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Abstract. The political decision in Germany to shut-down operation of several Nuclear Power Reactors (NPP’s) 
and to completely terminate the use of Nuclear Power in Germany by 2022 has extensive consequences in 
matters of the Aging Management. Physical conditions and presumed accident conditions are different for NPP’s 
in power operation and for NPP’s in shut-down operation and different aging effects have to be considered. 
Nevertheless aging management is still required considering the expected extensive time for shut-down 
operation in order to guarantee the safety functions and the use of qualified components with a sufficient and 
approved state. All current Aging Management requirements have to be fulfilled in the future as well without 
any restriction to ensure functionality, reliability and availability. However, it is expected that business 
management reasons will not allow realizing greater modifications or projects, e.g. exchange of analogue I&C 
technologies such as Limitations or Reactor Protection System with digital equipment. In the area of I&C which 
is characterized by many similar I&C-modules a change of strategy begins to emerge: the repair of discontinued 
modules within the plant under the owner’s responsibility and the redesign of modules. Previously, we had 
reported on the establishment of a systematic Aging Management approach in order to identify aging processes 
and effects. Since two years the Aging management system has been installed in the NPPs and now we 
contribute our experience related to the practical handling, the performance and the results of these systems in 
German NPP’s. 
 
1. Introduction 
 
The concept of Ageing and Lifetime Management in Germany's nuclear plants has been presented 
earlier in 2007. On that occasion, the authors of this report focused on the mechanical systems, 
structures and components in nuclear power reactors [1]. 
 
In 2009 [2] we reported on Ageing Management in relation to I&C and electrical equipment of NPPs. 
At that point, German plant owners and supervisory authorities still expected that the operating life 
extension for nuclear power plants would be approved. Both the maintenance programmes and the 
applicable standards and instructions (e.g. KTA nuclear safety standard 1403) focused on a safe long-
term operation (LTO) of the plants.  
 
The aspects of 'Ageing Management' have been implemented successfully within the plants' 
management systems as an independent form of operative and strategic Ageing Management and thus 
became an integral part of the safety culture applied by plant owners/operators. Provisions were made 
for additional qualification measures for components whose production was discontinued and which 
are no longer available, as well as for programmes that were originally designed to assure in-process 
verification of the plants' continued LOCA resistance properties in accordance with KTA 3706.  
 
In the meantime, the orientation of the energy policy in Germany has changed fundamentally. This 
fact will also affect the Ageing Management procedures in nuclear plants that are still in operation 
and/or that are about to be shut down.  
 



2. The Current Situation in Germany 
 
On 11 March 2011, an accident occurred in the Fukushima Dai-ichi nuclear power plant in Japan 
following the Tohoku earthquake and tsunami. This incident caused a political mind shift in Germany 
and intensified the ongoing debate on the use of nuclear power and the extension of the operating lives 
of the German nuclear power plants. On 14 March 2011, German Chancellor Angela Merkel 
announced that all of the 17 German nuclear power plants were to undergo a special safety 
examination for three months (Nuclear Moratorium). This moratorium had an immediate effect on a 
power generation capacity of 8,300MW as the decision was taken to shut down the seven oldest 
nuclear power plants in Germany, including the Krümmel nuclear plant, and/or to refrain from putting 
them back on line during this Moratorium. On 30 June 2011, the Bundestag (Lower House of the 
German Parliament) and the Bundesrat (Upper House of the German Parliament) resolved, by a clear 
majority, upon immediately decommissioning the seven oldest nuclear power plants and the Krümmel 
nuclear power plant, as well as upon decommissioning the remaining German nuclear power plants by 
2022, based on a graduated phaseout plan. 
 
Due to the sudden decision to shut down several NPP and the circumstance that some of these NPP 
had their reactor core reloaded only a few months earlier, the safety objectives for operating plants 
will have to be complied for quite some time. These safety objectives entail: 
 
— Controlling the reactivity, 
— Cooling the fuel elements, 
— Limiting the release of activity. 
 
Besides decommissioning and dismantling the plants, the option of safely enclosing them is currently 
being discussed, as – from today's viewpoint – the necessary ultimate storage facilities will not be 
available in Germany by 2019. For safe long-term enclosure, the Ageing Management strategies 
would need to be modified. Nevertheless, the safety objectives formulated in the IAEA Safety 
Fundamentals and the derived Safety Principles still need to be adhered to.  
 
