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ABSTRACT 
 

This paper provides an update on Canadian Nuclear Safety Commission (CNSC) staff perspectives on managing the 
safety aspects of ageing of structures, systems, and components (SSC) of nuclear power plants (NPP). Managing the safety 
aspects of NPP ageing requires a proactive, systematic, and integrated ageing management approach for the coordination of 
all activities relating to the understanding, control, monitoring, and mitigation of ageing degradation of SSC through the 
lifecycle of a NPP. A CNSC regulatory document on ageing management based on modern international guidelines is 
described. In addition, the development of CNSC staff review guidelines for New Builds is included. Finally, CNSC 
participation in a number of ageing-management and structural integrity initiatives with industry and other national 
regulatory agencies both, within Canada and at international level are presented.   
 
INTRODUCTION 

 
The Canadian Nuclear Safety Commission is an independent Canadian federal government agency whose mission is 

to regulate the use of nuclear energy and material to protect health, safety, security and the environment and to respect 
Canada’s international commitments on the peaceful use of nuclear energy.  Canada has 22 CANDU nuclear power reactors 
operating under licences issued by the CNSC.  Figure 1 summarizes the age distribution of these units.  While the original 
planned design life for these reactors was typically 30 or 40 years, the experience has been that they require refurbishment 
after about 25 effective full power years to replace all of the pressure tubes, and possibly other major components such as 
calandria tubes, feeders or steam generators, due to ageing related materials degradation. As a result, nuclear power plant 
licensees are moving forward with projects to refurbish these plants for continued operation for another 25 to 30 years.  Life 
extension of these units depends, among other things, on the material condition of the plant which is influenced significantly 
by how well ageing has been controlled or managed.   
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Figure 1: Age Distribution of Canadian Nuclear Power Plants 

 
 



2 

To date, eight reactors have either been refurbished, are in the process of being refurbished, or have refurbishments 
planned (see Table 1). Significant regulatory oversight activities are ensuring the safety and security at Bruce Power’s 
refurbishment project of Bruce Units 1 and 2.  NB Power commenced the refurbishment outage for its single unit station at 
Point Lepreau in 2008. Refurbishment decisions pertaining Hydro-Quebec’s Gentilly-2 site were announced in 2008, while 
the decision for Ontario Power Generation’s (OPG) Pickering B site is pending.  It is expected that the remaining 6 units at 
Bruce and 4 units at Darlington will follow suite in the coming decade.  In all cases, the refurbishment licensing applications 
must meet CNSC requirements for safe operation. 

 
CNSC staff is also in the process of preparing for potential construction licence applications of new nuclear power 

plants.  All NPP currently operating in Canada utilize heavy water reactor technology. Canadian provincial and federal 
governments and utilities are assessing and evaluating Advanced CANDU Reactor (ACR) as well as Pressurized Water 
Reactor (PWR) technologies for potential use in new NPP; the PWR technologies being considered are European Pressurized 
Reactor (EPR) and Westinghouse AP1000. Since PWR technologies have not been used in Canada to date, external expertise 
is required to support the development of assessment and review guidance documents to ensure that they are applicable to the 
new reactor technologies under consideration and that known issues are addressed. 

 
CNSC staff are taking an active approach to these issues, including initiatives at both the national and international 

level to provide adequate assurances that the ageing materials degradation of Canadian Nuclear Power Plants is being 
proactively and effectively managed such that sufficient safety margins remain for long term operation, thus minimizing risks 
to workers, the public and the environment.  The following sections provide an overview of these activities. 
 
CANADIAN NUCLEAR POWER PLANT SSC AGEING ISSUES 
 

Canadian CANDU NPP had excellent reliability in their early years of operation; however, as various effects of 
ageing began to accumulate, outages to address safety concerns resulted in a significant reduction of the availability of some 
plants.  Table 2 summarizes some of the main ageing concerns in CANDU reactors.  Some of these are specific to CANDU 
reactor components, such as pressure tube, calandria tube and feeders.  Other ageing issues are similar to those experienced 
by light water reactors (PWR), such as steam generator, concrete containment and cable ageing concerns.   
 

