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INTRODUCTION

In Canada, 500 and ?50 MWe CANDU-PHW systems are in operation and a
standard 600 MWe design has been developed. Plants of the latter type are
under construction in Canada and abroad. This design has evolved from the
experience gained since 1957 in the design and operation of a number of
nuclear-electric generating stations, all fuelled with natural uranium and
moderated by heavy water.

The reactor safety philosophy in Canada has developed in association
with the evolution of the CANDU system and has been almost exclusively in-
fluenced by the experience gained in the design and operation of such syst-
ems.

In recent years, polemicists have found ample opportunity to provoke
public attention and concern over the many technical and non-technical
issues which have arisen in the nuclear regulatory process. All too often
the acknowledged eloquence of polemicists has tended either to sway un daly
the convictions of those members of the public who have become aware of the
current issues or to dismay them with the alleged complexities. One relat-
ively new development in Canada is an attempt to establish an unfavourable
comparison between Canadian nuclear safety requirements and those of other
countries.

It is evident that nuclear regulatory agencies throughout the world
share a commonality of purpose, namely, the achievement of a high standard
of safety in the siting, design, construction, commissioning, operation and
decommissioning of nuclear power stations. The objective of this paper is
to outline the Canadian approach.

BACKGROUND

LEGISLATIVE AUTHORITY

Canada is a confederation of ten provinces with two vast and sparsely
populated areas of the country - the I'.ikon and Northwest Territories -
remaining under national or federal control. The British North America Act
(1867), with its more than 20 amendment Acts is generally considered to be
the Constitution of Canada. It provides for the establishment and function-
ing of political institutions at three levels of representative government
in the Canadian Federation - federal, provincial and municipal.



Under the provisions of the Act, the Parliament of Canada is assigned
29 specific powers as well as legislative authority over "Such Works" as
it declares to be "for the general advantage of Canada". In 19^6, the Par-
liament of Canada passed the Atomic Energy Control Act thus declaring atom-
ic energy a matter of national interest and establishing the Atomic Energy
Control Board (AECB) to administer the Act. The Act, which was subsequent-
ly amended in 195**, is a short document authorizing and defining the powers
of the AECB, a body with five members one of whom is appointed President
and chief executive officer. Under the provisions of the Act, the Board is
empowered to make regulations governing all aspects of the development and
application of atomic energy. The 195^ amendment to the Act transferred
from the Board to a Minister designated by the government the responsibility
for research and +he exploitation of atomic energy and provided him with
extensive powers .• this purpose, including the power to acquire or estab-
lish companies that are wholly owned in the name of Her Majesty in right of
Canada and that are supported by funds appropriated by Parliament. As a
result of this transfer of responsibility, Atomic Energy of Canada Limited
(a crown company established in 1952) was made responsible directly to the
designated Minister.

The only other legislation specifically enacted in respect of atomic
energy is the Nuclear Liability Act. This Act which entered into force in
October,1976 places total responsibility ror nuclear damage on the operator
of a nuclear installation. It requires the operator to obtain insurance in
the amount of $75 million (part of which may be re-insured by the govern-
ment). It also provides for the establishment of a Nuclear Damage Claims
Commission to deal with claims for compensation when the government deems
that a special tribunal is necessary. The Act recognizes that Canada may
enter into international arrangements in respect of nuclear liability but
Canada is not at present a party to any such arrangement.

The Licensing Process

The licensing of nuclear power stations in Canada includes the issu-
ance of a SITE APPROVAL and two formal licences, the CONSTRUCTION LICENCE
and the OPERATING LICENCE. The requirement for such licences was specifi-
ed in 1957 with the publication by the AECB of a NUCLEAR REACTORS ORDER.

One year prior to the publication of this order, the AECB established
an advisory committee (known as the Reactor Safety Advisory Committee) to
advise it on all aspects of the safety of nuclear reactors. The Committee
is composed of senior engineers and scientists chosen because of their
individual competence, together with technical representatives of relevant
federal and provincial departments and local medical officers of health.
The representatives vary depending on the province in which a proposed
nuclear power station is to be located.

