operation systems should be used as the IT base for installing the complete ageing management control 
loop.  

Ageing management can potentially replace the formerly active role of the manufacturers, which has today dwindled 
into insignificance, and thus constitutes a renewed chance for the plants to develop a clear overall picture of their 
functionality. This would additionally lead to operation with no forced routing messages - a topic which for the power 
plant operating teams is something of a red rag. 
 
INTRODUCTION 
 

Anyone whose work involves maintenance will be all too familiar how many buzz words are used to describe the 
tasks they do every day. 

For instance, maintenance programmes are described with words such as 
∗ Preventive maintenance, 
∗ Condition-based maintenance, 
∗ RCM (reliability centered maintenance), 
∗ Life time extension, 
∗ TQM (total quality management), 

 
and, more recently, a new fashionable word  

∗ Ageing management 
 
has been heaped with praise at countless events and in numerous publications. Discussions on the advantages and 
disadvantages of individual maintenance systems and how these can be planned efficiently have been the topic of 
numerous meetings held by professional associations and specialist working groups all over the world. 

When considering the systems in operation, the comforting fact is that those employed to maintain the systems have 
generally been well-trained and have considerable practical experience, thus allowing them to service the equipment for 
which they are responsible in a professional way. Where such personnel are involved, you can comfortably expect a 
minimum of 95% reliability from the equipment. The remaining downtime can generally be blamed on the supplier. 
When explaining why they themselves were not responsible for something, the maintenance personnel generally 
demonstrate that, although self-taught, they are masters at absolving themselves of any blame.  

It is more difficult when we come to systems that practically demand 100% safety and approximately the same level 
of reliability, e.g. power plants and production lines in the automotive industry. As practical experience has shown, in 
order to close the remaining 5% gap to attain 100% security/reliability, the costs involved amount to more than the 
previous 95% together. Here it should be emphasised that - quite apart from the costs - the work required to close this 
5% gap demands a considerable amount of creativity. This work involves deriving synergies from  

∗ Process engineering 
∗ Mechanical engineering 
∗ Electrical engineering 
∗ Instrumentation and control 
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∗ Construction engineering 
∗ Fire protection and protection of the property 
∗ Overview of costs 
∗ Systems management/organisation 
∗ Data processing and, very often, 
∗ Psychology, supervisors and working staff 

 
More detailed information on this is listed in Fig. 1, which has been taken from a publication by a public body on 

this subject /1/. In my opinion, the buzzwords listed above are only a convenient pretext to disguise the fact that these 
synergetic skills are only brought together in exceptional cases. These buzzwords are used as a basis if excuses are 
required for either the plant management or the authorities if a serious malfunction occurs at the plant. 

 

Fig. 1  Coincidence of human, technique and organisation influences within a NPP 
 
Taking ageing management in nuclear power plants as an example, I would like to describe - on the basis of the 

experience I have gained in plant maintenance over nearly 30 years - what is required to fulfil the tasks demanded of a 
conscientious plant service provider.  

I would like to point out in advance that I only intend to examine and describe in depth here day-to-day tasks. 
 
AGEING MANAGEMENT FOR NUCLEAR POWER PLANTS 
 
If we take as a basis the requirements stipulated in the Atomic Energy Law in respect of nuclear facilities, such systems 
must ensure that radiation and radioactive products are contained in all conceivable circumstances for the entire service 
life of the system. The criteria ensuring that this level of safety will be maintained are stipulated as a prerequisite in the 
plant operating licence. All operating and maintenance activities are governed by this requirement, even after the 
systems have been erected and commissioned. This means that, right until the very last day of operation, 100% safety of 
the in-built devices and their functions in areas that are crucial to safety must be maintained. The aim of ageing 
management is to identify where the effects of operation might bring about a reduction in the functional requirements of 
the equipment, measure the extent of this and, finally, implement suitable preventive measures. This affects both the 
individual items of equipment and the organisational elements within the plant structure, including the personnel at the 
plant and their qualifications. 
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AGEING MANAGEMENT CONTROL LOOP 
 
If one views ageing management as a controller in a control loop continuously trying to attain equilibrium, a control 

loop circuit as shown in Fig. 2 for technical processes can be created for nuclear power plants. In accordance with usual 
practice, this closed-loop control circuit consists of measuring equipment for a preset specified value, controllers and a 
directly controlled member.  
 