The political decision taken in Germany for shutting down several nuclear power plants (NPPs) 
immediately and for terminating the use of nuclear energy in Germany completely by 2022 will have 
extensive consequences for the Ageing Management of plants and raise personnel-related issues as 
well: 
 
(a) Personnel qualification and maintenance of personnel competencies; 
(b) Maintenance of operating experience and know-how. 
 
Naturally, these issues form part of an Ageing Management system, however, they will not be 
discussed in the report at hand. 
 
Prior to the Fukushima events, plant owners had planned to make capital investments in view of the 
expected suspension of the plants' life-span limitation, and, in some cases, had even placed orders for 
this purpose. These investments were intended to be used for extending or modifying the operational 
and safety systems in order to implement new and more advanced plant concepts, including the related 
Ageing Management measures. Following the decision for a nuclear phaseout, orders were cancelled 
due to the limited remaining life-span of the plants, and some plants were even shut down. The orders 
were adapted to the new situation and/or were examined as to whether they still made sense. 
 
The intended energy turnaround for sustainability, as envisioned by the political bodies and the major 
part of society, will result in a shift in the market volume. This means, for instance, that those 
component suppliers active in the nuclear market will eventually have to modify their sales volume. 
This development will bring about a market concentration. For plant owners, it is strategically 
important that a sufficient number of component suppliers are still available who can provide high-
quality products. As far as the Ageing Management is concerned, this will also translate into a change  
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in the range of products (and possibly require sourcing from abroad). With respect to the issue of 
insourcing, long-term relationships with contractors/suppliers will become more and more important. 
[2] 
 
The German technical association of power plant owners/operators (VGB) has already initiated a 
special form of collaboration with the industry by having contractors and suppliers in this field 
evaluated on the basis of nuclear safety standard KTA 1401. Such an evaluation is to result in an 
"Eignungsbestätigung zur Qualitätssicherung gemäß KTA1401" (a confirmation of quality assurance 
in accordance with Nuclear Standard KTA1401) and this accreditation is to be renewed on a regular 
basis. In addition, the VGB association developed a seminar programme for NPP contractors and 
suppliers entitled "QS-Anforderungen im Rahmen der kerntechnischen Auftragsabwicklung" (QA 
requirements for the processing of NPP-related orders) that has been designed to provide special 
training in order to familiarize the remaining players in the market with the QA specifics in nuclear 
plants. 
 
Furthermore, the personnel involved in Ageing Management will need to use new spare part and 
storage strategies. 
 
Though economic boundary conditions have changed, all parties concerned (plant owners, authorities, 
and technical support organizations) agree that an adequately functioning Ageing Management will 
continue to be of paramount importance up to the point when a decommissioning license is obtained 
for a plant.  
 
3. KTA Nuclear Safety Standards – Underlying Principles 
 
The German Nuclear Safety Standards have recently been complemented by KTA Standard 1403 
formulating the fundamental principles of "Ageing Management in Nuclear Power Plants", version 
2010-11 [3]. This standard defines the basic principles relevant to the implementation of Ageing 
Management. 
 
Over the last two years, Ageing Management Systems have been implemented in NPPs in the federal 
state of Baden Württemberg as a part of the safety management and management procedures in place. 
 
In principle, an Ageing Management System is based on what is referred to as the PDCA cycle (Plan-
Do-Check-Act). This cycle has been described in detail in [2]; in this context, we will therefore only 
refer to some of its aspects. The basic considerations in Ageing Management primarily refer to the 
classification of I&C and electrical components with respect to their specific safety relevance. The 
classification criteria were defined based on the respective plant concepts. The structure of the Ageing 
Management system and the Ageing Management procedures has been established in the NPPs and 
are fully effective today.  
 
In this situation, plant owners drew up basic concepts which include the preparation of annual status 
reports describing possible incidents and the Ageing Management measures taken.  
 
By means of these Ageing Management measures, any changes in the quality and in design properties, 
which are due to ageing processes during the plant's operating life, can be traced over a period of time, 
starting from the day of licensing. Where necessary, selective counteraction can be initiated to prevent 
possible quality loss, as in the following two examples:  
 
(1)  Owing to the ageing effects detected on medium-voltage PVC cables, recurrent measurements 

of the insulation resistance of cables were introduced. As a result, the medium-voltage cables 
supplying power to the main coolant pumps were replaced with XLPE insulated cables during 
outage periods, whenever the insulation resistance value was found to be close to the limit value 
of 15 MOhm/km. 



