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Abstract 

After operating successfully for more than half their design life, owners of CANDU® reactors are 
now engaging in Plant Life Management (PLiM) activities to ensure not only life attainment, but 
also life extension.  For several years, Atomic Energy of Canada Ltd. (AECL) has been working 
with domestic and offshore CANDU utilities on a comprehensive and integrated CANDU PLiM 
program that will see existing CANDU plants successfully and reliably operate through their 
design life and beyond. 

To support the PLiM program development, a significant level of infrastructure has been, and 
continues to be, developed at AECL.  This includes the development of databases that document 
relevant knowledge and background to allow for a more accessible and complete understanding of 
degradation issues and the strategies needed to deal with these issues.  As the level of integration 
with various project, services and R&D activities in AECL increases, this infrastructure is 
growing to encompass a wider range of design, operations and maintenance details to support 
comprehensive and quantitative assessment of CANDU stations. 

With the maturation of the PLiM program, these processes were adapted for application to newer 
plants.  In particular, a fully integrated program was developed that interrelates the design basis, 
operations, safety, and reliability and maintenance strategies, as applied to meet plant design goals. 
This has led to the development of the maintenance-based design concept. 

The various PLiM technologies, developed and applied in the above programs with operating 
stations, are being modified and tailored to assist with the new plant design processes to assure 
that ACR- Advanced CANDU  Reactor meets its targets for operation, maintenance, and 
lifetime performance. Currently, the ACR , developed by Atomic Energy of Canada Ltd. 
(AECL), is being designed with features to increase capacity factors, to reduce the risk of major 
equipment failures, to improve access to key components requiring maintenance, and to require 
less operating staff than previous CANDUs. 

This paper will provide an overview of the highly integrated PLiM program that AECL continues 
to enhance.  Further, the application of the program to develop a maintenance-based design will be 
discussed.  In particular, the PLiM processes that are being developed and refined to assist in the 
design of the newest ACR design will be described.  The results of this approach will show how 
PLiM considerations are being used to improve the advantages of the CANDU design for the 
future. 

 

                                                 
  ACR (Advanced CANDU Reactor) and CANDU are trademarks of AECL. 
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1. Development of Integrated PLiM 

The application of Plant Life Management technology has been influenced by a number a factors 
over the past 20 years.  In the early years of international PLiM development, utilities and 
regulators were focused on the highest risk and potentially plant life-limiting components such as 
PWR reactor vessels, steam generators, and containment structures and the passive degradation 
mechanisms associated with these components. In the past decade, changes in the regulatory 
environment (such as license renewal activities and Periodic Safety Reviews) have forced 
utilities to consider a broader cross section of components.  Similarly, the introduction of the 
maintenance rule in the U.S. has further fostered a more comprehensive preventative 
maintenance program, which in turn requires a broader understanding of degradation 
mechanisms for many more components. 

Meanwhile, a parallel development was occurring in systematic approaches to maintenance, 
such as Reliability Centred Maintenance (RCM) techniques, streamlined RCM versions, and 
Preventive Maintenance Optimization (PMO) techniques. These have been applied somewhat 
differently at numerous plants and have both advocates and dissenters for the various 
approaches. Nevertheless, there has been a continued evolution of systematic approaches to 
better meet utility needs. These assessments focus on active degradation mechanisms, which 
have typically shorter-term maintenance considerations, and can lead to improvements of the 
on-going preventative maintenance program.  A result of the different focus of these techniques 
was that maintenance program assessments and passive component aging assessments were 
treated as separate and distinct from one another. 

In reality, many components have both active and passive degradation and an integrated 
approach to the various aging assessment technologies was needed.  AECL has evolved the 
CANDU PLiM program to incorporate an integrated approach, both the various aging 
assessment strategies and how they are integrated into plant programs (including ongoing 
adaptation with new knowledge).  A comprehensive Maintenance, Surveillance, and Inspection 
(MSI) strategy considers all plausible degradation mechanisms, whether active or passive, and 
is implemented so that the Preventive Maintenance (PM) program, surveillance programs, and 
inspection programs are executed as an integrated whole. 

There are numerous benefits of the PLiM “integrated” approach. For instance, the systematic 
assessment processes provide for the definition of the MSI technical basis, which can be 
adapted via processes such as INPO AP-913 Equipment Reliability process guidelines or 
AECL’s System based Adaptive Maintenance Program (SAMP) [1]. This provides improved 
control over maintenance and its evolution over the life of the plant.  The same assessments also 
provide an opportunity to improve configuration management on systems, and provide a means 
of documenting knowledge important to succession planning. 
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Ultimately, the PLiM program value is further recognized when viewed as a significant part of 
the plant’s asset management. The asset management perspective, rather than the regulator 
perspective alone, defines the scope of the PLiM program.  These include: 

• The PLiM program should include systematic selection of plant components and then 
apply the appropriate level of assessment, based on asset risk considerations.   

