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Gentilly-2 (HQ) PHWR1 675 Apr 1, 1974 Sept 11, 1982 Operating

Pickering B, Unit 5 (OPG) PHWR 540 Nov 1, 1974 Oct 23, 1982 Operating

Pickering B, Unit 6 (OPG) PHWR 540 Oct 1, 1975 Oct 15, 1983 Operating

Pickering B, Unit 7 (OPG) PHWR 540 Mar 1, 1976 Oct 22, 1984 Operating

Pickering B, Unit 8 (OPG) PHWR 540 Sept 1, 1976 Dec 17, 1985 Operating

Point Lepreau (NBP) PHWR 680 May 1, 1975 July 25, 1982 Operating

Bruce B, Unit 5 (BP) PHWR 915 July 1, 1978 Nov 15, 1984 Operating

Bruce B, Unit 6 (BP) PHWR 915 Jan 1, 1978 May 29, 1984 Operating

Bruce B, Unit 7 (BP) PHWR 915 May 1, 1979 Jan 7, 1987 Operating

Bruce B, Unit 8 (BP) PHWR 915 Aug 1, 1979 Feb 15, 1987 Operating

Darlington, Unit 1 (OPG) PHWR 935 Apr 1, 1982 Oct 29, 1990 Operating

Darlington, Unit 2 (OPG) PHWR 935 Sept 1, 1981 Nov 5, 1989 Operating

Darlington, Unit 3 (OPG) PHWR 935 Sept 1, 1984 Nov 9, 1992 Operating

Darlington, Unit 4 (OPG) PHWR 935 July 1, 1985 Mar 13, 1993 Operating

Pickering A, Unit 1 (OPG) PHWR 542 June 1, 1966 Feb 25, 1971 Shutdown2: Dec 31, 1997

Pickering A, Unit 2 (OPG) PHWR 542 Sept 1, 1966 Sept 15, 1971 Shutdown2: Dec 31, 1997

Pickering A, Unit 3 (OPG) PHWR 542 Dec 1, 1967 Apr 24, 1972 Shutdown2: Dec 31, 1997

Pickering A, Unit 4 (OPG) PHWR 542 May 1, 1968 May 16, 1973 Shutdown2: Dec 31, 1997

Bruce A, Unit 1 (BP) PHWR 904 June 1, 1971 Dec 17, 1976 Shutdown3: Dec 31, 1997

Bruce A, Unit 3 (BP) PHWR 904 July 1, 1972 Nov 28, 1977 Shutdown3: Dec 31, 1997

Bruce A, Unit 4 (BP) PHWR 904 Sept 1, 1972 Dec 10, 1978 Shutdown3: Dec 31, 1997

NPD (AECL) PHWR 25 Jan 1, 1958 Apr 11, 1962 Shutdown: Aug 1, 1987

Douglas Point (AECL) PHWR 218 Feb 1, 1960 Nov 15, 1966 Shutdown: May 4, 1984

Gentilly-1 (HQ) HWLWR4 266 Sept 1, 1966 Nov 12, 1970 Shutdown: Apr 1, 1979

Bruce A, Unit 2 (BP) PHWR 904 Dec 1, 1970 July 27, 1976 Shutdown: Oct 8, 1995

TABLE 1.1 List  and Status of Nuclear Power Stations in Canada
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FIGURE 1.1: CANDU  Reactor Heat Transport System
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1. Design and construction of all components, systems and structures essential to or associated
with the reactor shall follow the best applicable code, standard or practice and be confirmed by a
system of independent audit.

2. The quality and nature of the process systems essential to the reactor shall be such that the total
of all serious process failures shall not exceed one per three years. A serious process failure is
one that in the absence of protective action would lead to serious fuel failure.

3. Safety systems shall be physically and functionally separate from the process systems and from
each other.

4. Each safety system shall be readily testable, as a system, and shall be tested at a frequency to
demonstrate that its (time) unreliability is less than 10-3.

5. Radioactive releases due to normal operation including process failures other than serious
failures (see 2 above), shall be such that the dose to any individual member of the public affected
by the effluents from all sources, shall not exceed 1/10 of the allowable dose to atomic energy
workers.

6. The effectiveness of the safety systems shall be such that for any serious process failure the
exposure of any individual of the population shall not exceed 5 mSv and of the population at risk,
100 person Sv.

