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ABSTRACT 

While commercial versions of CANDU reactors were put into service more than 28 years ago, the first series of 
CANDU 6 plants (which entered service in the early 1980's) have now reached beyond the middle point of their 30 year 
design life. Over the past five years, AECL has been working with CANDU reactor owners to develop and implement a 
comprehensive and integrated CANDU Plant Life Management (PLiM) program that will see these plants successfully and 
reliably through to design life and beyond. This program is being applied in three phases planning (assessments and 
recommendations), life attainment implementation, and extended operation. 

In-depth life assessments of critical systems, structures, and components (CSSCs) are being carried out. Systematic 
applications of reliability centred analysis techniques are performed to optimize the performance and effectiveness of system 
surveillance, inspection, and maintenance in order to achieve overall reliability enhancements for the plant. These 
assessments are supported by design, procurement, construction, commissioning, regulatory and operations feedback, as well 
as an R&D support program focusing on plant aging mechanisms, surveillance methodologies, mitigation methods, and 
improved inspection technologies. 

Considerable progress has been made in the development and implementation of the PLiM program. A significant 
portion of the in-depth assessments of critical structures and components and the maintenance optimization studies of the 
critical systems required for safe and economic operation of the plant have been completed. Implementation of the optimized 
inspection and maintenance program recommendations that result from these assessments has now begun. 

Recently, two CANDU 6 utilities have initiated the detailed planning of a program for extended operation of the 
plant. In performing the phase 1 PLiM assessments, AECL also performed a separate evaluation of extended operation. This 
together with the results of the phase 1 and phase 2 PLiM work will be one of the primary inputs for determining the work 
necessary for extended operation, and for planning a maintenance program to achieve the utility's targets for safety, reliability 
and production capacity during its extended life. 

The necessary refurbishment required for extended operation will be implemented in a special outage. There is also 
an opportunity to take advantage of the shutdown to perform regular maintenance work; however it is important to ensure that 
this work is not unnecessarily deferred to this outage, and adversely influence its schedule or cost. 

AECL is also applying the lessons from the PLiM program to the new CANDU products, to assure future customers 
of safe and reliable operation to longer design lifetimes. Comprehensive life management strategies and plans have been 
developed for these new CANDU products. 

In this paper an overview and update of the PLiM program, with some recent results and the plant extended 
operation activities are provided. 

CANDU PLANT LIFE MANAGEMENT (PLIM) OVERVIEW 

Over the past six years, AECL has been working to develop a life management program for current and future plants, 
based on the following principles and goals: 
• Build on CANDU, PWR, and other nuclear and non-nuclear experience. 
• Work with a CANDU Owner on program development and first time implementation to ensure utility acceptance and 

compatibility. 
• Develop a program that not only ensures regulatory compliance, but provides for achievement of high reliability and 

production targets through optimized maintenance. 
• Provides a basis for extending the operation of the station. 
• Provide a CANDU maintenance program as part of AECL's new products, such as CANDU 9 and NG CANDU, that will 

provide potential customers assurance of high reliability and low maintenance costs. 
During the design of the original CANDU stations, potential mechanisms for aging of the plant were considered, and 

inspection and maintenance programs were provided. These programs were based on the best information available from the 
nuclear power industry at that time. Since then, AECL and the CANDU utilities have been using the experience gained 
through the operation of these reactors, and throughout the industry in general, to develop a systematic and comprehensive 
Plant Life Management (PLiM) program to assure the future safe and economic operation of the reactors. This program is 
making use of the knowledge gained during the operation of the Pickering, Bruce, and Darlington stations at Ontario Power 



Generation, worldwide experience from CANDU 6 stations, results from CANDU research and development programs, and 
information from other national and international sources. 

The development of a comprehensive CANDU PLiM program began in earnest in 1994, with the identification of 
most of the critical systems structures and components (CSSCs), and a first pass initial assessment of degradation mechanisms 
that could affect their fitness for service for their planned life. These assessments are complete, along with the work to define 
a CANDU PLiM strategy, including initial and some second pass detailed assessments of CSSCs and components, and a 
systems maintenance optimization program utilizing reliability centred maintenance (RCM) methods. The CANDU PLiM 
program is now reaching maturity, and an integrated program is being followed. The key elements of the program are shown 
in Figure 1 and described below: 

1. Systems Maintenance Optimization: 
A comprehensive assessment of systems is being carried out, which starts by identifying functions important to plant 
safety, the environment, and reliability, and the failure mechanisms and their impact on plant goals. Components that 
could cause these failures, are being identified. Failure modes and effect analysis (FMEA) for these components are 
being completed resulting in an inspection, surveillance and maintenance program to assure attainment of the plant goals. 

