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Abstract. For regulatory authorities, it is important to verify the adequacy of ageing 
management methods applied by the licensees, based on reliable technical evidence. In order 
to achieve that goal, 14 NEA member countries joined the SCAP (Project) in 2006 to share 
knowledge and three more countries joined during the course of the project. The project 
focused on two important safety issues, the stress corrosion cracking (SCC) and the 
degradation of cable insulation, due to their relevance for plant ageing assessments and their 
implication on inspection practices. The commendable practices identified in the project are 
intended to strengthen technical approaches to optimize ageing management in the areas of 
SCC and cable ageing. The SCAP SCC and Cable data- and knowledge bases provided 
extensive information to benefit all stakeholders in designing, constructing, operating and 
regulating Nuclear Power Plants and also provide commendable practices applicable to new 
reactors. The paper presents the product of SCAP work resulting from 4 years of technical 
interactions and shared knowledge from all participants from June 2006 to June 2010.  

1.  Introduction 

The number of ageing nuclear power plants is increasing in OECD/NEA member countries. 
Accordingly, maintenance programmes, in-service inspection and testing of structures, 
systems and components important to safety have been implemented to ensure that levels of 
reliability and effectiveness remain in accordance with the design assumptions. This is often 
being done using an integrated ageing management strategy based on state-of-the-art 
technology. 

   Ageing effects, especially material degradation, have been experienced worldwide and 
progressively since the start of nuclear power plant operation. Material degradation is 
expected to continue as plants age and operating licenses are extended. It is clear that 
unanticipated and unmanaged structural degradation could result in significant loss of safety 
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margins, undermining public confidence and straining the resources of both regulatory 
authorities and the operators. 

   For regulatory authorities, it is also important to verify the adequacy of the ageing 
management methods applied by the licensees, based on reliable technical evidence. Two 
subjects – stress corrosion cracking (SCC) and degradation of cable insulation – were selected 
as the focus of the SCC and Cable Ageing Project (SCAP) due to their implication on nuclear 
safety and their relevance for plant ageing assessment. 

   In order to achieve that goal, 14 NEA member countries joined the project in 2006 to share 
knowledge and finally, 17 countries1  have joined the project. The International Atomic 
Energy Agency (IAEA) and the European Commission are also participating as observers. 
The project was financed through a Japanese voluntary contribution to the NEA. Japanese 
technical institutions are also actively co-operating in the project under the co-ordination of 
the Nuclear and Industrial Safety Agency (NISA) of Japan. 

   When establishing the SCAP project it was realised that in the limited time available ageing 
management could not be addressed in detail over a large range of topics. Stress corrosion 
cracking has and continues to be a serious problem and in recent years cable ageing has been 
identified as an area requiring more attention from both the regulators and the industry. 
Incidents in both areas continue to provide periodic surprises. These two topics were therefore 
chosen for specific study in the SCAP project being examples of an area in which ageing 
management has been applied for many years (SCC) and one in which ageing management 
still needs to be developed (cable ageing), in an internationally coordinated study which was 
anticipated could yield greater insights into the management of these failures. 

2.  Objectives of the SCAP 

The objective of this internationally coordinated project was to share the corporate knowledge 
and operating experience to understand the failure mechanisms and identify effective 
techniques and technologies to effectively manage and mitigate active degradation in nuclear 
power plants.  
 
   The main SCAP objectives were to: 

- Establish a complete database with regard to major ageing phenomena for SCC and 
degradation of cable insulation through collective efforts by OECD/NEA members; 

- Establish a knowledge base in these areas by compiling and evaluating the collected data 
and information systematically; 

- Perform an assessment of the data and identify the basis for commendable practices 
which would help regulators and operators to enhance ageing management. 

 
    
   The project is scheduled to last four years. It is anticipated that the database definition and 
the collection of data from member countries will take approximately two years. The 
subsequent assessment and the commendable practices report are expected to take one year 
each. 