7. For any postulated combination of a (single) process failure and failure of a safety system (a dual
failure), the predicted dose to any individual shall not exceed: 250 mSv whole body, 2.5 Sv
thyroid.

8. In computing doses in 6 and 7, the following assumptions shall be made unless otherwise
agreed to:

(I) meteorological dispersion that is equivalent to Pasquill category F as modified by Bryant2.
(ii) conversion factors as given by Beattie3.
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TABLE 6.1 Power Reactor Safety Criteriaand Principles1
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TABLE 6.2 Lessons Learned and Corrective Actions Resulting from
Significant Incidents and Operating Experience:
The Canadian Perspective

Lessons Learned/ Corrective ActionsNational and International
Incidents

National Research Experimental
(NRX) loss-of-regulation and
failure to shutdown accident
(1952).

• a reactor should always have a fast shutdown
capacity available and that this capacity should be
independent of any control system;

• the shutdown capacity must always be available
• operational manoeuvres must be separated from the

ability to insert swiftly sufficient negative reactivity into
the core to achieve unequivocal shutdown

Three Mile Island - small break
loss of coolant accident (1979)

• review of emergency procedures
• review of control room design to make sure that proper

emphasis was placed on human factors
• review of operating experience feedback
• consideration of requirement for use of simulators in

operator training

Chernobyl (1986) • the importance of flux tilt as an initial operating state.
The CNSC subsequently requested all licensees to
reassess the effectiveness of all CANDU shutdown
systems under circumstances in which the neutron
flux/power distribution was severely distorted from its
nominal conditions

• OPG was requested to re-examine the safety of
Pickering “A” reactors especially about accidents
involving failure of the reactor control system, and loss
of coolant accompanied by unavailability of the
shutdown system(each of the four reactors at
Pickering “A” has only one fast-acting shutdown
system. They were licensed before the requirement
for two independent shutdown systems)

• the CNSC mandated the installation of a shutdown
system enhancement in each of the Pickering “A”
stations. This is a major part of the Pickering “A” return
to service project (refer to Article 14.4 for more details)
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TABLE 6.2 Lessons Learned - Continued

Lessons Learned/ Corrective Actions

Pickering “A” pressure tube rupture
(1983)

• recognition of the importance of deuterium ingress into
pressure tube material (hydriding) and of avoiding
contact between calandria and pressure tubes

• replacement of all pressure tubes at Pickering “A”
station. A Zirconium alloy containing 2.5% Niobium is
now used as pressure tube material in all CANDU
reactors following this event

• garter spring (spacers between the pressure and
calandria tube) relocation programs implemented for
all reactors (except Darlington)

• a new garter spring design for Darlington
• development of fitness-for-service requirements

preclude operation of reactors under conditions where
pressure tubes could form blisters

• engineering programs at all stations to inspect
pressure tubes and make sure that garter springs are
properly positioned

Loss of regulation from low power
at Bruce Unit 2 (1992)

• significant operational and procedural changes to the
reactor regulating systems at all Bruce units

Gentilly-2 and Point Lepreau HTS
flow reduction and its impact on
regional overpower protection trip
(ROPT) setpoints (1997 to 2001)

• Gentilly-2 and Point Lepreau self-imposed a reduction
in their ROPT detector trip setpoints, which
consequently led to a reduced reactor power

• reduction in secondary side pressure and primary side
steam generator cleaning implemented to maintain
appropriate safety margins

Darlington Shutdown System
Software Re-design (1990 to 1998)

• a program of software redesign to improve
documentation, modularity and software maintenance
was introduced by OPG as the software was difficult to
change and it was difficult to validate the software after
changes

Pickering Unit 2 small loss of
coolant accident (1994)

• design changes (improved bleed condenser
overpressure relief system) and improved
maintenance (replacement of existing primary heat
transport liquid relief valve actuator diaphragms)

• similar deficiencies in design and procedural changes
to the primary heat transport overpressure relief
systems at all CANDU reactors (except Pickering “B”)

Pickering “A” loss of regulation
(1971 to 1975)

• improvements in design, equipment and operational
changes undertaken to improve the reliability of the
reactor regulating system

Operating Experience
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TABLE 6.3 Ongoing IIP Projects

• Management of Hazardous Materials
• Engineering Governing Documents
• Systems Engineering and Engineering