The staff of the AECB carries out a detailed assessment of the design
and proposed method of construction and operation of each nuclear power
station. It assists the Reactor Safety Advisory Committee in the latter's
review and undertakes inspection and compliance duties as well as approv-
ing design and operating procedure changes within the terms of the licences



issued by the Board.

The first step taken by a utility to secure regulatory authorization
to proceed with a proposed nuclear power station is the submission of an
application for SITE APPROVAL. A document known as a SITE EVALUATION RE-
PORT must accompany the application providing sufficient information to
enable the AECB, on the advice of its staff and of the Reactor Safety
Advisory Committee, to determine the suitability of the site proposed. The
report includes a summary description of the station outlining the plant
size, reactor type, basic process and safety systems as well as inform-
ation regarding land use, present and future population density and dis-
tribution, principal sources and movements of water, water usage, meteor-
ological conditions, seismology and geology. The issuance of a CONDITION-
AL S H E APPROVAL represents the opinion of the Board that the site is con-
sidered to be suitable for the construction of a nuclear power station of
the size and type described in the SITE EVALUATION REPORT. Before a FINAL
SITE APPROVAL is issued, the applicant must:

1) conduct a public information program (including sufficient
public meetings to ensure that the expected environmental,
social and economic impacts have been adequately explained;

2) satisfy the appropriate federal or provincial environmental
agencies concerning the acceptability of the anticipated
environmental impact of the proposed station; and

3) submit any required revision of the SITE EVALUATION REPORT.

Following the issuance of a SITE APPROVAL, the utility's next step
in seeking regulatory authorization is to submit an application for a
CONSTRUCTION LICENCE. In so doing, the applicant submits a PRELIMINARY
SAFETY REPORT the purpose of which is to document the information essent-
ial to a comprehensive evaluation of all of the factors involved in ensur-
ing that the health and safety of the public (including the station oper-
ating staff) t'ould be protected should the station in question be construct-
ed. The PRELIMINARY SAFETY REPORT is a collation of siting and environ-
mental data, design and procedural considerations, process and safety sys-
tem descriptions, performance specifications and those safety analyses upon
which the necessary licensing decisions can be made basically those
affecting the design of the containment, safety systems and major process
systems.

When construction nears completion, the utility applies for issuance
of an OPERATING LICENCE. In so doing, it submits a final SAFETY REPORT to
document the "as-built" design of the station, the updated analyses of
postulated accidents and the capability of safety systems to prevent or
limit the consequences of such postulated accidents.

At least one staff member of the AECB is located at a station during
commissioning and remains at the site after start-up until routine operat-
ion is achieved, to observe commissioning tests and to assess their results,
•jfO consider requests for changes in the method of operation, and to give the



AECB independent assurance that the station is being operated safely. The
AECB staff and the Reactor Safety Advisory Committee continue their sur-
veillance of the operation of the nuclear plant throughout its life.

The experience and educational qualifications of the key operating
staff of a nuclear plant are examined by the staff of the Board in the
light of requirements established by the AECB on the advice of a Reactor
Operators Examination Committee. This Committee includes experts in react-
or operation and radiation safety as well as representatives of the provin-
cial licensing bodies for steam plant operators. In addition to possessing
the necessary experience and educational qualifications those nuclear plant
operators designated as Shift Supervisors or Control Room Operators must
also write examinations that cover the theoretical and practical aspects of
operating the nuclear and conventional equipment, and of radiological pro-
tection.

REACTOR SAFETY PHILOSOPHY

BASIC APPROACH

As in the case of other countries, the basic tenet of the Canadian
reactor safety philosophy is one of defenee-in-depth. However, there are
important differences in the way this philosophy is applied. Perhaps the
single most important characteristic of the Canadian approach is that
primary responsibility for ensuring a high degree of overall safety is
clearly assigned to the owner of a nuclear power station. ThuSj only basic
safety criteria and fundamental principles have been stipulated by the AECB
with careful avoidance of detailed design requirements which inevitably re-
sult in constraints being placed upon the ingenuity of the designers and
over-reliance on the regulatory process. From the outset of the Canadian
nuclear program, a team approach was taken by the designer and owner/oper-
ator. Thus, the expertise developed over the ensuing decades has been
totally shared by both partners of the team. As a result, early operating
experience was immediately fed back into the process and, where necessary,
appropriate additions or amendments were made to the regulatory criteria
and requirements.

