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Abstract 

In Canada, safe operation of CANDU (CANada Deuterium Uranium)® reactors is supported by a 
full-scope program of nuclear safety Research and Development (R&D) in key technical areas. Key 
nuclear R&D programs, facilities, and expertise are maintained in order to address the unique 
features of the CANDU as well as generic technology areas common to CANDU and LWR (Light 
Water Reactor). This paper presents an overview of the CANDU safety R&D which includes 
background, drivers, current status, challenges, and future directions. 

This overview of the Canadian nuclear safety R&D programs includes those currently conducted by 
the COG (CANDU Owners Group), AECL (Atomic Energy Canada Limited), Candu Energy, the 
CNSC (Canadian Nuclear Safety Commission), and by universities via UNENE (University 
Network of Excellence in Nuclear Engineering) sponsorship. In particular, the nuclear safety R&D 
program related to the emerging CANDU ageing issues is discussed. The paper concludes by 
identifying directions for the future nuclear safety R&D. 

1. Introduction 

1.1 Importance of nuclear safety research 

Nuclear energy deployment must be based on a firm technical understanding to ensure safety at 
every stage of the life cycle, from development through to decommissioning and waste management. 
Nuclear power programmes have required a continued investment in safety research both by industry 

to meet its responsibility for ensuring safe operation — and by government to ensure that the 
regulatory organization has the competence and independence to discharge its responsibility. The 
current safety record and success of nuclear power worldwide is built upon a foundation of research. 
Such research has been sponsored by governments and industry and has led to innovative designs, 
safer and more reliable plant operation, and improved operating plant efficiency. 

In recent years, funding for long term strategic activities such as research, preserving corporate 
knowledge and maintaining technical expertise has been reduced in many countries. Industry 
funding by the designers and operators has been reduced on the assumption that the research needed 
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for the initial design of plants has been completed, absence of commitment to build new plants and a 
highly competitive market place which make it difficult to support long term programmes such as 
research. 

Safety research has never lost its importance, but its scope and emphasis have changed as potential 
challenges to safety have arisen. Past successes in safety research have permitted the nuclear 
industry to grow, maintaining public confidence through well founded designs and operating limits 
and, through sound regulatory practices. However capabilities need to be maintained by both the 
industry and the regulatory organization to ensure the safety of nuclear plants is not compromised. 

1.2 Nuclear safety research and development (R&D) in Canada 

Canada has a long and proud history regarding the development of the well established CANDU — 
PHWR (Pressurized Heavy Water Reactor) technology. Safe operation of CANDU reactors is 
supported by a full-scope program of safety R&D in key technical areas. Nuclear R&D in the 
1940's and 1950's was directed towards basic heavy-water reactor technology (Physics, Control, 
Fuel, and Chemistry, etc.). As basic technology became established, progressively more emphasis 
was placed on safety R&D. Major safety R&D programs started in the late 1970's and early 1980's 
and many have continued to the present. Key nuclear R&D programs, facilities, and expertise are 
retained in addressing the following two main areas: 

o Unique features of the CANDU such as fuel, physics, fuel channels, and moderator, etc. 
Physically realistic models used in the CANDU safety analysis are built based on solid 
understanding of phenomena gained from experiments. 

o Generic technology areas common to CANDU and LWR (Light Water Reactor) such as 
world-class work in hydrogen ignition and detonation, iodine behaviour, etc. Both Industry 
and the regulatory body work cooperatively with the international community in areas of 
mutual interest. 

Basically, the R&D program required for due diligence in CANDU safety is dominated by AECL 
(Atomic Energy of Canada Limited) and COG (CANDU Owners Group); while the R&D program 
required for innovation and advancement of CANDU designs to further enhance safety, economic, 
fuel cycle flexibility, and fuel sustainability is dominated by the nuclear vendor (Candu Energy) with 
the underlying technology and support provided by AECL. The regulator does a small amount of 
independent and confirmatory safety research, and reviews and critiques the Industry R&D program. 
Over the years, CANDU Safety Issues (CSIs) [1] have carried over from gaps in knowledge in the 
original design, or discovered through R&D and experience, either as a plant event or as an evolving 
understanding. Resolving the CSIs identified by the Canadian Nuclear Safety Commission (CNSC) 
is one of key drivers for the Industry's ongoing nuclear safety R&D programs. 

