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CANADIENNES POUR LES PROJETS CANDU
À L'ÉTRANGER

EXPERIENCE IN THE APPLICATION OF
NUSS AND CANADIAN QUALITY ASSURANCE
(AQ) STANDARDS FOR OVERSEAS CANDU
PROJECTS

par R.B.V. Simmons, R.T. Popple* et R.A. Thomas**

Résumé

L'élaboration et l'application de l'AQ dans l'industrie nucléaire
du Canada remontent aux années 1960 alors que le pro-
gramme électronucléaire CANDU en était à ses débuts. Le
Canada compte donc parmi les pays qui étaient en mesure
de contribuer directement au programme des normes NUSS
d'assurance qualité lancé au milieu des années 1970.

Les normes canadiennes d'AQ (c'est-à-dire la série Z299 de
I' ACNOR sur la fabrication publiées pour la première fois
en 1975 ainsi que la série N286 de l'ACNOR couvrant toutes
les autres phases de la vie d'une centrale, et publiée en 1979)
furent crées à partir de l'expérience acquise grâce au pro-
gramme des réacteurs CANDU. Les comités techniques de
l'ACNOR responsables de la parution et de la mise à jour des
deux séries est en contac. direct avec le comité d'études
techniques de l'Agence international de l'énergie atomique
en ce qui a trait à l'assurance qualité. L'expérience acquise
peut donc être mise à la disposition des autres afin de
maintenir une compatibilité rationnelle soutenue.

L'Ontario Hydro s'est engagée considérablement dans le do-
maine de l'électronucléaire en utilisant la filière CANDU et de
ce fait, elle a joué, dès le début, un rôle important au sein du
programme canadien des normes d'AQ. Un programme de
qualité interne propre à cette société a été prévu de sorte
que les programmes d'AQ soient conformes aux normes de
l'ACNOR à toutes les phases.

L'Énergie Atomique du Canada Limitée a par ailleurs joué
un rôle important dans l'élaboration des normes d'AQ de
l'ACNOR. À titre d'entrepreneur principal, la compagnie a
fourni des centrales CANDU au Canada, à l'Argentine, à la
Corée du Sud et à la Roumanie. Grâce à la compatibilité des
normes canadiennes d'AQ utilisées, la centrale d'Embalse en
Argentine et la centrale Wolsung 1 en Corée (toutes deux en
exploitation à l'heure actuelle) sont essentiellement conformes
aux normes NUSS d'AQ. La centrale en voie de construction
à Cernavoda, en Roumanie, suit pareillement les normes d'AQ
du Canada.

Les soumissions faites en vue de réaliser d'autres ventes, exi-
gent que le programme global d'AQ respecte le but visé par
le code de pratiques 50-C-QA de l'Agence internationale de
l'énergie atomique et par ses ramifications secondaires. Il en
est ainsi lorsque las séries N286 et Z299 de l'ACNOR sont
en cause.

Bien que l'on puisse s'attendre à d'autres améliorations en
matière d'AQ, nous sommes d'avis que des progrès marqués
ont été réalisés en ce qui a trait à l'élaboration et l'adoption
de normes d'AQ et compatibles de par le monde dans le do-
maine nucléaire. Le Canada a l'intention de continuer à par-
ticiper pleinement au programme NUSS et en particulier aux
travaux TRC/AQ.

by R.B.V. Simmons, R.T. Popple* and R.A. Thomas**

Abstract

The development and application of QA in the Canadian
nuclear industry can be traced bac'' to the early days of the
CANDU nuclear power program in the 1960s. Canada,
therefore, was among those nations who could contribute
directly to the NUSS QA standards program which started in
the mid 1970s.

The Canadian QA standards — the CSA Z299 series for
manufacture, which first appeared in 1975, and the CSA N286
series for all other phases of plant life which appeared in 1979,
have been based on experience with the CANDU reactor pro-
gram. The CSA Technical Committees responsible for issue
and for updating the two series have a direct liaison with the
IAEA Technical Review Committee for Quality Assurance. The
lessons of experience can therefore be made available so that
continuing rational compatibility is maintained.