Some of the technical differences between the Canadian reactor safety
philosophy and that of other countries will be outlined later. In assess-
ing these differences it is important to note that in specifying the re-
quirements to be met by the designer and operator, a nuclear station is
divided into two classes of systems: process systems and safety systems.
In a typice.l station, the term "process system" would include the reactor
regulating system, the primary heat transport system, the moderator system,
the electrical supply system, the secondary or steam and feedwater system
and the service water system. The term "safety system" includes the shut-
down systems, the emergency core cooling system and the containment system.
With these terms in mind, the overall safety objectives can then be said
to be:

l) to prevent serious failures of any process systems



2) to limit the consequences of serious failures of any
process system should one occur; and

3) to limit the consequences of serious failure of any
process system failure coincident with failure or
unavailability of any one of the pertinent safety
systems.

Reactor Safety Criteria«Principles and Application

The current Canadian safety criteria and principles may be summarized
as follows :-

(1) Design and construction of components, systems and
structures essential to or associated with the reactor
shall follow the applicable code, standard or practice.

(2) The design, quality and operation of all process systems
essential to the reactor shall be such that the total of
all serious failures does not exceed 1 per 3 years. A
serious process failure is one that in the absence of
safety system action could lead to a significant release
of radioactive material from the station.

(3) Safety systems shall be physically and functionally
separate from the process systems and from each other
to the maximum extent practicable.

(k) Each safety system shall be readily testable, as a system,
and shall be tested at a frequency sufficient to demonstrate
that its unavailability is less than 10"3 years per year.

(5) Radioactive effluents due to normal operation shall not
result in an annual dose to individual members of the
public exceeding 1% of the maximum permissible dose limit.

(6) The effectiveness of the safety systems be such that for all
serious process failures the whole body dose to any individual
at the plant exclusion boundary should not exceed 500 mrem
per year. Equally, the population dose should not exceed 10
man-rem per year.

(7) For any postulated combination of a single process failure and
failure or unavailability of a pertinent safety system, the
predicted dose to any individual shall not exceed (i) 25 rem,
whole body, (ii) 250 rem, thyroid, and to the population,
10° man-rem.

The requirement for a high standard of reliability of systems such as
the reactor power-regulating system and of all special safety systems is
itself very comprehensive and has often been used as an example of the
defence-in-depth approach. It was the 1952 accident to the HEX experimental



reactor at Chalk River that demonstrated the importance of this require-
ment. For example the reliability required of a safety system is achieved
by providing three completely independent "channels" of protection. Any
two channels in the system will perform the required protective function
thus allowing for the unavailability of the third without affecting the
overall operation of the system. This triplication not only increases re-
liability but also permits testing of each channel individually (and there-
fore an assessment of system reliability) and allows routine maintenance
work to be carried out during operation of the reactor. One additional and
very important feature is the design of the protective shutdown sytem in
such a way that should one channel be undergoing testing, the reactor will
be automatically shut down should either of the remaining two channels de-
tect an unsafe condition.

Avoidance of human errors has proven to be an extremely important part
of the Canadian safety philosophy. The multiple consequences of a single
error (either in design, construction or operation) may defeat the purpose
or impair the operation of even a triplicated system. Recognition of this
possibility at an early date further reinforced the importance of a defence-
in-depth approach and has resulted in the application of this basic phil-
osophy in the case of every CANDU power reactor. In practical terms, the
requirement means that a rigorous review of the proposed design, construct-
ion and operating procedures for each reactor must be carried out to ensure
that the consequences of a human error will be limited to a single event
which involves only one channel in a triplicated system or is protected
against by one or more of the oth er systems available because of the defence-
in-depth approach.