3.  Project organization 

                                                      
1 Belgium, Canada, the Czech Republic, Finland, France, Germany, the Republic of Korea, Japan, Mexico, 
Norway, the Slovak Republic, Spain, Sweden, the United States, Switzerland, the Argentine Republic and 
Ukraine. 
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   SCAP participants were experts in the fields of  SCC and cable ageing and come from 
regulatory bodies, industry, research institutions and academia. They provided the relevant 
information and perform the assessments needed for the proper execution of the programme. 

   The Project Management Board (MB) runed the project with assistance from the NEA 
Project Secretariat (FIG.1). The MB responsibilities included, but were not limited to: 
approving the programme of work carried out by the working groups on SCC and cable; 
monitoring the project's progress in terms of results and timeliness; and supervising reporting 
within and outside the project. 

   There were two working groups, one dealing with SCC and the other with cable insulation 
degradation. The working groups were responsible for carrying out the programme of work 
and ensuring the quality and timeliness of the reporting within and outside the project. Each 
working group was supported by a Clearinghouse. The Clearinghouses work to ensure the 
consistency of the data contributed by the participating countries. They verified whether the 
information provided complies with the SCAP Coding Guidelines. They also verified the 
completeness and accuracy of the data, and maintain and distribute copies of the databases. 

   Participation in the Project was open to the Government of any country, whether or not they 
are a member of the OECD, or to any national agency, public or private organization 
designated by such Government provided the Government agrees with the Terms of 
Reference which were specified during the first Management Board meeting. Each member 
country nominated a National Representative for both the SCC working group and/or Cable 
working group respectively who was responsible for the administration of the project within 
his/her respective country. 

   Each participating country had submitted data through its National Representative. The data 
had entered according to a coding format which was specifically developed for the databases 
and which was explained in the Coding Guidelines and the Quality Assurance Programme for 
the two working groups. Each participant had been exclusively responsible for its use of 
information generated under the project. Both the SCC and the Cable databases were 
password protected, and the contents and data analysis results were distributed only among 
active working group members under the project Terms of Reference. 

 

FIG.1. SCAP organisation strucuture 
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4.  SCC Woring Group 

Stress corrosion cracking (SCC) is an ageing mechanism for which many events have 
occurred in different structures, systems and components (SSCs) of nuclear power plants 
since the 1970's and have continued to the present time. The causes of these events have been 
identified as sensitization of material, local high residual stress, surface finishing and hardness 
associated with certain environments such as high temperature water. For these reasons, it is 
necessary to carry out maintenance activities, inspections with the appropriate interval, 
monitoring, preventive maintenance/mitigation repair/replacement and safety assessments to 
minimise the occurrence of future events. 

   The counter measures for SCC should be included in the ageing management programme 
(AMP). To achieve the targets of an ageing management policy for safe long term operation, 
it is necessary to select the systems and components, identify the specific SCC degradation 
mechanisms/phenomena, and determine the criteria to ensure that the intended function of the 
system or component is maintained. It is necessary to assume an operating period and include 
the evaluation result in a preventive maintenance plan (or AMP covering inspection, repair, 
replacement, monitoring or surveillance). 

   To achieve this, a well-grounded “Technical Information Basis (TIB)” is needed. To 
maintain the TIB, it is necessary to take into account the feedback from the results of research 
& development, codes and standards, trends of the specific degradation mechanism, and 
consolidation of appropriate maintenance programme. 

   The general aim of the knowledge base and commendable practices is to reflect basic 
international technical information (event data, R&D, etc.) for AMPs and to provide a state-
of-the-art description of the SCC phenomena treated and the main factors influencing their 
occurrence, the locations affected, as well as the strategies available for mitigation and repair. 
This information is useful for both regulators and utilities to establish and review AMPs. 

   The working group was to identify commendable practices for ageing management of the 
different SCC degradation mechanisms for safe long term operation. In order to achieve this 
the working group agreed to establish an event database using similar principles to those 
already established within the OPDE project. The event database also covered experience 
such as field data from light water reactor events and field experience from inspections. In 
addition it was recognised that a knowledge base must also be established in order to identify 
commendable practices.  

4.1  SCC Event database 

4.1.1  Scope 

The SCAP SCC event database addresses passive components degradation or failure 
attributed to SCC occurring at nuclear power plants in participating countries. The scope of 
the event database includes class 1 and 2 pressure boundary components2 , reactor pressure 
vessel internals and other components with significant operational impact, excluding steam 
generator tubing. 

