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ABSTRACT 

 
The effects of ageing of the concrete infrastructure of Finnish nuclear power plants (NPP) are a 

result of the harsh environmental loading and the severe in service conditions. The concrete infrastructure 
is an important part of nuclear power plants performing multiple functions such as load-carrying capacity, 
radiation shielding, and leak tightness. Sufficient accurate information on their long-term performance 
condition should be readily available so as to be able to demonstrate the durability of the NPP concrete 
infrastructure, and in estimating their future performance. This provides a solid basis for the decision 
making process. 

In response to the requirements of STUK/YVL guidelines and the recommendations of the IAEA 
for ageing management systems, the ManAge Project was initiated with the objective to produce a 
proactive service life management system for NPP in Finland, with predictive performance capabilities. 

 The ManAge platform provides access to the structural, material and environmental information, 
and several user applications that address some of the requirement and need for designers and maintainers 
of NPP. It assists the nuclear power companies in implementing aging management activities at different 
phases over the lifetime a power plant. It provides a systematic approach to planning, inspection, 
monitoring, condition assessment, maintenance and repair of concrete structures. 

This paper addresses specifically two aspects of the ManAge platform: the inspection database 
and the application for durability service life and life cycle assessment. 

 
INTRODUCTION 

 
In Finland there are currently four operational nuclear reactors located in the Loviisa and 

Olkiluoto power plants. The age of the concrete infrastructure varies between 35 and 41 years, and 
already extensions to the operating licenses have been granted for an additional 10 years. The effects of 
ageing of the concrete infrastructure of Finnish NPP are a result of the harsh environmental loading and 
the severe in service conditions. The concrete infrastructure is an important part of nuclear power plants 
performing multiple functions such as load-carrying capacity, radiation shielding, and leak tightness. For 
these reasons, Finnish NPP owners are increasingly interested in ageing management systems. 

Sufficient accurate information on the concrete infrastructure current condition should be readily 
available so as to provide sufficient indication of the durability of the NPP concrete infrastructure, and 
additionally estimate their long-term performance. Such information is retrieved an ageing management 
system provides a solid basis for the decision making process. 

The aging management system of concrete structures in Finnish NPP is a requirement based on 
the STUK/YVL Guidelines (Radiation and Nuclear Safety Authority Finland. Regulatory Guides on 
nuclear safety) and the recommendation of the International Atomic Energy Agency for an aging 
management program (YVL A.8. 2011 & NS-G-2.12. 2009). 
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In response to these requirements, the ManAge Project (SAFIR 2014 Program), was initiated in 
2010 with the objective to produce a proactive service life management system for NPP in Finland, with 
predictive performance capabilities. The ManAge platform will provide access to the structural, material 
and environmental information, and several user applications that address some of the requirement and 
need for designers and maintainers of NPP.  

From a conceptual point of view (see Figure 1), the ageing management system platform is built 
around a central database. Access to the platform is through the Graphic User Interface (GUI) which 
connects the user to the various applications and the central database. 

 

 
 

Figure 1. Conceptual view of the ManAge platform for the ageing management system. 
 

This paper focuses on two specific aspects of the ManAge platform: the inspection database, and 
the service life and life cycle assessment application. 

 
THE INSPECTION DATABASE 

 
In-service inspection of NPP concrete structures provides a mechanism for quantifying the 

condition and past performance of a structure at a specific moment in its service life, as well as a means to 
evaluate any degradation or damage present at that time (Hookham, 1995). 

According to the regulatory guides on nuclear safety an in-service inspection plan is to be drawn 
up for concrete structures in Safety Classes 2 and 3. The in-service inspection plan contains the 
inspections to be conducted on structures at specified intervals during plant operation, the manner of 
performance of the inspections and the criteria for assessment and recording of the inspection results 
(YVL 4.1. 1992). 

Generally, in-service inspection can be divided into a review of documentations, visual 
inspection, destructive tests, non-destructive tests and laboratory investigations. The visual inspection 
phase is to locate and define areas where concrete degradation occurs by gathering readily available 
information on the structure. Advanced visual inspection involves the accurate mapping of cracks, 
construction faults and all other surface defects noticed during the survey. Basic examinations such as the 
measurement of geometry and deflections, displacements, crack dimensions, location of spalls and 
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disintegration could also be included. The purpose of non-destructive tests is to determine the various 
relative properties of concrete such as strength, modulus of elasticity, homogeneity, and integrity, as well 
as conditions of strain and stress, without damaging the structure. The laboratory investigations are 
performed for determination the mechanical, physical and chemical properties of the building materials 
(Moodi, 2001). 

The objectives of the inspection database are to: 
i) collect the essential and up-to-date data of the condition and the performance of the NPP 

concrete structures; 
ii) store and update these data effectively; 
iii) allow sophisticated search strategies; 
iv) produce detailed reports automatically for the condition and the performance of the NPP 

concrete structures; and  
v) enable data transfer to other software for further analysis. 