Programs
• Probabilistic Risk Assessment
• Analysis Code Verification and

Validation
• Safe Operating Envelope
• Chlorine Reduction / Zebra Mussel

Migration
• Emergency Preparedness Program
• Environmental Management System
• Radioactive Emissions Reduction
• Upgrade Environment Impact Monitoring
• Conventional Fuel Oil Storage Tank
• Contaminated Land Maintenance
• Maintenance Management
• Conduct of Maintenance
• Backlog Reduction
• Preventive Maintenance Optimization

• Fire Protection Upgrade Program
• Environmental Qualification
• Industrial Health and Safety Standards
• Configuration Management Restoration
• Operations Structures and Staffing
• Conduct of Operations
• Plant Status Control
• Performance Assurance
• Assessment and Audit
• Corrective Action / Trending Project
• Pressure Boundary Programs
• Licensing Basis
• Regulatory Commitment Reconciliation
• Improve Contamination
• Security Program
• Access Control
• Authorization Training
• Non-Licensed Training Recovery Project
• Building Managerial Leadership in OPG
• Year 2000 Project
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TABLE 6.4 Reportable Events

1998 1999 2000

Bruce 19 5 3

Darlington 28 15 35

Pickering 12 2 4

All OPG Sites 59 22 42
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TABLE 6.5 Industrial Safety Accident Rate (#/2000,000 Work Hours)

1998 1999 2000

Bruce 0.61 0.37 0.34

Darlington 0.5 0.5 0.21

Pickering 0.43 0.36 0.00

All OPG Sites 0.43 0.44 0.26
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TABLE 6.6 Capacity Factors (%)

1998 1999 2000

Bruce 70.1 81.7 84.7

Darlington 78.3 83.5 87.0

Pickering 73.7 77.1 57.0

All OPG Sites 76.5 81.3 79.1
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TABLE 6.7 Nuclear Performance Index

1998 1999 2000

Bruce 70.4 82.8 90.8

Darlington 61.6 79.9 87.2

Pickering 71.5 79.9 72.0

All OPG Sites 67.8 80.9 83.3
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Year End Year End Year End Year End Year End Year End
Actual Target Actual Target Actual Target
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TABLE 6.8 Radiation Exposure to the Public (µSv)

1998 1999 2000

Bruce 2.2 10 2.39 10 3.3 8.0

Darlington 6.0 10 2.99 10 2.0 7.5

Pickering 7.0 10 12.6 20 5.1 16.0

%�����C�������'..+��(80�������
��
���
�������������������
��������	
���8������E�8����<
�������
��	
����	
�������!�����"��4�������
���(�
��������������������������	
�8��
�����G���
�����3��������
��
�#�����!������!���)��
�������<
���
$��������������������
��
!
���
�����
��	��!���������	

�!�����������	�!
��	
��
�������������
$
���
��	
�����������������)��
���������
���(80�	��
������
������	
�����
����	
���
�������������������
���
�����������	
��������	
�������
������	
���8
�������������	
��!������������
���	����
����	�
��	����<
���
$
������������
������
����������	

�	
������
���(���
���%����	���
������	
�848�������
���
�������!�������	
��	
������
���(���
��

G���
�8��
����
�������������
���	��	
�������
������	
���8�������������������
����(80������	
�G���

5%6�����G���
�5G6��
�������

8(����>4894%B�849:(9E%��4��E89(A4E4���89(09%E�"8�8#1

���+,,-��������
��������������
�!
���
��
��
������
����
��������
���	
���������
������
��
��������
�����G�8��
������
���������	
�G�����
!
����$�����	�������������
������
����������!
�
���"�	�
�����������������
�������
�����	
�8����>
��
�����
��������
��
#���G�8��
������
��������
����
��
�
��
������
���
����������������
������
����	
�
�����!
�
��������
�
�������G��%����+,,&���G
8��
��	�������
���	
�8
��������
������!
�
���8�������"8�8#�����������H&��
�����
����<
��������	��
������
�
���
���	����	
�����������������
�������	
��
��
��
���
��������
��
�
1���������
������
���

���
���������
��
������
�
�������	
������������������
�����
!
���������
����������������������

���������
��
�����
��

���%������+,,D���	
�8�8�������������
$����
�����@'����<
������	
��
����������
����
�
1����
�!����
4��
��!
�
���� ����8���
��
���8�����%�����������������8
��������
���	
�
����<
�����
�
������/
�
��������
�����	�

��������"�

��
�����������	
���������
���#���	
�8
��������
������!
�
���8��<
���
��
����
��������
�-�,1