Canada is one of a few nations that have exported reactor technology - CANDU based designs are 
used in Argentina, Korea, India, Pakistan, Romania and China. It should be noted that, as a vendor 
nation that has exported CANDU technology to other countries, it is expected that Canada will 
continue to maintain an adequate nuclear R&D infrastructure in all aspects of the technology 
required to support CANDU reactors and their services worldwide. This is an expectation for the 
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CANDU nations that may not yet have the domestic expertise required to independently support 
their CANDU nuclear safety programmes. 

2. Nuclear Safety R&D Conducted by COG 

2.1 Overview of COG R&D Program 

Formed in 1984 to improve the performance of CANDU stations worldwide through member 
collaboration, COG is a not-for-profit corporation with voluntary funding from CANDU-owning 
utilities and AECL. The COG R&D Program and the Industry Standard Toolset (IST) Program are 
sponsored by: the Canadian Utilities Ontario Power Generation (OPG), Bruce Power (BP), and New 
Brunswick Power Nuclear Corporation (NBPN); by Societatea Nationala Nuclearelectrica S.A 
(SNN-SA) of Romania and by AECL. Hydro Quebec had sponsored the program for about three 
decades prior to the end of the service of its Gentilly-2 CANDU-6 reactor. Since 2012, the Korea 
Hydro and Nuclear Power Company (KHNP) has started to sponsor two of COG's R&D programs, 
namely Safety and Licensing, and IST. 

The current COG R&D Program comprises five distinct programs; Fuel Channels (FC), Safety & 
Licensing (S&L), Health, Safety & the Environment (HS&E), Chemistry, Materials & Components 
(CM&C) and IST. The major suppliers to the five R&D programs have been AECL, Candu Energy, 
Kinectrics, AMEC NSS and Stern Laboratories. There are a number of organizations with 
specialized capabilities that are also used as suppliers on an as-needed basis. 

Over the years, COG R&D programs have supported the safe, reliable and efficient operation of 
CANDU reactors. With the sustained R&D funding in recent years, the Industry has been able to 
maintain the infrastructure needed to support the emerging CANDU ageing issues (more discussions 
can be found in Section 8.1). 

2.2 Fuel Channels R&D 

The Fuel Channels R&D Program addresses the issue of fuel channel life cycle management through 
technical support for fitness for service (CSA N285.8) [2] while also reducing the conservatism in 
models to predict deformation, corrosion and deuterium ingress. The current R&D program includes 
but is not limited to the following areas: 

o Assessment of the Risk of Cracking from In-Service Flaws 
o Deuterium Ingress 
o Hydride Blister Avoidance 
o Fitness-for-Service Guidelines 
o Deformation 
o Assessment of Fracture Toughness of Pressure Tubes at End-Of-Life 

2.3 Safety & Licensing R&D 

The Safety and Licensing R&D Program addresses issues related to the safety design basis and safe 
operating envelope of existing nuclear plants, and has a strong focus on supporting the resolution of 

3 

2014 Canada-China Conference on Advanced Reactor Development (CCCARD-2014) 
Niagara Falls Marriott Fallsview Hotel & Spa, Niagara Falls, Ontario Canada, April 27-30, 2014. 
 
CANDU nations that may not yet have the domestic expertise required to independently support 
their CANDU nuclear safety programmes. 

2. Nuclear Safety R&D Conducted by COG 

2.1  Overview of COG R&D Program 

Formed in 1984 to improve the performance of CANDU stations worldwide through member 
collaboration, COG is a not-for-profit corporation with voluntary funding from CANDU-owning 
utilities and AECL. The COG R&D Program and the Industry Standard Toolset (IST) Program are 
sponsored by: the Canadian Utilities Ontario Power Generation (OPG), Bruce Power (BP), and New 
Brunswick Power Nuclear Corporation (NBPN); by Societatea Nationala Nuclearelectrica S.A 
(SNN-SA) of Romania and by AECL. Hydro Quebec had sponsored the program for about three 
decades prior to the end of the service of its Gentilly-2 CANDU-6 reactor. Since 2012, the Korea 
Hydro and Nuclear Power Company (KHNP) has started to sponsor two of COG’s R&D programs, 
namely Safety and Licensing, and IST. 