2. Components and Structures Aging Management, to ensure degradation mechanisms are understood and steps taken to 
mitigate them: 
This program identifies the major critical components and structures, and any potential aging phenomena that might 
impact on plant safety and availability. Aging degradation mechanisms are addressed and recommendations are made for 
effective monitoring, inspection, and/or maintenance required to mitigate these aging effects and ensure reliable 
performance. These assessments form the basis of an ongoing aging management program to provide the necessary 
assurance for continued safe, reliable operation. 

3. Obsolescence Mitigation to identify or in some cases, to reverse-engineer replacement components and spare parts that 
meet the original design bases and qualification standards. 

4. Integrated Safety and Performance Assessment: 
Analysis of the combined effects of aging is necessary to ensure that the unit is operating within the original design 
envelope, and to demonstrate that there has been no deterioration of the operational or safety margins. 

5. Technology Watch, Research and Development, and Operational Experience Monitoring, to ensure new aging 
information is fed into the above programs: 
A Technology Watch process is underway to anticipate and address "emerging" issues, which could have major 
implications for the plants in the longer term, as early as possible. The performance of existing plants has been affected 
on occasion by unexpected technical or licensing problems. The ability of the industry to respond to these issues is 
dependent on early detection and identification. 

In addition to management of the physical plant, the CANDU PLiM program also recognizes the importance of 
managing the configuration control of the plant, operational management and personnel, and the business, regulatory, and 
public impact as the station ages. These issues are topics of other papers. 

These programs are integrated to meet the needs of utilities for a phased work plan in support of PLiM. Utilities 
must be in a position to assess the economic viability of the various elements of the programs in a timely manner. For the first 
generation of CANDU 6 plants the execution of the program elements have been grouped into three major phases, as 
illustrated in Table 1. 

PLIM ASSESSMENT PHASE AND PLANT LIFE ATTAINMENT PROGRAM UPDATE 

Critical Structures and Components Life Assessment 
During the PLiM Assessment Phase, critical structures and components were identified: 

• Fuel Channels • Large Pressure Vessels 
• Steam Generators (including • Conventional Piping 

internals) • Large Pumps 
• Reactor Assembly/Calandria • Nuclear Piping 

Supports • Major Civil Structures 
• Turbine Generator • Cables 

• Large Heat Exchangers 
• Cooling Water Structures 
• Containment Structures 
• Instrumentation and Control 
• Station Computers 

These CSSCs were classified as critical for plant life based upon the impact on the safe and economic operation of 
the plant, and in-depth life assessment studies are being performed. 

/ i ~ . ~  



Excellent progress has been made to date with about 75% of the in-depth life assessments now completed or well 
advanced. A recent example is Steam Generators (SGs). At two CANDU 6 plants, AECL has completed a detailed and 
comprehensive life assessment study of the equipment, the interfacing systems, the external support structure, the tubing, and 
all the key internal sub-components. The methodology used followed the generic approach for these studies [ 1 ], as adapted to 
the technologies and sub-components involved in steam generator aging. The study included a comprehensive review of the 
operational history of the steam generators at these two plants, including the inspection and maintenance experience. 

CANDU 6 SGs, which are all tubed with Alloy 800M (modified, or nuclear grade, with controlled carbon content), 
have experienced relatively little SG tube corrosion or other degradation to date. For instance, at the 4 oldest CANDU 6 
plants (that each have 17 years of in-service experience), there are only about 80 SG tubes plugged out of the total population 
of nearly 57,000 tubes in these plants [2]. 

As an outcome of the SG work, it was also concluded that each plant and its steam generators have unique aspects 
that could impact on life attainment or extended operation. A detailed and thorough study for the steam generators in each 
plant is advised. The study recommendations typically focus on specific aspects of chemistry control, proactive inspection 
and monitoring and periodic cleaning. However, the prognosis for life attainment and for extended operation of CANDU 6 
Steam Generators is good, subject to the recommended program of inspections, maintenance, chemistry control and re- 
assessment of the further field data [2,3]. 

Critical Systems Maintenance and Surveillance Assessments 
During the PLiM Assessment Phase, approximately 40 systems have been identified as those that could benefit from 

use of a systematic assessment of the surveillance and maintenance effectiveness. The assessment process of optimizing 
maintenance at existing plants, based on reliability centered maintenance (RCM) analysis, and an outline of how it is being 
applied, has been detailed elsewhere [4]. State-of-the-art analytical tools using streamlined RCM methodology are being used 
to perform these studies with the ability to control the process to match the degree of detail required for each component 
consistent with its importance ranking. 

With the participation of'a CANDU 6 utility, RCM based studies have now been completed or well advanced on 
sixteen key critical systems in the plant. Examples are the four Containment Systems (Dousing, Containment Isolation, 
Airlocks, Class III Local Air Coolers), the Auxiliary and Main Feedwater and Condensate Systems, the Class III Standby and 
Emergency Power Supply Diesel Generators and Auxiliaries, Emergency Core Cooling, Instrument Air and Shutdown 
Cooling Systems. Work is underway to continue with a further 10 safety and production systems in the next year. 

