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Abstract 
 
A Plant-wide and systematic Aging and Plant Life Management is essential for the safe 
operation and/or availability of nuclear power plants. The Aging Management (AM) has the 
objective to monitor and control degradation effects for safety relevant Systems, Structures 
and Components (SSCs) which may compromise safety functions of the plant. The Plant Life 
Management (PLM) methodology also includes aging surveillance for availability relevant 
SSCs. AM and PLM cover mechanical components, electrical and I&C systems and civil 
structures 

All Aging and Plant Life Management rules call for a comprehensive approach, requiring the 
systematic collection of various aging and safety relevant data on a plant-wide basis. This 
data needs to be serviced and periodically evaluated.  

Due to the complexity of the process, this activity needs to be supported by a qualified 
software tool for the management of aging relevant data and associated documents (approx. 
30 000 SSCs). 

In order to support the power plant operators AREVA NP has developed the software tool 
COMSY. The COMSY software with its integrated AM modules enables the design and setup 
of a knowledge-based power plant model compatible to the requirements of international and 
national rules (e.g. IAEA Safety Guide NS-G-2.12, KTA 1403).  

In this process, a key task is to identify and monitor degradation mechanisms. For this 
purpose the COMSY tool provides prognosis and trending functions, which are based on 
more than 30 years of experience in the evaluation of degradation effects and numerous 
experimental studies. Since 1998 COMSY has been applied successfully in more than fifty 
reactor units in this field. The current version 3.0 was revised completely and offers additional 
AM functions.  

All aging-relevant component data are compiled and allocated via an integrated power plant 
model. Owing to existing interfaces to other software solutions and flexible import functions, 
COMSY is highly compatible with already existing data bases in the plant. 
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1. Introduction 
The majority of System, Structure and Components (SSC) in a nuclear power plants are 
designed to experience a service life, which is far above the intended design life. In most 
cases, only a small percentage of SSCs are subject to significant aging effects, which may 
affect the integrity or the function of the component. 
In order to control the aging effect an aging and plant life management is essential for the safe 
operation and/or availability of nuclear power plants. 
Due to the complexity of the process, this activity needs to be supported by a qualified 
software tool for the management of aging relevant data and associated documents (approx. 
30 000 SSCs). 
In order to support the power plant operators AREVA NP has developed the software tool 
COMSY. The COMSY software with its integrated AM modules enables the design and setup 
of a knowledge-based power plant model compatible to the requirements of international and 
national rules (e.g. IAEA Safety Guide NS-G-2.12, KTA 1403). 

2. AREVA Concept in the scope of Aging and Plant Life 
Management for Plants in Operation 

The periodic assessment process for the plant aging status allows for early detection of 
undesirable accelerated aging effects, which may compromise safety or availability. 
AREVA NP has developed an effective methodology to systematically assess the aging status 
of a NPP.  
The scope of the assessment procedure comprehensively covers safety- and availability 
relevant systems and components for the nuclear island, the conventional island, cooling 
water and auxiliary systems. The assessment is performed for respective mechanical 
components, electrical and I&C systems as well as civil structures. The objectives are the 

• Definition of safety relevant Systems, Structures & Components (SSCs) 

• Categorization into Aging management-groups (SCs) 

• Collecting of aging-relevant parameters for relevant SSCs 

• Assessment of relevant degradation mechanisms on system level 

• Preparation of lifetime assessment reports for major components 

• Crosscheck between expected degradation modes and existing inspection and 
maintenance programs 

• Assessment, whether existing preventive measures are adequate 

• Final report + knowledge base for periodic aging surveillance process. 

This target-oriented methodology has already been successfully applied to a number of NPPs. 
It can be considered the starting point for a systematic aging and plant life management and 
facilitates strategic preparations for LTO. 
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3. The Software concept COMSY 
The requirements for a comprehensive aging and plant life management are very extensive 
and require a solid knowledge base for the periodic evaluation of systems, structures and 
components in respect to degradation effects. As a knowledge base for a systematic aging and 
life management, AREVA NP has developed a software tool COMSY. The tool supports the 
process of aging and plant life management and provides a systematic surveillance strategy 
for aging effects. The knowledge base also supports long-term planning for the safe and 
efficient operation of the plant. 
The COMSY program supports the process of aging and plant life management for the 
following aspects: 

• Categorization of SSCs 

• Implementation and documentation of aging relevant SSCs 

• For each individual component evaluation of relevant degradation mechanism 

• Validation/optimization of the preventive measures 

• Assessment and transferability check of internal and external events 

• Evaluation of all examination and maintenance findings 

3.1. Categorization of SSCs 
According to the system requirements and the safety classes a categorization of SSC has to be 
carried out.  
The COMSY program has the capability to manage system and component-specific data for 
the classification of safety and availability related requirements. This includes classifications 
regarding mechanical components, electrical equipment, I&C and civil structures. 
The program utilizes data pools to handle items that are valid for a number of elements rather 
than a single element. These items are parameters regarding water chemical environment, 
design data, operating data (thermal-hydraulic conditions), prediction parameters, tolerance 
specifications, room specific environmental data, weld plans and safety and availability 
categories. 