• Integration of PSA (or PRA), economics, and O&M technical requirements are needed 
to establish the real cost/benefits of various strategies and to understand the level of 
residual risk associated with each option 

2. Incorporating PLiM into New Plant Design  

PLiM is applicable from the initial plant concept to the time that the site is returned to a green 
field. Hence it is applicable at all stages of a plant’s useful service life.  In this paper, the 
emphasis is the application of PLiM in the design process of a new plant. 

The first step is to understand some of the goals of the design process.   Considering the 
perspective of the future owner, the designer wants to be able to demonstrate that the design 
will: 

• Meet outage frequency and duration requirements.     

• Meet design life requirements.   

• Be maintainable. 

With a new plant design, it is recognized that initially there is significantly less information 
available on specific equipment than on a fully operational plant. However, many of the above 
goals can be addressed and the capability of the design to meet these goals, demonstrated. For 
AECL’s new ACR, this is done by a maintenance-based design approach, which: 

1. Uses feedback from O&M for comparable systems, structures, and components at 
existing plants. 

2. Makes maintenance a truly integral part of the design process 

The feedback process to design concentrates on known problem areas and enables improved 
design for these types of problems to be incorporated.  However, this alone does not ensure 
that the less well-known problems are addressed, nor does it ensure that problems are not 
introduced as a result of new innovations included in the new design.  A more systematic 
approach is needed and this is where the “integrated” PLiM approach augments the design 
process, to ensure that O&M considerations are an integral part of design. 

The design process identifies system functions and considers design options to provide the 
needed functionality.  Based upon these functional requirements, the systems, structures, and 
components are screened and prioritised at an early stage (using PLiM processes that provide 
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their relative importance based on associated risk). This provides input into decisions on system 
concepts.  Whereas safety related systems traditionally receive higher attention and built-in 
levels of redundancy, understanding the potential production risk or risk associated with support 
function failure, can augment system design to help achieve both production and safety targets. 

Systematic assessment of maintenance strategies for active components is also incorporated 
early in the design process. System functions allow the assessment of critical system function 
failures, and generic knowledge of component failure modes can then be used to understand the 
potential failure modes of interest.  These can then be used to identify the anticipated MSI 
strategy, which in turn provides information to assess the overall system maintainability. The 
system’s expected maintenance load can then be developed and used to improve the overall 
maintainability of the system.  Potential maintenance problems are identified and assessed when 
it is relatively easy to make changes. For instance, enhancing shutdown work efficiency leads to 
provision of platforms for maintenance/inspection of valves and other equipment and 
appropriate lay-down areas for tools and parts are also provided. 

An integral part of a maintenance-based design approach also involves assessment of 
environmental qualification (EQ) and PSA (or PRA) aspects of the components and their 
resident systems.  Understanding EQ and PSA (or PRA) are important parts of defining safety 
system MSI strategy (for instance, PSA assists in determining the test frequency for safety 
related equipment).  In a new plant design, these do not have to be considered as separate 
assessments. Also there is an opportunity at an early stage to feed back the maintenance 
understanding to these statistical assessments.  Thus there are further benefits through integration 
of PSA and the MSI strategies [2]. 

Alternative designs or alternative approaches to redundancy in design can also be evaluated 
with PLiM technology that generates the expected system maintenance loading. This enables the 
following types of questions to be evaluated. 

• What is the trade off between a cheaper component with more maintenance or a higher 
replacement rate versus a more expensive component with lower maintenance or lower 
replacement rate?  

• Is replacement acceptable and can it be done easily?   

Such asset management questions that involve capital cost, the expected O&M cost, and the 
potential failure rate or system availability and therefore plant availability are all integrally 
related.  An effort to decrease one of these parameters might well result in an increase in the 
others.  The systematic assessment of maintenance approach provides valuable insight into 
these tradeoffs and helps achieve the design goals. 

A further consideration is how far to take the development of the maintenance program during 
the design process.  For components important to critical system functions (for example as 
defined by the NRC Maintenance Rule), O&M requirements need to be established to 
demonstrate that the design will meet the intent.  However, for the non-critical components, 
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plant owners can have varying perspectives on the approach they wish to follow.  Typically, 
therefore, little effort has traditionally been spent in this area.  The one caution is that sufficient 
effort is needed to ensure that those components that are deemed non-critical, should ultimately 
be cost effectively maintainable. 

The maintenance-based design process must also follow through into the procurement phase.  
As noted earlier, questions on component quality and cost versus replacement strategies can be 
evaluated and the results implemented into the appropriate component specifications.  Similarly, 
there are implications on information control and information gathering systems in the plant.  The 
same information is also needed to develop in-service inspection programs or periodic 
inspection programs approved by the regulator. The understanding of MSI strategies also 
impacts on commissioning, as many monitoring parameters need to be benchmarked for future 
reference.  Hence, the design O&M plan provides direct input into commissioning procedures. 