This effort results in a systematic and documented approach to maintenance. It has been demonstrated to result in an 
optimized and cost effective program for system surveillance, maintenance and inspection. It also provides a mechanism to 
monitor the effectiveness of maintenance activities in order to minimize the likelihood of failure and events caused by lack of 
effective maintenance. 

Integrated Safety/Performance Assessment - Heat Transport System Performance Improvement 
Analysis of the combined effects of aging from all degradation mechanisms is necessary to ensure that the unit is 

operating within the original design envelope, to demonstrate that there has been no deterioration of the operational or safety 
margins, and to ensure mitigation methods are effective in managing aging. A specific example of the PLiM program effort is 
to ensure good performance of the Heat Transport System (HTS) as plants age. 

When the "first generation" CANDU 6 stations were originally designed, AECL recognized the need for a detailed 
thermal hydraulic predictive modeling capability for the CANDU Heat Transport System (HTS). A number of aging 
mechanisms were anticipated and margins were provided to cater to the in-service aging degradation that would occur. 
Accurate predictions of HTS thermal and hydraulic parameters were recognized as an important capability. Hence predictive 
codes were not only developed but also extensively validated with both commissioning and operational data from the early 
CANDU 6 experience. This program of code development and refinement based on in-plant measurements for prediction of 
HTS aging behaviour has continued throughout the operational period. Also, in parallel, the AECL R&D program tackled the 
understanding of the thermal and hydraulic behaviour of deposits that accumulate on various surfaces in the HTS. This effort 
provided additional important data and modeling parameters that were subsequently incorporated into the prediction codes. 
The result of the integrated program in this area has evolved into an enhanced aging predictive capability. These refined 
codes can not only provide an accurate reflection of the current HTS condition of the plant but also be used as an important 
aid to plant management to predict the benefit of aging mitigation techniques and plan the mitigation implementation [3]. 



Plant Life Attainment Program 
With the significant progress on the PLiM Assessment Phase, effort is now underway on implementation of the 

outcomes from the assessments into plant programs. A first step in implementation is detailed review and acceptance by 
utility staff (both aging management experts, system engineers, component engineers, reliability engineers and maintenance 
personnel). Part of the process is to discuss and review assessment recommendations with plant staff, so that these are well 
understood and can then be planned for implementation. For instance, those assessment recommendations that require further 
inspections or a specific outage maintenance task, are discussed for prioritization and inclusion in the outage scope planning 
process. System surveillance recommendations and plans (that are generated as part of the system maintenance optimization 
assessments) are discussed and reviewed with individual plant system engineers for implementation. 

Effective practices in surveillance, maintenance, and operations are the primary means of managing aging. From the 
experience to date, the PLiM program will modify and enhance, but not likely replace, existing plant programs that address 
aging. However, a successful PLiM program will provide assurance that these existing plant programs are both effective and 
can be shown to be effective, in managing aging. This requires a structured and managed approach to the implementation 
process. Measures and processes to assess and disposition changes to current plant programs, that result from the PLiM 
studies are being developed. Documenting the implementation process steps and an approach to monitoring status of the 
overall implementation program are also being addressed, in co-operation with CANDU utilities. 

PLANT EXTENDED OPERATION PROGRAM 

Recently, two CANDU utilities have initiated detailed project definition and planning of a plant extended operation 
program for their plants. The key element for CANDU extended operation is fuel channel replacement (FCR), as there are 
known degradation mechanisms that will limit the life of the pressure tubes. The overall approach to this special outage is to 
perform both the FCR work as well as any other necessary refurbishment work, for extension of operation of another 20 - 30 
years. Refurbishing the plant during the FCR outage involves a detailed technical and economic planning phase of 
approximately two to three years. 

During this time, assessments and plans will be made to identify the detailed scope of those specific systems, 
components and structures for which the FCR outage provides the most economic opportunity to inspect and maintain. Based 
on experience from the previous Ontario Power Generation FCR programs, it will be important to keep the cost and plans for 
this type of work separate from the work actually required for extended operation, to ensure that the FCR outage duration is 
not lengthened or burdened with the cost of maintenance work. 

To develop the project implementation plan for the FCR and refurbishment outage, the PLiM program is being 
supplemented with a separate Plant Condition Assessment (PCA) process, that will be applied to the complete plant, and a 
complementary safety and licensing program. The bulk of the PLiM assessments for the lead CANDU 6 plant will be 
complete by December 200 I. All of these studies include not only recommendations for plant life attainment but also those 
additional recommendations for plant extended operation. Life prognosis and predictions for CSSCs and any additional 
inspection, maintenance and/or surveillance actions that need to be implemented to achieve extended operation, will be 
evaluated in the next two to three years for implementation prior to or during the FCR outage. Similarly the RCM program on 
the key critical systems is being planned for completion in 2003. 