 
FIG. 1: Classification of SSCs 
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3.2. Implementation and Documentation of Aging Relevant SSCs 
The implementation of a program for ageing and plant life management requires the existence 
of detailed information concerning the status of the components as well as their operating 
conditions. Based on this information, an understanding of how the relevant ageing and 
damage mechanisms work enables a prediction to be made concerning component lifetime. 
COMSY uses a power plant data model with plant data pertaining to mechanical components, 
electrical equipment, I&C and civil structures. Based on these plant data, the program 
conducts a condition-oriented lifetime analysis for various degradation mechanisms which 
typically occur in power plants. A significant characteristic of the plant data model is the 
determination of the conditions of use and component states as a function of time in service. 
The COMSY data structure is designed to support a closed-loop process which enables up-to-
date maintenance of a database holding quantifiable information relative to the technical as-is 
status of the plant. 
 

 
FIG. 2. COMSY – Data Modeling 
 
The COMSY data structure is based on a sub-division of plant units SSCs into segment, 
sections and elements. In case of mechanical components a division in individual systems, 
lines and piping or vessel components will be performed. For electrical equipment and I&C 
an allocation into functional chains from e.g. valve operating gear to the switchboard or into 
equipment groups will be performed. For civil structures a building depending consideration 
into civil cluster e.g. groundings, walls, stairways, etc. will be performed. 
For each individual evaluated component an element data sheet will be generated; see figure 
2. This element data sheet holds component specific information on e.g. design and geometry, 
operating and water chemistry conditions, materials, etc. 
This specific approach provides the basis for the evaluation of the relevant degradation 
mechanism. 
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3.3. Evaluation of Relevant Degradation Mechanism 
One of the key objective of the aging and plant life management is the early identification of 
the possible degradation mechanism, which may compromise safety or availability. The aging 
mechanism has to be identified for each component to ensure that maintenance program and 
NDT are accomplished using appropriate test technology and inspection intervals. 
The preparation of degradation models necessitates a detailed understanding of the type of 
degradation concerned, as well as the functional interactions of the relevant parameters which 
influence the rate of damage propagation. Laboratory tests and damage analyses have been 
conducted at AREVA NP for more than 30 years for this purpose. The results from these 
investigations have been summarized in analytical and semi-empirical degradation models for 
each degradation mechanism. 
Based on the environmental conditions e.g. operating parameter, water chemistry conditions 
and the component specific materials the possible degradation mechanism and furthermore, 
the degradation progress can be evaluated, see figure 3. 

 
FIG. 3. Evaluation of the degradation progress with COMSY 
 
In case of mechanical components degradation models have been developed for 15 different 
types of corrosion, e.g. flow accelerated corrosion /1/, /2/, liquid droplet impingement erosion 
/3/, /4/, cavitation erosion /5/, general corrosion, material fatigue TrFG /6/, /7/, /8/, /9/, /10/, 
cycling fatigue (CyFG), stratification fatigue (StFG)), corrosion fatigue, strain-induced 
corrosion cracking /12/, pitting /13/ and creep /15/. The probability of occurrence of damage 
can also be calculated for various forms of stress corrosion cracking (IGSCC, TGSCC and 
PWSCC /14/) and for microbiologically induced corrosion /17/. Furthermore, a combination 
and interaction between different corrosion mechanisms can be evaluated /16/. 
For the electrical and I&C components the stress factors, e.g. thermal loads, chemical loads, 
radiation, moisture, electrical fields, mechanical loads need to be evaluated. Depending on the 
material groups applied (polymers, metals, glass, ceramics, etc.) and the operating conditions 
the possible degradation mechanism is determined for thermal aging, radiological aging, 
electrical aging and mechanical aging /18/, /19/, /20/.  
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The degradation mechanism for civil structures can be categorized in three different 
categories which are loss of material (e.g. abrasion, freeze-thaw, corrosion, etc.), cracking 
(e.g. settlement, fatigue, irradiation, shrinkage, etc.) and change in material properties (creep, 
aggressive chemicals, etc.). The evaluation of the relevant degradation mechanism for civil 
structures based on the stress factors e.g. elevated temperatures, low temperatures, irradiation, 
and aggressive chemicals /21/, /22/, /23/.  