The current COG R&D Program comprises five distinct programs; Fuel Channels (FC), Safety & 
Licensing (S&L), Health, Safety & the Environment (HS&E), Chemistry, Materials & Components 
(CM&C) and IST. The major suppliers to the five R&D programs have been AECL, Candu Energy, 
Kinectrics, AMEC NSS and Stern Laboratories.  There are a number of organizations with 
specialized capabilities that are also used as suppliers on an as-needed basis. 

Over the years, COG R&D programs have supported the safe, reliable and efficient operation of 
CANDU reactors.  With the sustained R&D funding in recent years, the Industry has been able to 
maintain the infrastructure needed to support the emerging CANDU ageing issues (more discussions 
can be found in Section 8.1). 

2.2 Fuel Channels R&D 

The Fuel Channels R&D Program addresses the issue of fuel channel life cycle management through 
technical support for fitness for service (CSA N285.8) [2] while also reducing the conservatism in 
models to predict deformation, corrosion and deuterium ingress. The current R&D program includes 
but is not limited to the following areas: 

o Assessment of the Risk of Cracking from In-Service Flaws 
o Deuterium Ingress 
o Hydride Blister Avoidance 
o Fitness-for-Service Guidelines 
o Deformation 
o Assessment of Fracture Toughness of Pressure Tubes at End-Of-Life 

2.3 Safety & Licensing R&D 

The Safety and Licensing R&D Program addresses issues related to the safety design basis and safe 
operating envelope of existing nuclear plants, and has a strong focus on supporting the resolution of 

  3 



2014 Canada-China Conference on Advanced Reactor Development (CCCARD-2014) 
Niagara Falls Marriott Fallsview Hotel & Spa, Niagara Falls, Ontario Canada, April 27-30, 2014. 

outstanding generic safety and licensing issues. In part, this work also supports safety assessments 
for new plant designs and assists in maintaining the core capabilities, scientific expertise, and the 
infrastructure necessary for an ongoing nuclear safety R&D program. There are four disciplines 
under this program: Containment and Severe Accidents, Fuel and Fuel Channels & Fuel NOC 
(Normal Operating Condition), Physics, and Thermalhydraulics. The current R&D program 
includes but is not limited to the following areas: 

o Fuel Channel Integrity 
o Hydrogen Behaviour in Containment 
o Fuel and Fission Product (FP) Behaviour in Accidents 
o Critical Heat Flux 
o Research Supporting Safety Analysis Software 
o Severe Accident R&D 

2.4 Health, Safety and Environment R&D 

The Health, Safety and Environment R&D Program addresses issues related to radiation monitoring, 
radiation protection and dosimetry, including the establishment of the risks of radiation exposure to 
workers, the public and the environment. Aspects of ecological impact; emission, environmental and 
waste management; and techniques for monitoring emissions and the environment, managing spills 
and pollution prevention are also addressed. The current R&D program includes but is not limited 
to the following areas: 

o External and Internal Dosimetry 
o Radiation Monitoring 
o Environmental Impacts and Biodiversity 
o Occupational Radiation Protection 
o Environmental Management Systems 
o Waste Management and Pollution Prevention 

2.5 Chemistry, Materials & Components R&D 

The Chemistry, Materials & Components R&D Program covers a diverse range of issues that can 
impact on the safe, reliable and efficient operation of the major CANDU systems and their 
auxiliaries, such as the Primary Heat Transport (PHT), Moderator, Steam Generators (SGs), Heat 
Exchangers (HXs), Emergency Core Cooling (ECC) and Containment. This includes optimizing the 
chemistry control regimes and understanding material ageing effects in order to predict, manage and 
mitigate component degradation on key components, such as Pressure Tubes (PT), Feeders, and 
SGs; and hence improve safety, reliability and extend the asset life. There is also a strong focus on 
smaller, but no less important components, such as valves, cables, sealants, lubricants and other 
organically based materials. The current R&D program includes but is not limited to the following 
areas: 

o Chemistry 
o Containment Boundary Degradation 
o Improved Components, Materials, Maintenance and Processes 
o Reactor Vessel and Piping Material Degradation 
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o SG & HX Integrity and Cleaning 

2.6 IST 

The COG IST Program is a consolidation of the qualification, development, maintenance, and 
support activities on different computer codes used for the design, safety analysis and operational 
support of CANDU reactors. Currently there are 16 IST codes in the following four disciplines as 
listed in Figure 1: 

o Containment and Severe Accident 
o Thermalhydraulics 
o Physics 
o Fuel and Fuel Channels 