Ontario Hydro, which has a substantial commitment to nuclear
power using CANDU reactors, has played a large part in the
Canadian QA standards program from the beginning. An in-
house corporate quality program ensures that QA programs
in all phases, up to and including routine operation, are in
agreement with CSA standards.

Atomic Energy of Canada Limited has also taken a major pan
in the development of CSA QA standards. As a main contrac-
tor the Company has supplied CANDU plants in Canada and
to Argentina, South Korea and Romania. Because of the com-
patibility of the Canadian QA standards used, the Embalse
plant in Argentina and the Wolsung 1 plant in Korea, now both
in operation, are essentially in compliance with NUSS QA stan-
dards. The plant under construction at Cernavoda in Romania
similarly follows Canadian QA standards.

Proposals for other sales maintain the requirement that the
overall QA program shall meet the inient of IAEA Code of Prac-
tice 50-C-CA and lower tiers. This follows when CSA N286 and
Z299 series are called for.

Although further refinements in QA are to be expected we
believe that a great deal of progress has been made in the
development and adoption of sound and compatible QA stan-
dards throughout the nuclear world. Canada intends to contin-
ue full participation in the NUSS program and in the TRC/QA
work in particular.

" Ontario Hydro
•• CCEA

* Ontario Hydro
• " AECB AECL-8339
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Introduction

It was clear at the IAEA Symposium on Quality Assurance
for Nuclear Power Plants held in Paris in 1981 that quality
assurance had taken its place as an essential factor in worldwide
nuclear development. The developed Member States had already
recognized fully the need for compatibility in international
Quality Assurance Standards both on grounds of Safety and of
international cooperation and understanding. This recognition
had brought about, under the leadership of the IAEA, a
considerable effort, which continues, to compile the NUSS series
of Codes of Practice, and Safety Guides and Technical Documents
in several areas, including Quality Assuiance.

Canada, like other countries in which a substantial
nuclear power program was under way, already had an effective
nuclear Quality Assurance Standards Program- This provided the
basis for the Canadian contribution to the international develop-
ment of Quality Assurance Standards.

As was pointed out at the Symposium in paper IAEA SM
253/100: The IAEA Code of Practice on quality assurance, and
quality assurance requirements and practices in Member States, by
N. Raisic:

"Quality Assurance at present in use in the nuclear
industry of Member States reflects the influence of a
number of factors, such as industrial traditions,
ownership and structure of electrical utilities,
developed safety regulations and technical standards,
both in the nuclear industry and in other industries,
and types of contracts and management concepts used
for nuclear power plant construction. One can expect
that these factors will influence the applicability
of the Agency's Quality Assurance requirements and
recommendations in the national regulations of those
countries which are establishing their national safety
standards."

This paper surveys briefly the development of Canadian
Quality Assurance standards and their significance in the inter-
national arena. It also considers how these standards have
contributed to the evolution of other national standards and
practices compatible with the IAEA documents. This contribution
arises from Canada1s work with the Agency and from CANDU sales and
purchasing activities in other countries.

The Canadian Background

A Technical Committee under the Canadian Nuclear
Association, later transferred to the Canadian Standards
Association, was set up in 1971. The Canadian Standard Assoc-
iation, chartered in 1919, is an independent, voluntary, non-
profit association engaged in standards development and certifi-
cation activities. CSA standards reflect a national consensus
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of producers and users -- including manufacturers, consumers,
retailers, unions and professional organizations, and govern-
mental agencies. The standards are used widely by industry and
commerce and often adopted in regulations by municipal,
provincial and federal governments, particularly in the fields
of health, safety and the environment. This committee brought
together, under the leadership of the Atomic Energy Control
Board, the national regulating agency, a wide range of interested
parties including Ontario Hydro, a major electrical utility, whose
pioneering work had resulted in the introduction of Quality
Standards documents for procurement purposes use in the late
I9601s. Also involved was Atomic Energy of Canada Limited, which
is the Crown. Corporation responsible for the development of the
CANDU reactor design and the subsequent design engineering effort
for CANDU plants.

