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ABSTRACT

A diversity of energy resources, and of climatic
and environmental conditions, has shaped the dev-
elopment of Canada's energy systems. By the
early 1950s, a significant scientific base had
been established for the development of heavy
water-moderated, natural uranium-fuelled reactors.
This combination of an existing scientific base
and the need to provide economic alternative
sources of electricity prompted a policy under
which the federal crown corporation Atomic Energy
of Canada Limited would lead the development of
nuclear power on a cooperative basis with inter-
ested electrical utilities. The close working
relationship of all the participants — design,
research, project management, consultants, man-
ufacturers, utilities and regulators — led to
the success of the unique Canadian nuclear pro-
gram.

CANADA'S NUCLEAR DEVELOPMENT

Extremes of climate and distance have been
the major determinants in the development of
Canada's energy systems. Few nations in the
world have as much variety of geography and
geology as Canada has — or such a vast and di-
verse array of energy resources and power sys-
tems within their own boundaries. Driven by
this diversity of energy resources, environmen-
tal conditions and different electrical energy
needs across a vast country, Canadians have spent
more than one hundred years developing their
energy systems to their present level of sophis-
tication and effectiveness.

This year in Canada we are celebrating the
100th anniversary of the engineering profession
in our country. As part of the celebrations,
the centennial committee selected Canada's ten
most significant engineering achievements of the
past century. Two of the ten were related to
electrical energy. One of those was the James
Bay hydro-electricity project and its associated
transmission system. The other was CANDU, Can-
ada's unique and successful nuclear power system.

The beginning of Canada's nuclear stoiy is
also approaching its centennial. Ernest Ruther-
ford, who had started teaching at Montreal's
McGill University in 1898, announced in 1903
that "radioactive substances are undergoing
spontaneous transformation with the appearance
of new kinds of matter which are unstable and
have a limited life."

During the 1920s, nuclear laboratories
sprang up in cities in Europe and the U.S.A.,
and the year 1932 became a benchmark in the
evolution of nuclear science with the discovery
of the neutron by James Chadwick at the
Cavendish Laboratory in England and the isolat-
ion of deuterium by Harold Urey at Columbia
University in the U.S. Both of these discover-
ies set the scene for Canada's increasing inter-
est in atomic research.

In 1942 came Canada's formal entry into the
nuclear age when a group of Canadian, French
and British scientists established a laboratory
in Montreal, to plan what eventually became the
Chalk River Nuclear Laboratories.

By the early 1950s, when Atomic Energy of
Canada Limited was established by the Canadian
government to promote the peaceful uses of
nuclear energy, the Chalk River Laboratories
were already a significant scientific and devel-
opment base for heavy water-moderated, natural
uranium-fuelled reactors. In 1945, a Canadian
designed and built experimental research reactor
had gone into operation at Chalk River. ZEEP
(Zero Energy Experimental Pile) was the first
reactor to go into operation outside the U.S.A.
ZEEP was followed in 194 7 by NRX, the highest
neutron flux research reactor operating in the
world. By the time the more powerful successor
to NRX — the NRU reactor — was under construc-
tion, a serious interest in the development of
nuclear-electric power was established in Can-
ada.

Electrical energy was becoming a pivotal
factor in Canada's rapid modernization and in-
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dusttiallzation. The existing hydro-electric
plants were no longer adequate, and had to be
supplemented by new hydro, thermal and nuclear
platits to power central Canada's industrial
capitals and to provide vital electricity to
hundreds of thousands of farms and small commu-
nities. Electric power thus became a large and
important industry in itself, as well as the
engine of economic growth.

It was this combination of an existing
scientific base and the incentive for early
development of economic alternative sources of
electric generation that led the Government of
Canada to enunciate a policy under which AECL
would take the lead in, and support the develop-
ment of nuclear power on a cooperative basis
with interested electrical utilities.

Underlining the policy was the need for
nuclear power to be available for use in those
regions where a new source of energy was requi-
red to supplement existing conventional sources.
Safety, reliability and economy were, and still
are, the pervading criteria. It was also impor-
tant that the development work involved the gov-
ernment, the utilities and the private sector,
and that it be directed not only toward maximum
use of Canadian development facilities but to-
ward a design most suitable for Canadian manu-
facturing facilities.

The CANDU reactor, then, is the product of
more than three decades of design development
by AECL and the Canadian nuclear industry.

Thirty-seven CANDU reactors totalling more
than 22,264 MW of electric generating capacity
are in operation, or under construction, in six
countries around the world. CANDU reactors have
consistently demonstrated good performance
since the first commercial units came into
operation in 1971. Last year six CANDU units
completed the year's operation with capacity
factors in excess of 90 per cent. Three of
them ranked among the 10 best among the world's
324 large commercial units. In cumulative per-
formance up to the end of September 1986 (latest
statistics available) two CANDU units led the
world and another four were the fourth, fifth,
sixth, and eighth in lifetime capacity factor.