2.7 Joint Projects 

In addition to the above five distinct programs, the Industry provides significant funding through 
COG for participation in EPRI's nuclear sector R&D program and for COG-organized Joint Projects 
(JP) such as fuel channel fracture toughness at the end of life, pressure tube material surveillance, 
fuel channel life management, LLOCA (Large-break Loss-Of-Coolant Accident) analytical solution, 
etc. A brief illustration about the COG JP on the LLOCA analytical solution is provided below for 
demonstration purpose. 

LLOCA is a Design Basis Accident (DBA) that is postulated to occur as a result of a sudden failure 
of a large diameter pipe in the heat transport system (e.g. the reactor inlet header, pump discharge 
pipe). Due to the existence of a large positive coolant void reactivity (CVR) coefficient, the initial 
phase of the event is characterized by a large power pulse combined with a severe degradation in 
core cooling. LLOCA not only represents the most severe accident scenario within the CANDU 
DBA set, but also plays a key role in establishing certain design requirements of the special safety 
systems such as Shutdown Systems (SDS), Emergency Core Cooling (ECC), and Containment. 
Difficulties of characterizing the CVR coefficient, fuel behaviour in a large power pulse, fuel 
behaviour at high temperature following high energy deposition, and difficulty in validating 
computer codes for such conditions, have led to the formulation by the CNSC of several category-3 
CSIs 1. The LLOCA safety margin issue has led over the years to deratings, more restrictive limits 
on operational parameters, and design changes. 

In 2008, a joint Industry/CNSC LLOCA Working Group (WG) was established to identify possible 
options for a resolution path to address the issues associated with LLOCA safety margin in existing 
CANDU reactors. Two resolution strategies (Risk Control Measures or RCM) were evaluated by 
the WG: a Composite Analytical Approach (CAA) [4] and a Design Change Approach which 
includes changes to operational practices, modifications to the Shutdown Systems, and 
implementation of the Low Void Reactivity Fuel (LVRF). The Industry chose to focus its efforts on 
the development of the CAA and a COG Joint Project (JP- 4367) was established by the Industry to 
implement the CAA and establish the plans for design change as a contingency. 

1 Canadian Nuclear Safety Commission defines Category-3 issues as follows: "The issue is a concern in Canada. Measures 
are in place to maintain safety margins, but further experiments and/or analyses are required to improve knowledge and 
understanding of the issue, and to confirm the adequacy of the measures."[3] 
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The CAA approach, as illustrated in Figure 2 [4], involves consolidating a number of individual 
approaches in a manner that alleviates reliance on any single analytical method or activity. Using 
this multi-layered approach, the objective of this composite solution is to use a variety of reinforcing 
analytical approaches such that they complement one another to collectively form a robust solution. 
The CAA approach involves four Technical Areas (TA) with objectives as follows: 

o TA1: Re-evaluation of the uncertainty associated with the CVR and kinetics parameters. 
o TA2: Re-evaluation of LLOCA DAC (Derived Acceptance Criteria), accounting for the 

available experimental database and uncertainties. 
o TA3: Further development and application of best estimate and uncertainty (BEAU) analysis 

methodology to provide a more realistic representation of the margins. 
o TA4: Re-classification of different break sizes into DBA and Beyond Design Basis Accident 

(BDBA) categories according to the break probability, implementation of a more realistic 
model for break opening characteristics. 

As indicated in Figure 2, each Technical Area relies upon Industry R&D performed by the COG in 
addition to analyses and assessments performed within the LLOCA Joint Project. Note that activities 
in TA1 and TA2 have been identified as ones which must be completed regardless of the resolution 
strategy (CAA or Design Change). Completion of these two fundamental activities will contribute 
to resolving the LLOCA associated CSIs. 

3. Nuclear Safety R&D Conducted by AECL (including Candu Energy) 

3.1 AECL R&D program 

AECL is a Canadian federal Crown corporation and Canada's largest nuclear science and technology 
laboratory. AECL developed the CANDU reactor technology starting in the 1950s, and in October 
2011 licensed this technology to Candu Energy. Until October 2011, AECL was also the vendor of 
CANDU technology worldwide, providing services to nuclear utilities around the world. Its business 
activities included the design and construction of nuclear reactors and related products, services, life 
extension, decommissioning and waste management, as well as the supply of medical isotopes. 