 
The design process of the inspection database includes the system analysis, the logical and 

physical design, and then the final system implementation. The structure of inspection database includes 
four main areas (Al-Neshawy, et al. 2013): 

i) visual investigation and diagnosis;  
ii) non-destructive tests; 
iii) destructive and laboratory tests; and  
iv) digital inspection photos  

 
The purpose of inspection database requirements analysis is to obtain a detailed understanding of 

the need and use of the database application, and to break it down into separate requirements, which are 
then clearly defined, reviewed and agreed upon with the NPP’s decision-makers. During the inspection 
database requirements analysis, the framework for the application is developed, providing the foundation 
for all future design and development. 

Typical inputs for the inspection database include information about the NPP concrete structures 
and the result data of the periodical inspections and special inspections, as shown in Figure.2. The 
controls of the requirements analysis of the inspection database are guides on the nuclear power plants 
safety and the allowable limits of the deterioration of the concrete structures. The outputs of the 
inspection database include the enhanced data research methods, reporting, statistical analysis and service 
life calculations. 

 

 
 

Figure 2. Inputs to the requirements analysis of the inspection database. 
 
The conceptual data model is one part of the conceptual design process. The data model focuses 

on what data should be stored in the database. To put this in the context of the relational database, the data 



 
22nd Conference on Structural Mechanics in Reactor Technology 

San Francisco, California, USA - August 18-23, 2013 
Division VIII (Issues Related to Operations) 

model is used to design the relational tables. The data collected for the in-service inspection of the nuclear 
power plants concrete structures is analyzed and arranged into data collections for each element of the 
central database. 

  

 
 

Figure 3. Overview of the inspection database architecture. 
 
 

 
 

Figure 4. Example of the logical design of the inspection database. 
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A conceptual data model identifies the highest-level relationships between the different entities of 
the inspection database. The conceptual data model includes the important entities and the relationships 
among them. The conceptual data model of the inspection database is presented in Figure 3. 

The logical design of the inspection database describes the condition survey data in as much 
detail as possible, without regard to how they will be physical implemented in the database. The logical 
designing of the inspection database involves two processes. The first process is to understand the 
requirements of the end users such as the need for the database, the achievement of the database and what 
kind of the real-world process the database is designed to emulate. The second process is to create a 
technical solution – a set of entities, complete with columns, each of which has the correct data type. 
Example of the logical design of the inspection database tables and the relationships among them is 
shown in Figure 4. 

Physical data model of the inspection database represents how the model will be built in the 
database using Oracle Database Express Edition development environment. A physical database model 
describes all table structures, including column name, column data type, column constraints, primary key, 
foreign key, and relationships between tables.  

This database is developed to run on the nuclear power plants data management system 
computers. A user interface developed using Oracle Application Express developing tool, shown in 
Figure 5, is provided in the form of edit screens of the inspection database. Once the installation of the 
database is complete, the integrated system is tested. Training workshops is to be implemented by the 
design team for all user groups on the using of the database. 

 

 
 

Figure 5. Inspection database user interface. 
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THE SERVICE LIFE AND LIFE CYCLE ASSESSMENT APPLICATION 

 
SERVICEMAN is a Service Life Management software developed at VTT in cooperation with 

Finnish NPP companies TVO and FORTUM (Vesikari, 2007). The software was based on the EU 
LIFECON project (Söderqvist & Vesikari, 2003) which developed the background for an integrated 
lifecycle management system for concrete infrastructure. SERVICEMAN was developed for the 
personnel working with maintenance of the concrete infrastructure at NPP. The core of the 
SERVICEMAN consists of a combined condition, cost and environmental impact analysis. The condition 
analysis is based on degradation models for concrete and predefined condition limit states.  

 

 
 

Figure 6. View of Start of Planning window. 
 
The condition analysis is performed using a finite Markov Chain approach. The reliability of a 

structure to be at any of the predefined condition states in any year during the design period is evaluated. 
The analysis is performed for several degradation mechanisms:  

i) carbonation and corrosion;  
ii) chloride penetration and corrosion;  
iii) carbonation and corrosion at cracks;  
iv) chloride penetration and corrosion at cracks; and  
v) physical degradation of concrete due to either freeze/thaw or irradiation.  

 
In addition, the degradation of protection systems (if applicable) is analyzed by modelling the 

retarding effect of the protection system on the degradation rate of the structure. 
The software is comprised of three main databases: Structures; Module; and Maintenance, Repair 

and Rehabilitation (MR&R) systems. The Structures database contains general data on the structure. The 
Module database is a large database containing data on materials, structural dimensions, inspection data, 
history data on repairs and data on planned MR&R actions. The MR&R systems database contains data 
on protection systems (such as coatings), repair systems and rehabilitation systems including data on unit 
costs, environmental impacts and reference service life.  
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The calculation routine 

 
In a calculation routine, a structure (comprised of several modules) or an individual active 

module is subject to an analysis and planning process. The data of the active module is taken from the 
databases and inserted in the Life Cycle Analysis calculation table. From the combined condition, cost 
and environmental impact analysis, MR&R actions for the active module are automatically specified and 
timed. The timing of actions is optimally determined based on the condition. The MR&R actions 
definitions, including costs estimates and environmental impacts, are inserted into a MR&R actions table 
where the project design and annual resources design continues. This procedure is applied independent of 
the active module/structure in question. 