Currently, through operating licenses, the CNSC requires licensees to comply with in-service inspection standards, 
and regulatory documents which provide extensive inspection and maintenance program requirements related to controlling 
and managing aging, including1: 

• Periodic Inspection and surveillance per Canadian Standards Association (CSA) N285.4, N285.5 and N287.7 
• Equipment Environmental Qualification Programs per CSA N290.1 
• Equipment reliability programs per CNSC Regulatory Document S-98 
• Equipment reliability programs per CNSC Regulatory Document S-98 
• Maintenance Programs per CNSC Regulatory Document S-210 
• Notification and reporting per CNSC Regulatory Document S-99 
• Safety Analysis per CNSC RD-310, “Safety Analysis for Nuclear Power Plants”, 2008 and CNSC S-294, 

“Probabilistic Safety Assessment (PSA) for Nuclear Power Plants”, 2008. 

CNSC staff is implementing a more proactive approach with additional measures to strengthen the role and 
consistency of implementation of proactive ageing management programs through the life cycle of a NPP, Ref.  [1-8].  These 
aspects include increased scrutiny of the licensee’s in-service and periodic inspection programs, component life-cycle 
management programs, the development of fitness-for-service guidelines, maintenance and environmental qualification 
programs, the use of probabilistic methods for condition monitoring and operational assessment, and risk-informed in-service 
inspections.   

In concert with this, CNSC is developing a new proposed Regulatory Document, RD-334 on “Ageing Management 
of Nuclear Power Plants” [1].  This regulatory document will provide guidance for a recommended approach to the ageing 
management of structures, systems, and components of nuclear power plants to ensure that safety and performance remain 
within acceptable limits throughout the life cycle of the NPP. The proposed regulatory document will represent the CNSC’s 
adoption and adaptation, consistent with the Canadian regulatory framework, of the guidance established by the International 
Atomic Energy Agency (IAEA) in Safety Guide NS-G-2.12[12], at which staff also participated in drafting. Key principles 
and elements used in developing this guide are therefore consistent with modern international safety guidelines and practices, 
for example [10-13].  

                                                
1 CNSC regulatory documents can be obtained at www.nuclearsafety.gc.ca. 
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AGEING MANAGEMENT REVIEWS FOR LIFE EXTENSION / LONG TERM OPERATION  
   

Life extension depends, among other things, on the material condition of the plant which is influenced significantly 
by how well ageing has been controlled or managed. CNSC Regulatory Document RD-360 [14] provides information on the 
key elements to be considered when a licensee undertakes a project to extend the life of a nuclear power plant.  One of the 
major elements to assess the safety operation of the plant for the extended period is the “Integrated Safety Review” (ISR). 
The ISR is a comprehensive assessment of plant safety performed by the licensee in accordance with IAEA Safety Guide on 
Periodic Safety Review (PSR) of Nuclear Power Plants [15].  
  

The scope of the ISR includes a number of review areas (termed “Safety Factors”) associated with plant material 
condition and ageing, including: 

• Plant Design 
• Actual Condition of Structures, Systems and Components (SSC) 
• Ageing Management 
• Equipment Qualification 
• Deterministic and Probabilistic Safety Analysis 

 
In the framework of an ISR, the licensee therefore evaluates the effects of ageing on NPP safety, effectiveness of ageing 

management programs for future operation and the need for their improvements, including key considerations and 
recommendations for long term operation in Ref. [12] and [16].  This includes:  systematic identification of structures and 
components subject to life extension ageing reviews; condition assessment of these SSCs against defined acceptance criteria, 
reviews of time-limited aging analyses (analyses that are based on an explicitly assumed time of plant operation, e.g. for 
radiation-induced deformation and embrittlement, metal fatigue, thermal ageing, loss of material and equipment 
qualification); and reviews of the effectiveness of SSC specific ageing management programs against defined attributes.   
These results of these ISR reviews should establish for each SSC subject to ageing review whether: 
 

• All significant ageing mechanisms have been identified. 
• There is a thorough understanding of the relevant ageing mechanisms and their effects. 
• Ageing behaviour over the period of operation to date is consistent with predictions. 
• There are adequate margins in respect of ageing to ensure safe operation for extended life / LTO or whether there 

are any life limiting issues. 
• There are effective ageing management programs (including operational, chemistry, maintenance, surveillance and 

inspection) in place for future plant operation. 
 