In summary, the PLiM program interaction between AECL and several CANDU 6 utilities has provided systematic, 
in-depth assessments, and promising life prognosis for the key critical components, structures and systems in the plant. This 
information has been an important input into utility decisions to embark upon a detailed CANDU plant extended operation 
planning program. 

APPLICATION TO NEW CANDU PRODUCTS 

AECL is incorporating the results of these CSSC assessments, RCM analyses, and Technology Watch program into 
the designs of its new products through AECL's Feedback Process. Some important achievements that have already been 
made are improved materials in selected components, chemistry changes, equipment layout and features for ease of inspection 
and maintenance, and incorporation of information systems to assist the operator in inspection and maintenance [5]. The goal 
is to continually advance the CANDU 6 and CANDU 9 and NG CANDU products by improving their availability, reducing 
operation and maintenance costs, and providing further assurance that the plants will operate safely and economically 
throughout their lives. 



CONCLUSION 

AECL's objective is to maintain the CANDU NPP as a safe, economic and reliable means of electricity production 
in recognition of its role in today's global economy. A comprehensive and integrated Plant Life Management (PLiM) 
program has been implemented. It is helping CANDU reactor owners to achieve these goals for safe, economic and reliable 
life attainment and to preserve the option for extended operation. AECL also continues to develop enhanced capability for 
plant performance improvements, such as for HTS performance. 

Recently, two CANDU 6 utilities have initiated detailed planning of a plant extended operation program for their 
plants. A key part of these programs will utilize the PLiM program currently underway. The AECL/utility PLiM program 
interaction over the last few years has provided the utility with in-depth assessments and promising life prognosis for the key 
critical components, structures and systems in the plant. This has been an important input into utility decisions to embark 
upon a detailed CANDU plant extended operation program. 

AECL is incorporating the results of these CSSC assessments, RCM analyses, and Technology Watch program into 
the designs of its new products through AECL's Feedback Process. The goal is to continually advance the CANDU 6 and 
CANDU 9 and NG CANDU products by improving their availability, reducing operation and maintenance costs, and 
providing further assurance that the plants will operate safely and economically throughout their lives. 

REFERENCES 

[1] Hopkins, J.R., Nickerson, J.H., Hedges, K.R. "CANDU Plant Life Management Programs", paper presented at 1999 
SIEN Conference, Bucharest, Romania, 1999 October. 

[2] Tapping, R. L., Nickerson, J.H., Subash, N., Verma, K.D. "CANDU Reactor Plant Life Extension: Steam Generator 
Considerations", paper presented at ICONE 8, April, 2000, Baltimore, USA. 

[3] Nickerson, J. H., Soulard, M., Tapping, R.L., Hopkins, J.R. "CANDU Plant Performance Improvements and Life 
Management", paper presented at 2000 KAIF Conference, Seoul, Korea, 2000 March. 

[4] Richard, R. A., Poposcu, D, Holmes, M., Delong, L., "Streamlined Reliability Centred Maintenance (RCM) Application 
to CANDU 6 Stations", paper presented at the 5 th International Conference on CANDU Maintenance, 2000 November, 
Toronto, Canada. 

[5] Nickerson, J. H., Hopkins, J.R., Yu, S., "Designing for Longer Life and Plant Life Attainment Programs", paper 
presented at 1999 KAIF/KNS Conference, Seoul, Korea, 1999 April. 



Table 1, The CANDU PLiM Phased Approach 

Phase 

I PLiM Assessment Phase 

Plant Life Attainment Program 

Plant Extended Operation Program 

Scope 

• Identification of critical systems, structures and components 
• Aging assessment studies & R&D of critical components 
• Systems maintenance optimization studies 
• Technology Watch planning 
• Advanced technology development 

• CANDU plant specific detailed inspection and residual life 
assessment of key components 

• Implementation of plant monitoring and surveillance aging 
management programs 

• Enhancement of plant inspection and maintenance 
• Technology Watch implementation 

• Replacement component strategies and planning 
• Assessment of regulatory and safety related design changes for 

extended operation 
• Rehabilitation/Replacement programs for components identified 

in CSSC studies or from inspection in plant life attainment 
program 

Physical Plant 
Assessment 

Technology Watch 

Systems 
Maintenance 
Optimization 

Obsolescence 
Mitigation 

Components/ 
Structures Aging 
Management 

Integrated Safety/ 
Performance 
Assessment 

OPEX / R&D / Emerging Technical Issues 

Figure 1 CANDU PLiM - Management of the Physical Asset 
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