Overall, a key goal is ensure that the maintenance assessment of systems in the design process is 
systematic, consistent, and documented.  This is done via electronic databases, facilitating 
adaptation during later design, procurement, commissioning and ultimately plant operation. 
There are clearly implications of this process after the design is complete.  The information 
generated to understand the MSI strategies is a very valuable commodity to the new plant 
owners.  It forms the basis of adaptive maintenance programs.  Having this available in an 
electronic format is clearly advantageous for easy transfer to the operating organization. 

3. PLiM Technology Support for Maintenance-Based Design 

The application of the PLiM techniques and tools described earlier requires that analysts and 
designers understand key aspects of age-related degradation mechanisms, the stressors that 
impact on their plausibility, and the potential effectiveness of MSI strategies to deal with them, 
as part of their knowledge base.  This can impose a significant burden on individual designers, 
requiring a significant level of training and experience to adequately address all aspects of aging 
for the components.  However, via involvement with many PLiM programs for various utilities, 
AECL has developed a high level of experience and knowledge.  Therefore, to further facilitate 
the transfer and maintenance of this knowledge base, AECL has a continuing effort to organize 
the information in easily accessible databases that in turn is used in the maintenance assessment 
tools. 

The PLiM program has refined the methodologies to perform various types of aging 
assessments and includes the overall PLiM program technology as well as assessment and 
implementation processes.  There are three key aspects to the overall PLiM technology that 
support maintenance-based design.  These are: 
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• PLiM program processes and procedures to organize and control the overall 
program 

Understanding the overall intent of assessments and processes (such as risk-based 
screening and prioritizing, program planning, and assessment procedures), provides the 
background needed to carry out effective assessments and manage the results. 

• Aging and maintenance related databases and support tools  

At the heart of the effort to create a well-established assessment capability are relational 
databases capturing the CANDU specific aging information on components, along with 
more generic information applicable to common plant components.  These databases 
and the associated processes are designed to capture the knowledge base on CANDU 
components and aging issues while providing a means for identifying areas requiring 
further consideration.  AECL’s significant R&D capability is an important resource for 
state of the art knowledge, but also provides the opportunity to eliminate gaps or 
limitations when warranted.  Also, AECL’s own utility support capabilities provide 
additional knowledge on applications in the field.   

Assessment tools have also been developed that can use the database information.  The 
SYSTMS tools facilitates systematic assessment of maintenance while providing 
implementation tracking and longer term System based Adaptive Maintenance Program  
(SAMP) support.  The resulting assessment database can be enhanced to capture all 
passive aging assessment information providing a means of developing a comprehensive 
System Maintenance Database (SMD).  Such a capability allows for easier assessment 
of the overall maintenance program, facilitating asset management considerations.  The 
incorporation of economic factors and risk factors provides input for improved 
cost/benefit decisions. 

• Implementation control and assistance processes 

Understanding the process of developing and implementing maintenance strategies is 
necessary to ensure that both applicable and realistic strategies are developed in the 
assessment process.  The SAMP process, as with other ongoing aging management 
concepts such as INPO AP-913, has implications on how assessments are conducted, 
and on information transfer requirements within the plant.  This has links to information 
management and more advanced condition monitoring concepts. 

4. Using the CANDU Advantage for the new ACR 

The CANDU design, with the on-line refuelling feature, has an advantage over other designs 
that are required to shut down to refuel.  In the 70’s and 80’s, this advantage was evident in the 
performance of CANDU units.  Over the recent decade, significant improvements in outage 
management around the world have compensated for much of the inherent advantage the 
CANDU design has in this area.  However, as the outages become shorter world wide, the cost 
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effectiveness is reaching a limit.  To make further improvements requires ever more effort. 
Maintenance optimization, moving to more on-line maintenance, and reducing unexpected 
corrective maintenance have been identified as key aspects, along with the need to improve and 
reduce the maintenance time associated with critical path items. 

With this in mind, the ACR designers have the opportunity to exploit the on-line refuelling 
advantage.  This can be achieved, in part, from the maintenance-based design concepts 
discussed earlier.  The application of systematic approaches to identify critical components, 
understand their age-related degradation mechanisms and the consequences of failure, can be 
used to identify effective MSI strategies and their implications on design.  This process can 
identify bottle-necks in the form of components that limit the duration between outages, which in 
turn may lead to improvements in design.  This can take the form of improved on-line access, 
incorporation of redundancy, identification of improved MSI strategies to allow longer duration 
between maintenance, or to improve component specifications. 