Possible outcomes of the ISR review of NPP ageing are improvements to maintenance programs, changes to surveillance and 
inspection scope, procedures and/or frequency, and modifications of operating conditions or design (including possible 
changes of the SSC design basis).  
  
NEW BUILDS 

 
CNSC staff is in the process of developing regulatory design review guidelines in preparation for potential licensing 

of new nuclear power plants including structures, systems, and components that directly support the plant and the protected 
area. CNSC Regulatory Document RD-337, “Design of New Nuclear Power Plants” [17] sets out the expectations of the 
CNSC concerning the design of new water-cooled nuclear power plants. Two paragraphs specifically relate to ageing of SSC: 

• § 7.17, Ageing and Wear: The design considers known and potential ageing phenomena of SSC and their 
impact on SSC, and makes provisions for monitoring, testing, sampling, and inspecting SSC to assess ageing 
mechanisms, verify predictions, and to identify unanticipated behaviour or degradation. 

• § 8.2, Reactor Coolant System: The design reflects expected end-of-life properties affected by ageing 
mechanisms, the rate of deterioration, and the initial state of the components.  

 
As part of this initiative, CNSC staff is developing construction licence application review guidelines for  assessing 

the ageing management strategy which should be addressed in a plant design. The specific objective of this project is to 
identify review guidance and design acceptance criteria that can be used for assessing a proponent’s strategy for ageing 
management in a new NPP (described in a construction license application) which should ensure that:  

• ageing issues of the plant concerned have been adequately addressed in the plant design for its entire lifetime, 
and 
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• adequate measures are in place for implementing an effective ageing management program (AMP) throughout 
all stages of the lifetime of the plant.   

 
The ageing management strategy should ensure that ageing issues of the plant concerned are adequately addressed in 

the plant design for its entire lifetime, and that adequate measures are in place for implementing an effective ageing 
management program throughout all stages of the lifetime of the plant. The following outlines the information is deemed to 
be required CNSC for making a judgment on the adequacy of ageing management (AM) arrangements at the pre-construction 
stage.  

 
1. Ageing management strategy for NPP life cycle: 

 
 This means a policy and/or plan for AM that: 

• takes into account all significant ageing mechanisms and effects, including any potential ageing 
phenomena, and  

• provides for effective implementation of AM in all stages of NPP life cycle, i.e. in NPP design, 
fabrication and construction, commissioning, operation and decommissioning. 

 
 Among other things, the AM strategy document should address and present: 
 

a. Methodology for addressing ageing of SSC important to safety in design, including: 
• provisions for disseminating and taking into account current knowledge (from operating experience 

and R&D) on the understanding, monitoring and mitigation of SSC ageing in the design, selection and 
procurement of SSC 

• provisions for sufficient margins in SSC design to ensure SSC capability to fulfill required safety 
functions throughout their service life 

• facility layout providing accessibility to SSC for operation, testing, inspection, maintenance, repair or 
replacement. 

 
Note: The above methodology should be implemented in the NPP design and results of its implementation 
should be reported in the application for the operating licence. 

 
b. Guidelines for AM during fabrication and construction, including guidelines for: 
• disseminating and taking into account current AM knowledge in the fabrication, storage, construction 

and installation of SSC 
• collection and recording of SSC baseline data 

 
c. Commissioning guidelines for measuring and recording of SSC baseline data relevant to AM, 

including ambient service conditions. 
 

d. Policies and principles for implementing during NPP operation an overall systematic ageing 
management program (AMP) aimed at establishing and implementing effective SSC-specific AMPs, 
including the following aspects: 

• Objective and scope of the overall plant AMP, including the capability for timely detection of 
unexpected ageing phenomena and degradation 

• Development and continuous improvement of SSC-specific AMPs 
• Preliminary organizational arrangements to facilitate coordination of relevant internal and external 

programs and activities 
 

Note: The above policies and principles for AMP implementation during NPP operation should serve 
as a basis for the AMP development, results of which should be reported in the application for the 
operating licence. 

 
e. Guidelines for making appropriate arrangements to ensure that required equipment and SSC remain 

available and functional to facilitate decommissioning activities. 
 