The calculation routine is chronological. Each year, for all degradation modes, the limit state 
conditions that set off MR&R actions are checked. If the limit states are not exceeded further evaluation 
of degradation continues for the following year. When the limit state is exceeded, i.e. the conditions for a 
MR&R are fulfilled, an action is proposed for execution in the following year, and the condition of the 
structure is re-evaluated with special repair models. Updates for costs and environmental impacts of the 
action are performed respectively to the cost calculator and the LCA calculator.  The conditions which are 
checked every year are:  

i) maximum allowable probability of exceeding the limit state;  
ii) maximum number of re-applications of a given protection or repair; and  
iii) action has been defined (a specific protection or repair method maybe be blocked).  

 
If the limit state is exceeded, and a specific action is defined, the action is triggered the following 

year provided the maximum number of re-applications has not exceeded. Otherwise, no action is triggered 
and concrete degradation continues. This analysis is done over the whole design period of the active 
module (see Figure 7). 

The calculation routine results in a life cycle action profile for the design period of the active 
module. This includes the life cycle costs and the environmental impacts due to MR&R actions. The total 
costs are calculated as real costs and as present value costs. 

 

 
 

Figure 7. Combined life cycle analysis and the automatic triggering of MR&R actions. 
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The calculation routine requires very little input as most of the structural, material and 
environmental loading data is already in the databases. In addition, past MR&R actions and predefined 
actions with optimal timing or predefined timing are also included in the databases. The user defines only 
the design period and the discount rate.  

In the case of predefined actions with predefined timing (either protection or repair action), the 
effect on the condition of the structure is taken into account in the same way as in the case of the past 
MR&R actions.  

In the case of predefined actions with optimal timing the following data are given concerning 
both the protective and the repair actions of the structure:  

i) is the action defined?;  
ii) for timing of the action, what is the maximum probability of exceeding the limit state?; and  
iii) what is the maximum number of reapplications? In case of protection actions, the above 

definitions are given both for the period before the first repair and after the first repair. 
 

The output 
 
With the conclusion of the calculation routine, the action profile display window becomes visible 

(Figure 8). The following results can be consulted via this window: MR&R action profiles (with timings) 
for each module; data on costs and environmental impacts; condition analyses based on various 
degradation types; timing of special inspections; and LCC and LCA summary data. 

 

 
 

Figure 8. View of the action profile display window. 
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The degradation curves presented in the window are updated when a different module is selected. 
The top figure presents the probability of exceeding the limit state for corrosion at uncracked concrete 
surface as a function of time. The middle figure presents the corresponding probability for corrosion at 
cracks, and the bottom figure presents the degradation of the protection. In the same window the timing of 
upcoming special inspection for the active module is presented. The special inspection allow for core 
sampling of the structure so that carbonation and chloride penetration depths can be measured and this 
data inserted into the database. With this data the degradation models are recalibrated and the timings of 
MR&R actions are re-evaluated.  

If the user is not satisfied with the automatically generated life cycle profile they can alter it 
manually, simply by defining the MR&R action and the year of action. By this means, they can 
completely change the calculated life cycle action profile. However, the automatic triggering of actions 
may be kept in force in spite of the manual definitions, thereby ensuring that the limit states are not 
exceeded. 

 
CONCLUSION 

 
This paper provides a brief overview of the ManAge Project’s platform for aging management of 

concrete infrastructure of Finnish NPP. The focus is on the inspection database and the application for 
durability service life and life cycle assessment. The platform provides access to structural, material and 
environmental information regarding NPP concrete infrastructure. In addition, several user applications 
are available that address some of the requirement and need for designers and maintainers of NPPs. The 
platform assists NPP in implementing aging management activities at different phases over the lifetime a 
power plant. It provides a systematic approach to planning, inspection, monitoring, condition assessment, 
maintenance and repair of concrete structures. 

The purpose of the inspection database is to transfer the condition assessment data of NPP 
concrete infrastructure to an electronic form. The data consists of observations during both periodical 
inspections and special inspections. The inspection database is developed in Oracle Database Express 
Edition development environment and the user graphical interface is developed using Oracle Application 
Express developing tool. The inspection database will give the possibility for sophisticated data search 
strategies, produces detailed reports automatically for the condition and the performance of the NPP 
concrete structures and enables data transfer to other software for further analysis. 

The application for durability service life and life cycle assessment (ServiceMan), can be used for 
systematic and proactive maintenance of concrete structures in nuclear power plants. The core process of 
the system is the combined condition, cost and environmental impact analysis. The application estimates 
the degradation of concrete structures with respect to different degradation types and also the timing of 
special inspections and MR&R actions for the remaining operating life of the plant. The system provides 
also a possibility for project design and annual resources design. 
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