There are several additional features that are being considered in enhancing the ACR advantage.  
CANDU’s are designed for easy on-line access to the containment building.  This provides a 
significant opportunity for on-line maintenance activities, and for preparation and clean-up 
associated with outage execution.   The question is whether access can be further enhanced or 
whether the current access capability can be used to facilitate improved on-line maintenance 
capabilities through improved system design, improvement in layout that may include improved 
shielding for components requiring maintenance, and optimization of equipment movement 
capabilities within the building. 

Further, the CANDU design has the inherent capability for relatively quick start up and cool 
down capabilities, which can further reduce outage duration.  The ACR design has the 
opportunity to consider current operating constraints and ensure the design has optimal 
capabilities in this area. 

The efforts in all these areas will complement natural improvements to existing design concepts 
for the improvement of O&M.  For example, the exemplary performance of CANDU steam 
generators is expected to continue, along with improved capabilities to allow for easier 
maintenance of these key components.  The efforts to understand the design requirements for 
O&M provide the inputs, as noted earlier, to component specifications and to the identification 
of spare parts.  This, in turn, provides the support information for the building of a complete 
infrastructure for optimal O&M performance.   

Finally, through documentation of the maintenance basis, the opportunity to assess different 
operating models exists.  Through the incorporation of economic data and the understanding of 
risk in combination with the design information, the impact of different outage frequencies can be 
considered.  This is ultimately the application of asset management considerations to the new 
design and facilitates the continued improvement of the design as it evolves.  
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5. Information Management 

The definition of MSI strategies, optimization of the design to facilitate increased duration 
between outages, enhanced on-line maintenance capabilities, and improvements to minimize the 
risk of forced outages, and asset management basis for choosing the O&M approach, have an 
impact on the need for information management in the plant.  The latest engineering tools, and 
information management systems allow for improved configuration management throughout plant 
life, from the drawing board to the final decommissioning.  The ACR design will have significant 
advances in the quality of information available, and the ease of access to that information.  In 
addition, the advent of improved health monitoring requirements at the component, system, and 
plant level, necessitates consideration of enhanced information flow management.  Even in 
today’s plants, significant quantities of information are being gathered, but the difficulty is 
ensuring that the right information is gathered, that this information is tracked, that the 
appropriate personnel have access to this information in a timely fashion, and ultimately that 
appropriate actions are taken when needed in response to the information.  Further, the same 
technical basis that goes into understanding the MSI strategies for components and systems 
provides the basis for predictive health monitoring models. 

AECL is currently developing a suite of health monitoring tools, incorporating both generic 
component knowledge, and CANDU specific information to assist operators, system engineers, 
and component engineers in their day-to-day activities [3].  These tools can become an 
integrated part of the ongoing MSI strategies.  The health monitoring tools, however, will not 
address all the information flow concerns within a plant. To facilitate the overall information flow 
and to build accountability into the system, the Maintenance Information Monitoring and Control  
(MIMC™) tool is being developed.  This tool is designed to act as a portal to access various 
information tools in the plant, including health monitors, provide ongoing feedback to personnel, 
while monitoring that information is neither orphaned nor neglected. 

6. Summary 

CANDU PLiM technologies incorporate a fully integrated approach, that captures both active 
short term degradation and longer term passive degradation mechanisms.  The application of 
systematic and rigorous approaches to assessment has been expanded to enable application to 
the entire plant.  With the inclusion of risk and economic factors, aging management continues to 
evolve towards true asset management. 

Originally, PLiM techniques were developed to address the assessment needs of existing plants.  
However, the technology has further evolved for incorporation into the design process.  The 
resulting approach, called maintenance-based design, is systematic, consistent, and well 
documented.  By maintaining the information in a relational database, the same information can 
be easily incorporated into further asset management assessments, facilitates easier 
implementation in the operating plant, and provides the starting point for adapting and 
maintaining the program over the life of the plant. 
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Ensuring that design captures O&M issues has down-stream implications in several areas.  
These include the procurement phase, where component quality and specifications are directly 
impacted, and the commissioning phase where component benchmarking requirements are 
defined based upon the identified MSI strategy.  There are also implications on information 
gathering requirements to facilitate the selected MSI strategies. 

Acknowledging the support needs for maintenance-based design, AECL is actively capturing 
and maintaining its aging knowledge base.  Through various relational databases, both 
CANDU-specific and generic aging information is being stored and made available for 
assessment purposes.    AECL is also developing assessment, health monitoring, and 
information management tools to assist owners in monitoring and control of plant configuration 
and information flow. 

The ACR, as the latest CANDU design, carries forward all the advantages of the CANDU 
design.  With the application of PLiM assessment concepts, there is opportunity to enhance 
advantages such as on-line refuelling and easy access to containment in order to optimize on-line 
maintenance.  By applying the systematic assessment approaches, a solid basis can be 
established to assure plant owners that the design provides for the improved outage frequencies, 
while maintaining high plant performance capability. 
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