AECL has been undertaking a strong R&D program for over six decades including operating a 
nuclear-licensed site with extensive research facilities. Over the years, AECL's R&D program has 
supported the design and licensing basis for existing CANDU nuclear power plants, the 
development of new reactor concepts and the development of products and services for 
commercialization to nuclear utilities worldwide. In October 2011, the Federal Government 
completed the first phase of AECL restructuring with the divestiture of its CANDU Reactor 
Division (i.e., industrial/vendor arm of AECL) to Candu Energy. Since then AECL has been 
focusing its nuclear research focuses on the following areas: 

o Nuclear and Radioactive Material Management 
o Irradiation and Post-Irradiation Services 
o Nuclear Safety, Security and Risk Management 
o Radiation Biology, Radio- Ecology and Dosimetry 
o Materials and Chemistry in Nuclear Applications 
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o Advanced Nuclear Fuels and Fuel Cycles 
o Systems Engineering 
o Advanced Computing, Modelling, and Simulation 
o Hydrogen and Hydrogen Isotopes Management 
o Environmental remediation and Nuclear Waste Management 

The Federal Government is now moving forward on the next phase of restructuring of AECL's 
Nuclear Laboratories as a Government-Owned Contract-Operated (GoCo) model. During the 
restructuring process, AECL continues its daily operations and R&D activities focusing on its new 
mandates: 

o Addressing the government's legacy liabilities obligations (for waste and decommissioning) 
through dedicated funding 

o Supporting the government's nuclear role and responsibilities through Federal S&T (Science 
and Technology) funding 

o Ensuring third party access to AECL's facilities, but with S&T services moving to full cost 
recovery 

Being part of the Federal Nuclear S&T Committee, the CNSC is being engaged with other federal 
agencies to to ensure that AECL's nuclear research post-restructuring supports the government's 
nuclear role and responsibilities which includes research and testing to support the CNSC in 
identifying safety issues and developing and applying nuclear safety and regulatory standards. Hence 
the CNSC is in a position to confirm research activities needed at AECL to meet CNSC needs, and 
the facilities and capabilities required for safe and effective regulation of the nuclear sector. As a 
consequence, AECL is expected to be engaged more with the CNSC to strategically align with 
prioritized regulatory objectives. The changes in the AECL laboratory's role are, in fact, a 
significant opportunity for the CNSC to shape the direction of future nuclear safety research. 

3.2 Candu Energy R&D Program 

After privatizing the industrial/vendor arm of AECL, Candu Energy's (CE) R&D program is mainly 
focused on the continuing support for the design, safety analysis, and licensing of its flagship 
product — Enhanced CANDU 6 (EC6) [5]. Building on proven high performance of the CANDU 6 
design, the EC6 design meets up-to-date Canadian regulatory requirements, including post-
Fukushima lessons learned. The EC6-related R&D program covers the following areas: Generic 
Action Items and CANDU Safety Issues, confirmatory testing and analysis program for the SSCs 
(Systems, Structures and Components) with the design changes, test program for end shield heat 
transfer, use of TSUNAMI methodology to determine reactor-physics code biases and uncertainties, 
etc. 

In collaboration with Chinese utility partners since 2008, CE has been actively developing the 
Natural Uranium Equivalent (NUE) fuel to be fully implemented in Chinese CANDU reactors at 
Qinshan [6]. The NUE fuel contains a combination of recycled uranium (RU) and depleted uranium 
(DU) that simulates natural uranium (NU) behaviour. The project for full-core implementation of 
NUE fuel in Qinshan CANDU reactors was approved by China National Nuclear Corporation 
(CNNC) in 2011. The preliminary safety assessment indicates that the conversion of both Qinshan 
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CANDU units to NUE fuel would not impose significant negative impact on existing licensing and 
operating basis. 