2. Evidence of the resolution of applicable generic ageing issues in NPP design. 
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3. Description of new design features (including operating conditions and practices) which may have potential 
impact on SSC ageing and ageing management. 

4. Ageing evaluation of SSC for 60 year design life, including guidelines on the evaluation of the repair or 
replace-ability of all SSC, and results of the evaluation (particular attention should be given to ageing 
evaluation of SSC that are judged to be difficult or impractical to replace).  

5. Preliminary SSC-specific AM summaries (1 page) based on the reference plant or the generic plant design 
providing succinct information on the understanding, monitoring and mitigation of SSC ageing: guidelines for 
the preparation of the summaries; and summaries for as many SSC as possible. 

 
The above recommendations are based on extensive reviews of: (a) Canadian regulatory documents and 

international (US, UK, Finland, IAEA and WENRA) safety and regulatory documents dealing with the assessment of ageing 
management in new NPP.; and (b) design descriptions of EPR, AP1000 and ACR-1000 provided by CNSC; generic design 
assessment reports by IAEA, UK HSE and US NRC; and generic ageing issues. a compilation of generic ageing issues for 
both CANDU and PWR NPP, and for each of the new NPP designs considered (i.e. ACR-1000, EPR, and AP1000) new 
design features relating to ageing, and a summary of the generic design reviews focused on addressing of the potential 
generic ageing issues. 
 
NATIONAL AND INTERNATIONAL COOPERATION 

  
CNSC staff is participating in a number of initiatives closely related to ageing management of NPP through 

international organizations (IAEA, OECD/NEA) as well as cooperative projects with other nuclear regulatory agencies.  
CNSC participation in these activities provides an opportunity to harmonize our regulatory guidance approach and 
documents with international best practices and recommendations.  Some of the international initiatives closely related to 
ageing management include: 

  
Development of IAEA Safety Guide on Ageing Management (NS-G-2.12) – The objective of this recently completed 

IAEA Safety Guide [12] is to provide a set of guidelines and recommendations for managing ageing of SSC important to 
safety in nuclear power plants, including recommendations on key elements of effective ageing management and its 
implementation. The Safety Guide is intended to assist operators and regulators in establishing, implementing and improving 
systematic AMPs in nuclear power plants. This Safety Guide, in conjunction with CNSC Regulatory Document RD-334, may 
also be used in verifying that ageing in the nuclear power plants is being effectively managed.  

 
Development of IAEA Guidance on Safe Long Term Operation of NPP (Safety Report Series No. 57) – The purpose 

of this recently completed IAEA Safety Reports Series [16] is to provide guidance and recommendations on key technical 
considerations and activities to ensure safe Long Term Operation (LTO), taking into account approaches, best practices, and 
experience of Member States pursuing LTO.  The presently available IAEA Safety Standards do not address LTO.  The LTO 
guideline is intended to fulfil, in part, the need expressed by Member States for guidance, developed and agreed upon by 
international experts that may be referenced when developing national programs for LTO with focus on physical structures of 
NPP. The development of this LTO safety guide supports CNSC regulatory documents in this area, e.g. RD-360 on “Life 
Extension” and RD-334 on “Ageing Management” as well as associated regulatory review processes. 