                                                      
2 Class 1 and 2 pressure boundary components are defined by the American Society of Mechanical Engineers 
(ASME) as follows: class 1 includes all reactor coolant pressure boundary (RCPB) components; class 2 
generally includes systems or portions of systems important to safety that are designed for post-accident 
containment and removal of heat and fission products. 
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4.1.2  Structure 

The SCAP SCC event database is a web-based relational database. The data entry is managed 
via input forms, tables, roll-down menus and database relationships. Database searches and 
applications are performed through user-defined queries that utilize the tables and built-in 
data relationships. The data entry forms are organized to capture essential passive component 
failure information together with supporting information.  

4.1.3  Search capability 

The SCAP SCC event database is a Structured Query Language (SQL) database designed for 
managing relational information on stress corrosion cracking events. All fields in the database 
are searchable. In its present form, the database structure supports two types of searches. First, 
the Web-based database allows searches for specific types of event reports based on plant 
type, plant name, event date, and event characteristics (e.g. flaw characteristics, SCC 
mechanism, component type, material). Second, the SCAP SCC event database can be 
exported to a database platform such as Microsoft® Access. Within the Access database 
platform queries may be defined to support amongst other things statistical evaluations of the 
database content. 

4.1.4  Contents of the database 

The general aim of SCC databases was to provide qualified data to form the basis for 
recommendations concerning commendable practices that will help establishing optimized 
and improved ageing management for light water reactors systems. Therefore priority should 
be directed to data on SSCs in which degradation, defects or failure could affect safe long 
term operation or could lead to a considerable burden regarding maintenance strategy, outage 
time or personnel exposure.  

   In order to develop the database and knowledge base for stress corrosion cracking, the event 
data were collected and populated as follows; 

- Extracted and merged the SCC data from OECD/NEA piping failure data exchange 
project (OPDE) 

- Identified representative events considering the importance of SSCs such as reactor 
vessel and vessel internals, class 1 including the reactor coolant pressure boundary 
(RCPB) components; class 2 including systems or portions of systems important for 
safety designed for post-accident containment and removal of heat and fission products. 

- Completed entries for the events, in particular  representative events. 
 

   The SCAP event database contains more than 1,600 data records (FIG.2). The event 
database contains a number of representative events for which more extensive information has 
been made available. There are approximately 20 representative BWR records of a total of 
1156 and 15 representative PWR records of a total of 507. It should be noted that the contents 
of the OPDE and SCAP SCC event databases are not the same since the fields differ to some 
extent.  

   A representative event is typical for several identical or very similar events and is intended 
to contain all the relevant information and references for such events with information in the 
majority of the fields. This allows similar events to be entered in a simplified format with 
only the basic information and a note that they are coupled to the reference event. 
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FIG.2. Distribution of the data populated in the SCC database 

4.2  SCC Knowledge base 

The SCC knowledge base consists of the event database, general information data and 
information on SCC mechanisms. 

   Country reports contain data and information on SCC operating experience and general 
information. Some country reports cover the general information on each SCC mechanism 
others cover information on individual SCC mechanism, regulatory framework and 
approaches, and operators ageing management activities. The knowledge base also contains 
basic information on safety assessment approaches, regulations/codes and standards, 
inspection, monitoring and qualification practices, preventative maintenance, mitigation, 
repair and replacement, as well as R&D. 

   The future user of SCC knowledge base can access the information regarding their home 
country immediately, whilst having access to all the other information.  

   The general aim of the knowledge base is to provide a state-of-the-art description of the 
SCC mechanisms treated and the main influencing factors, the affected locations of SSCs, as 
well as the strategies available for mitigation and repair. This information provides the basis 
to identify the commendable practices useful for establishing AMPs. 

   The knowledge base comprises information identified from the databases (events, 
operational experience and recent findings) which is analyzed and evaluated from the 
viewpoint of the implementation of appropriate ageing management and maintenance 
activities. 