The committee was responsible for the preparation and
issue of the CSA Z299 series of standards in 1975. They cover
manufacture of components and have become widely used inter-
nationally for the manufacture of nuclear and non-nuclear
components and have been translated into 4 languages. Major
manufacturing enterprises in ten other countries (at last count)
have adopted internal Quality Assurance programs based on the CSA
Z299 standards and purchases under these Standards have been
effectively carried out in 16 countries including major developed
nuclear states.

For convenience of reference, careful comparative
tables have been made up and are available to show the
correspondence between the CSA Z2 99 standards and other national
standards, nuclear and non-nuclear, notably those of the U.S. and
the U.K. These comparisons have been particularly important in
dealing with the ongoing question of level or category selection
for Quality Assurance programs in manufacture. This topic is
dealt with in detail in IAEA TECDOC-303 - Manual on the Selection
of Appropriate Quality Assurance Programmes for Items and
Services of a Nuclear Power Plant.

As a direct consequence of the work and experience of
the CSA Z299 Committee the CSA N286 series of Quality Assurance
standards was developed by a separate dedicated Committee. This
series lays down Quality Assurance Program requirements for the
Owner and others responsible for all activities which are
concerned with safety related systems, equipment, components and
services, throughout the life cycle of a nuclear plant.

Tne first of the series, CSA N286.0 - Overall QA for
Nuclear Power Plants, was published in preliminary form in 1978.
To date five others have been published in preliminary form with
one more due next year. Two of the series have now been
republished as Canadian National Standards. A further three are
due to be republished in the same way shortly. A general descrip-
tion of the CSA Z299 and CSA N286 Series of Standards was given
at the previous Symposium in paper IAEA-SM-253-103 - Selection of
Quality Assurance Programme Levels for Nuclear Power Plants, by
R. A. Thomas.



Further detail on the CSA N286 Series was contained in
paper IAEA-SM-253/63 - Quality Assurance of Nuclear Power Plants
in Canada - The CSA N286 Standards, by R. B. V. Simmons and G. G. Legg.

The NUSS Program and Canadian Participation

Late in 1974 the IAEA convened a special panel to review
member state practices with respect to nuclear plant Quality
Assurance. Fourteen member States, including Canada, were
represented. It became very clear that considerable importance
was attached to Quality Assurance in the States represented. The
panel meeting served, in a sense, as the forerunner of the IAEA
Technical Review Committee (TRC-QA) on nuclear power plant Quality
Assurance established in 1975. Ten of the member States who were
represented at the meeting, including Canada, were invited to
nominate representatives to the TRC-QA. Forming part of the IAEA
Nuclear Safety Standards (NUSS) program, the TRC-QA has met a
total of twenty-five times during the past nine years. The
publication under the NUSS program of a Code of Practice, ten
Safety Guides, and a number of related manuals, on nuclear power
plant Quality Assurance, is evidence of the work of the Committee
to date. Canada has been part of this undertaking from the outset.
Based on more than twenty years experience with power reactor
design, construction and operation, Canada has not only been able
to contribute to the work of the NUSS program; we have also
profited greatly from our participation in it, not least in the
area of quality assurance.

In addition to being member state representative to the
TRC-QA, the Canadian member (a staff member of the AECB the
national regulatory agency) has been closely associated from the
beginning with each of the two Canadian Standards Association
technical committees (CSA Z299 and CSA N286) addressing nuclear
power plant Quality Assurance. Under these circumstances it has
been readily possible to take account of the direction and
substance of the developing IAEA documents in the review and
further refinement of the Canadian Standards. As a result, the
Canadian and the IAEA nuclear power plant Quality Assurance
Standards are compatible in all essential respects. There are
some differences of detail for several reasons: For example,
work on the national standards was begun earlier than for the
international ones. As a result, early decisions in the Canadian
Standards program produced, for example, documents in manufact-
uring Quality Assurance (CSA Z299 series) and commissioning
Quality Assurance (CSA N286.4) containing considerably more detail
than the corresponding IAEA document. Both the four-document CSA
Z299 series on manufacturing Quality Assurance and the presently
six-document CSA N286 series on overall and constituent phase
nuclear power plant Quality Assurance (a further standard on
decommissioning is planned for preliminary publication in the near
future) are the basis for Canadian Quality Assurance activities,
however, it is the former series which is the better known at
present. Both series of documents are subject to on-going review
and refinement and, through Canada's participation in the work of