0�����%1 �����������
����
����������
����������
����	
������������������
��

0�����G1 ���<
������	
���
��������
�����	��	
���������������
������
���
�����
�

0������1 ���<
������	
���
������
�����
���
���
��!�����
���	���	
������/����



25Canadian National Report for the Convention on Nuclear Safety

ARTICLE 6 - Existing Nuclear Power Stations

%�����%����'...���	
� ������������8���
���"%'#��E���
����
�G�������"%;#�������
���8����3
!
����
��
"%,#�����(�
������8���
��L�8�����
����������
������!
�
���"G+#��
�
������
�
��%����������H+���
@&�0�����5%6�����
���	�!
��

���
������H'����@;�0�����5G6�����
���	�!
��

���
��������%����'...�

�	
�����
�������	
�8�8������
����
�������������)��
�����
��������
�����������������������
����
�
����
��
��������
�����!
�
����
�
1

2 9),,��
�������
�
!
���*
2 ��4���
!
��
!
���*
2 ����
����
!
�������
*
2 ����
�������������������
�����������
��*
2 �����
������
����
��������*
2 ��
!
����!
�����
����
���	
���
*
2 ��
�������������
��������
��
��
�*
2 ����������������
!
��*
2 �	
����������
���
�*
2 ������
��������
������
��������*����
2 ���������������
��!
��������

�	
��
��������
��
����
������	���	��������������������
����
����	����	����	
�8�8�	���	���������!

���������8����>
��
���9
�������
�
!
����	�!
����
��
�*�	��
!
����	�����������
����1

2 ������
��
���
���������������������	
���������
��������������
����������
���������
��	
������
�������
��
�����
�������������	����

�������
��
����
�*

2 �	���
�����	
���
���
����������
��������
���
�
���*����
2 ������
�������)
�������
���������

�����
������
�������
�
!
����

�	
�����
�����
��
�������
�	����
���
�����	���������+,,-����'...���	�
��	
�����
����
!
������
�	��
�����
��������������!
���	����
���	
�����
�������������������
�����������
������
!
����!

����
����
���������
�������������
��������
��
��
��	�!
���
������
��
��
�������D.���C��
�+,,D
����
����	���'.���E���	�'...���	
������
������
����
���������	����
��
��
����������$���
���@.=
�!
���	
���
��	
���������	����

�������
����������������4���
!
��
!
����	�!
��
��
��
�������������
�G�8��
��	��������������
�����������
�������
!
������	
��	���������
�����
��
����

(!
�������	
�8�8�	����

���������������
��������������������
��/
�����!
�����
����
��������
��0���
�����
���	����

�����
�����	
���<���������	
�8�8����<
�����	���	�!
��

�����
����
������
��
�����	�	
�
�
!
���������!
�
��������
������
�
������������!��������/�������
��
��!
�
�������������
��������
��4������	�
����������
�
������������������
����������������
�����������
��
�������
����
�������	
�G���
���8�����������
���

���E���'...���G�8��
�����������
���	
�8
��������
������!
�
���8��<
�������	
�G���
���8������
8���
�����G�8��
����
���������
��	
�G���
���8�������8���
���������
��
��!
��
�	����������������
������������!
�
������<
�����������
����
������
����G�8��
����
��������	��
������	
�8
��������

�����!
�
���8��<
�����������
��������!
��������
��	
�G���
���8������������
����
���
�	�����
��������������������
����<
��������



26 Canadian National Report for the Convention on Nuclear Safety

ARTICLE 6 - Existing Nuclear Power Stations

A3- Maintenance Backlog B3- Configuration Assurance C- Chemistry Program
Program

A4- Corrective Action B4- Procedural Improvement C- Airlock Seal Replacement
Follow-up Program

A1- Supervisory Effectiveness B1- OP&P Compliance Improvement C- Define Communications Protocol

Group “A” Group “B” Group “C”

TABLE 6.9 Point Lepreau Performance Improvement Program Projects

A2- Work Control Process B2- Safety Culture Training and C- Emergency Preparedness
Development

A5- CNSC Action Item Progress B5- Design Change Process C- Active Waste Management
Strategy

A6- Problem Identification and B6- Staffing and Succession C- Valve Program-AOVs, MOVs,
Corrective Action (PICA) Planning Check Valves

A7- Work Management for B7- Comprehensive Training C- Computerized Work
Technical Work Program for Work Groups Management System