4.2.1  Search capability  

The user can further filter the search result by entering more specific search criteria using the 
advanced search option by the document title (specify words to be found in the title), 
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description (specify words to be found in the document’s description), full text, status and 
document type. 

 

FIG.3. An example of search result (Search with the keyword “IGSCC”) 

4.2.2  Analysis of the event database  

The event database contains a number of representative events for which more extensive 
information has been made available. There are approximately 20 representative BWR 
records of a total of 1156 and 15 representative PWR records of a total of 507.  

   The SCC event database contains in principle data connected to reportable events 
supplemented by additional technical information. To assist in the understanding of the flow 
of information the flow charts for reportable events have been contributed to the knowledge 
base by the participating countries. 

   Three factors are critical in SCC and it can be avoided by eliminating at least one of these 
three factors since there are some uncertainties in the specific mechanism, elimination of only 
one of the three factors may not be sufficient. Therefore it is recommended if possible o 
eliminate at least two SCC factors in order to improve the effectiveness of the mitigation 
method. This can also be achieved by applying a combination of mitigation methods.  

5.  Cable Woring Group 

Electrical cables are installed approximately 1,000 to 2,000 km for each nuclear power plants 
(NPPs). They transmit instrument and control signals, supply power to electric components 
such as motors, actuators for power-operated valves. Certain cables for safety-related systems 
are required to remain operational until the last stage of an in-service period, during and 
following the design basis event such as loss of coolant accident (LOCA). 

   Typical construction of the cable consists of conductor, insulator, filler, tape and jacket. The 
filler and tape are used for fitting them into the cable, and the jacket is for the protection of 
the insulator from external force that might be applied during cable installation. The insulator 
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has the function of assuring electric independence between the conductor and ground or 
between the conductors and is made of polymer material such as XLPE, EPR, and SIR. 

   The insulator degrades in normal operation due to various environmental factors, such as 
temperature, radiation, moisture, etc, and their combined effect.   In general, degradation of 
polymer is said to be attributed to oxidation.  It causes chain scission or cross-linking among 
chains and the oxidative products such as carbonyl and hydro-peroxide accumulate in 
polymer matrix.  The electrical property and mechanical property degrade with the degree of 
oxidation and such phenomenon is generally referred to as insulation degradation and it 
progresses with time. 

   In addition to the degradation given in normal operation, rapid degradation of cable 
insulator progress can occur under the severe environment such as the design basis event 
(DBE) and it will cause failure.  Therefore appropriate ageing management for cables, 
especially for safety related cables, is important for prevention of potential failures and for 
safe long term operation of NPPs. 

   For maintenance, inspection and condition monitoring for cable are performed to detect 
degradation of the insulation and when degradations are detected, cables are repaired or 
replaced.  However, since it is difficult to evaluate the integrity of safety related cables in 
LOCA environment based on the result of inspection or condition monitoring technique 
currently used. The type test that simulates degradation of cable in normal operation and the 
LOCA environment is performed as an environmental qualification (EQ) test.  In addition, 
environmental condition monitoring in normal operation is performed to confirm that 
environmental conditions of the place where cables are installed are within the design basis 
assumptions and the result of the monitoring is also used to requalify service life of the 
cables.  If the environment condition is very severe, mitigation of cable installed condition 
may be applied. 

   A few countries have introduced a requirement to perform a flame propagation test on aged 
cables. This requirement is to ensure that the flame retardant capabilities have not degraded 
due to operational ageing. A representative sample of cables has to be tested for their fire 
properties to confirm its continued suitability for nuclear plant application. Generally, XLPE, 
EPR, EVA based cables show no changes after the ageing. PVC cables improve their fire 
retardant properties due to the loss of flammable plasticizers during the ageing. 

5.1  Cable database 

5.1.1   Scope  

The cable database covers safety-related cables that support emergency core cooling, safety 
cables (required to prevent and mitigate design basis event) and cables important to plant 
operation (cables whose failure could cause a plant trip or reduction in plant power). The 
scope of the database includes cables with voltage levels up to 15kV AC and 500 V DC, 
including instrumentation and control (I&C) cables. 