the TRC'-QA, the national standards will continue to be maintain?,
in tune with the IAEA ones. At the present time. Working Groups
associated with the CSA N286 Technical Committee are preparing to
begin work on two 'new' topics: Quality Assurance for the dr-ign
and in-service maintenance of computer software, both for station
operating computers and for design/analysis work, and Quality
Assurance for nuclear power plant site evaluation. These are
topics that the IAEA has also identified as warranting the
development of special reference documents. One of these
documents (site evaluation Quality Assurance) has been drafted
this year by an IAEA Working Group. Work on the second one is
being planned. By linking the IAEA and Canadian endeavours on
these topics we shall again be able to ensure continuing and
rational compatibility. It is important to note that CSA Quality
Assurance standards prepared outside the specific nuclear area
also provide support in the development of nuclear Quality
Assurance standards. An example is CSA Preliminary Standard
Q396.1, 1982 - Software Quality Assurance Program Part 1.

Development of Quality Assurance and Application of Commissioning
and Operating Quality Assurance Standards in a Canadian Context

In order to see something of the background within which
Canadian QA standards have been produced and applied, it is
instructive to review the experience of Ontario Hydro, one of the
world1s major electrical utilities, and the manager of a
substantial CANDU nuclear power program. This brief review
concentrates on the quality assurance of operation. It is
of course, backed up by formal quality assurance programs in the
other phases of plant life.

The first nuclear generating station operated by
Ontario Hydro was the 25 MWe NPD station which went into service
in 1962. The basic principles established at that time for an
effective program have proven to be very successful and have
been applied to the succeeding Ontario Hydro nuclear plants at
Douglas Point (1968), Pickering NGS-A (4 units) (1971),
Bruce NGS-A (4 units) (1976) and Pickering NGS-B (4 units) (1983).

As a consequence of the program which involved a
"management by objectives" approach and associated monitoring
of performance relative to safety, reliability and economy, a
Nuclear Operations Quality Assurance program was essentially in
place before the formal N286 series were developed. These
standards define Quality Assurance program requirements in the
areas of management, performance, verification, audit, corrective
functions, documents and records. The scope of the standards is
limited to nuclear safety-related systems. However, the
standards are suitable and used for application to other systems.

In 1978, G.-itario Hydro formalized its Corporate Quality
Engineering Program. This program has a broad scope and is not
limited to nuclear safety-related systems. The Nuclear
Operations Quality Assurance Program now in place meets the



requirements of both the N236 Standards and the Quality
Engineering Program.

The working party formed in 1976 under the CSA N286
Technical Committee to prepare standards N286.4 (commissioning)
and N286.5 (operation) included several members who had
participated extensively in the development of the Ontario Hydro
Quality Assurance approach to NPD and subsequent stations. The
resultant standards reflect the working party objectives to
retain the same basic approach to quality which had achieved
excellent results but to formalize the program to ensure and
demonstrate continued good results.

Quality Assurance Standards Application Internationally

In addition to design and some procurement services for
the Ontario Hydro program, the general development and supply of
CANDU plants to other Canadian and overseas utilities has been
the responsibility of Atomic Energy of Canada Limited.

CANDU 600 MWe plants have been exported to three
countries so far and serious discussions and formal proposals have
taken place with several others. It is normally to be expected
that a power reactor project is not a single package and goods and
services will be contributed by the supplier, the customer (owner)
or by third parties from other countries. For the owner to meet
the requirements of the national regulatory agency in the importing
country it is essential that a common understanding on inter-
nationally compatible Quality Assurance practices can be reached.

Apart from the commercial aspect of nuclear plant
exports, in recent years the Atomic Energy Control Board, as the
national nuclear regulatory agency, has had a number of contacts
independently with representatives of nuclear regulatory agencies
of countries embarking on a nuclear power program or considering
one, such as Argentina, Egypt, South Korea, Turkey, Romania,
Yugoslavia. These discussions, meetings and lectures have
focussed on the Canadian approach to nuclear power regulation.
A topic of repeated interest has been Canadian standards and
practice for Quality Assurance and their relationship to the NUSS
Codes and Guides.