 
IAEA Preparation of Technical Indices of Ageing Degradation Mechanisms (International GALL/Knowledge base - 

ongoing)   - The IAEA programme on preparation of a Safety Knowledge base for Ageing and Long Term Operation of 
nuclear power plants (SKALTO) aims to develop a framework for sharing information on ageing management and long term 
operation of nuclear power plants.  As part of this initiative, the IAEA is producing an international equivalent to the USNRC 
“Generic Ageing Lessons Learned” (GALL) report (NUREG-1801) [13] which will address WWER, CANDU and Western 
PWR and BWR technologies.  The USNRC “GALL report” sets the USNRC requirements for ageing management reviews 
and condition assessments for nuclear power plant structures, systems and components during licence renewal for life 
extension.  The IAEA has requested that the CNSC participate in this meeting to present views and experience from CANDU 
reactors.  CNSC participation in this meeting has several benefits:  present CNSC experience in condition assessment and 
ageing reviews of CANDU; influence IAEA to include other approaches than the US NUREG-1801; learn from US and other 
regulators and other reactor technologies. 
 

International Experience in Implementing Periodic Safety Reviews  (On-going) –CNSC staff has participated in a 
number of technical meetings on best practices and lessons learned in PSR implementation.  CNSC is implementing IAEA 
PSR guidelines and best practices for the conduct of the Integrated Safety Reviews for life extension according to RD-360. 
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Risk-informed In-service Inspection Methodologies (RISMET) – The RISMET program is an international program 
coordinated by the Organization for Economic Cooperation and Development (OECD) Nuclear Energy Agency (NEA) 
Working Group on Integrity of Components and Structures (IAGE). The overall objective of the project is to apply various 
methodologies of Risk-Informed In-Service Inspection to the selected cases in one nuclear power plant: The project will 
provide a comparative study aimed at identifying the impact of such methodologies on reactor safety and how the main 
differences influence the final result (i.e. the definition of the risk-informed inspection program); Compare the risk rankings 
obtained by different methodologies and evaluate the significance of differences in the results; Compare qualitative and 
quantitative Risk-Informed In-Service Inspection methodologies with traditional (deterministic) programs that are based on 
established classification of components; and the impact of the optimized In-Service Inspection Program on the reductions in 
radiation dose to workers performing (NDE) Non-Destructive Examination.  

 
Stress Corrosion Cracking and Cable Aging (SCAP):  The SCAP Project was initiated by OECD NEA IAGE with 

the aim of producing a database and knowledge base on ageing issues, with focus on stress-corrosion cracking and cable 
ageing, as well as commendable practices for ageing-management.   Two subjects, i.e., stress-corrosion cracking and 
degradation of cable insulation were selected as the focus of this project, because of their relevance for plant-ageing 
assessments and implication on inspection practices. They also represent two areas where the states of knowledge as well as 
the inspection methods are quite different. Considerable information has been generated on SCC related events, including 
piping and component failure, and methodologies exist for SCC inspections and some mitigating measures. However, there is 
still a need to consolidate the acquired knowledge and experience into commendable practices. For cable ageing, the 
information on degradation-induced “events” or failures is limited and the inspection methodology is not yet well established. 
These differences will necessitate that the two subjects of this project be addressed using separate approaches. Nevertheless, 
the overall project goals will be similar for both parts of the project and will ultimately consist of producing a database on 
operating experience, a knowledge-base on background information, requirements and methods, and a basis for 
commendable practices for ageing-management founded on an assessment of the available information. 

 
The OECD Pipe Failure Data Exchange project (OPDE):   The OECD NEA established the Piping Failure Data 

Exchange (OPDE) Project.  The objectives of the OPDE Project include the establishment of a framework for multi-national 
cooperation in piping reliability. Initially a three-year program, the primary activities of the OPDE Project are to: Collect and 
analyze pipe failure data in order to promote a better understanding of underlying causes of failure, observed and potential 
impacts on plant operation, safety and prevention; Project participants that provide validated pipe failure data will gain full 
access to the OPDE database; Generate qualitative insights about the root causes of pipe failures; Establish a mechanism for 
efficient feedback of experience gained in connection with pipe failure and development of defences against pipe failure; and 
Collect information on piping reliability attributes and influence factors to facilitate estimation of pipe failure frequencies. 