5.1.2  Development of strucuture 

The electrical cable systems are a vital part of the plant because of the communication it 
provides for the operation of every system, monitoring, controlling and shutdown. The cables 
primarily fall into two categories; Cables that have Operational significance or nuclear safety 
significance. The failure of Cables with Operational Significance could trip a plant, cause a 
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transient, reduce output power, or cause other conditions that affect power production.   
Therefore, the cables that have operational significance receive prompt attention for 
corrective and preventive care because of its direct impact on plant availability.  Most of the 
cable failures in this category are remedied through a simple replacement of the cable and an 
improved design is sought only when there are repeated failures.  The steady advancement in 
cable chemistry has further contributed to better performance of cables that were 
manufactured in 1990s and later. 

   The cables with Nuclear Safety Significance are needed to mitigate the effects of an 
accident, monitor critical parameters to ensure safety, monitor the effectiveness of emergency 
core cooling, and monitor and prevent potential for containment breach and the consequent 
offsite releases.   Most of the cables in this category are in standby mode and never subjected 
to an accident environment.   A significant percent of the cables in this category are required 
to be operational during and following an accident to preserve nuclear safety. The required 
confidence in the performance of these cables during accident environment is achieved 
through the testing of cables in simulated accident environments.  While the simulation of 
accident environment has improved over the years, it has not offered a continuing affirmation 
on the qualification process that prevailed in the 1980s.  Therefore, the working group added 
the qualification of the safety related cable into the scope of the database. 

   The operating experience shared by the participating countries indicated that there were 
other environmental factors such as moisture intrusion, chemical and adverse environment 
that could degrade the cable during its normal service (Non-accident) conditions.  Therefore, 
it is important to monitor the operational readiness of the cable periodically or in response to 
unanticipated service conditions.  The cable condition monitoring techniques have been 
evolving and the industry has not yet developed a single test that could evaluate the condition 
of all the variety of cable designs.  In order to share the evolving techniques applicable to the 
variety of cables, the working group decided to include the cable condition monitoring 
techniques and the related research, study and publications to the database. 

   The database is organized in 10 parts to document all the details of the cable including 
design, qualification, maintenance, condition monitoring and continuing research.  Data entry 
in the SCAP cable database is managed via tables and roll-down menus. Database searches 
and applications could be performed through user defined field entries. The data entry tables 
are organized to capture essential cable insulation failure events along with information 
regarding environmental qualification and condition monitoring. 

5.1.3  Search capability 

The cable database Search Tool allows fast access to desired information in any part of the 
database. The Search Tool opens up for multi-section/multi-country searches, with 
possibilities for tailor-made search and display criteria.  

   To narrow the search down to one or more fields within one part, each part has a dedicated 
search/display criteria panel allowing the user to specify in detail the actual field(s) to be 
considered in the search.  In the same way the user can choose which field(s) of that particular 
part being displayed in the search result list. 
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FIG.4. Entry point for the database search tool, showing panels for selecting the main search criteria, 
i.e. parts, countries, and search strings 

5.2  Cable Knowledge base 

The knowledge base was built from the data that was collected from the member participants. 
The Cable working group evaluated the information in the data base and identified subject 
areas that were of great significance that would be of great use to the current nuclear operators 
and regulators and classified them as knowledge base. Because of the wide variety in the 
classification of importance the assessment began with safety classification and proceeded to 
identify the essential elements of Knowledge Base. 

   The Cable working group has examined and reviewed the data collected in the database and 
extracted information for arriving at for conclusions. There was a wide variation of cable 
classification at different countries. These classifications form the bases for the required level 
of qualification to meet its specific performance requirements.   

 

 

 

 

 

 

 

 

 

FIG.5. Causes and causal factors for all cable failures 
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6.  Commendable practice 

Commendable practices are derived from collected knowledge and experience. The SCAP 
database and knowledge bases provide the extensive information underlying the 
commendable practices. These, in turn, provide the technical and organizational elements 
which can inform ageing management programmes in the areas of SCC and cable ageing for 
safe long term operation. To use accumulated knowledge and a cooperative approach is to 
help improve an efficiency and effectiveness of ageing management and safety of long term 
operation, so that it will be benefit for all stakeholders including designers, operators, 
regulators and ultimately the public. 