The advance of the NUE full-core implementation project resulted in the initiation of two other 
R&D programs which is being actively conducted at CE: One R&D program is the exploration of 
higher burnup CANDU reactor fuel with the Advanced Fuel CANDU Reactor (AFCR) which is an 
EC6-based design optimized for alternative fuels, including RU and thorium fuels. Candu Energy 
and partners jointly showed that the CANDU 6 reactor design can efficiently use high burnup RU & 
LEU-Th fuel with minimal changes. The other R&D program is the development of CANMOX fuel 
design for the disposition of United Kingdom (UK) plutonium stockpiles with EC6 reactors. 
Feasibility study for UK's Nuclear Decommissioning Authority (NDA) has been completed. CE is 
now further developing CANMOX proposal with UK stakeholders. 

4. Nuclear Safety Research Conducted by the CNSC 

It is recognised that the practices of regulatory organisations vary from country to country and that 
the degree to which regulatory-sponsored research is conducted and utilised in the regulatory process 
also varies. However, in general, the role of research sponsored by regulatory organisations is to 
provide those organisations with the capability and expertise to assess reactor safety issues, review 
designs and perform their various other functions, independent from those seeking regulatory 
approval or promoting nuclear energy. Such independent capability and expertise provides the 
regulatory organisation with a deeper understanding of the activities it regulates. This deeper 
understanding can result in insights that contribute to the quality, timeliness and thoroughness of the 
regulatory review, confidence in the information provided by the industry, or identification of 
potential safety issues that may have gone undetected. 

To generate knowledge and information to support CNSC staff in its regulatory activities, a 
dedicated Research and Support program oversees the execution of objective driven research, in-line 
with short, medium and long term regulatory priorities. All regulatory-sponsored research is 
categorised according to a research area where, at present, research needs exist in the following eight 
areas: Human Performance Management, Safety Analysis, Physical Design, Fitness for Service, 
Radiation Protection, Environmental Protection, Waste Management, and Safeguards and Non-
Proliferation. For example, research on aging systems, structures, and components would fall under 
the "Fitness for Service" research area. For illustrative purposes, Figure 3 summarizes the "Safety 
Analysis" research area of the CNSC Research and Support Program. It should be noted that 
regulatory research is not intended to duplicate what is industry's responsibility, but rather to 
provide a check on its completeness and quality in an independent fashion. This capability and 
expertise by the regulator is fundamental to public confidence as well as contributing to safety by 
enhancing the efficiency and effectiveness of regulatory programmes. 

5. Nuclear Safety R&D Conducted by Universities via UNENE Sponsorship 

University involvement in CANDU R&D is considered important for the development and retention 
of the R&D capabilities that the nuclear industry will require to support the CANDU plants for the 
long-term future. The University Network of Excellence in Nuclear Engineering (UNENE) [7] was 
launched in 2002 as an alliance of universities, utilities, research and regulatory agencies (members 
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are shown in Figure 4) dedicated to the support of education and research in nuclear engineering. 
The UNENE initiative has resulted in the establishment of the following six Industrial Research 
Chairs (IRCs) in Ontario: 

o Advanced Nuclear Materials (Queen's University); 
o Control, Instrumentation and Electrical Systems (University of Western Ontario) 
o Health Physics and Environmental Safety (University of Ontario Institute of Technology) 
o Nuclear Safety Analysis (McMaster University) 
o Corrosion and Materials Performance in Nuclear Power Systems (University of Toronto); 

and 
o Risk-Based Life Cycle Management (Waterloo University) 

These IRCs became anchors for establishing research programs and competent research teams 
within their respective universities. Industry funding of the IRC programs has also served to leverage 
additional funds from federal and provincial research grants, thus widening the scope and size of 
these programs. 

UNENE has also created small Collaborative R&D (CRD) grants to universities to support research 
projects of interest to the CANDU Industry, as proposed by existing faculty members at Canadian 
Universities. The CRD topics are closely tied to the IRC programs such as Seismic Risk Analysis, 
Sub-channel Mixing, D20 Chemistry, Stress Corrosion Cracking (SCC) in Alloy 800, Non-
Destructive Testing (NDT) Sensors for Feeders, Thermalhydraulics, Delayed Hydride Cracking 
(DHC), etc. 