A8- Plant Aging Program C- Health Physics

C- Revise PMS Program

C- Improve OPEX

A9- Develop a Strategic Plan C- Seismic Qualification Program

A10- Self-Assessment Program C- Communication Plan

C- WANO Audit
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Regulatory Documents

TABLE 7.1 CNSC Regulatory Documents, Guides, Policies, Standards and
Consultative Documents

R-7 Requirements for Containment Systems for CANDU Nuclear Power Stations (1991)

R-8 Requirements for Shutdown Systems for CANDU Nuclear Power Stations (1991)

R-9 Requirements for Emergency Core Cooling Systems for CANDU Power Plants (1991)

R-10 The Use of Two Shutdown Systems in Reactors (1977)

R-77 Overpressure Protection Requirements for Primary Heat Transport Systems in CANDU

Power Reactors Fitted with Two Shutdown Systems (1987)

R-91 Policy on Monitoring and Dose Recording for the Individual (1990)

R-99 Reporting Requirements for Operating Nuclear Power Facilities (1995)

R-100 The Determination of Effective Doses from the Intake of Tritiated Water (1987)

R-105 The Determination of Radiation Doses from the Intake of Tritium Gas (1988)

R-117 Requirements for Gamma Radiation Survey Meter Calibration (1995)

Regulatory Policies

P-119 Policy on Human Factors (2000)

P-211 Compliance (May 2001)

P-223 Protection of the Environment (2001)

P-242 Considering Cost-benefit Information (2000)

Regulatory Standards

S-106 Technical and Quality Assurance Standards for Dosimetry Services in Canada (1998)

Regulatory Guides

G-129 Guidelines on How to Meet the Requirement to Keep All Exposures As Low As Reasonably
Achievable (1997)

G-149 Computer Programs Used in Design and Safety Analyses of Nuclear Power Plants and Research
Reactors (2000)

G-206 Financial Guarantees for the Decommissioning of Licensed Activities (2000)

G-219 Decommissioning Planning for Licensed Activities (2000)

G-228 Developing and Using Action Levels (2001)
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TABLE 7.1 Continued

Consultative Documents

C-6 Requirements for the Safety Analysis of CANDU Nuclear Power Plants

C-006 Safety Analysis of CANDU Nuclear Power Plants, Rev. 1

C-091 Ascertaining and Recording Radiation Doses to Individuals (an update of R-91)

C-98 Reliability Programs for Nuclear Power Plants (2001)

C-099 Reporting Requirements for Operating Nuclear Power Plants (an update of R-99)

C-118 Relationship Between Dose Limits for the Public and Operating Emission Levels for Nuclear Facilities

C-138 Software in Protection and Control Systems

C-144 Trip Parameter Acceptance Criteria for the Safety Analysis of CANDU Nuclear Power Plants

C-200 Radiation Safety Training for Radioisotope, Medical Accelerator and Transportation Workers

C-204 Certification of Persons Working at Nuclear Power Plants

C-205 Access Control for Protected and Inner Areas of Nuclear Facilities

C-208 Transport Security for Category I, II and III Nuclear Material

C-225 Emergency Planning at Class I Nuclear Facilites and Uranium Mines and Mills

C-229 Certification of Exposure Device Operators

C-273 Making, Reviewing and Receiving Orders Under the Nuclear Safety and Control Act

C-274 Preparing a Security Report for Licence Applications

C-276 Human Factors Engineering Program Plans

C-278 Guide to Human Factors Verification and Validation Plans
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TABLE 7.2 Partial List of Prerequisites for an Operating Licence

Subject Prerequisites

Safety Analysis • Final Safety Report
• Safety Analysis Basis Documents
• Probabilistic Safety Analysis / Safety Design Matrices
• Reliability Analysis of Special Safety Systems
• Computer Codes Used in Safety Analysis

Safety Related Research • Research Results and Reports

Design •  Design Manuals and Design Guides

Operation • Operator Training Manuals and Procedures
• Operating Policies and Principles
• Operating Manuals and System Operating Flowsheets
• Abnormal Incident Response Manuals
• Safety System Testing Program
• Commissioning Program

Quality Assurance • Station Quality Assurance Program Commissioning and Operation
• Corporate Quality Assurance Program

Pressure-Retaining Components • System and Component Classification List
• Overpressure Protection Report
• Baseline and In-Service Inspection Program