6.1  Benefits in the area of SCC 

Operating experience shows that the frequency of SCC events is generally decreasing. This 
clearly indicates that the mitigation measures developed and applied in the past decades to 
control SCC, incorporated into ageing management programmes for safe long term operation, 
have been successful. While it is possible that new mechanisms may surface and that there 
could be an increase in SCC type failures involving some components or materials (e.g. 
IASCC), the overall trend is positive.  

   It was understood that effective ageing management of SSCs can be hindered by several 
factors which include the insufficient understanding or predictability of ageing, lack of data 
for ageing management and inappropriate use of reactive ageing management. The latter can 
lead to either unexpected or premature ageing (i.e. ageing mechanism that occurs earlier than 
expected). These factors or weaknesses need to be considered and the work of the SCAP 
project will help in this regard.  

   The broad knowledge base which exists in the area of SCC resulted from experience gained 
from past challenges. Currently there are many experts in this field, but this may not be the 
case in the future due to demographic, practical (less opportunity to gain experience) and 
educational trends. So, efforts will have to be made to change these trends and the SCAP-
SCC event data- and knowledge bases, as well as commendable practices, will be a good 
source of information for those entering the field of SCC or needing to assess new SCC 
events. 

6.2  Benefits in the area of cable ageing 

The project has yielded crucial knowledge in the area of cable ageing related to qualification 
procedures for harsh environments, as well as the predictive capability to estimate the 
remaining qualified life. As part of the work, an up-to-date encyclopaedic source of data on 
unique cables and condition-monitoring techniques has been gathered and this can now be 
applied to help monitor and predict cable performance. While the project did not yield a great 
deal of data on cable failures, this, by itself was a finding. It was noted was that cable failure 
events were strongly related to past manufacturing and installation practices. When corrected 
or when the cable was replaced, the problems were resolved. This information also forms part 
of the database and can be used to inform future practices. 

   The insights collected in this project offer a greater level of knowledge of, ageing 
mechanisms, cable types and technical basis for addressing life extension and continued 
qualification of cables. Besides the technical data and operating experience, the SCAP cable 
ageing data- and knowledge base provides up to date information on environmental 
qualification of cables that need to remain functional during and following, a design basis 
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event. The Cable database incorporates information on recent research results on ageing 
mechanisms and on continued efforts in enhancing condition monitoring capability. 

   Countries regulate the long term operation of their NPPs in accordance with their legal and 
regulatory frameworks. Information supporting AMPs is of vital importance given that ageing 
management is an essential and important aspect to be taken into consideration in connection 
with safe long term operation. The activities of both working groups, the databases generated 
and the knowledge gained, for SCC and degradation of cable insulation will be very valuable 
in this regard. The commendable practices being outlined in this report demonstrate practices 
that enhance safety or performance, and provide information on how to mitigate or avoid 
problems now known. 

7.  Recommended future activities 

The two working groups had brought together representatives of regulators, licensees, 
vendors and academics working in the field, and this combination had been found to be 
invaluable for the successful execution of the project. It is expected that the expert network 
will facilitate the sharing of knowledge as well as increase co-operation among experts 
outside the project. 

   The commendable practices identified in the project are intended to strengthen technical 
approaches to optimize ageing management in the areas of SCC and cable ageing. The SCAP 
SCC and Cable data- and knowledge bases provided extensive information to benefit all 
stakeholders in designing, constructing, operating and regulating Nuclear Power Plants and 
also provide commendable practices applicable to new reactors. 

   The working process of SCAP had also provided an important example to demonstrate how 
such a challenging task can be effectively addressed and therefore could be used as a basis for 
other topics in ageing management. Vital elements of the working process had been the 
identification of priority items of common interest, the assignment of a dedicated project 
coordinator, chairperson and clearinghouse with expert knowledge and lead organisations 
providing input to start the discussion and giving orientation.  

   Following the completion of the poject, both SCC and Cable participants were interested in 
some form of continuation and discussions were initiated to explore possible alternatives and  
two database projects have started to follow-up the SCC anc Cable working group activities.  