6. Nuclear R&D on Canadian SCWR 

The Super-Critical Water-cooled Reactor (SCWR) is one of six candidate reactor concepts selected 
by the Generation-IV International Forum (GIF) for meeting GIF design goals, which includes 
enhanced safety, resource sustainability, economic benefit and proliferation resistance. As a member 
of GIF, Canada is developing a pressure-tube type SCWR, which has the potential to fulfil all major 
GIF goals. A National Program has been established in Canada to support R&D studies for the 
Canadian SCWR design. It covers key areas of interest (such as thermal hydraulics, safety, materials, 
and chemistry) to participants in the GIF SCWR designs. Administrated under NRCan (Natural 
Resource Canada) and networked with 20 Canadian universities and Laboratories, AECL is leading 
the design of the Canadian SCWR, which evolves from the well-established CANDU reactor [8]. 

7. Canadian Nuclear Safety R&D facilities 

Nuclear safety R&D spans a range of activities, from small-scale laboratory work for developing the 
fundamental understanding to large-scale demonstrations, with extensive mathematical modelling of 
the various phenomena. These activities require large, specialized active facilities such as hot cells, 
research reactors, laboratories, and radioactive materials handling equipment. It is costly and also 
takes time to establish and operate such nuclear research facilities. Only governments have the 
resources to establish and maintain these facilities, and established nuclear power countries usually 
maintain at least one national nuclear laboratory for R&D in nuclear safety. This infrastructure is 
part of the government obligation when the nuclear power is deployed. 
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Most of Canada's nuclear safety experiments has been done at AECL's Chalk River Laboratories 
(in-reactor and ex-reactor tests as shown in Figure 5) and Whiteshell Laboratories (ex-reactor tests) 
with full-scale water CHF (Critical Heat Flux) and some ex-reactor tests been done at Stern 
Laboratories. The Whiteshell Laboratories R&D facilities have been gradually decommissioned with 
the exception of a few facilities such as RD-14M and LSVCF (Large Scale Vented Combustion 
Facility), etc. Notwithstanding the ongoing restructuring of AECL Nuclear Laboratories, AECL 
envisions to continue to offer the needed level of nuclear safety R&D facilities to the CANDU 
community 

8. R&D Program to Support Ageing CANDU Reactors 

8.1 Industry's ageing management strategy 

Ageing of a CANDU nuclear power plant poses additional safety challenges on the plant safety. This 
is represented by increased probability of common-cause failures, impact of HTS ageing on fuel 
performance in NOC, and reduction over time of safety margins for certain DBAs. Industry's ageing 
management strategy includes a number of initiatives and projects (including R&D programs) whose 
objective is to delay or preclude the need to de-rate: 

o Addressing root cause of ageing through Steam Generator (SG) cleaning and improving 
Pressure Tube (PT) data collection; 

o Changing operating conditions and/or procedures; 
o Changing the CHF correlation methodology; 
o Using a new NOP (Neutron Over Power) analysis methodology to demonstrate extra margin 

in the required NOP TSP (Trip Set Points); 
o Adopting a new fuel bundle design with higher dryout powers (37M fuel bundle project); 

and 
o Changing the shutdown system effectiveness criteria by demonstrating that the previous 

criterion is overly conservative (Joint CNSC/COG ITP project on Derived Acceptance 
Criteria). 

Among these initiatives and projects, design change such as the 37M fuel bundle project makes 
physical improvement to the fuel thermalhydraulic performance and offsets partially the erosion of 
safety margin [9]. 

8.2 Regulator's ageing oversight strategy 

The CNSC's response to early signs of CANDU reactor ageing followed "regulation-by-feedback" 
process, to ensure that when component degradation was discovered, licensees investigated the 
degradation, assessed its safety impact, and adjusted controls to mitigate further degradations. The 
CNSC has adopted a comprehensive and systematic strategy to ageing management which includes 
regulatory requirements and documents [10], adequate research, implementation plan, and 
compliance verification. The CNSC requires the Canadian utilities to have ageing management 
programs in place to ensure long-term safe operation of CANDU plants. 
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The CNSC also actively participates in national and international initiatives related to plant 
degradation such as cooperation with OECD-NEA and IAEA, participation in International Generic 
Ageing Lessons Learned (IGALL) Project, joint CNSC and Industry R&D in supporting current 
industry initiatives related to Life Extension (LE) and Long-Term Operation (LTO). 