 
OECD-NEA International Cooperative Group on Environmentally Assisted Cracking of Water Reactor Materials 

(ICG-EAC): Since 2005, CNSC, through OEAD, has participated and contributed to activities organized by the ICG-EAC.  
Established in 1978 and with 83 member organizations, the general objective of ICG-EAC is to coordinate the international 
efforts on environmentally-assisted cracking of structural materials in water reactor service environments, in order to develop 
the fundamental understanding and the relevant data base for disposition/design criteria for safe operation and life extension 
of Boiling and Pressurized Water Reactors.  AECL is also an active member of the group; Kinectrics has become a member 
this year 

 
CNSC staff is also sharing best regulatory practices for refurbishment / life extension with other CANDU regulators, 

such as South Korea and Argentina, and maintains ties with regulatory agencies in the US, France, UK and Finland (among 
others). In addition, CNSC staff is actively involved in discussions with the nuclear industry on a number of research and 
development programs that industry supports through the CANDU Owners Group (COG) and includes research facilities and 
organizations specializing in materials issues such as AECL Chalk River Laboratories and Kinectrics. The CNSC and 
Canadian nuclear industry is actively involved with the Canadian Standards Association and the ASME Boiler and Pressure 
Vessel Code, and industry is also participates with Electric Power Research Institute (EPRI) and Institute of Nuclear Power 
Operations (INPO) to share experience and best practices in operation of nuclear power plants. 
 
SUMMARY AND CONCLUSION 

 
CNSC staff is implementing measures to strengthen the role and consistency of implementation of proactive 

programs for management of materials degradation due to ageing, including development of a Regulatory Document and of 
construction licence application review guidelines for new builds.  Although currently programs are in place to address 
materials degradation and ageing at each of the Canadian nuclear power facilities, additional regulatory guidance is required 
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to provide a common set of benchmarks to which these programs may be evaluated and to facilitate CNSC staff evaluations 
of industry performance in this area.  The publication of a regulatory document and construction licence application review 
guidelines, along with other initiatives that CNSC staff are undertaking at both the national and international level, is 
expected to serve to provide adequate assurances that the materials degradation due to ageing of Canadian NPP is being 
effectively managed such that sufficient safety margins remain, thus minimizing risks to workers, the public and the 
environment. 
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Table 1: Status of Canadian Nuclear Power Plants 

Location Unit 
Gross 

MW(e) 
Start-

Up 
Refurbishment plans / status 

1 542 1971 
2 542 1971 
3 542 1972 

Pickering A, 
Ontario 

4 542 1973 

• All units had pressure tubes replaced in 1980’s.   
• All units placed in lay-up in 1997.  
• Unit 4 returned to service 2003, Unit 1 in 2005.  
• Units 2 and 3 placed in safe shutdown state until decommissioning. 

1 904 1977 
2 904 1977 
3 904 1977 

Bruce A,  
Ontario 

4 904 1977 

• Unit 2 placed in lay-up in 1995, others in 1997. 
• Units 1 and 2 currently being refurbished for LTO†.  (Replace all 

Pressure Tubes, Calandria Tubes, Lower Feeders, Steam Generators). 
• Refurbishment of units 3 and 4 for LTO to follow units 1&2.  

Point Lepreau,  
New Brunswick 

1 680 1983 
• Refurbishment outage for LTO in 2008-2009 (Replace all Pressure 

Tubes, Calandria Tubes, Feeders). 
Gentilly,  
Quebec 

2 675 1983 
• Operating.  Recently announced refurbishment for LTO in 2011.  
• Integrated Safety Review (ISR) underway.   

5 540 1983 
6 540 1984 
7 540 1985 

Pickering B,  
Ontario 

8 540 1986 

• All units operating. Evaluating feasibility of refurbishment for LTO 
• Integrated Safety Review (ISR) underway. 

5 915 1985 
6 915 1984 
7 915 1987 

Bruce B,  
Ontario 

8 915 1987 

• All units operating.  
• Possible refurbishment for LTO following Bruce A.  

1 935 1990 
2 935 1989 
3 935 1993 

Darlington, 
 Ontario 

4 935 1992 

• All units operating. Evaluating possible refurbishment for LTO 
following Pickering B.  

• Integrated Safety Review (ISR) underway. 