It is generally required by customers that a plant
tendered be licensable in the country of origin. This has
been a particular area of attention for Canada because CANDU plants
have several features which distinguish them from the more usual
PWR/BWR plants for which specific national technical (including QA)
standards have had a wide dissemination and acceptance. It has
thus always been necessary during negotiations to clarify the basis
of the Canadian reactor design and the regulatory process and this
certainly includes Canadian nuclear QA standards and practice.
Fortunately the widespread familiarity with and use of the CSA Z299
standards has eased this process in many cases.



In the particular case of the Central Nuclear en Embalse
CANDU plant in Argentina, design, manufacture and construction
were carried on from 1974 to 1983. CSA Z299 Standards were applied
throughout by AECL as the supplier of the NSP portion of the plant,
as appropriate, although not referred to in the original contract.
It is now acknowledged that this CANDD project was to a large
extent influential in further formalizing Quality Assurance in
Argentina. The Embalse plant is presently in operation with a
Quality Assurance program developed on the basis of IAEA Quality
Assurance documents. Furthermore, Nuclear activities generally
in Argentina are now under government regulation in line with
IAEA Quality Assurance documentation.

For WOLSUNG 1 in South Korea the original contract
agreement specified CSA Z299.1, .2 and .3 as quality program
standards. The original three standards in the series were
later replaced by a revised series of four. The contract
requirement was confirmed in the Project Quality Assurance Manual
prepared by AECL and which governed AECL activities as the
responsible supplier of design, purchasing, construction and
commissioning services. Later, detailed revisions of the Manual
clarified the application of the CSA Z299 Standards in particular
cases. In addition AECL, as the major designer/purchaser for the
project, has worked to the appropriate standards in the CSA N286
series. At the same time, the customer/owner has been able to
utilize the CSA N286 series standards where applicable, up to and
including the present routine operation in service.

The multi-unit CANDU plant now under construction at
Cernavoda in Romania has design, procurement and manufacturing
activities carried out in Canada under CSA Z299 and CSA N286
Quality Assurance programs as appropriate under contract. In
addition, activities of manufacture and construction in Romania
are being carried out by the owner to the same Standards. This
is required by law which makes mandatory the use of Romanian
National Standard SERIA-AQ-04, a translation of CSA Z299.1, .2,
.3 and .4.

Canada has assisted in the development of national
standards in these countries where they were proposed. However,
as in Argentina and South Korea it has been possible for the
country concerned to move into using NUSS standards where
applicable and available following the use of appropriate
Canadian standards.

Recent proposals by AECL have continued and formalized
the QA position on CANDU plants constructed abroad. A text on
the following lines is included in all proposal documents:

"Applicable Quality Assurance Standards:
This section identifies the applicable Quality

Assurance standards, which the Overall Quality Assurance
Program (OQAP) and the major constitutent programs



must meet. The OQAP and the major constituent programs
shall meet the intent of IAEA Code of Practice 50-C-QA,
Quality Assurance for Safety in Nuclear Power Plants,
and its lower-tier documents. In keeping with the
principle of licensability in Canada, the design,
procurement, construction, installation, and
commissioning will meet CSA N286.0, Quality Assurance
Program Requirements for Nuclear Power Plants, and
applicable sub-tier standards. Manufacturing activities
in Canada will meet appropriate levels of the CSA Z299
series of Quality Assurance standards. Manufacturing
activities outside Canada will meet the same Canadian
standards or national Quality Assurance standards
recognized to be equivalent to Canadian standards."

It is normally a minimum of six years from initial
negotiations and award of contract to placing in full service of
any nuclear power plant. During that time both national and
international standards can be expected to develop and improve.
From the very earliest involvement in overseas work it has been
Canadian practice to work to CSA Quality Assurance standards as
they become available. At the same time the coordination of
Canadian Quality Assurance and NUSS Quality Assurance standards
has ensured that the work would be under quality programs
generally in compliance with NUSS standards as these became
available in their turn. Present and future negotiations can be
expected to be such that this situation can be maintained. It
is of course a question for the owner and regulatory agency in
the country of installation to resolve under which standards
quality assurance is formalized when Canadian supply services
have been completed.