Canada's largest and most industrial prov-
ince — Ontario — derives more than 40 per cent
of its electricity from nuclear energy. The
choice of nuclear power as a major component
of Ontario's energy mix has proved a prudent
one. Its use of indigenous resources has helped
to make the province virtually independent for
its electricity supply from the vagaries of
world fossil fuel markets. For a heavily indus-
trialized province without oil, natural gas or
coal, this is no mean accomplishment. This
independence is enhanced by indigenous resources
which are not subject to external and uncon-

trollable forces and which help to decrease
environmental emissions caused by burning fossil
fuels.

Quebec and New Brunswick are two other Can-
adian provinces that have operating CANDU units.

The abundance of cheap electrical power
has provided a sound basis for industries such
as metal smelting and refining, heavy manufac-
turing and food processing, and for the develop-
ment of electronic communication systems, elec-
tric vehicles and transit systems.

The economic advantage of nuclear over coal
is another factor which has vindicated Ontario's
decision to embark on an ambitious nuclear pro-
gram. The total cost of nuclear-generated
electricity is 40 per cent cheaper than coal-
generated power. Wien Ontario's nuclear facil-
ities are completed, they will save the province's
economy one billion dollars per year over the
alternative costs of coal. The non-financial
savings are also substantial. For instance,
the nuclear installations will prevent the emis-
sion of 1.5 million tons per year of acid gas
into the atmosphere.

Not only has Ontario been able to maintain
one of the lowest electricity supply costs in
North America and thus attract new industries to
bolster the economic vitality of the province,
it has also become the heartland of a major new
industry in the production of components for
nuclear plants and a nuclear sector which employs
some 30,000 workers.

In Canada we have found that the benefits
of nuclear power transcend the reliable and eco-
nomic supply of electricity. For a nation em-
barking on a planned nuclear program the impacts
on engineering, research, development and manu-
facturing are substantial. When Canada launched
its nuclear program it was a nation lacking
large-scale industrial sophistication. As the
program matured and developed, it produced, in
CANDU, a high technology product which is second'
to none and a vital component of the country's
technological infrastructure.

The history of Canada's industrialization
is no different from that of other countries —
it's the history of energy. Major world indus-
trialization began when man began to replace
wood with coal. It continued with the phased
introduction of oil and gas. Canada went through
three distinct ''energy eras" in which first wood,
then coal and then oil were the dominant fuels.
Oil consumption peaked in the mid-1960s, but
declined as the energy structure became increas-
ingly diversified. Electricity has now become
the backbone of modern industrial progress. I
believe we will see it continuing to grow and to
dominate the entire energy sector.
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Wien Canada decided to build commercial
nuclear power plants in the 1970s, the philos-
ophy was the same as that which guided the deci-
sion to build hydro-electric plants 50 years
earlier: the need for long-term low energy costs
rather than fuel-intensive stations. The choice
of systems vjhich allowed utilization of indig-
enous resources resulted in lower long-term
electricity prices, and assured availability of sup-
ply, a continuing stimulus to the economy, and
stringent adherence to the inviolate principles
of environmental and public protection.

The appeal of nuclear power for Ontario,
and subsequently for other Canadian provinces,
has resided in the characteristics which make
it a safe, economic and environmentally benign
source of electricity, with homegrown natural,
human and industrial resources. These resources
have been pulled together in a collaborative
enterprise which coalesced research, design,
construction, manufacture and operation.

The importance of energy is clear. The
importance of nuclear power within the overall
context of energy is presently clouded by con-
siderations which go beyond energy requirements,
but 1 believe its significance will increase as
the developing world strives to improve the
quality of life, and as the developed countries
compete to maintain an eminent place in a highly
competitive industrial world.

The development of nuclear power in
Canada can be characterized by:

o the early recognition of the need for an
alternative energy source

o the early commitment to developing a nuc-
lear system with the characteristics of

- safety
- reliability and
- competitiveness against coal

o the single focus of the- whole program in
all areas of design, construction, manu-
facture and operation

o the close working relationship between
all players: design, research, project
management, consultants, manufacturers,
utilities and regulators and

o keeping the nuclear program's targets and
commitments in line with the resources and
capabilities of all the players.

Canada is responding to the future nuc-
lear challenge with innovation, with adherence
to strict standards of quality and performance,
and with dedication to the principles of excel-
lence which brought us from tentative beginnings
to the proven performance of a successful and
mature technology.
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