(2)  In the course of the recurrent tests and inspections on pressure and differential pressure 
transducers, the transparent plastic covers of the devices were replaced as a precautionary 
measure. This way, the covers were prevented from tearing when under mechanical load, as the 
fixing holes of the transparent covers had been found to have cracked in some areas. 

 
In the meantime, the new nuclear safety standard KTA 1403 'Ageing Management in Nuclear Power 
Plants', version 2010-11 [3], raised another important ageing issue. This KTA standard takes a look at 
the existing recurrent testing and maintenance programmes with special focus on testing in compliance 
with the given requirements. In this context, 'in compliance with the given requirements' means, for 
example: If the recurrent testing and maintenance programmes in place do not include certain 
specified events, e.g. loss of coolant, earthquake, crash of an airplane, or a blast wave, supplementary 
verification needs to be furnished for the functional features required in a given event in order to prove 
that these features will not be impaired inadmissibly by the operating and/or ambient conditions on 
site. Such proof may be provided in the form of an analytical verification. 
 
In addition, the relevant EMC aspects under KTA 2206 [7] as well was the aspects of a loss-of-coolant 
accident under KTA 3706 [5] need to be dealt with. 
 
4. Ageing Management for plants in operation 
 
The concept of Ageing Management is directly tied to the operating regulations and thus leads to 
definite procedures for identifying and evaluating deviant findings, e.g. detected during recurrent 
inspections, maintenance activities, or in the event of failures. If there are indications that such 
findings could be of relevance to the Ageing Management activities, they will be analyzed and 
evaluated by the plant owner, i.e. by the appointed competent organizational units. If the suspected 
Ageing Management relevance proves to be the case, any components used under similar conditions 
can be identified – based on the group category of the component concerned – and the necessary steps 
for further remedial measures can be initiated. 
 
The Ageing Management results are subjected to regular reassessment on an annual basis. For this 
purpose, plant owners have created basic concepts which include the provision of annual status reports 
to the supervisory authority describing the incidents and the measures taken. The reports are then 
analyzed and evaluated by the technical support organization. On the basis of the Ageing Management 
measures, it is possible to trace any changes in the quality and in the design properties over a period of 
time – starting from the day of licensing – that are due to possible ageing processes during the plant's 
operating life. 
 
This procedure is applied by plant owners primarily for systems running either in operating plants or 
those in shutdown operation. 
 
The scope of equipment under consideration is limited to components which were commissioned more 
than 20 years ago. In general, type tests only confirm a component's suitability for use for a certain 
limited period of time. In the case of components, which have been in use for a shorter period of time, 
it is therefore admissible to assume that their operativeness under maximum load conditions, including 
accidents, is verified and valid. This approach has been used similarly in the verification procedure for 
KTA 3706 [5] and has proven to be expedient.  
 
The items of equipment under consideration comprise all important and safety-related technical parts 
of the I&C and electrical equipment – from sensors / measuring transducers to the analogue signal 
conditioning and binary signal processing equipment to the priority level and to the drives to be 
activated, as well as the required power supply facilities. The features important for the 
implementation of the required safety function need to be defined for these items of equipment. The 
tests and inspections need to be performed only on components which are not planned to be replaced 
within the next years (5 years) in connection with a retrofit measure. Safety-related components 
essential for the prevention and control of accidents are: 
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— The reactor protection system, including priority protection of drives and actuating units; 
— Limiting functions, disturbance-specific instruments; 
— Network and distribution systems, systems for energy output and station-service systems; 
— Transformers, substations, rectifiers, converters / inverters, and batteries. 
 
In addition to the procedures for recording any ageing effects, a system has been developed to manage 
the repair and replacement of discontinued components. For this purpose, accredited repair shops were 
established at the power plant sites. These are in a position to repair I&C subassemblies in line with 
the applicable QA procedures and, if necessary, subject them to supplementary type testing. 
Furthermore, the intention is to redesign I&C subassemblies. However, such redesigning activities 
only refer to the replacement of parts on existing subassemblies. A complete substitution of equipment 
– e.g. by software-based and possibly non-pin-compatible subassemblies – is not intended.  
 
With respect to the commercial availability of devices like overcurrent protection relays, it is 
necessary to consider the fact that the appropriate devices offered today almost all use software-based 
technology. German experts therefore raised questions regarding common-cause failures (CCF) with 
respect to stand-alone devices. The revision draft for KTA 3701 [8] therefore specifies that further 
analyses have to be carried out. Depending on the potential for common-cause failures, expedient 
measures can be taken concerning the system structure, e.g. by using diversity devices or highly 
qualified devices, for instance, in conformity with EN 61508 and KTA 3701 [8]. 
 