Conclusion

As noted earlier, it has been a clear and continuing
objective of those nations contributing to the development of
NUSS Codes of Practice, Safety Guides and associated Technical
Documents to arrive at a workable consensus based on their own
experiences.

As one of these nations Canada has a set of national
Quality Assurance standards compatible with NUSS program standards.
These national standards, then, when used with projects in other
countries contribute to the development of national standards
compatible with NUSS and allow for the development of additional
detail or enable the customer nation to work within the framework
of IAEA standards if desired.

The development of the NUSS standards is a necessary and
valuable activity in reaching international harmony in the area of
nuclear safety. As with national standards, compromises and
adjustments are always involved and it is unwise for the
experience of any one interested group or nation to overshadow the
need for agreement on mutually acceptable good practices.



National differences in management and work practices, legal
considerations, etc. may influence local needs but broad general
principles, as aimed at in the NUSS Quality Assurance documents,
are an essential foundation.

Canadian experience at home and overseas suggests that
considerable progress has been made in putting sound Quality
Assurance into place for manufacturing in many places as the
basic principles are more or less universal. The NUSS Quality
Assurance document 50-SG-QA8 - Quality Assurance in the Manufac-
ture of Items for Nuclear Power Plants, reflects this. Cn the
other hand, the particular nature of other phases can lead to
more difficulty in establishing internationally recognizable
common requirements. The current work on revision of 5O-SG-QA5 -
Safety Guide on Quality Assurance During Plant Operation, is a
case in point.

The first round of the NUSS Quality Assurance program
has been very impressive but there is still some way to go and
Canada intends to continue to work closely with the IAEA and other
nations in further development of the Program. It is also
considered very important in this connection that full support
should be given to the proposals for training programs outlined
by the IAEA Advisory Group on NUSS Implementation.



Appendix

Status and comparison between IAEA NUSS QA
Publications and Canadian CSA QA Standards

IAEA

50-C-QA Code of Practice
QA for safety in
Nuclear Power Plants - 1978

Canada

CSA N286.0 National Standard
QA program requirements for
Nuclear Power Plants - 1982

Safety Guides
50-SG-QA1 Establishing of the qualicy

assurance programme for a
nuclear power plant project
- 1984

50-SG-QA2 Quality assurance records
system for nuclear power
plants - 1979

50-SG-QA3 Quality assurance in the
procurement of items and
services for nuclear power
plants - 1979

50-SG-QA4 Quality assurance during site
construction of nuclear
power plants - 1981

50-SG-QA5 Quality assurance during
operation of nuclear power
plants - 1981

50-SG-QA6 Quality assurance in the
design of nuclear power
plants - 1981

50-SG-QA7 Quality assurance organization
for nuclear power plants - 1983

50-SG-QA8 Quality assurance in the
manufacture of items for
nuclear power plants - 1981

Not covered.

50-SG-QA10 Quality assurance auditing
for nuclear power plants - 1980

50-SG-QA11 Quality assurance in the
procurement, design and
manufacture of nuclear fuel
assemblies - 1983

IAEA TECDOC 303 Manual on the Selection
of appropriate Quality Assurance
programmes for items and
services of a nuclear power plant

Included as required in other standards.

CSA N286.1 National Standard
Procurement Quality Assurance
for Nuclear Power Plants-1984

CSA N286.3 National Standard
Construction & Installation
Quality Assurance for nuclear
power plants - 1983.

CSA N286.4 Preliminary - 1979
Commissioning Quality Assurance
for Nuclear Power Plants

CSA N286.5 Preliminary - 1979
Operations Quality Assurance
for Nuclear Power Plants

CSA N286.2 Preliminary - 1979
Design Quality Assurance for
Nuclear Power Plants

Included as required in other standards.

CSA Z299.1, .2, .3, .4
CSA Standards - 1978-79
QA program requirements for the
supply of items and services.

Included as required in other standards.

Covered by CSA Z299 series.

CSA Z299.0 Special Publication - 1979
Guide for Selecting and
Implementing the CSA Z299
Quality Program Standards.
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