Fig. 2  Schematic view of ageing management – technique and organisation 
 

The measuring facilities for the plant, which supply the necessary information, are the 
∗ Continuous validation of operating data, which delivers "genuine" operating values, allowing both 

optimisation procedures and simulation of the individual procedures to be carried out. On-line results of the 
"genuine" (probable) operating data shown in a trend sequence permit plant and component diagnosis. 

∗ Information on recurring inspection and recurring tasks for individual items of operating equipment and their 
condition. Logs in reports on recurring tasks provide time-related information on the wear rate for individual 
items of equipment and   

∗ Fault signals and their analysis, which provides information on failure rates both in individual items of 
equipment and in individual areas. 

 
These three sources of information combined provide an overall picture of the actual state of the plant. The extent 

and accuracy of this picture is obtained because the individual items of information are gained at equipment level. 
The actual view of the condition of the plant is again compared with the specified value for the initial and required 

condition of the approved plant right down to equipment level. Deviations identified in this way (they can only become 
negative) may indicate that the plant is ageing. They must then be evaluated (to ascertain how urgent they are) in the 
"controller", i.e. the ageing management group, which is manned by systems engineers, and corrective measures must 
be identified (i.e. to obtain at least the initial condition). Once these steps have been taken, a check must be made to 
ascertain whether the procedural criteria in the maintenance manual have been met in the course of rectifying these 
problems. (If not, a change notice must be submitted.) If the procedural prerequisites to rectify "delta" have been met, 
the remedial work is implemented in the plant at the end of the directly controlled member. The change in the "delta" is 
then registered again in the measuring equipment and the success of the action is subsequently identified with the 
loss/existence of the new "delta". 
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Something similar applies to the plant's organisation and the numerous procedures, which are described in the 
operating manuals, as is plotted in Fig. 3 parallel to the technology. The same control loop, only with converted 
"measuring equipment" provides the signals here for determining ageing in this area.  

Instead of the measuring equipment mentioned previously, here it is 
∗ the audits taken for organisational reasons or as part of quality assurance 
∗ the incidents based on experience  
∗ the operating experience available (including self-reporting in safety matters), 

 
which must be compared with the status of regulations in the manual in order to ascertain ageing of the organisational 
or personnel configuration. 

The same procedures may also be taken as a basis for comparing the rating signals. These can be processed within 
an organisation; different departments deliver different rated signals. It can be seen from this that a process-oriented 
organisational structure can process ageing management requirements and even today the processing of such 
requirements is almost 100%. However, a prerequisite for the functionality of the control loop is systematic application 
of data processing technology and also the will to implement this at all levels of the organisation. 
 

Fig. 3  Control system for plant equipment by ageing management 
 
TECHNICAL DEMANDS 
Validation of operating data  

The response of the plant during operation is described by the operating data that has been set. The accuracy of this 
data can first be ascertained when it is used to produce an assessment in the form of a balance sheet comparing 
quantities in respect of mass, substance and energy input and output (generated). In view of the high mass flows 
recirculated in the plant, the smallest measuring errors become obvious so that such an "assessment" can only be 
produced and submitted at the end of the month if every possible "trick" is exploited. The situation is similar in respect 
of the acceptance measurements as stipulated in DIN, which can only be performed by accepting high result tolerances. 
In the case of retrofits, the tolerances of measurements are often greater than the desired increase in output. The 
shortcomings in accuracy mentioned here are eliminated using software, which is based on VDI 2048 for acceptance 
measurements on energy-generating plants, to the extent that, in future, "genuine" operating data is used. The diagnostic 
indicators extracted from this data for individual items of equipment in the plant provide targeted information on ageing 
deviations (e.g. contamination of heating surfaces, formation of leaks). It is also important for the assessment of 
validation quality – Chi-square or Penalty – over time (for on-line validation) that the operating personnel receive an 
"advance" message that a situation that deviates from the standard is developing in the plant, with the location (of the 
measuring circuit) indicated. This ensures that the response time to rectify a fault is increased considerably, i.e. this also 
makes a positive contribution to the safety of the plant. 