All new CANDU power stations must include in their design two independ-
ent reactor shutdown systems dedicated solely to the reactor shutdown fun-
ction (i.e. they have no reactor regulation or control function). It is
accepted that at least one of the shutdown systems will operate as designed
when shutdown action is required. The following are the major requirements
specified for the design of two shutdown systems:

(1) The shutdown systems shall be of diverse design and each
shall be physically and functionally separate from the
other shutdown system, from process systems and from
other safety systems.

(2) Each shutdown system shall incorporate sufficient redundancy
to ensure that no single failure results in the loss of its
protective action.

(3) Where practicable, two diverse trip parameters shall be
incorporated into the sensing and control logic of each
shutdown sytem for each of the serious process failures
requiring shutdown action.

(h) Each system shall be readily testable at a frequency
sufficient to demonstrate to the extent practicable that
its unavailability is less than 1 x 10~3 years per year.



The applicant for an operating licence is required to show by analysis,
adequately supported by experimental evidence that:

(1) when shutdown system action is necessary, the combined
action of the two shutdown systems is not required to
prevent the consequences of a failure from exceeding
the limits specified earlier;

(2) the consequences of all serious process system failures
can be limited by at least one of the shutdown systems
acting alone to shut the reactor down, to less than those
specified for process system failures, assuming proper
operation of containment and the emergency core cooling
system; and

(3) the consequences of all serious process systeu failures
accompanied by unavailability of the containment or of
the emergency core cooling system can be limited to less
than those specified by each of the two shutdown systems
acting alone to shut the reactor down.

In a typical CANDU-PHW reactor, one shutdown system consists of 28
spring-assisted, gravity-drop, cadmium shutoff rods whereas the other
shutdown system consists of six horizontally distributed nozzles through
which a concentrated gadolinium nitrate solution may be forced into the
moderator by means of pressurized helium.

A further example of the application of the above-mentioned criteria
and principles, is the division of control circuitry for all systems into
two physically separate groups to achieve additional protection against
cross-linked and common mode failures. Each group must be independently
capable of:

1. shutting down the reactor;

2. removing decay heat from the fuel; and

3. supplying the reactor operator with the necessary
information to assess the state of the nuclear steam
supply system.

Group One systems include the reactor regulating system, shutdown
system Ho.l (SDSl), the emergency core cooling system and all process
systems with the exception of the auxiliary moderator cooling system.
Reactor shutdown is effected by SDSl and decay power is removed by the
discharge of steam from the steam generators with make-up supplied by the
auxiliary feedwater system. In the event of a loss-of-coolant accident,
cooling of the failed circuit is provided by the emergency core cooling
system. Group Two systems include shutdown system Ho. 2 (SDS2), the
containment system, the emergency power supply system and the emergency
water supply system.



CONCLUSION

On April 11,1962, the 20 MWe Nuclear Power Demonstration Station (NPD)
was started up at Rolphton,Ontario. During the fifteen year period which
has elapsed since NPD achieved initial criticality many technical develop-
ments have occurred as evidenced by the changes in reactor size from 20
MWe for UPD to 750 MWe for each of the four units of the Bruce "A" Gener-
ating Station in Bruce County, Ontario.

These developments have not occurred without the trials and tribulat-
ions which characterize every advanced technological program. The import-
ant point is that as technical problems arose during the design,construct-
ion, commissioning and operation of the first nuclear power stations in
Canada they were resolved by a determined and cooperative effort. Part of
this effort was directed at fulfilling specific regulatory requirements
arising out of the safety-related aspects of such problems but a greater
part of the effort has been expended in ensuring that the fundamental req-
uirements of reliability and effectiveness of all station systems be main-
tained at an exceptionally highlevel since these requirements are basic to
the attainment of the overall objective of safe operation. The 1976 cap-
acity factors for the four unit,2,000 MWe Pickering "A" Generating Station
provide an indication of the extent to which these reliability and effect-
iveness requirements have been achieved (i.e. 92.8, 93.2, 93.9 and 68.h
per cent for units § 1, §2, #3 and §k respectively). As a result of this
performance, the Pickering units ranked 1, 2, k and 27 in a comparison of
the 69 power reactors in the world of 500 MWe or larger. On a lifetime
basis, these units rank 1, 2, 16 and 20.