Radiation Protection • Radiation Protection Regulations
• Radiation Protection Procedures
• Emission Limits for Radioactive Materials
• Environmental Monitoring Program

Emergency Measures • On-Site Emergency Procedures
• Provincial Emergency Plan

Physical Security and Safeguards • Station Security Plan and Procedures
• Safeguards Implementation Plan
• Facility Attachment

Decommissioning and Waste • Waste and Hazardous Substance Management and
Management Disposal Procedures

• Preliminary Decommissioning Plan

Nuclear Liability Insurance • Proof of Coverage Required by the Nuclear Liability Act
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Interviews

TABLE 7.3 Compliance Verification Activities - CNSC Regulatory Activity Management
Proceedures

� Fuel Handling
� Waste Management
� Maintenance
� Startup
� Normal Operation
� Shutdown Safety
� Heat Sinks
� Outage Management
� Effluent Monitoring

Operating Practice Assessements

Appraisals
� Security
� Radiation Protection
� Safety Culture
� Chemistry
� Emergency Preparedness
� Fuel & Physics

Audits
� Pressure Boundary
� Prescribed Substances
� Change Control
� Quality Assurance

Rounds
� Control Room
� Reactor Building
� Turbine Hall
� Battery Room
� Control Equipment Room

System Inspections
� Containment
� Emergency Coolant Injection
� Shut-down System 1
� Shut-down System 2
� Stand-by Safety Systems
� Safety-related Systems
� Electrical Systems

Observations
� Software Maintenance
� Setback/Stepback
� Turbine testing
� Emergency Drills

� Fuel & Physics
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TABLE 9.1 CNSC Service Lines and Technical Lines

• Dosimetry Services
• Examination and Certification
• Imports and Exports
• Irradiators
• Non-Power Reactors
• Nuclear Fuel Facilities
• Nuclear Substance Processing Facilities
• Nuclear Substances and Radiation

Devices
• Packaging and Transport of Nuclear

Substances
• Particle Accelerators
• Power Reactors
• Research and Test Establishments
• Uranium Mines and Mills
• Waste Management Facilities

• Decommissioning
• Emergency Preparedness
• Environmental Protection
• Event Analysis and Investigations
• Fire Protection
• Geoscience
• Human Factors
• Laboratory Services
• Quality Management
• Radiation Protection
• Safety Analysis
• Security
• Structural Integrity
• System and Component Performance
• Training Program Evaluation
• Non-proliferation and Safeguards
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FIGURE 1.1: CANDU Reactor Heat Transport System
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FIGURE A1.2: CANDU Reactor Assembly

FIGURE A1.3: CANDU Reactor Face (during construction)

Fuel Bundle
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FIGURE A1.4: CANDU On-power Fuelling

FIGURE A1.4: CANDU Power-On Fuelling

���������
�����
�����������
��#����������������
�����������$�������	�������������
������
����
��"�������������
�����������$��������!�"��
�����������	�����
���������
�������

�����������$���
����	���
��#����"������"��������������
���
������������"����������������	
���$�
����������������"�����
���
������������	
���$������������������$���
������	�	�"�����&�$�����4�C�

��������������������	�����
������������
������������$���������$�������
�����������	�	����
����
�����	�	������#���	������������$��������������	�����������	�������������#������������
�������

FIGURE A1.5: Fuelling Machine in Operating Position at Face of Reactor
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TABLE A6.1: Systems Included in the Configuration Management Closure Project

CMCP Systems List

 Pickering “B”  Bruce “B” Pickering “A”  Darlington

 SDS1  SDS1 SDS-A  SDS1

 SDS2  SDS2 SDS-E  SDS2

Emergency Coolant Injection
System

Emergency Coolant Injection
System

Containment Systems Containment Systems

Negative Pressure
Containment

Negative Pressure
Containment

Emergency Coolant Injection Emergency Coolant Injection
System

Reactor Control Units
(Reactor Regulating System)

Reactor Regulating System
(RRS)

Reactor Regulating System Reactor Regulating System
(RRS)