Indicators are calculated from the "genuine" operating data for the relevant items of equipment in the plant and 
stored in a time sequence using data processing methods. Data processed in this way is compared with the specified 
values.  
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Recurring inspections and recurring tasks 
When periodic recurring inspections and recurring maintenance tasks are carried out, the condition of the equipment 

is determined at certain time intervals. The results are logged and input into the plant's information system (measuring 
equipment).  
 
Fault messages  

Signs of wear in the individual items of equipment or outside influences within the plant are registered continuously 
using a fault message system. They are always assigned to the operating equipment or, at the very least, to the 
information relating to this operating equipment. They are also input into the information system. 
 
Initial status and status of requirements 

This is where the basis for rating both technical ageing and the large deficits in the plants can be found. Indicators 
are also to be derived from the design, manufacturing and commissioning data for the plant and this can be compared 
with the "diagnostic values" calculated during operation. How can you establish which welds, for instance, are in 
danger of corroding if all the welds are not shown in some of the drawings of pipework? How can you establish whether 
pipe forces can be absorbed if an incident occurs yet you do not know how the supports in the structure are anchored? 
This is just one example. For this reason, the documentation must be studied right down to the level of the operating 
equipment in order to describe and quantify clearly the basis for the comparison, i.e. the "specified value" of the control 
loop.  
 
Ageing management 

Deviations between the specified values and the current condition of the plant are, where possible, to be calculated 
using data processing. Data processing has the advantage that it does not depend on human input to initiate the process. 
This "raw" data is (or, to be more precise, "must be") analysed by the groups of system engineers and measures 
determined for the purposes of rectification. The cost of the measures should also be added to this in order to create a 
basis here for a solution that will optimise costs. 
 
Maintenance manual 

The majority of measures to counteract ageing will certainly be in tune with the existing criteria set out in the 
maintenance manual. If this is not the case, a change notification must be prepared and submitted to the expert assessor. 
The exchange of information between the expert assessor and/or the authorities should, wherever possible, be conducted 
via data processing as well. It is advantageous both for documentation reasons and on legal grounds to be able to access 
the current status of the project at any time just by pressing a button. 
 
Implementation of ∆ ∆ ageing reduction in the plant 

If work has to be undertaken on the plant's hardware to rectify "∆ ageing", a decision must be made whether safety 
isolation is possible during operation. If this is not possible, the measure must be implemented during a maintenance 
interval.  
 
ORGANISATIONAL DEMANDS 
Targeted recording of organisational procedures 

Procedures for the individual areas such as operation and quality assurance are recorded in the operating manual. As 
is always the case, if different people carry out the same task, variations in the specified activities and subsequent events 
may occur. In order to identify this, the actual procedures are tracked by groups within the plant in the form of audits. 
Logs are made of these audits and the results of these are input into the plant's data system. 

 
Experience of incidents 

If unusual incidents occur, a description and analysis are to be made of the sequence of the incident and its impact. 
Incidents from other nuclear power plants and conventional plants are also to be included in the plant's information 
system. 
 
Available operating experience 

If you identify a "short route" (shortcut) for individual organisational procedures or if there is a tendency to 
circumvent them, this information should also be processed (even through self-notification in the event of human error) 
and input into the information system. 
 