In order to furnish proof of continued LOCA resistance, a comprehensive system has been introduced 
that covers virtually all components with accident-relevant properties. The objective is to identify the 
state of LOCA resistance which had not been included before by recurrent testing and inspections or 
Ageing Management measures. This programme includes all components that form part of a 
functional chain, e.g. measuring transducers, actuators, continuously running motors, cables, junction 
boxes, terminal strips, and bushings. For this purpose, testing requirement specifications and test 
specifications were created and then reviewed by an appointed expert. Based on these documents, the 
LOCA resistance for the residual term was determined for components which had aged in service 
and/or which were subjected to additional ageing measures. This procedure needs to be continued, 
considering the remaining operating life of the plants in order to be able to furnish the required 
verification until the time of their decommissioning.  
 
5. Special Issues in Connection with Ageing Management for Plants in shutdown 

operation 
 
Based on the existing Ageing Management System, some modifications and special issues of Ageing 
Management need to be taken into account because of the discontinuation of power operation: 
 
(a) It may lead to a distinct reduction in the number of components and systems to be covered by 

Ageing Management due to the change in safety relevance, e.g. a reduction of the original 
number of safety systems to be considered down to only those systems which are actually still 
needed. 

(b) A need for modifying the Ageing Management measures, e.g. due to problems with the 
replacement of components /subassemblies because of the production of components being 
discontinued; in view of the nuclear phaseout policy, the component-supplier industry 
increasingly decided to discontinue the production of parts that were qualified for nuclear use. 
In some cases, this might even render one-to-one replacements impossible, or a new on-site 
spare part management might become necessary: Buying up remainders of products in stock 
from suppliers can be traced over a period of time, starting from the day of licensing in 
sufficient quantities for the residual lifetime of the plant if possible; as one of the consequences, 
special focus will have to be placed on the storage conditions. 
Or: Retrieval of spare parts from decommissioned systems to be used for systems that are still 
important and safety-related (in conformity with the approval specifics),  



i.e. at this point of time, the original reengineering/redesigning programme created by plant 
owners is presently no longer under consideration with respect to the decommissioned plants. 

(c) Modification of the maintenance measures due to the different plant and/or operating 
conditions, e.g. changes regarding the resinification of lubricants, different corrosion conditions 
due to systems cooling down, etc. – which means that the respective damage mechanisms will 
change. 

(d) New repair strategies: repairing discontinued modules/devices within the plant, under the 
owner's own responsibility, and redesigning/reengineering modules and devices. 

(e) The LOCA conditions being no longer relevant to the plants shut down, i.e. the programmes for 
in-process verification of continued LOCA resistance properties are no longer necessary. 

(f) New or changed operational stress conditions, e.g. further reduction of operating cycles of 
contactors, thus a new risk of resinification of anchor surfaces and the formation of contact 
deposits.  

(g) Recurrent tests and inspections might have to be changed, as performing recurrent tests and 
inspections in line with the requirements might no longer be possible and thus the ageing-
relevant information could not be collected. 

(h) Drawing on the results of statistical failure analyses becomes less informative, since the number 
of events is not large enough to be statistically analyzable. 

(i) Replacement activities must be continued due to the consumption of service life. For instance, 
emergency power batteries have to be replaced every 20 years in Germany. These programmes 
are still in place. At present, a test programme is under way that is intended to deliver more 
precise data to be used for the lifetime calculation for battery containers. 

 
6. Result and Summary 
 
The provisions of nuclear safety standard KTA 1403 on the Ageing Management in German NPPs 
have been implemented by plant owners and the supervisory authorities. The instruments for assessing 
the condition of the technical equipment and of the organization have been introduced and are 
effective.  
 
The scope of the SSC to be taken into consideration in the context of Ageing and Lifetime 
Management with respect to the power reactors running in the post-closure phase has been reduced 
considerably. However, the amount of work and expenditures required to maintain the prescribed 
quality level under the new economic and social conditions will increase.  
 
In addition, all future actions will have to be scrutinized in order to evaluate their reasonability in view 
of the respective residual service life. 
 
The main focus of plant owners/operators – as well as authorities and authorized inspectors – must 
clearly be on maintaining the safety level achieved so far.  

 
The particular challenge posed by the new situation is to utilize and adapt the instruments in place in 
the most efficient manner.  
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