†Long Term Operation 
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Table 2 Summary of Ageing Issues in Canadian Nuclear Power Plants 

 
Component 
Ageing Issue  

Safety Concern  Degradation 
Mechanisms 

Regulatory 
Requirements  

Ageing Management 
Strategies 

Pressure tube 
(PT) 
degradation 
 

Failure of PT, 
(small LOCA), 
inadequate fuel 
cooling, reduce 
ROP trip 
setpoints and 
safety margins. 
 

Irradiation-
enhanced 
deformation of 
PT (sag, axial 
creep, diametral 
creep & wall 
thinning), DHC, 
PT/CT contact 
and possibility of 
blister formation, 
material property 
changes 

CSA N285.4 
CSA N285.8 
Industry Fitness-
for-Service 
Guidelines 
(FFSG) 
 

Design/material/manufacturing 
improvements (replacement 
PTs), chemistry control, 
improved leak detection, trip 
setpoint reductions, inspection, 
Steam Generator cleaning, 
Garter Spring Spacer 
Relocation, 
 
Fuel Channel AMP / Life 
Cycle Mgmt Plan 

Calandria tube 
(CT) 
degradation 
 

Impairment of 
SDS 2 (LISS 
nozzles) 
 

Irradiation-
enhanced 
deformation of 
CT: sag 
 

CSA N285.4 
 

Monitor CT-nozzle 
interference, reposition 
nozzle, replace FC 
 
Fuel Channel AMP / Life 
Cycle Mgmt Plan 

Feeder pipe 
degradation 
 

Failure of feeder 
pipes (small 
LOCA), primary 
coolant leakage 
 

Wall thinning 
due to Flow 
Accelerated 
Corrosion, Stress 
Corrosion  
Cracking 

CSA N285.4 & 
Industry Fitness-
for-Service 
Guidelines  
 

Chemistry control, addition of 
chemical inhibitors, 
repair/replace, inspection 
 
Feeder AMP / Life Cycle 
Mgmt Plan 

Steam 
Generator 
(SG) tube 
degradation 
 
 

Tube leaking or 
rupture, possible 
releases 

Corrosion (SCC, 
IGA, pitting, 
wastage), 
fretting, denting, 
erosion 
 

OP&P Limits, 
CSA N285.4 & 
Industry Fitness-
for-Service 
Guidelines  
 

Inspection and tube plugging. 
Chemistry control, water-
lancing and secondary side 
chemical cleaning, installing 
additional bar supports to 
reduce vibration 
 
SG AMP / Life Cycle Mgmt 
Plan 

PVC cable 
degradation 
 
 

Insulation failure 
leading to current 
leaks and short 
circuits 

Radiation and 
temperature-
induced 
embrittlement 

CSA N290.13 
 

Develop effective EQ 
programs, procedural 
controls, test plans, visual 
inspection 

Containment 
structure 
degradation 
 

Loss of 
leak-tightness  
or structural 
integrity leading 
to possible 
releases 
 

Thermal cycling, 
Periodic 
pressurizing, 
fabricating 
defects, stress 
relaxation, 
corrosion, 
embrittlement 

CSA N287 series,  
CSA N285.5 
CNSC R-7 
 

Pressure testing, visual 
inspections, concrete coating 
 
Containment Structure AMP / 
Life Cycle Mgmt Plan 

Reactor 
assembly 
degradation 

Loss of 
moderator 
containment, 
shielding 

Corrosion (SCC), 
erosion, fatigue, 
creep, 
embrittlement 

CSA N285.4  Visual inspection, leak 
monitoring, lifetime 
predictions 
Reactor Internals  AMP / Life 
Cycle Mgmt Plan 
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Component 
Ageing Issue  

Safety Concern  Degradation 
Mechanisms 

Regulatory 
Requirements  

Ageing Management 
Strategies 

Battery 
degradation  
 

Loss of power to 
essential systems 

Oxidation of 
grids and top 
conductors 

CNSC S-210 
CSA N286 series 
 

Maintenance, operating 
experience trending, new 
battery designs 

 