Requirements 

Requirements in respect of organisational procedures and specialist knowledge of the personnel are set out in the 
conditions of the plant operating licence. In this context, the requirement of the Atomic Energy Law, state-of-the-art 
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science, and technology are to be consulted at all times. This presents a considerable encumbrance, which is often very 
difficult to satisfy. 
 
Ageing management 

The "deltas" identified are examined and formulated in groups in which the 
∗ Systems engineers  
∗ QA management 
∗ Company management (including the plant manager as the person responsible for radiation protection) and, 

possibly, 
∗ the Works Council  

 
are represented. Generally, the expert assessor and the supervisory authorities are invited to agree the results. If any 
deviations to the existing regulations in the manuals are ascertained, a change notice must be drawn up.  
 
Operating manual 

If a change is made, it involves a reliable method of passing on a considerable amount of information to personnel, 
including outside the data system. 
 
STRUCTURE OF AGEING MANAGEMENT 
 

All the items in the "ageing management control loop" described to date are already incorporated in all nuclear 
power plants. However, the detail with which they are processed varies from plant to plant. The extent of processing is 
also not uniform within plants; it depends on the individual administrators or group leaders as to how thorough their 
part of the task will be processed. This immediately illustrates the problems linked to ageing management. A system 
that functions successfully requires a uniform knowledge and information basis for all operating equipment and 
procedures within the system. Today nobody either within or outside the plant knows to what extent expertise is not 
available and what information is still missing. For this reason, when introducing ageing management it must be 
established where a lack of knowledge exists and what information lacks focus. For example, in Fig. 4 different 
knowledge levels are recorded using FAMOS in respect of fatigue monitoring. It appears to be absolutely crucial to 
strip the plant down to the operating equipment in order to gain knowledge about individual details of the technical and 
organisational situation. 
 

Fig. 4  Quality of informations for the plant ageing mangement 
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It must be clarified at this point that principal responsibility for the safety and reliability of the plant lies exclusively 
in the hands of the party granted the operating licence. This party must do everything (including what is currently not 
required by outside bodies) to operate the plant as defined by the Atomic Energy Law. The operator provides the basis 
and the expert assessor is there to inspect whether all concerns relating to plant safety are properly satisfied every day. 
Finally, the supervisory authorities monitor whether the inspection procedures set out in the documentation submitted 
are consistent with the Atomic Energy Law and the supervisory concept applicable in that German Federal State. 

The situation should not occur that the operator only does what the authorities require. In this case it just 
demonstrates that the plant operator is probably not able to operate the plant in accordance with the plant licence. Such 
an attitude by the plant operator should not be allowed because the basis for the licence, i.e. an operator that has a 
reliable long-term view of the future of the plant, is not being satisfied. 
 
Structure of the IT system 

The amount of information in the ageing management system is so great that it is not possible to dispense with IT 
support. All information must be provided in a form/format that each item of data can be compared. All plant 
management systems installed in the plant can be used for this purpose.  
 
Structure of specified values 

All items of operating equipment are to be described in terms of specified values for the plant, the system, the 
operating equipment, and from manufacture. Deviations in specified values that occurred during past operation are to be 
incorporated in the specified value database, if the logs/documentation are still available. These values must often be 
entered from special inspections, special expert reports, etc. (e.g. FAMOS measurements, maintenance reports). 
 
Remaining parts of the control loop 

The data is already provided in the plants. The work required involves transferring the data into the formats of the 
plant management systems. 
 
SUMMARY 
 

The control loop required for organisation of ageing management was installed and discussed with regard to the 
requirements to be met for the nuclear power plants.  

The ageing management database was created. The completeness of the required data was ascertained. This data, 
however, must be transferred to an IT based information system to facilitate the necessary comparisons: 

Actual – Specified (state of equipment) = Ageing 
The plant operation systems should be used as the IT base for installing the complete ageing management control 

loop.  


	SMiRT17
	Title Screen
	Preface
	Conference Organizators
	Main Menu
	Table of Contents
	Search
	Next Search Result
	Print