Primary Heat Transport
System Auxiliaries

Main Heat Transport
System Auxiliaries

Main Heat Transport
System Auxiliaries

Primary Heat Transport
System Auxiliaries

Stanby Cooling System
/Shutdown Cooling System

Shutdown Cooling System Shutdown Cooling System Shutdown Cooling System

Main Moderator and Auxiliary
Systems

Main Moderator and Auxiliary
Systems

Main Moderator Supply
System

Main Moderator and Auxiliary
Systems

Boiler Steam and Water
Systems

Boiler Steam System Feed and Water Condensate
Systems

Main Steam Supply System

Feedwater Heating,
Condensate and Boiler Feed
Systems

Feedwater Heating,
Condensate and Boiler Feed
Systems

Emergency Water System Feedwater Condensate
Systems

Emergency Boiler Water
(Supply) System

Emergency Water System Powerhouse Emergency
Venting System

Emergency Service Water
System

Boiler Emergency Cooling
System (BECS)

Boiler Emergency Cooling
System (BECS)

Service Water Systems Steam Generator Emergency
Cooling System

Powerhouse Emergency
Venting System

Powerhouse Emergency
Venting System

Electrical Power Systems Powerhouse Ventilating
System (Portions Required for
Emergency Venting)

Electrical Power Systems Electrical Systems Electrical Systems

Service Water Systems Service Water SystemsService Water Systems -
Emergency Low/High
Pressure Service Water System
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ANNEX 7.5 - Sample Power Reactor Operating Licence
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TABLE A14.2 Regulatory Documents, and Codes and Standards used in the Pickering  “A”
Design Review

CNSC Regulatory Documents CSA Standards

R- 7 (1991), Requirements for Containment Systems for
CANDU Nuclear Power Plants

R- 8 (1991), Requirements for Shutdown Systems for
CANDU

Nuclear Power Plants

R- 9 (1991), Requirements for Emergency Core Cooling
Systems for CANDU Nuclear Power Plants

R- 77 (1987), Overpressure Protection Requirements
for Primary Heat Transport Systems in CANDU Power
Reactors Fitted with Two Shutdown Systems

CSA- N285.0 (1995), General Requirements for
Pressure- Retaining Systems and Components in
CANDU Nuclear Power Plants

CAN/ CSA- N285.2, Requirements for Class 1C, 2C,
and 3C Pressure- Retaining Components and Supports
in CANDU Nuclear Power Plants

CAN/ CSA- N285.3- 88, Requirements for Containment
Systems Components in CANDU Nuclear Power Plants

CAN/ CSA- N285.6 Series- 88 (series of 9 standards),
Material Standards for Reactor Components for
CANDU Nuclear Power Plants

CSA- N287.1- 93, General Requirements for Concrete
Containment Structures for CANDU Nuclear Power
Plants

CAN/ CSA- N287.2- M91, Material Requirements for
Concrete Containment Structures for CANDU Nuclear
Power Plants

CSA- N287.3- 93, Design Requirements for Concrete
Containment Structures for CANDU Nuclear Power
Plants

CAN/ CSA- N287.4- 92, Construction, Fabrication, and
Installation Requirements for Concrete Containment
Structures for CANDU Nuclear Power Plants

CAN3- N288.3.2- M85, High Efficiency Air- Cleaning
Assemblies for Normal Operation of Nuclear Facilities

CAN3- N290.1- 80, Requirements for the Shutdown
Systems of CANDU Nuclear Power Plants

CAN3- N290.4- M82, Requirements for the Reactor
Regulating Systems of CANDU Nuclear Power Plants

CAN/ CSA- N290.5- M90, Requirements for the Support
Power Systems of CANDU Nuclear Power Plants

CAN3- N290.6- M82, Requirements for Monitoring and
Display of CANDU Nuclear Power Plant Status in the
Event of an Accident
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TABLE A14.3 OPG Nuclear Safety Goals and Limits

Individual Early Fatality (Per Site) 1 x 10-6 1 x 10-5

Individual Delayed Fatality (Per Site) 1 x 10-5 1 x 10-4

Large Release (Per Unit) 1 x 10-6 1 x 10-5

Severe Release (Per Unit) 1 x 10-7 1 x 10-6

Severe Core Damage (Per Unit) 1 x 10-5 1 x 10-4

Goal Limit

Average Risk
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TABLE A15.1 EFFECTIVE DOSE TRENDS (person-Sv)

Bruce A 2.66 3.04 0.95

Bruce B 1.27 1.46 2.74

Darlington 1.11 0.96 0.93

Gentilly-2 1.33 1.98 1.72

Pickering A & B 4.58 3.45 2.63

Point Lepreau 0.92 1.32 0.81

1996 1997 1998
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