3.4. Validation of Preventive Measures 
One of the main approaches of the aging and plant life management is for each relevant 
component the identification of the degradation mechanism in order to ensure that 
maintenance program and NDT are accomplished using appropriate test technology and 
inspection intervals. 
In addition, the type of testing technique and maintenance method has to be properly selected 
depending on the respective degradation impact. 
The COMSY software has the capability to categorize the component, depending on the 
evaluated degradation mechanism in degradation impact categories e.g. in case of mechanical 
components, these are: 
• wall thinning,  
• cracking,  
• pitting and  
• wear.  
This categorization process allows for a simple attribution of testing and maintenance 
activities. 
If a component is part of the aging surveillance program and degradation potential exists than 
an appropriate testing or maintenance procedure has to be selected.  

3.5. Evaluation of Examination Data and Maintenance Findings 
An efficient ageing and plant life management process builds on degradation predictions, 
which are validated and optimized through the performance of examinations at critical points. 
In a fist step the sensitivity or rate of degradation propagation is determined for the relevant 
degradation mechanism using prediction models, whereby a corresponding safety factor is 
used to allow for unexpected deviations and uncertainties. The calculated rate of degradation 
progression and the strength boundary conditions calculated for the component are used by 
COMSY to determine the minimum service life. 
The COMSY software system acquires and evaluates data from nondestructive component 
examinations (weld examination, wall thickness examination, ultrasonic examination, visual 
inspections, dissipation factor test, partial discharge measuring etc.). The examination results 
are recorded in standardized formats and are assigned to the examined component for 
documentation of the actual condition for the corresponding point in time in the operating 
history of the plant and integrated in the virtual power plant data model. 
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FIG. 4. I&C Testing Procedures 
 
The evaluation of component examinations is supported by interactive evaluation functions 
which greatly simplify tasks such as the geometry-specific evaluation of the data. A 
calibration function supports comparison of the as-measured condition with the predicted 
propagation of damage while making allowance for measurement tolerances. Results from 
this comparison are used to increase the accuracy of future service life predictions. 

3.6. Assessment and transferability check of internal and external events 
A further objective within the scope of aging management (AM) is the utilization of an event 
assessment based on messages from nuclear reporting systems.  
The evaluation for each event includes the checking for AM-relevance where the following 
questions have to be kept in mind: 

• If the component affected is not an expendable part, than it is relevant for the aging 
management surveillance. 

• Is there an aging or degradation mechanism? 
• Is this a new effect? 
• Is it a common mode error?  

The COMSY database has the capability to store internal and external events. These events 
can be assessed in the COMSY program within in the scope of aging management and 
reviewed according here relevance and transferability on other SSCs. 
If an event is considered AM relevant, the following steps have to be carried out in the 
program: 

• Classification in AM classes e.g. 1, 2 or 3 
• Determine of preventive measures 
• The transferability check on other SSCs. This activity is supported by a search 

functions. 
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4. Summary 
The key task of any aging and plant life management system is to maintain the integrity of 
systems, structures and components in a plant over long therm operating periods. This is not 
possible unless a plant’s weak points are known. It is therefore essential that knowledge exists 
on the susceptibility of the various plant areas to specific degradation mechanisms. Once this 
information is available specific remedial action can be taken or items can be targeted for 
special monitoring.  
AREVA NP GmbH has developed the COMSY software for a knowledge-based aging and 
plant life management strategy.  
The software program allows: 
• Management of system and component-specific data for the classification of safety and 

availability related requirements. This includes classifications regarding mechanical 
components, electrical equipment, I&C and civil structures. 

• Recording of aging relevant design and operational parameters (e.g. materials, process and 
other specific conditions) 

• Determination of relevant degradation mechanisms and quantification of the expected 
degradation rates according to the state of science and technology 

• Crosscheck between the expected aging effects and installed inspection and maintenance 
programs. 

• Creation / management of component-specific data sheets for the software-technical 
support of the PDCA circle 

• Compilation of internal / external experience with aging effects, implementation of 
transferability assessments with experience feedback into the aging management 
knowledge basis. 

This systematic process guarantees that a database is built up which contains quantifiable, up-
to-date information on the actual condition of the plant, as well as preventing the loss of 
know-how. Reliable identifications of possible degradation mechanisms provide the basis for 
continuous optimization of maintenance concepts management systems as well as of plant 
availability, while at the same time extending the usable life of plan assets. 
The use of COMSY in numerous power plants within Germany and abroad has verified that 
systematic service life management makes economic sense and has shown that the actual 
processing effort is considerably reduced by the application of dedicated user-friendly 
software tools. 
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