9. Summary and Recommendations 

The Canadian Nuclear R&D Program has a long and proud history starting from the pioneer R&D 
activities that led to the original CANDU design to today's R&D activities. Safe operation of 
CANDU reactors are supported by a full-scope program of safety R&D in key technical areas. Key 
nuclear R&D programs, facilities, and expertise are maintained in order to address the unique 
features of the CANDU as well as generic technology areas common to CANDU and LWR. The 
R&D program required for due diligence in CANDU safety is dominated by AECL and COG; while 
the R&D program required for innovation and advancement of CANDU designs to further enhance 
safety, economic, fuel cycle flexibility, and fuel sustainability is dominated by the nuclear vendor 
(Candu Energy) and supported by AECL. University involvements in CANDU R&D, through six 
UNENE Industrial Research Chairs, constitute an important contribution to the development and 
retention of the R&D capabilities that the nuclear industry will require to support the CANDU plants 
for the long-term future. Finally, to generate knowledge and information to support CNSC staff in its 
regulatory activities, a dedicated CNSC Research and Support program oversees the execution of 
objective driven research, in-line with short, medium and long term regulatory priorities. 

As a vendor nation that has exported CANDU technology to other countries, it is expected that 
Canada will continue to maintain an adequate nuclear R&D infrastructure in all aspects of the 
technology required to support CANDU reactors and their services worldwide. Government policy 
(at various levels) continues to support CANDU reactors as an important long-term source of 
energy, contributing to the overall energy supply mix in Canada. The re-structuring of AECL 
Nuclear Laboratories represents an important shift in Canada's nuclear landscape, which industry 
and the CNSC will follow very closely. The CNSC, along with other stakeholders, is actively 
engaged in the process and every effort will be made to ensure that Canada continues to benefit from 
the high level of nuclear competence and capacity it has now for the foreseeable future. 
Notwithstanding the ongoing restructuring of AECL Nuclear Laboratories, AECL envisions to 
continue to offer the needed level of nuclear safety R&D services to the CANDU community. 

Future nuclear safety R&D directions would include but not be limited to the following areas: 
Regulatory Compliance, Development tools for CNSC independent verification, Improved 
Operation Margin (e.g., design modifications), Plant Life Cycle Management & Plant Life 
Extension, Computer Code Development and Qualification, and Severe Accident Management. 
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The Canadian Nuclear R&D Program has a long and proud history starting from the pioneer R&D 
activities that led to the original CANDU design to today’s R&D activities.  Safe operation of 
CANDU reactors are supported by a full-scope program of safety R&D in key technical areas.  Key 
nuclear R&D programs, facilities, and expertise are maintained in order to address the unique 
features of the CANDU as well as generic technology areas common to CANDU and LWR. The 
R&D program required for due diligence in CANDU safety is dominated by AECL and COG; while 
the R&D program required for innovation and advancement of CANDU designs to further enhance 
safety, economic, fuel cycle flexibility, and fuel sustainability is dominated by the nuclear vendor 
(Candu Energy) and supported by AECL. University involvements in CANDU R&D, through six 
UNENE Industrial Research Chairs, constitute an important contribution to the development and 
retention of the R&D capabilities that the nuclear industry will require to support the CANDU plants 
for the long-term future. Finally, to generate knowledge and information to support CNSC staff in its 
regulatory activities, a dedicated CNSC Research and Support program oversees the execution of 
objective driven research, in-line with short, medium and long term regulatory priorities. 

As a vendor nation that has exported CANDU technology to other countries, it is expected that 
Canada will continue to maintain an adequate nuclear R&D infrastructure in all aspects of the 
technology required to support CANDU reactors and their services worldwide. Government policy 
(at various levels) continues to support CANDU reactors as an important long-term source of 
energy, contributing to the overall energy supply mix in Canada. The re-structuring of AECL 
Nuclear Laboratories represents an important shift in Canada’s nuclear landscape, which industry 
and the CNSC will follow very closely. The CNSC, along with other stakeholders, is actively 
engaged in the process and every effort will be made to ensure that Canada continues to benefit from 
the high level of nuclear competence and capacity it has now for the foreseeable future. 
Notwithstanding the ongoing restructuring of AECL Nuclear Laboratories, AECL envisions to 
continue to offer the needed level of nuclear safety R&D services to the CANDU community. 

Future nuclear safety R&D directions would include but not be limited to the following areas: 
Regulatory Compliance, Development tools for CNSC independent verification, Improved 
Operation Margin (e.g., design modifications), Plant Life Cycle Management & Plant Life 
Extension, Computer Code Development and Qualification, and Severe Accident Management. 
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